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Purpose: Surgical resection is the primary treatment for colon cancer. Postoperative abdominal infectious complications (AIC) are 
associated with poor prognosis, but their mechanistic role in promoting metastasis remains unclear. This study aimed to investigate the 
association between AIC and metastasis, focusing on the potential involvement of myeloid-derived suppressor cells (MDSCs) and 
neutrophil extracellular traps (NETs).
Patients and Methods: Peripheral blood from colon cancer patients with (AIC, n = 20) or without (Non-AIC, n = 20) postoperative 
abdominal infectious complications was analyzed by flow cytometry to assess MDSC frequency and NET markers. A mouse model of 
postoperative infection following tumor resection was established. Metastatic burden was evaluated using in vivo imaging and 
histopathological analysis. MDSC function and NET induction were further examined using in vitro co-culture assays.
Results: In patients, MDSC and NET markers were elevated on postoperative day 3. By day 7, levels remained significantly higher in 
AIC patients compared to Non-AIC patients. In mice, AIC triggered a systemic expansion of MDSCs in peripheral blood, bone 
marrow, and ascites, accompanied by increased NET formation. These AIC-induced MDSCs and NETs promoted tumor cell migration 
and accelerated liver and peritoneal metastasis in vivo. Critically, degrading NETs with DNase I markedly reduced metastatic burden 
without exacerbating sepsis.
Conclusion: Postoperative infection is associated with enhanced colon cancer metastasis, and experimental data indicate that the 
MDSC-NETs axis is involved in this process. Pharmacological disruption of NETs with DNase I represents a potential therapeutic 
strategy that warrants further investigation for improving postsurgical outcomes.
Keywords: Colon cancer, Postoperative abdominal infectious complication, Myeloid-derived suppressor cells, Neutrophil 
extracellular traps, Metastasis

Introduction
Colon cancer is the third most common malignancy and the second leading cause of cancer deaths worldwide, 
posing a major public health challenge.1,2 Surgical resection remains the primary treatment and can be performed 
via open, laparoscopic, or robotic approaches.3 Nevertheless, surgery alone is limited by a postoperative recurrence 
rate of 33.3% and a five-year survival rate of 10%–40%, highlighting the need to improve outcomes.4,5 Furthermore, 
the colon’s physiological and anatomical characteristics make colon procedures more prone to abdominal infection 
than gastric or small intestinal operations.6 Surgery induces a transient sterile inflammatory response mediated by 
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damage-associated molecular patterns (DAMPs). By contrast, postoperative infectious complications, such as 
anastomotic leakage, introduce pathogen-associated molecular patterns (PAMPs), which amplify and sustain the 
inflammatory response.7,8 Clinical evidence indicates that postoperative abdominal infectious complications (AIC) 
can promote tumor recurrence and metastasis, thereby adversely affecting long-term survival.9,10 Nevertheless, the 
biological mechanisms by which postoperative infection facilitates metastatic progression remain incompletely 
understood.

Myeloid-derived suppressor cells (MDSCs) are immature myeloid cells with potent immunosuppressive activity that 
facilitate tumor progression.11,12 Studies using mouse models of peritonitis have shown that MDSCs in the spleen can 
remain elevated for several months after infection.13 Under infectious conditions, inflammatory factors such as IL-6 can 
significantly promote the proliferation and activation of MDSCs through signaling pathways such as STAT3.14–16 

Clinical and preclinical studies show that MDSCs accumulate at metastatic sites and that their abundance correlates 
with poor prognosis and increased metastatic risk.17,18 Importantly, emerging evidence suggests that MDSCs can 
generate neutrophil extracellular traps (NETs) in response to specific microenvironmental cues.19,20 NETs are web-like 
structures composed of DNA backbones decorated with histones and granule proteins and are classically released by 
neutrophils during infection.21,22 NETs have been shown to facilitate metastasis by trapping circulating tumor cells, 
reactivating dormant tumor cells in the bone marrow, and promoting tumor cell migration through chemokine 
signaling.23,24 However, whether MDSC-mediated metastasis in the context of postoperative infection involves NET 
formation in colon cancer remains unclear.

In this study, we show that abdominal infectious complications after colon cancer surgery induce a systemic 
expansion of MDSCs and stimulate NET release. We further demonstrate that AIC-driven MDSCs and NETs promote 
metastatic progression in vitro and in vivo. Crucially, degrading NETs with DNase I reduces liver metastasis (LM) and 
peritoneal metastasis (PM) in AIC mice without worsening sepsis, suggesting a potential therapeutic strategy to improve 
outcomes in patients with colon cancer.

Materials and Methods
Clinical Samples
Plasma samples were collected from colon cancer patients who underwent curative surgical resection at the First 
Affiliated Hospital of Nankai University. Inclusion criteria were: (1) histologically confirmed colon adenocarcinoma; 
(2) no prior history of neoadjuvant chemotherapy or radiotherapy. Exclusion criteria included: (1) presence of other 
concurrent malignancies; (2) incomplete clinical or follow-up data.

Postoperative abdominal infectious complications (AIC) were defined as the occurrence of one or more of the 
following conditions: (1) Intra-abdominal infection or abscess: diagnosed by the presence of abdominal pain, fever (body 
temperature ≥38.0°C), purulent drainage from an intra-abdominal drain, or radiological evidence of intra-abdominal fluid 
collection or abscess on CT or ultrasound, with or without confirmation during relaparotomy; (2) Anastomotic leakage: 
defined by the presence of abdominal pain, fever, or gastrointestinal contents in the surgical drain, or extravasation of 
contrast on water-soluble contrast enema or CT; (3) Positive bacterial culture: confirmed by microbial culture of fluid 
obtained from postoperative abdominal puncture or drainage.

Patients meeting any of the above criteria were assigned to the AIC group. Patients who underwent surgery during the 
same period but developed no postoperative infectious complications, or developed non-infectious complications were 
assigned to the Non-AIC group. Based on these criteria, a total of 40 patients were included in the final analysis: 20 in the 
AIC group and 20 in the Non-AIC group. Baseline demographic, clinical, and pathological characteristics of the patient 
cohorts are summarized in Supplementary Table 1. The AIC and Non-AIC groups were well-balanced across most 
variables, with no significant differences observed (all P > 0.05). All participants provided written informed consent. The 
study protocol was approved by the Nankai University Institutional Review Board (approval number: 
NKUIRB2026125).
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Animal Experiments
All mouse experiments were approved by the Institutional Animal Care and Use Committee of Nankai University 
(approval number: 2026-SYDWLL-000714). For the tumor resection mouse model, CT-26, 1×106 cells were subcuta
neously implanted into the right flank of BALB/c mice (female, 6–8 weeks old, weighing 25 ± 1 g). 12 days later, 90% of 
the tumors were removed. The wound was then closed using standard suture techniques. For AIC model, we referred to 
cecal ligation puncture (CLP) model. After anesthetizing and laparotomy, the cecum without ligation was perforated (CP) 
with 25G needle. Sham mice were subjected to the same surgical procedure, including anesthesia and laparotomy, but 
without CP. After surgery, mice were euthanized by cervical dislocation to extract interested organs. To ensure uniform 
infection severity, peritoneal lavage was performed immediately after cecal puncture using 1 mL of sterile PBS. The 
lavage fluid was serially diluted, plated on solid culture medium, and incubated overnight at 37°C. Colony-forming units 
(CFUs) were counted the following day, and only mice with a confirmed bacterial load within the target range of 1 × 104 

to 5 × 104 CFU/mL were included in the AIC group for subsequent experiments. For the LM and PM models, more than 
1×106 CT-26 cells were injected into the spleen or abdomen under anesthesia three days after tumor resection surgery.25– 

27 Treatments including PBS or DNase I (2.5 mg/kg, MedChemExpress) were administrated intraperitoneally every 3 
days. Mice were sacrificed after anesthesia at the end of the experiment, and blood and liver samples were collected for 
further analysis. The maximum allowable tumor diameter in any dimension must not exceed 20 mm. The anesthetic agent 
was isoflurane.

ELISA Assay
The levels of myeloperoxidase (MPO) in serum from patients and mice were tested by ELISA. The operation was strictly 
based on the instructions of the Human MPO ELISA Kit (ELK Biotechnology, 10187) and the mouse MPO ELISA Kit 
(ELK Biotechnology, 10310).

Flow Cytometry and MDSC Isolation
Venous peripheral blood samples were collected from Non-AIC and AIC patients and mice. Peripheral blood mono
nuclear cells (PBMCs) were isolated by Ficoll-Paque density gradient centrifugation. Cells were stained in FACS 
buffer at room temperature with fluorochrome-conjugated antibodies. For human MDSCs, we employed the inter
nationally accepted consensus definition: Lin− HLA-DR− CD11b+ CD33+ cells (Supplementary Figure S1A). For 
mouse MDSCs, total MDSCs were identified as CD11b+ Gr-1+ cells, as Gr-1 recognizes both Ly6G and Ly6C epitopes 
(Figure S1C). For multicolor flow cytometry, compensation was performed automatically using single-stained com
pensation beads for each fluorochrome prior to data acquisition, and fluorescence-minus-one (FMO) controls were 
used to define positive gates. FACS sorting was performed on a BD FACSAria II, and data were analyzed using 
FlowJo software (v10.8.1).

Immunofluorescence Staining
Isolated MDSCs were fixed with 4% paraformaldehyde for 15 min at room temperature. After washing with PBS 
twice, samples were blocked with 5% goat serum for one hour at room temperature and were incubated with antibodies 
overnight at 4°C. After washing with PBS twice, samples were incubated with appropriate Alexa Fluor 488- or Alexa 
Fluor 594-conjugated secondary antibodies (Beijing Solarbio Science & Technology) for one hour at room tempera
ture. Samples were stained with Hoechst 33342 (MedChemExpress, HY-15559) for 4 min at room temperature. Images 
were acquired with a FV1000 confocal microscope (Olympus, USA). For NET quantification, DNA (Hoechst 33342) 
area and MPO area were quantified using a semi-automated method applied to fluorescence microscopy images of 
MDSCs, as previously described.28,29 Quantification was performed using ImageJ software. The primary antibodies 
used in this investigation were: CD33 (ABclonal, A22704), MPO (Zen bioscience, R25062), CD11b (Solarbio, 
K01785RR). All outcome evaluations and preliminary statistical analyses were completed by researchers unaware of 
the grouping.
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Wound Healing Assay and Transwell Assay
For transwell migration, MDSCs from patients and mice were placed in lower chambers. CT-26 cells were seeded in 
upper chambers for 24 hours incubation. Finally, four random fields were imaged for ImageJ analysis. For wound healing 
assay, Cells in the logarithmic growth phase were placed in six-well plates until they reached 95% confluence. A straight 
wound was created using a 200 μL sterile pipette tip across the cell layers after 24 hours of seeding. The cell debris was 
removed by washing with PBS, and the remaining cells were then incubated in a medium containing 1% FBS at 37 °C 
with 5% CO2. Photographs of the wounded cell layers were taken immediately after scratching and again 24 hours later.

Western Blotting
All cells were lysed with RIPA buffer supplemented with a protease inhibitor cocktail. The lysates were incubated on ice 
for 30 min and then centrifuged at 15,000 × g for 30 min at 4 °C. The protein concentration was determined using the 
bicinchoninic acid assay (BCA). Proteins were separated by 12% SDS-PAGE and subsequently transferred to PVDF 
membranes. The membranes were blocked with 5% skimmed milk (PSAITONG, S10191) for 2 h at room temperature, 
followed by incubation with primary antibodies at 4 °C overnight. The membranes were then incubated with horseradish 
peroxidase-conjugated secondary antibody for 1 h at room temperature. The target bands were detected by the ECL 
solution system (Shandong Sparkjade Biotechnology Co., Ltd.) and were analyzed using ImageJ. The primary antibodies 
used included Vimentin (Zen bioscience, R22775), GAPDH (Zen bioscience, R380646).

Statistical Analysis
All statistical analyses were conducted by GraphPad Prism 9.0. Data are shown as mean ± SEM. Student’s t-test was used to 
compare between two groups. For multiple-group comparisons, one-way analysis of variance was used, followed by Tukey’s 
post hoc multiple comparison test. Statistical significance was set at P < 0.05. A post-hoc power analysis was performed 
using an independent samples t-test based on the observed difference in MDSC frequency between the AIC and Non-AIC 
groups (Cohen’s d = 0.99). With a two-sided α of 0.05 and 20 patients per group, the achieved statistical power was 87%.

Results
Postoperative AIC Promotes Sustained NET Release from MDSCs
MDSCs were quantified by flow cytometry in the Non-AIC and AIC patients before surgery (POD 0) and on post
operative days 3 (POD 3) and 7 (POD 7). In both Non-AIC and AIC patients, MDSCs in peripheral blood increased 
significantly by the third day after surgery (Figure 1A–C). However, by POD 7, the MDSCs proportion was significantly 
higher in the AIC group than in the Non-AIC group (Figure 1D). Expression of genes associated with the MDSC 
signature (ARG1 and NOS2) was obviously upregulated in PBMCs on POD 3 (Figure S1B). Based on the POD 7 MDSC 
levels, patients were classified into a low-MDSC group (<72%, n = 20) and a high-MDSC group (≥72%, n = 20). The 
high-MDSC group exhibited significantly elevated peripheral white blood cell (WBC) and granulocyte (GR) counts 
(Figure 1E and F), and MDSC proportion correlated positively with WBC count (Figure 1G). Serum MPO, a marker of 
NETs, was also significantly higher in the AIC group than in the Non-AIC group (Figure 1H). To investigate whether 
postoperative infection enhances NET release by MDSCs, we isolated MDSCs from patients through flow sorting, 
cultured for 2 hours, and performed immunofluorescence co-staining for DNA and MPO. NET levels, quantified by 
DNA/MPO area, increased by POD 3 compared to baseline in both groups, with significantly higher levels in the AIC 
group than in the Non-AIC group at this time point (Figure 1I and J). By POD 7, NET levels in the Non-AIC group had 
returned to near-baseline levels, whereas they remained elevated in the AIC group (Figure 1K and L). Together, these 
findings indicate that postoperative abdominal infection promotes sustained NET release from MDSCs.

Postoperative AIC Drives MDSC Expansion and NET Release in a Colon Cancer 
Mouse Model
To further investigate the impact of postoperative infection on MDSCs and NET formation, we established a mouse 
model of colon cancer by subcutaneous injection of CT-26 cells. Primary tumor resection was performed to simulate the 
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Figure 1 Postoperative AIC promotes sustained NET release from MDSCs. (A) Representative flow cytometric analyses of peripheral blood from patients with Non-AIC (n = 20) 
and AIC (n = 20). (B–D) The relative percentages of MDSCs are shown at each time point. (E) WBC counts in patients stratified into low- and high-MDSC (L-MDSC and H-MDSC) 
groups based on the median MDSCs level at POD 7. (F) Proportion of granulocyte in patients with L-MDSC and H-MDSC. (G) Correlation analysis between WBC counts and 
MDSCs %. (H) Serum levels of MPO in patients with Non-AIC and AIC (n = 20 per group). (I and J) Representative immunofluorescence co-staining of DNA (Hoechst) and MPO 
(myeloperoxidase) to assess NET formation in MDSCs isolated from peripheral blood of Non-AIC and AIC at each time point, scale bar = 10 μm. (K and L) Fluorescence 
quantification of DNA and MPO on POD 7 (n = 4 independent experiments). Data are presented as the mean ± SEM, *P < 0.05, **P < 0.01, ***P < 0.001, ns, not significant.
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clinical scenario of surgical tumor removal. A subset of mice subsequently underwent 25G needle cecal puncture without 
ligation (CP) to establish a post-colon-cancer-surgery infection model (Figure 2A). Serum ELISA revealed significantly 
higher IL-6 levels in the AIC group compared to the Non-AIC group, indicating an enhanced systemic inflammatory 
response (Figure 2B). Flow cytometric analysis on postoperative day 7 revealed that the proportion of MDSCs (CD11b 
+Gr-1+) in the spleen, bone marrow (BM), and PBMCs was significantly increased in the Non-AIC group compared with 
the control group. Furthermore, the proportion of MDSCs in the AIC group was markedly higher than that in the Non- 
AIC group (Figure 2C–F). Expression of genes associated with the MDSC signature (Arg1 and Nos2) was obviously 
upregulated in the AIC group (Figure S1D). MDSC proportions positively correlated with serum IL-6 levels (Figure 2G). 
Similarly, serum MPO levels were significantly higher in the AIC group than in the Non-AIC group, suggesting enhanced 
NET formation (Figure 2H). Immunofluorescence staining further demonstrated that NET release from MDSCs was 
more pronounced in the AIC group than in the Non-AIC group (Figure 2I–K). To determine whether IL-6, a key cytokine 
elevated in the serum of AIC mice (Figure 2B), directly drives NETs of MDSCs, we performed in vitro stimulation 
experiments. FACS-sorted MDSCs were cultured with recombinant IL-6, with or without Tocilizumab (IL-6 receptor 
inhibitor). As shown in Supplementary Figure S2A and B, IL-6 stimulation significantly increased extracellular DNA 
release and MPO from MDSCs compared to unstimulated controls, indicating enhanced NETs. Importantly, treatment 
with Tocilizumab markedly attenuated IL-6-induced NET release. These results demonstrate that IL-6 signaling is 
sufficient to induce NETs in MDSCs. Together, these findings validate our clinical observations, confirming that 
postoperative infection promotes MDSC expansion and enhances NET release.

Infection-Activated MDSCs Drive Tumor Migration Through Induction of 
Epithelial-Mesenchymal Transition in vitro
To test whether MDSCs from the postoperative infection microenvironment promote colon cancer cell migration, 
we co-cultured HCT116 cells with MDSCs isolated from AIC and quantified migration using a wound healing 
assay. AIC-derived MDSCs significantly increased HCT116 migration (Figure 3A and B). Western blot analysis 
showed that co-culture with MDSCsAIC elevated Vimentin, a principal mesenchymal marker of epithelial- 
mesenchymal transition (EMT), in HCT116 cells (Figure 3C and D). To explore the role of MDSC-derived 
NETs in facilitating tumor cell migration, MDSCs isolated from AIC mice were co-cultured with CT-26 colon 
cancer cells in the presence of DNase I (to degrade NETs) or the PAD4 inhibitor GSK484 (PAD4i, to inhibit NET 
formation). As illustrated in the wound healing assays (Figure 3E and F) and Transwell migration assays (Figure 
3G and H), treatment with either DNase I or PAD4i significantly reduced the migration of CT-26 cells compared to 
the CT-26 + MDSCsAIC group. Notably, DNase I exhibited a stronger inhibitory effect on migration than PAD4i in 
the Transwell assay. Western blotting analysis (Figure 3I and J) showed that DNase I treatment markedly 
downregulated Vimentin expression, whereas no statistically significant change in Vimentin levels was observed 
following PAD4i treatment.

Postoperative Infection Enhances Tumor Metastasis via Systemic Expansion of MDSCs 
in vivo
To assess how postoperative AIC influences tumor metastasis in vivo, we resected primary tumors in mice and then 
induced a postoperative infection using CP. We subsequently established LM and PM metastasis models 
(Figure 4A). In vivo imaging showed more extensive PM in the AIC group than in the Non-AIC group 
(Figure 4B and C). Macroscopic inspection and H&E staining of livers revealed a significantly greater area of 
hepatic metastatic nodules in the AIC group compared with the Non-AIC group (Figure 4D and E). PBMC, BM, and 
ascites (ASC) were collected from each group for flow cytometric analysis. This analysis showed a marked increase 
in the proportion of MDSCs across PBMC, BM, and ASC in the AIC group relative to the Non-AIC group 
(Figure 4F–I). These findings indicate that postoperative infection promotes tumor metastasis through the systemic 
expansion of MDSCs in vivo.
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DNase I-Mediated NET Clearance Attenuates Postoperative AIC-Driven Metastasis
To assess the contribution of NETs to tumor metastasis, mice received postoperative treatment with the NETs-degrading 
agent DNase I. In vivo imaging showed that DNase I reduced peritoneal metastasis in the AIC group (Figure 5A and B). 
As shown in Figure 5C, DNase I treatment did not exacerbate weight loss in AIC mice. Consistently, analysis of hepatic 

Figure 2 Postoperative AIC drives MDSC expansion and NET release in a colon cancer mouse model. (A) Schematic diagram of Non-AIC and AIC mouse model. (B) 
Serum levels of IL-6 in mice (n = 5 per group) with Non-AIC and AIC. (C–F) The relative percentages of MDSCs are shown in spleen, BM, and PBMCs from mice (n = 5 per 
group) at 7 days after surgery (MDSCs: CD11b+Gr1+). (G) Correlation analysis between levels of IL-6 and MDSCs %. (H) Serum levels of MPO in mice (n = 5 per group) 
with Non-AIC and AIC. (I–K) Representative immunofluorescence co-staining of DNA and MPO to assess NET formation in MDSCs isolated from peripheral blood of Non- 
AIC and AIC mice (n = 5 per group), scale bar = 10 μm. Data are presented as the mean ± SEM, *P < 0.05, **P < 0.01, ***P < 0.001, ns, not significant.
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metastases indicated that although the AIC group developed significantly larger liver nodules than the Non-AIC group, 
DNase I treatment substantially decreased the area of nodule in AIC mice (Figure 5D and E). The liver-to-body weight 
ratio was also significantly lower in the AIC+DNase I group than in the AIC group (Figure 5F). Flow cytometric analysis 
of peripheral blood from the LM model revealed a significant reduction in the proportion of MDSCs after DNase 
I treatment (Figure 5G and H). Correspondingly, serum MPO levels were reduced in the AIC+DNase I group, confirming 
decreased NET formation after treatment (Figure 5I). Together, these results indicate that targeting NETs with DNase 
I effectively mitigates postoperative AIC associated tumor metastasis.

Figure 3 Infection-activated MDSCs drive tumor migration through induction of epithelial-mesenchymal transition in vitro. (A and B) HCT116 cells were co-cultured with 
MDSCs from AIC patients. Wound healing assays to assess the migration ability of HCT116. (C and D) Western blot analysis was conducted for Vimentin in HCT116. (E and F) 
Wound healing assay showing migration of CT-26 cells co-cultured with MDSCs from AIC mice treated with DNase I (0.25 mg/mL) or PAD4i (10μM). (G and H) Transwell 
migration assay of CT-26 cells co-cultured with MDSCs from Non-AIC or AIC mice under the same conditions. (I and J) Western blot analysis of Vimentin expression in CT-26 
cells under the same conditions. n = 4 biologically independent experiments. Data are presented as mean ± SEM. *P < 0.05, **P < 0.01, ***P < 0.001, ns, not significant.
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Figure 4 Postoperative infection enhances tumor metastasis via systemic expansion of MDSCs in vivo. (A) Experimental timeline. (B and C) Representative images and 
quantification of metastatic lesions in PM mice models (n = 4 per group). (D and E) Representative images and quantification of liver nodules and their HE stained images in 
LM mice (n = 4 per group), scale bar = 100 μm. (F) Representative flow cytometric analyses of MDSCs from mice with Non-AIC and AIC groups (n = 4 independent 
experiments). The relative percentages of MDSCs are shown in (G) PBMC, (H) BM, and (I) ASC. PBMCs and BM from LM mice, ASC from PM mice (n = 4 per group). Data 
are presented as the mean ± SEM, *P < 0.05, **P < 0.01, ***P < 0.001, ns, not significant.
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Discussion
While surgery itself induces a sterile inflammatory response that is typically transient, the superimposition of post
operative infection (AIC) introduces a more intense and sustained inflammatory cascade. Based on standardized clinical 
criteria, patients were divided into AIC and Non-AIC groups. In Non-AIC patients, MDSCs showed a transient elevation 
on postoperative day 3, returning to near-baseline levels by day 7. In contrast, AIC patients exhibited persistently 
elevated MDSC levels at day 7. Notably, patients with high MDSC levels had significantly higher white blood cell and 
neutrophil counts than those with low MDSC levels. In our experimental models, AIC was associated with MDSC 
expansion and enhanced NETs release, and treatment with DNase I reduced liver and peritoneal metastasis in AIC- 
bearing mice.

MDSCs are immature myeloid cells that exhibit effective immunosuppressive properties and participate in the 
formation of immunosuppressive pathology under inflammatory and tumor-bearing conditions.30,31 There is growing 
evidence that MDSCs can also regulate the immune response to infection, acute and chronic inflammation, traumatic 
stress and sepsis.32–34 It is reported that patients with a continued increase in the percentage of MDSCs had extended ICU 
stays.35 In this study, we observed an increased proportion of MDSCs on POD 7 in colon cancer patients who developed 

Figure 5 DNase I-mediated NET clearance attenuates postoperative AIC-driven metastasis. (A and B) Representative images and quantification of metastatic lesions in PM 
mice with Non-AIC, AIC and AIC+DNase I groups (n = 4 per group). (C) Body weight changes were monitored throughout the experimental period in the indicated groups 
(Sham, Non-AIC, AIC, and AIC+DNase I, n = 4 per group). (D and E) Representative images and quantification of liver nodules in LM mice with Non-AIC, AIC and AIC 
+DNase I groups (n = 4 per group). (F) Percentage of liver weight to body weight in LM mice with Non-AIC, AIC and AIC+DNase I groups (n = 4 per group). (G and H) 
Representative flow cytometric analyses of MDSCs are shown in PBMCs from LM mice with Non-AIC, AIC and AIC+DNase I groups (n = 4 per group). (I) Serum levels of 
MPO in LM mice with Non-AIC, AIC and AIC+DNase I groups (n = 4 per group). Data are presented as the mean ± SEM, *P < 0.05, **P < 0.01, ***P < 0.001, ns, not 
significant.
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postoperative infections, suggesting that AIC is associated with MDSC expansion. This finding was recapitulated in our 
mouse model, where MDSC percentages were similarly elevated in AIC mice.

Recent research has shown that tumor-associated MDSCs play an important role in tumor progression.36 In vitro, 
MDSCs from AIC patients or mice promoted tumor migration and EMT of tumor cells. In vivo results showed that the 
proportion of MDSCs in AIC mice increased, and tumor metastasis increased significantly. These results suggest that 
highly activated MDSCs generated due to infection are more likely to accumulate around residual tumors after surgery, 
leading to enhanced local tumor growth.

NETs are web-like structures composed of related proteins and DNA released by neutrophils and are involved in 
promoting tumor cell invasion and metastasis.37,38 In human solid tumors, the presence of NETs correlates positively 
with neutrophil abundance and is closely associated with unfavorable clinical outcomes.39,40 In this study, we provide 
evidence that circulating NETs levels are elevated in AIC mice, and that MDSCs isolated from these animals exhibit 
enhanced NET release capacity. Therapeutic degradation of NETs with DNase I was associated with reduced metastatic 
burden in AIC mice. Notably, the weaker effect of PAD4i compared to DNase I in the migration assays may be explained 
by the fact that DNase I directly degrades pre-formed NETs, whereas PAD4i inhibits the formation of new NETs. Beyond 
trapping circulating tumor cells, NETs actively remodel the tumor microenvironment to promote metastasis through 
multiple mechanisms. They contribute to extracellular matrix degradation via proteases such as matrix metalloproteinase 
9 (MMP9), facilitating tumor cell invasion.28 Furthermore, NET-associated proteins like cathelicidin and histones also 
promote angiogenesis, supporting the vascularization of micrometastases.39 Together, these functions suggest that NETs 
reprogram target organs into a pro-metastatic “soil”. In the context of AIC, sustained MDSC-derived NETs may thus 
promote metastasis not only by trapping tumor cells but also through matrix remodeling, enhanced angiogenesis, and 
local immune suppression.

Our data suggest that postoperative infection is associated with MDSC expansion and elevated NETs levels. IL-6 
appears to be one of the drivers of NETs formation in this context, as in vitro stimulation with IL-6 induced NETs release 
from MDSCs. However, the AIC-induced cytokine storm is complex and comprises multiple factors beyond IL-6, and 
other inflammatory mediators likely contribute as well. NET formation can be induced by a variety of cytokines, 
including C5a.20,41,42 Therefore, identifying which specific cytokines drive NET formation in MDSCs will be an 
important direction for future research.

Metastasis is also driven by multiple interconnected mechanisms. Beyond the MDSC-NETs axis identified here, the 
tumor microenvironment (TME) comprises cancer-associated fibroblasts (CAFs), tumor-associated macrophages 
(TAMs), and diverse immune subsets, whose dynamic crosstalk critically shapes metastatic outcomes.43 Recent single- 
cell studies have shown that inflammatory CAFs interact metabolically and immunologically with myeloid cells, 
promoting immunosuppressive TAM subsets that collectively form a pro-metastatic niche.44 In parallel, several mole
cular pathways also contribute. The CXCL12-CXCR4 axis supports pre-metastatic niche formation and epithelial- 
mesenchymal transition (EMT), recruiting cancer cells to distant organs.45 Ferroptosis regulated by SLC7A11 has 
emerged as a key factor in colorectal cancer progression and therapy response.46 Exosome-mediated communication 
further conditions distant sites by transferring miRNAs and proteins that prime the pre-metastatic soil.47 In the context of 
AIC, this persistent inflammatory environment may simultaneously affect multiple TME components, and future studies 
employing single-cell approaches will be essential to dissect these complex cellular interactions. Our study now identifies 
the MDSC-NETs axis as an infection-triggered pathway that may intersect with these mechanisms, for example, through 
NETs modulating chemokine gradients, influencing exosome activity, or altering ferroptosis sensitivity. Understanding 
these intersections could guide combinatorial strategies to better prevent or treat postoperative metastasis in colon cancer.

This study has several limitations. First, while our in vitro functional data supports a role for MDSC-derived NETs in 
promoting tumor cell migration, definitive in vivo causal validation using conditional MDSC depletion models represents 
an important direction for future research. Second, the precise molecular signals that trigger MDSC activation and NETs 
release remain incompletely defined. Third, whether the composition and function of MDSC-derived NETs differ from 
those of neutrophil-derived NETs warrants further investigation. Finally, our clinical cohort, while sufficient for the 
primary analysis, is modest in size and derived from a single center; larger multicenter studies are needed to validate our 
findings.
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Conclusion
This study identifies an association between postoperative infection in colon cancer and increased metastatic potential. 
Elevated MDSC levels and enhanced NET formation were observed in both AIC patients and mouse models. In vitro, 
MDSCs derived from AIC mice released NETs, accompanied by increased tumor cell migration and EMT; DNase 
I degraded NETs, and was associated with reduced metastatic burden in AIC mice. These findings suggest that the 
MDSC-NETs axis may play a role in metastasis associated with postoperative infection, warranting further investigation.
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