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Abstract

Sepsis caused by aggressive infection is a severe clinical problem with an increasing incidence worldwide. Toll-like
receptors and their common adapter myeloid differentiation factor 88 (MyD88) can activate immune responses by
recognizing a foreign microbe’s product. This study aimed to identify the different time expression of TLR four signaling
pathway in an experimental rodent model of polymicrobial sepsis. A randomized animal study was investigated in rats
with septic peritonitis induced by cecal ligation and puncture (CLP). The expressions of MyD88-dependent pathway
biomarkers, including MyD88, nuclear factor-kB (NF-kB), and serum tumor necrosis factor-a. (TNF-at), were analyzed
and compared to the sham controls at the different time points after CLP surgery. CLP-induced sepsis increased liver
MyD88 mRNA expression and protein expression compared to the control groups at 2 h after surgery. The MyD88
mRNA and protein expressions in rats with CLP-induced sepsis marked increased at 4 and 6 h, and their NF-xB
activities and serum TNF-a levels also increased at 4 h after CLP surgery (both p < .05). The different serial expression
of MyD88-ependent pathway during sepsis may be used as biomarkers during sepsis. These results may provide further
helpful information for using pro-inflammatory biomarkers of innate immunity such as MyD88 and TNF-a. in clinical
sepsis or related abdominal surgical emergency in the future.
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acts via type I interferons to increase the expres-
sion of interferon-inducible genes.>® MyD88 is a
central adapter protein for the signal transduction
of all TLRs, with the exception of TLR3 and the
IL-1R family."> TLR activation can initiate the
signaling pathway, including nuclear factor-xB
(NF-kB) signaling, to induce immune-related gene
transcription and eliminate infecting organisms.””

Sepsis caused by aggressive infection is a severe
clinical problem with an increasing incidence
worldwide. TLR4 could control bacterial clear-
ance, induction of pro-inflammatory immune
response during bacterial sepsis. In some previous
studies, TLR2 and TLR4 expression in the lungs of
mice subjected to the cecal ligation and puncture
(CLP)-induced polymicrobial sepsis increases
within 24 h as compared to the sham group.'® In
addition, septic mice showed highly increased
TLR2 and TLR4 expressions in both kidneys and
intestine which indicated the pro-inflammatory
critical role for the severity of the infections and
organ damages.!! Sepsis is thought to be regulated
by various cytokines released from innate immune
cells, including interleukin-6, interleukin-1, tumor
necrosis factor (TNF) a, etc. Among the cytokines
involved in sepsis, TNF-a is secreted immediately
after infection and triggers the pathological pro-
cess of septic shock. This study aimed to identify
the different time expression of TLR4 signaling
pathway in an experimental rodent model of pol-
ymicrobial sepsis induced by cecal ligation and
puncture (CLP).

Methods

Animal preparation and cecal ligation and
puncture surgery

Eighty-five male Wistar rats were obtained from
the National Science Council and maintained in
the Animal Center of Chang Gung Memorial
Hospital. Care and handling of the animals were in
accordance with the National Institutes of Health
guidelines. All experimental protocols were
reviewed and approved by the Chang Gung
Memorial Hospital Animal Care Review Board
(Permit Number: 2015121517). The rats (250—
300 g) were randomly assigned into two groups
(the CLP surgery and the sham control). They
were then anesthetized with an intramuscular dose

of ketamine (75 mg/kg) and xylazine (5 mg/kg) at
the surgical suite. A midline abdominal incision
was made to expose the cecum. For the CLP modi-
fied from, 50-60% of the cecum and its associated
mesentery was ligated with a 4-0 silk tie so as to
prevent kinking or obstructing the bowel. The
resulting sack of fecal material was punctured
through both the proximal and distal surface with
an 18 g needle. For the sham surgery, the cecum
was exposed but was not ligated or punctured. The
abdominal incision and all skin incisions were
closed with 3-0 silk suture.

On the study day, the rats in each group (n = 5)
were injected with ketamine (100 mg/kg, intramus-
cularly) at 0.5, 1, 2, 4, 6, 24, 72 h, and 7 days after
CLP surgery. Within 1 min of death, blood samples
were collected by aspiration from the left ventricle
in heparin-coated vacutainer tubes and immedi-
ately placed on ice. One part of the liver tissue was
immediately removed and frozen in liquid nitrogen
to prevent degradation and stored at —80°C until
further assay. The other part of the liver tissue was
stored for histopathologic analysis.

Quantitative polymerase chain reaction analysis
of MyD88 mRNA expression

The mRNA expression levels of Myd88 genes in
the liver specimens were analyzed by quantita-
tive real-time reverse transcription PCR. Briefly,
total cellular RNA was extracted from liver tis-
sue using the RNeasy Mini kit (Qiagen GmbH,
Hilden, Germany). An aliquot of 1.0 ug of total
RNA from each sample was subjected to assay
using TagMan One-Step RT-PCR Master Mix
Reagent kit, and Applied Biosystems TagMan
Gene Expression Assays pre-designed primers
and probes were used: The expression levels of
the target gene Myd88 (Assay ID: Rn01640052
gl) were normalized with the control housekeep-
ing gene, B-Actin (Assay ID: Rn01759928 gl1)
according to the manufacturer’s instructions.
Q-PCR was performed on a ABI StepOne Real-
Time PCR System (Applied Biosystems) with
the following primers: MyD88 (forward): 5’
ATCGAGGAGGACTGCCAGAAA3Z', and MyDS88
(reverse): S’GCAGATGAAGGCGTCGAAAAS.
Q-PCR was run under the following conditions: 15 s,
95°C; 30 s, 60°C; 15 s, 95°C for 40 cycles.
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Immunohistochemistry

Tissue MyD88 protein expression of liver tissues in
rats was analyzed by IHC staining. Cryostat sections
were fixed for 10 min in ice-cold acetone and air
dried at room temperature. IHC standard procedure
was performed as previously described.'”> Anti-
MyD88 Abs for IHC analysis in rodent liver tissues
was from Santa Cruz Biotechnology. MyDS88 pro-
tein expression in rodent livers were stained brown.

Western blot analysis

All tissues were sonicated in radioimmunoreactive
protein extraction assay (RIPA) lysis buffer (pro-
tease and phosphatase inhibitor (150 mM NaCl,
20 mM NaH,PO,, 1% Triton-X-100, 1 M NaF,
100 mM phenylmethylsulfonyl fluoride, 100 mM
sodium-orthovanadate, 10 pg/mL aprotinin, 10 pg/
mL leupeptin). The homogenate was centrifuged at
10,000g at 4°C for 10 min, and the supernatant was
collected and stored at —80°C. A total of 25 pg of
protein was subjected to SDS-PAGE (12% poly-
acrylamide) and transferred to a polyvinylidene
difluoride membrane (Amersham) that was incu-
bated with anti-a-tubulin (SC-8035) and MyD88
(SC-136970) washed, and then incubated with a
1:10,000 dilution of horseradish peroxidase conju-
gated secondary antibody. Bands were visualized
by development with the Amersham ECL-Plus
detection regents (Amersham) for one-dimensional
gel electrophoresis, and normalized with the inter-
nal control protein, a-tubulin.

Electrophoretic mobility shift assay

A Chemiluminescent Nucleic Acid Detection
Module was used for EMSA. For binding reaction,
6 pg nuclear protein was incubated with 2 pL of 3
end-labeled probe and 1 pg poly (dI-dC) for 20 min.
Electrophoresis was carried out on a 4.8% poly-
acrylamide gel at 4°C. Samples were transferred to
(+) nylon membranes blocked in blocking buffer
and incubated with anti-biotin fragments (1:10,000)
conjugated with horseradish peroxidase. The bands
were visualized by enhanced chemiluminescence.

Analysis of cytokine production

Blood samples of sham-operated rats and CLP rats
were collected at 0.5, 1, 2, 4, and 6 h after surgery by
aspiration from the left ventricle in heparin-coated

vacutainer tubes and immediately placed on ice.
Rat cytokine concentrations were measured by
enzyme-linked immunosorbent assay (ELISA)
specific for tumor necrosis factor-o (TNF-a) by
using Quantikine® Rat TNF-o Immunoassay
(Catalog Number RTA00, R&D).

Statistical analysis

The experimental rats were divided into two
groups: CLP surgery and sham control group.
Statistical analyses were performed using the
Mann—Whitney U-test and the Kruskal-Wallis test.
Data were presented as mean * standard deriva-
tion (SD). Possibility levels of less than .05 were
taken as significant. Statistical analyses were per-
formed with SPSS software (version 15.0, SPSS,
Inc., Chicago, IL, USA).

Results

To evaluate the role of MyD88-dependent pathway
in rodent sepsis, MyD88 mRNA and protein
expressions in the CLP surgery and sham control
rats were investigated. Both experimental and con-
trol groups were sacrificed at 0.5, 1, 2, 4, and 6 h
after surgery for further analysis.

Gross findings and pathologic findings

The gross findings and pathologic findings of the
cecum tissues in the CLP surgery group and the
sham control group were shown in Figure 1 and
2. The severity of inflammation and ischemia of
the cecum tissues shown in gross and pathologi-
cal pictures appeared predominant in the CLP
surgery group compared to the sham control
group, and showed much more predominant at
6 h after CLP surgery compared to other time
points after CLP surgery.

gPCR analysis of MyD88 mRNA expression

The results of qPCR indicated that MyD88 mRNA
expression in the liver tissues increased at 2 h after
CLP surgery and highly increased at 4 and 6 h after
CLP surgery while MyD88 mRNA expression
remained steady in the sham control groups (Figure
3). As such, MyD88 protein expression was also
expressed early at 4 h after CLP surgery. However,
MyD88 mRNA expressions were not elevated after
24 h after CLP surgery.
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The gross findings in CLP model

A:sham, B: CLP 0.5 hr, C: CLP 1.0 hr, D: CLP 2.0 hr, E: CLP 4.0 hr, F: CLP 6.0 hr.

Figure |. The gross findings of cecum tissues in rats with sepsis at different time points after CLP surgery.

The pathologlc flndlngs in CLP model

A sham, B: CLP05hr C: CLP10hr D: CLP20hr E:CLP4.0hr, F: CLP60hr

Figure 2. The pathologic findings of cecum in rats with sepsis at different time points after CLP surgery.

MyD88 protein expression

MyD88 protein expression in the CLP surgery
group was higher increase at 6 h after surgery
compared to that at 2 and 4 h after surgery (Figure 4).
In addition, MyD88 showed higher increase in the
CLP surgery group than that in the sham control
group at 6 h after surgery, but there was not different

between the two groups at 2 and 4 h after surgery.
MyD88 protein expressions decreased after 24 h
after CLP surgery

NF-xB

EMSA showed that activity of NF-xB, a MyD88
downstream factor, obviously increased at 4 h after
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Figure 3. MyD88 QPCR showed MyD88 mRNA expression
in the CLP group was statistically significantly higher than the
sham control group at 4 h (p < .0l) and 6 h after surgery

(p < .001).

CLP surgery (Figure 5). The activity of NF-xB
increased at 4 h after CLP surgery, but obviously
increased at 6 h after CLP surgery. The activity of
NF-kB obviously decreased after 24 h after CLP

surgery.

Serum TNF-a. levels

Serum TNF-a levels in the CLP group increased as
early as 2 h after surgery and highly increased at 4
and 6 h compared to 0.5 h after CLP surgery (both
p < .001) (Figure 6). In addition, serum TNF-o
levels increased significantly at 4 and 6 h after CLP
surgery than those in the sham control group (p <
.05 and p = .001, respectively). Therefore, the
MyD88-dependent pathway was activated as early
as 2 h after CLP surgery in the experimental rodent
sepsis model.

Discussion

A number of studies suggest that the innate immune
system is the first line of the host defense against
invading pathogens.!™ TLRs are now generally
accepted as receptors that recognize pathogen-
associated molecular patterns. The stimulation of
TLRs by agonists can trigger the activation of two
downstream  signaling pathways: MyD8&8-
dependent and MyD88-independent pathways.'*13

The stimulation of TLRs by agonists can trigger
the activation of two downstream signaling path-
ways: MyD88-dependent and MyD88-independent
pathways.!®!® The CLP model is the most repre-
sentative animal model of human sepsis.'"” The
CLP sepsis consists of both Gram-negative and
Gram-positive bacteremia and may activate the
TLR responses.

In this investigation, the different time points
of expression of MyD88 and its downstream fac-
tors in the CLP-induced sepsis animal model were
determined. The experimental animal study dem-
onstrated the serial expression of MyD88 in the
CLP surgery group compared to the sham control
group. We observed that CLP surgery signifi-
cantly increased tissue MyD88 mRNA concentra-
tions at 2 h after induction of sepsis. Accompanying
the activation of MyD88-dependent TLR signal-
ing pathway, NF-«kB can be subsequently acti-
vated and serum cytokines including TNF-a also
can be highly elevated.!®!* Cytokines play a piv-
otal role in both the pro-inflammatory and the
anti-inflammatory reaction to sepsis. Various
kinds of pro-inflammatory and anti-inflammatory
cytokines are involved in sepsis pathology.?° The
pro-inflammatory cytokine TNF-a is one of the
first cytokines to be released after infections.?!
Peak concentrations of TNF-a can be observed
early within 2 h after infections or trauma.??*
Previous studies have demonstrated a positive
correlation between elevated TNF-a and poor
outcome.?>?* In this study, we only measured
serum levels of TNF-o as the representative
cytokine for the early stage of sepsis. In the cur-
rent study, we noticed that NF-kB activity and the
levels of serum TNF-a both increased at 4 h after
CLP surgery. Notably, the MyD88-dependent
pathway is activated early in CLP-induced sepsis,
before 4 h after CLP surgery.

Conclusion

The animal data demonstrates that the MyD8&8-
dependent pathway is activated early in CLP-induced
sepsis rats. These results may provide further helpful
information for using pro-inflammatory biomarkers
of innate immunity such as MyD88 and TNF-a in
clinical sepsis or related abdominal surgical emer-
gency in the future.
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Figure 4. IHC staining of rat liver tissues revealed that MyD88 protein expression in the CLP group at 6 h (a), 4 h (b), and 2 h (c)
after surgery; MyD88 protein expression in the sham control group was not different at 6 (d), 4 (e), and 2 (f) hours after surgery,

compared to no-surgery controls (o).
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Figure 5. Septic peritonitis induced by CLP surgery stimulated
NF-kB activation in an electrophoretic mobility gel shift

assay (EMSA). Activity of NF-kxB in response to the MyD88-
dependent pathways stimulated early 4 h after CLP surgery.
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Figure 6. ELISA analysis for TNF-alpha levels at different time
points after surgery in the CLP group and sham control group.
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Appendix

TLRs: Toll-like receptors

MyD88: myeloid differentiation factor 88
NF-xB: nuclear factor-xB

CLP: cecal ligation and puncture

QPCR: quantitative polymerase chain reaction
ELISA: enzyme-linked immunosorbent assay
TNF-a.: tumor necrosis factor-ou

SD: standard deviation



