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Abstract
Background: Intra-abdominal infection after curative surgery for colorectal cancer is a serious
complication associated with an increased risk of recurrence. Lipopolysaccharides (LPS) – an essential
component of the cell wall of Gram-negative bacteria – were found to exert a protumorigenic effect by
stimulating the in�ammatory pathology and formation of neutrophil extracellular traps (NETs). This
study was conducted to test whether LPS-induced formation of NETs promotes the development of
cancer and metastasis.

Methods: The clinical characteristics, incidence of relapse, and serum myeloperoxidase–DNA complexes
of 40 patients with infection and 40 patients without infection after curative surgery were analyzed. The
effects of LPS on the induction of NETs were evaluated in a mouse model of colorectal cancer and liver
metastasis. The toll-like receptor 9 (TLR9) – a DNA receptor – was knocked down to assess its effect on
the mitogen-activated protein kinase pathway and activities implicated in the formation of NETs.

Results: Analysis of the clinical data obtained from these patients showed the signi�cant relation of the
formation of NETs and incidence of metastasis and survival rates. Subsequent in-vitro experiments
revealed an increased level of citrullinated-histone H3 and myeloperoxidase–DNA in LPS-injected mice
with colorectal cancer. In the mimic metastatic model, injection of LPS enhanced the metastatic capacity,
which was then attenuated by DNase I. This suggested that the formation of NETs was activated by LPS.
Injection of TLR9-knockdown HCT116 cells in mice, followed by induction through LPS, mitigated the
level of citrullinated-histone H3 and myeloperoxidase–DNA. This �nding implied that the formation of
NETs was suppressed.

Conclusion: These �ndings shed light on the mechanism underlying the relationship between the elevated
rate of colorectal cancer recurrence in patients who underwent surgery and the incidence of infection.
This mechanism involves the protumorigenic activities of LPS-induced formation of NETs. The NETs
which could be mediated by the TLR9 and the mitogen-activated protein kinase signaling pathway.

Introduction
Although resection of the primary tumors is the treatment of choice for patients suffering from colorectal
cancer, the risk of recurrence after surgery remains a challenge. Tobe more precise, postoperative septic
complications, such as surgical site infections or remote infections, may in�uence the long-term
prognosis after curative surgery for colorectal cancer(McArdle et al. 2005; Mynster et al. 2000; Nespoli et
al. 2004; Nowacki and Szymendera 1983). Previous hypotheses assumed that viable tumor cells were
present at the anastomotic site, leading to the implantation of tumor cells(van den Tol et al. 1998). In this
case, local recurrence may occur due to anastomotic leakage or perineal wound infection(Bell et al. 2003;
McArdle et al. 2005; Walker et al. 2004). Additionally, the release of proin�ammatory cytokines and
growth factors produced by an in�ammatory response mechanism may confer a favorable
microenvironment to the residual tumor cells(McArdle et al. 2005). Apart from local recurrence, a
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predisposition to metastasis (e.g., liver and lung) following curative surgery has attracted considerable
attention(Richards et al. 2011).

Neutrophils serve as the �rst line of defense of defense against invading infections and pathogens.
Despite the fact that the polarization of neutrophils towards a protumorigenic phenotype may be
mediated by chemokines released in the tumor microenvironment, it still poses an threat to the recurrence
and metastasis of cancer (Sagiv et al. 2015). Neutrophil extracellular traps (NETs) are formed from loose
DNA molecules connected to one another in a web-like structure, and are composed of histones,
myeloperoxidase (MPO), neutrophil elastase, cathepsin G, and lactoferrin(Urban et al. 2009). These have
been shown to promote the progression of cancer and metastasis(Cools-Lartigue et al. 2013). In addition,
A previous study showed that lipopolysaccharides (LPS) – a major component of Gram-negative bacteria
– may induce the recruitmentof neutrophils and increase the invasive ability of pancreatic cancer
cells(Ikebe et al. 2009). Based on these �ndings, we hypothesized that the formation of NETs was
induced by LPS during infection or sepsis, promoting the development of cancer and metastasis.

Materials And Methods
Ethical statement

This study was performed under the approval of the Animal Ethics Committee of Tinghu People’s
Hospital. Extensive efforts were made to ensure animal suffering was minimized.

Patient samples and data

This study included patients who were disease-free at the end of the operation, with a complete medical
record (i.e., tumor location, hospitalization, lymphatic invasion, vascular invasion, intra-abdominal
infection, etc.). Serum samples were collected on postoperative day 1 from patients who underwent
curative surgery for colorectal cancer at Tinghu People’s Hospital, between 2016 and 2020. Disease-free
survival was de�ned as time from the completion of surgery to cancer recurrence, or death from any
cause.. Patients who were lost to follow-up had their data censored at the last date ofcontact. Written
informed consent was obtained by all patients prior to inclusion, and all materials were obtained
following approval by the institutional review board of Tinghu People’s Hospital.

Cell culture

The human colorectal cell line HCT116 was purchased from Sigma–Aldrich (St. Louis, MO, USA). The
cells were maintained in a subcon�uent state using McCoy’s 5a minimum essential media (ThermoFisher,
Shanghai, China) supplemented with 10% fetal bovine serum and 1% penicillin and streptomycin.

Western blotting

Cells were lysed in NP-40 buffer containing 150 mM sodium chloride, 1.0% NP-40, 50 mM Tris
hydrochloride, complete™ Protease Inhibitor Cocktail (Roche Applied Science, Mannheim, Germany), and
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1 mM phenylmethyl sulfonyl �uoride for 30 minutes on ice. The supernatant was subjected to protein
denaturation with buffer containing 2% sodium dodecyl sulfate (Sigma–Aldrich, St. Louis, MO, USA).
Subsequently, it was analyzed using sodium dodecyl sulfate-polyacrylamide gel electrophoresis and a
monoclonal antibody against toll-like receptor 9 (TLR9), p38, p-p38, p65, p-p65, c-jun amino-terminal
kinase (JNK), p-JNK, Stat, and p-Stat. The any unbound primary antibody was washed away after
incubation, and then the membrane incubated with the appropriate horseradish peroxidase-conjugated
immunoglobulin secondary antibodies. Afterwards, enhanced chemiluminescence (GE Healthcare) was
used to detect the staining.

Neutrophil isolation

Mouse neutrophils were isolated from bone marrow extracted from the tibias and femurs. Neutrophils
were sorted after incubation with allophycocyanin (APC) -conjugated anti-mouse-Ly6G antibody (BD
Pharmingen™, Cat NO. 560599) and APC-Cy7 CD 11b (BD Pharmingen™, Cat NO. 557657).

Experimental metastasis assay

Colorectal metastases were induced in mice as previously described(Nicoud et al. 2007). To understand
the mechanism of metastasis, the experiment was conducted. Speci�cally, 1×104 HCT116 cells or
luciferase-labeled HCT116 cells (HCT116-GFP-Luc) were injected via a 1-cm midline laparotomy into the
spleens of 8- to 10-week-old nude mice. The tumor cells were allowed to circulate for 15 minutes. In the
control group. experimental groups respectively. Prior to the injection of LPS, splenectomy was performed
to prevent the formation of splenic tumors. Approval of this experimental protocol was obtained from the
Committee on the Ethics of Animal Experiments of Xi’an Jiaotong University (Approval Number: 2011-
045).

Detection and quanti�cation of MPO–DNA and citrullinated-histone H3 (Cit-H3)

The detection of serum MPO–DNA complexes was performed using the enzyme-linked immunosorbent
assay, as previously described (Nakazawa et al. 2014). In brief, microtiter plates (Thermo Fisher Scienti�c,
Waltham, MA, USA) were initially coated with the monoclonal anti-human MPO antibody (5 µg/ml; AbD
Serotec, Kidlington, UK) and incubated overnight at 4°C. After blocking with 1% bovine serum albumin, the
sera (�nal dilution 1:3) and horseradish peroxidase-conjugated anti-DNA antibody in the cell death
detection kit (Roche Diagnostics, Tokyo, Japan) were added to the wells, then peroxidase substrate was
added according to the instructions provided by the manufacturer. The serum from a patient with MPO-
antineutrophil cytoplasmic antibody-associated vasculitis served as a positive control.

Colon sections were prepared and mounted on glass slides to detect Cit-H3 in tissues. Antigen retrieval
was performed using citrate buffer and then the retrieved specimens were permeabilized with 0.1% Triton
X-100 for 10 min. Subsequently, specimens were blocked with phosphate-buffered saline containing 3%
bovine serum albumin and 1% donkey serum. The sections were incubated with primary antibodies,
speci�cally anti-citrullinated-histone H3 (1:100; Abcam, Cambridge, MA, USA). This was followed by
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incubation with Alexa Fluor 488 donkey anti-rabbit (1:500; Abcam) and Alexa Fluor 647 donkey anti-goat
(1:500; Abcam) secondary antibodies overnight at 4℃, respectively. For the detection of DNA, 4’6-
diamidino-2-phenylindole was applied.

Treatment with LPS, DNase I, and YW4-03

Initially, injections of LPS (5 µg/ml), DNase I (50 mg/mouse, Roche), or YW4-03 (10 mg/kg) were
administered immediately prior to abdominal closure. This was followed by daily administration of
intraperitoneal doses of DNAse (thrice weekly for YW4-03).

Statistical analysis

For the animal studies, the results are expressed either as the mean ± standard error of the mean or the
mean ± standard deviation. One-way analysis of variance was used for group comparisons ,whereas
Student’s t-test was applied in Comparisons between the experimental and control groups. For the data
analysis involving human subjects, human patients, we dichotomized the levels of the MPO–DNA
complex at the median and compared the baseline characteristics for each group. Besides categorical
variables were examined using the chi-squared test or Fisher exact tests, while continuous variables were
analyzed using Student’s t-test or the Wilcoxon rank-sum test. The analysis of disease-free survival was
conducted using the Kaplan–Meier method. For all analyses, a two-tailed p < 0.05 denoted statistical
signi�cance.

Results
Relapse and metastasis are associated with the widespread formation of NETs

Multiple lines of evidence showed that LPS may induce the formation of NETs. In experimental models
and patients with cancer, deposition of NETs displayed a potential association with tumor progression in
tumor tissues(Berger-Achituv et al. 2013; Cools-Lartigue et al. 2013; Sangaletti et al. 2014). We
hypothesized that the LPS produced during postoperative infection may also induce the formation of
NETs, contributing to the elevated rate of relapse. To examine this hypothesis, we recruited 120 patients
diagnosed with non-metastatic colorectal cancer. Forty patients with anastomotic leakage or intra-
abdominal abscess were classi�ed in the infection group. Forty other patients without postoperative
complications were included in the control group. In addition, 40 healthy volunteers were included in this
study as healthy controls. (Table 1). In the infection group, 23 patients required reoperation. Moreover, the
average length of hospitalization was longer versus that reported in the control group.

Except neutrophils, the number of other components in immune cells was similar particularly..
Furthermore, the Kaplan–Meier analysis evaluated the association between recurrence and infection
status. The results showed that the rate of 2-year cumulative recurrence was signi�cantly higher in the
infection group versus the control group (Fig. 1A, p = 0.00128, Wilcoxon log-rank test).
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MPO–DNA complexes were measured to indicate the nucleosomes derived from NETs, thereby
quantifying the degree of NETs formation(Sangaletti et al. 2014; Yoo et al. 2014). There was a signi�cant
increase in the formation of NETs in the infection group, compared with that reported in patients without
complicated in�ammation (Fig. 1B). In the analysis of disease-free survival, the patients were grouped
into low MPO–DNA (n = 18) and high MPO–DNA (n = 22) groups according to the comparison with the
median level of optical density (OD) of MPO–DNA (OD = 0.323). Two patients in the high MPO–DNA
group expired during the follow-up period. The risk of recurrence in the high MPO–DNA group was higher
than that reported in the low MPO–DNA group (Fig. 1C, p = 0.0209, chi-square test). The association
between clinical parameters, including the level of MPO–DNA, infection status, and recurrence is
presented in Table 2. The bivariate analysis showed that the level of MPO–DNA in the serum, intra-
abdominal infection, the concentration of interleukin 6 in the peritoneal �uid, vascular invasion, and
perineural invasion were signi�cantly associated with recurrence.

LPS promotes the formation of NETs in a mouse model of colorectal cancer

We injected LPS into the peritoneal cavity of mice with colorectal cancer and performed
immuno�uorescence staining of colon sections to investigate the role of LPS in promoting the formation
of NETs in colorectal cancer. Phosphate-buffered saline was administered to the control group. The
formation of NETs – identi�ed based on the co-localization of extracellular �brillary and web-like
structures with Cit-H3 – was observed in the blood of experimental mice (Fig. 2A, 2B, and 2C). Following
pretreatment with DNase I, a small amount of MPO–DNA was also detected in the serum, suggesting that
the formation of NETs was reduced (Fig. 2D). In the colon tissue of control mice, there was no formation
of NETs observed.

LPS promotes metastasis, which is attenuated by treatment with DNase I

We subsequently sought to determine whether the LPS-induced formation of NETs is associated with the
development of metastasis. Tumor-cell shedding into the circulation is a primary potential origin of
metastasis after surgery(Weitz et al. 2000). Therefore, prior to treatment with LPS, we mimicked
metastasis by injecting HCT116-GFP-Luc into the spleen of mice and allowing the cells to circulate for 15
min. Following the establishment of a metastatic model, intraperitoneal administration of LPS was
performed. The level of Cit-H3 in liver tissues sectioned from LPS-treated mice was signi�cantly higher
than that observed in liver tissues of control mice (Fig. 3A and 3B). Similarly, we detected a signi�cantly
reduced concentration of circulating MPO–DNA complexes in the serum of DNase I-treated mice
(Fig. 3C). Bioluminescent imaging showed that mice treated with DNase I after injection of LPS exhibited
signi�cantly reduced metastasis versus that reported in mice treated only with LPS (Fig. 3D).

We subsequently evaluated the effect of NETs suppression using a different strategy. Peptidyl arginine
deiminase type IV is essential for the citrullination of histone-H3. This is a critical step during the
formation of NETs, as are chromatin decondensation and expulsion(Hemmers et al. 2011). We used a
peptidyl arginine deiminase type IV inhibitor – YW4-03 – to treat the mice after injection of HCT116 cells
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into the spleen. A signi�cant decrease in metastatic capacity was observed, and the level of Cit-H3 was
substantially reduced (Fig. 3E).

TLR9 is involved in the mitogen-activated protein kinase (MAPK) pathway

The MAPK pathway is a canonical protumorigenic pathway. A previous study showed that LPS may
promote the MAPK pathway(Anton et al. 2012). Considering that both NETs and the MAPK pathway are
enhanced by LPS, we hypothesize that the formation of NETs may be related to the MAPK pathway. TLRs
have been reported as mediators of cell activation via pathways, including MAPK and nuclear factor
kappa-B (NF-κB), resulting in substantial elevation in the transcription of cytokine and chemokine
genes(So and Ouchi 2010). Furthermore, TLR9 has been reported as a cellular DNA receptor implicated in
activities related to cancer pathology(Gao et al. 2013; Moreira et al. 2015). Therefore, we hypothesized
that TLRs may play an important role in tumor progression enhanced by the formation of NETs. In the
colorectal mouse model, we found that TLR9, p-p38, p-p65, p-JNK, and p-Stat were signi�cantly increased
after the injection of LPS. In contrast, treatment with DNase I signi�cantly decreased their expression
(Fig. 4A). In vitro, the HCT116 cell line was cultured using media derived from LPS-stimulated neutrophils.
The expression of TLR9 was signi�cantly increased compared with that determined in HCT116 cells
cultured using control media. The proteins implicated in the activation and downstream of MAPK
pathway, p-p38, p-p65, p-JNK, and p-Stat, were also increased in HCT116 cells cultured in conditioned
media (Fig. 4B).

We subsequently knocked down TLR9 in HCT116 cells and cultured those TLR9-de�cient cells in media
derived from LPS-induced neutrophils. Western blotting showed that the levels of the proteins TLR9, p-
p38, p-p65, p-JNK, and p-Stat were signi�cantly reduced (Fig. 4C). In parallel, tumor cell proliferation,
migration, and invasion were substantially decreased (Fig. 4D).

Discussion
Colorectal cancer is one of the most common malignancies, ranking third among cancers in terms of
mortality. Surgery is an effective treatment option for colorectal cancer. However, the occurrence of intra-
abdominal infection after surgery is a serious complication, with a reported incidence ranging from 0.5%
to > 30%(Bruce et al. 2001; Chambers and Mortensen 2004; Serra-Aracil et al. 2011). Notably, in some
series, this incidence reached an alarming 40%(Bohle et al. 2010; Cong et al. 2013; Katoh et al. 2011;
Mirnezami et al. 2011). reported that the development of a postoperative complication due to intra-
abdominal infection is associated with a higher risk of morbidity and mortality(Bohle et al. 2010), and
often related to liver metastasis. The present study revealed a signi�cant association between the
occurrence of postoperative infection and an elevated rate of relapse. The mechanism underlying this
association can be demonstrated via the correlation between the formation of NETs and infection events.

Emerging evidence highlights neutrophils as the �rst immune barrier during infections, and therefore
promoting the development of tumors. NETs are web-like structures composed of extruded DNA and
antimicrobial proteins(Brinkmann et al. 2004; Clark et al. 2007; Fuchs et al. 2007; Metzler et al. 2011;
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Pilsczek et al. 2010). Studies using sepsis models have shown that NETs trap circulating pathogens
within the liver(McDonald et al. 2009). However, NETs are also characterized by their protumorigenic
roles. Notably, excessive formation of NETs may enhance tumor-cell shedding into the circulation through
surgery or detachment from the tissue, facilitating metastasis. Spicer et al. demonstrated that circulating
tumor cells – like microbial cells – may be captured by NETs in postoperative sepsis, thereby promoting
the adhesion and dwelling of tumor cells in tissues of distant organs(Cools-Lartigue et al. 2013).
Moreover, the high concentration of proteins released during the formation of NETs may induce
proliferation and inhibit apoptosis of tumor cells. Considering the signi�cant association between
infection and disease recurrence, we hypothesized that NETs may be the link connecting infection and
metastasis in colorectal cancer. In the present study, a signi�cant increase in the formation of NETs was
detected in the infection group. The risk of recurrence in the high MPO–DNA group was higher than that
reported in the low MPO–DNA group. The bivariate analysis showed that the level of MPO–DNA in the
serum, intra-abdominal infection, the concentration of interleukin 6 in the peritoneal �uid, vascular
invasion, and perineural invasion were signi�cantly associated with recurrence. Collectively, we can
establish the link between the formation of NETs and development of tumor.

Evidence suggests that systemic in�ammation and postoperative infection result in cancer
recurrence(McMillan et al. 2003; Miki et al. 2008; Nespoli et al. 2004). However, the mechanisms
underlying the higher risk of cancer recurrence in the presence of Gram-negative bacterial infections
remain elusive. LPS an essential component of the outer membrane of Gram-negative bacteria, has been
shown to increase the recruitment of cancer cells to hepatic sinusoids(McDonald et al. 2009) and liver
metastasis (Vidal-Vanaclocha et al. 1996) by inducing systemic in�ammation. Rich et al. demonstrated
that LPS-induced TLR4 signaling in human colorectal cancer cells increases β1 integrin-mediated cell
adhesion and liver metastasis(Hsu et al. 2011). In patients with sepsis, platelets can be activated by
TLR4, and subsequently combined with neutrophils to produce NETs, leading to tissue damage and
dysfunction of coagulation(Clark et al. 2007). Jie et al. demonstrated that TLR4 signaling may augment
the migration of chemokine-induced neutrophils by modulating the expression of chemokine receptors on
the cell surface(Fan and Malik 2003). These �ndings support the postulation that the LPS-induced
formation of NETs may promote the development of cancer. The present study demonstrated that the
formation of NETs in the colon tissue of experimental mice after treatment with LPS was attenuated by
treatment with DNase I. In a mimic metastatic model, the LPS-treated mice exhibited extensive migration
of tumor cells and widespread formation of NETs, which was reduced by treatment with DNase I. This
�nding was con�rmed using another NETs inhibitor (YW4-03).

The MAPK signaling pathway is an evolutionarily conserved transduction pathway mediating
in�ammatory processes(De Nardo et al. 2009; Kogut et al. 2005; Yang et al. 2011). The extracellular
signal-regulated protein kinase 1/2 (ERK), p38, and JNK are three major groups of the MAPK. Abdul et al.
discovered that NETs were induced by treatment with phorbol-12-myristate-13-acetate(Brinkmann et al.
2004; Fuchs et al. 2007). Consequently, they identi�ed speci�c proteins that implicate the Raf-MEK-ERK
pathway in the formation of NETs. In the Raf-MEK-ERK pathway, Ras activates Raf, which initiates
MEK1/2 signaling and downstream Erk1/2, thereby prmoting cell proliferation and survival. Consistently,
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the present study revealed a signi�cant increase in TLR9, p-p38, p-p65, p-JNK, and p-Stat – major
components of the MAPK pathway – in a mouse model of colorectal cancer after injection of LPS. This
effect was reduced through treatment with DNase I. In vitro, the expression of TLR9 was determined in
HCT116 cells cultured using media derived from LPS-stimulated neutrophils. TLRs – the upstream
activator of the MAPK pathway – are phylogenetically conserved transmembrane proteins involved in the
induction of innate and adaptive immune responses and detection of pathogens(Peroval et al. 2013).
Antigens derived from pathogens may stimulate TLRs to produce proin�ammatory mediators, such as
cytokines and nitric oxide. TLR9 plays a critical role in the LPS-induced formation of NETs. As a protein of
the TLR family, TLR9 showed a particular function related to DNA(Fűri et al. 2013; Zannetti et al. 2014)
and was thus considered a candidate effector. In the present study, HCT116 cells cultured in the media
derived from LPS-induced neutrophils expressed elevated levels of proteins implicated in the MAPK
signaling pathway (i.e., TLR9, p-p38, p-p65, p-JNK, and p-Stat). Notably, TLR9-de�cient HCT116 cells
cultured in media derived from LPS-induced neutrophils exhibited reduced expression of these proteins.
Accordingly, tumor cell proliferation, migration, and invasion were substantially decreased.

Conclusion
The �ndings of the present study shed light on the mechanism underlying the relationship between the
elevated rate of colorectal cancer recurrence in patients who underwent surgery and the incidence of
infection. The results implicate the LPS-induced formation of NETs in promoting the development of
tumors and metastasis. The TLR9 was found to be responsible for the formation of NETs in LPS-induced
neutrophils, and MAPK pathway is activated in the course of NETs formation. Further studies are
warranted to address the suitability of TLR9 as a target for the reduction of disease recurrence in patients
with infections.

Abbreviations
ELISA enzyme-linked immuno sorbent assay

LPS Lipopolysaccharides

NETs neutrophil extracellular traps

NE neutrophil elastase

Cit-H3 citrullinated-histone H3

MPO myeloperoxidase

TLR9 toll-like receptor 9

CRC Colorectal cancer
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Table 1
Clinical characteristics of patients and operative results

Parameter Infection group

n = 40

Control group

n = 40

p value

Age (year) 75.3 ± 10.5 74.2 ± 9.8  

Gender (male) 33(82.5%) 34(85%)  

ASA status      

1 3(7.5%) 4(10%) 0.2381

2 9(22.5%) 10(25%)

3 24(60%) 22(55%)

4 4(10%) 4(10%)

CEA (mg/dl) 7.2 ± 2.1 4.7 ± 2.3 2.6×10− 5

Operative time (min) 195.4 ± 52.2 183.7 ± 51.3 0.169

Laparoscopy 5(12.5%) 3(7.5%) 1

Blood transfusion 5(12.5%) 4(10%) 1

Reoperation 23(57.5%) 0 9.314×10− 8

Hospital stay (days) 32.3 ± 15.2 6.5 ± 4.2 1.096×10− 13

Note: Data are number of patients with percentages in parentheses or Mean ± standard deviation;
CEA, carcinoembryonic antigen; ASA, Amer- ican Society of Anesthesiologists.
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Table 2
Relationships between clinical variables and recurrence

Variable HR (CI 95%) P value

Gender    

Female (reference) 1.00  

Male 1.234 (0.534–3.531) 7.24

Age (per year) 0.967(0.914–1.241) 0.321

CEA (per mcg/L) 1.121(0.932–1.243) 0.658

Lymph node involvement (yes vs. no) 4.245(1.587–18.462) 0.003

Tumor stage 1.21(0.735–2.453) 0.074

Lymphatic invasion (yes vs. no) 0.892(0.683–2.103) 0.068

Vascular invasion (yes vs. no) 2.312(1.325–5.422) 0.031

Perineural invasion (yes vs. no) 2.562(1.103–4.235) 0.023

Uncomplicated course (reference) 1.00  

Intra-abdominal infection 3.254(1.958–10.174) 0.001

HR: hazard ratio; CI: con�dence interval

Figures
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Figure 1

(A) Kaplan–Meier analysis of overall recurrence in patients with or without complicated in�ammation
after curative resection for colorectal cancer. (B) Levels of the MPO–DNA complex in the sera of healthy
controls and recruited patients. Sera from healthy controls (n=40), patients without infections (n=40), and
patients with infections (n=40) were subjected to ELISA. **p<0.01. (C) Kaplan–Meier analysis of the
overall survival rate in patients with high MPO–DNA levels and low MPO–DNA levels. Statistical
signi�cance was determined using the Mantel–Cox method.
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Figure 2

(A) LPS-induced formation of NETs in a mouse model of colorectal cancer. Representative
immuno�uorescence images obtained through confocal microscopy of colon sections from mice treated
with an intraperitoneal injection of LPS. The green dye represents Cit-H3, the red dye represents neutrophil
elastase (NE), and the blue dye represents DNA. Colocalization of NE and Cit-H3 indicates the formation
of NETs. (B) Western blotting for Cit-H3 in colon sections of LPS-treated mice. (C) Quanti�cation of the
level of Cit-H3 protein in colon sections of LPS-treated mice. **p>0.01. (D) Levels of the MPO–DNA
complex in the sera of mice treated with LPS (and DNase I).
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Figure 3

(A) Levels of Cit-H3 in liver tissue obtained from the hepatic metastasis mouse model with and without
intraperitoneal injection of LPS (and DNase I). **p<0.01. (B) Western blotting for Cit-H3 in liver tissue
obtained from the hepatic metastasis mouse model with and without intraperitoneal injection of LPS
(and DNase I). (C) Levels of circulating MPO–DNA complex in the hepatic metastasis mouse model with
and without intraperitoneal injection of LPS (and DNase I). (D) Bioluminescence imaging of metastasis
of luciferase-labeled HCT116 cells in the hepatic mice model with and without LPS treatment (and DNase
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I). (E) Bioluminescence imaging of metastasis of luciferase-labeled HCT116 cells in the hepatic mice
model with and without LPS treatment (and YW4-03).

Figure 4

(A) Colon sections of mice: TLR9 and downstream proteins involved in the MAPK pathway were activated
by treatment with LPS. (B) HCT116 cells cultured in media derived from LPS-induced neutrophils
(conditioned): TLR9 and downstream proteins involved in the MAPK pathway. (C) Knockdown of TLR9
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results in reduced activation of proteins involved in the MAPK pathway. (D) Knockdown of TLR9
mitigates the migration and invasion capacity of HCT116 cells.


