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colorectal cancer liver metastasis via miR‑5692a/
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Abstract 

Background  The association between the intestinal microbiota and colorectal cancer (CRC) has been extensively 
studied, with Fusobacterium nucleatum (F. nucleatum, FN) being found in high abundance in colorectal cancer tissues. 
Previous research has emphasized the significant role of F. nucleatum in the occurrence of CRC. However, the impact 
of F. nucleatum on CRC liver metastasis has not been well understood.

Methods  The effects of F. nucleatum on metastasis ability of CRC cell were evaluated in vitro were examined 
by wound-healing assay and transwell assay. The mouse model of CRC liver metastasis was constructed by spleen 
injection, and the degree of liver metastasis was assessed by in vivo bioluminescence imaging. The gene expression 
changes in CRC cells after co-culture with F. nucleatum was analyzed through transcriptome sequencing. qRT-PCR 
and Western Blot assays were performed to validate the expression of related genes and proteins.

Results  The metastasis ability of CRC cells was significantly enhanced after co-culture with F. nucleatum in vitro. In 
the mouse model, F. nucleatum also promoted the development of liver metastasis in CRC. Mechanistically, F. nuclea-
tum infection increased the expression of IL-8 by downregulated the level of miR-5692a, a regulatory microRNA of IL-8. 
This led to the activation of the ERK pathway and resulted in the epithelial-mesenchymal transition (EMT) of CRC cells.

Conclusions  Our results suggest that F. nucleatum promotes CRC liver metastasis by inducing epithelial-mesenchy-
mal transition through the miR-5692a/IL-8 axis. These findings provide new insights for the prevention and treatment 
of colorectal cancer liver metastasis.

Keywords  Colorectal cancer, Fusobacterium nucleatum, Metastasis, IL-8, MicroRNA

Introduction
Colorectal cancer is one of the most prevalent cancers 
worldwide, with about 1.9  million new cases diagnosed 
annually [1, 2]. Metastasis of CRC continues to pose a 
significant challenge following curative treatment, repre-
senting the primary factor contributing to mortality asso-
ciated with CRC [3]. Approximately half of CRC patients 
will experience liver metastasis, and the 5-year survival 
rate for patients with liver metastases stands at a mere 
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14–30%4–6. Surgical resection and chemotherapy repre-
sent the therapeutic interventions that provide extended 
survival prospects for patients diagnosed with colorectal 
liver metastases. Nevertheless, a staggering 80% of these 
cases are deemed inoperable due to the extensive num-
ber and size of metastases, as well as the involvement of 
multiple liver segments [7]. Therefore, it is imperative to 
comprehensively investigate the underlying mechanisms 
driving CRC metastasis.

A primary hallmark of CRC is dysbiosis of the gut 
microbiota, which is defined by a reduction in the diver-
sity of microorganisms and an increase in pathobionts 
responsible for cancer [8]. Accumulating evidence sub-
stantiates the impact of cancer-associated microbiota on 
the development and progression of cancer, particularly 
in the case of colorectal cancer [9, 10]. The gut micro-
biota can produce genotoxins to damage the DNA of 
colonic epithelial cells and activate oncogenic signaling 
pathways such as the Wnt–β-catenin signaling pathway 
[11, 12]. Moreover, bacteria-driven inflammation trig-
gers the secretion of chemokines to induce CRC cells to 
acquire stemness and boost metastasis formation [13]. 
F. nucleatum, an anaerobic opportunistic pathogen, is 
abundant in both the fecal matter and tumor tissues of 
patients with colorectal cancer and is linked to tumor 
invasion and distant metastasis [14, 15]. F. nucleatum 
accompanies primary tumor cells during the process of 
metastasis, contributing to the colonization of tissues in 
distant locations [16]. However, the mechanisms under-
lying the role of F. nucleatum in CRC liver metastasis 
need to be fully elucidated.

There is growing evidence that chemokines trig-
gered by bacteria are implicated in various tumorigen-
esis processes [17]. Interleukin-8 (IL-8), a member of the 
chemokine family, has been found to play a role in the 
proliferation, migration, and invasion of cancer cells [18, 
19]. Previous studies have shown that infection with F. 
nucleatum can lead to an increase in IL-8 expression [20]. 
However, whether F. nucleatum influences IL-8 to pro-
mote CRC liver metastasis remains uncertain. The mech-
anisms underlying the regulation of IL-8 by F. nucleatum 
are also unclear.

In this study, we aimed to investigate the association 
between F. nucleatum infection and CRC liver metasta-
sis, as well as the role of IL-8 in progression. The results 
of this study will establish a strong foundation for target-
ing F. nucleatum and IL-8 in the treatment of CRC liver 
metastasis.

Materials and methods
Bacterial strain and culture conditions
The F. nucleatum strain (ATCC 25586) was obtained from 
the China General Microbiological Culture Collection 

Center and cultured anaerobically (MGC, AnaeroPack) 
in brain heart infusion (Landbridge, CM917B) broth 
medium at 37 °C.

Cell Culture
The human CRC cell lines (HT29, SW480) and the mouse 
CRC cell line CT26 were purchased from the Cell Bank 
of the Chinese Academy of Sciences (Shanghai, China) 
and preserved in liquid nitrogen. Three types CRC cell 
lines were cultured in high-glucose DMEM (Hyclone, 
SH30243) or RPMI 1640 (Hyclone, SH30027) at 37℃ 
with 5% CO2 in incubator, respectively. The media were 
supplemented with 10% fetal bovine serum (FBS, Gibco). 
F. nucleatum and CRC cells were co-cultured for 24  h 
according to MOI = 100:1.

Recombinant human IL-8(MCE, HY-P7224) was 
dissolved in PBS with 0.1%BSA at a concentration 
of 100ng/ml. Reparixin (an inhibitor of CXCR1/2, 
MCE, HY-15251), MK2206(an inhibitor of AKT, 
MCE, HY-10358), U0126(an inhibitor of ERK, MCE, 
HY-12031), SB203580(an inhibitor of p38, MCE, 
HY-10256), and SP600125(an inhibitor of JNK, MCE, 
HY-12041) were purchased from Med Chem Express.

Animal experiments
For liver metastasis model, male BALB/C mice of 8-week-
old were randomly divided into four groups (groups: con-
trol, F. nucleatum, Reparixin, F. nucleatum + Reparixin, 
5mice/group). The mice were anesthetized and given 
injections of 1×106 CT26 cells or F. nucleatum infected 
CT26 cells into the spleen. Reparixin and F. nuclea-
tum + Reparixin groups started intraperitoneal injection 
of Reparixin (30 mg/kg) every three days on the third day 
after modeling. All animal experiments were conducted 
according to the Guidelines of the Institutional Animal 
Care and Use Committee and was approved by the Ani-
mal Ethics Committee of Tongji Hospital.

GMrepo database analysis
The GMrepo is a curated resource of consistently anno-
tated human gut metagenomes. The relative abundances 
of F. nucleatum in the stool of healthy and CRC patients 
were extracted from GMrepo database (https://​gmrepo.​
human​gut.​info). By consulting the data from relative 
publications, the data’s quality was evaluated.

Cell transfection
miR-5692a mimics, inhibitors, and negative control were 
obtained from RiboBio (Guangzhou, China). The trans-
fection of miRNA was performed with riboFECTTM CP 
Transfection Kit (RiboBio, C10511-05). The short hairpin 
RNAs specific to ZEB1 was obtained from Genechem 

https://gmrepo.humangut.info
https://gmrepo.humangut.info
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and was transfected into CRC cells according to the man-
ufacturer’s protocols.

Dual‑luciferase assay
Dual-luciferase assay was conducted to confirm the regu-
latory effect of miR-5692a on IL-8 expression. Luciferase 
reporter plasmid vectors (RiboBio) with wild type or 
mutant 3′-untranslated region of IL-8 was co-transfected 
respectively with miR-5692a mimics or inhibitor into 
CRC cells. The luciferase activity was detected after 48 h 
incubation using Dual-Luciferase Reporter Assay System 
(Promega, E1910).

RNA extraction and quantitative real‑time PCR
Total RNA extraction from CRC lines using RNAiso 
reagent (Vazyme, R701) following the manufacturer’s 
instructions. HiScript RT SuperMix reagent kit (Vazyme, 
R323) was used for complementary DNA synthesis. Real-
time PCR was performed using ChamQ Universal SYBR 
Master Mix kit (Vazyme, Q711) according to the proto-
col and GAPDH mRNA was used as a reference gene. 
The 2(−ΔΔCt) method was applied for calculating the rela-
tive mRNA. The primers sequences used in this study are 
listed in Table S1.

RNA sequencing
RNA sequencing was conducted by Novogene (Beijing, 
China), with the expression levels of all samples repre-
sented as RPKM (Reads Per Kilobase per Million). Dif-
ferentially expressed genes were visualized using the 
“pheatmap” and “ggplot2” R packages. For KEGG enrich-
ment analysis, a significance threshold of p < 0.05 was 
applied to identify enriched gene sets using the “cluster-
Profiler” R package.

Wound healing assay
Cells were seeded on the 6-wells plates and cultured to 
90% confluence. Cells were treated with 10 µg/mL mito-
mycin C for 2  h prior to wounding in order to impair 
proliferation. Then the cells were scraped with a ster-
ile pipette tip to generate a vertical scratch(wound) and 
grown in the serum-free medium. Subsequently, the 
scratch was photographed under microscope at 0 h and 
48 h, respectively.

Colony formation assay
The Colony Formation assay was performed on standard 
tissue culture-treated 6-well plates without any surface 
coating. A total of 1×103 CRC cells per well were seeded 
in 6-well plates and cultured in DMEM supplemented 
with 10% FBS and 1% penicillin-streptomycin. Fourteen 
days after plating, the cells were fixed with 4% para-
formaldehyde and stained with 0.05% crystal violet. The 

number of colonies, representing the proliferation rate, 
was counted.

 EdU incorporation assay
To perform the EdU incorporation assay, 5×103 CRC 
cells per well were seeded into 96-well plates and cul-
tured overnight. The EdU Cell Proliferation Image Kit 
(Abbkine, Wuhan, China) was used following the manu-
facturer’s instructions. Briefly, cells were incubated with 
100 µl of 10 µM EdU solution for 2 h. After incubation, 
the cells were washed with PBS, fixed with 4% paraform-
aldehyde, and permeabilized with 0.5% Triton X-100. The 
cells were then stained with 100  µl of 1X AbFluor 545 
Azide solution for 30  min, followed by nuclear staining 
with 1X Hoechst 33,342 solution. Images were captured 
using a Leica fluorescence microscope (Germany), and 
the number of positive cells was counted.

Cell invasion assays
A 24-well transwell plate with 8-µm pore size (Corn-
ing, 3422) was carried out for transwell assays. For cell 
invasion assays, the upper chambers were coated with 
matrigel. Starving cells for 24  h in advance, then cells 
were seeded into the upper chambers with a cell density 
of 5×104/well. Resuspend cells in serum-free medium or 
conditioned medium. The lower chambers were added 
with 30% serum-containing medium. After then incu-
bation for 24–48  h, the transwell insert chamber mem-
brane was fixed with 4% paraformaldehyde for 15  min 
and stained with 0.1% crystal violet for 15 min. Cells that 
did not successfully invade through the membrane were 
mechanically removed with a cotton swab. Cells invading 
through the membrane which on the bottom surface of 
the membrane were captured and counted at the random 
fields using a microscope.

Western blot analysis
Total protein was lysed by the RIPA buffer (Servicebio, 
G2002) mixed with 1% protease inhibitor and 1% phos-
phorylase inhibitor. The extracted protein was fraction-
ated with 10% sodium dodecyl sulfate polyacrylamide gel 
electrophoresis, and then transferred to polyvinylidene 
difluoride membrane (Merck, C3117). The membranes 
were blocked with 5% milk diluted with TBST (for 1 h at 
room temperature. Then, the blots were incubated with 
specific primary antibody at 4℃ overnight. The GAPDH 
protein level on the same membrane were used for the 
loading control. The membranes were washed three 
times by TBST, then incubated with the horseradish 
peroxidase-labeled secondary antibody for 1  h at 37 ℃. 
Proteins were visualized with an enhanced chemilu-
minescence reagent (Thermofischer, 34579) using the 
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system (Bio-Rad). The primary antibodies used are listed 
in Table S2.

Immunohistochemistry (IHC) analysis
The paraffin-embedded tissue samples were sliced into 
4  μm thick sections, and various IHC assays were per-
formed according to the manufacturer’s instructions. The 
relative expression was scored according to the staining 
scope and intensity. Specifically, the staining scope was: 
1 (0–25%); 2 (25–50%); 3 (50–75%); and 4 (75–100%), 
and the staining intensity was scored as 0 (negative); 1 
(weakly positive); 2 (moderately positive); and 3 (strongly 
positive). The overall score was defined by multiplying 
the staining scope by the staining intensity score.

Results
F. nucleatum is enriched in CRC patients and promotes 
proliferation, migration and invasion of CRC cells
To investigate the disparity in the gut microbiota between 
CRC patients and healthy individuals, we conducted 
a comparative analysis of the abundance of 219 marker 
taxa in the GMrepo Database. The marker taxa with lin-
ear discriminant analysis (LDA) scores greater than 2 or 
less than − 2 are presented in Figure S1A. Notably, the 
abundance of F. nucleatum significantly increased in CRC 
patients (Fig.  1A), suggesting a potential influential role 
of F. nucleatum in the progression of CRC. To ascertain 
whether F. nucleatum could facilitate the growth of CRC 
cells, SW480 or HT29 cells were preincubated with F. 
nucleatum for 24 h and subsequently subjected to colony 
formation and EdU assays. Consistent with our expecta-
tions, the presence of F. nucleatum resulted in a signifi-
cant increase in the number of colonies and EdU-positive 
cells compared to those in the control group (Fig. 1B, C). 
These findings suggest that F. nucleatum enhances the 
proliferation of CRC cells. Furthermore, wound healing 
and transwell assays were conducted to assess the impact 
of F. nucleatum on the motility of CRC cells. The results 
revealed that, compared with control cells, SW480 or 
HT29 cells exposed to F. nucleatum exhibited faster 
wound closure and a greater number of invading cells 
(Fig.  1D, E). Taken together, these findings suggest that 
F. nucleatum enhances the proliferation, migration and 
invasion of CRC cells.

The expression of IL‑8 increases in F. nucleatum treated 
CRC cells and is associated with the metastasis of CRC​
To determine the mechanism underlying the interac-
tion between F. nucleatum and CRC cells, we cocultured 
HT29 cells with F. nucleatum for 24  h and conducted 
transcriptome sequencing (RNA-Seq) analysis. The dif-
ferential expression patterns of the genes were visualized 
using a heatmap (Fig. 2A). A total of 3930 Differentially 

Expressed Genes (DEGs) were identified by the adjusted 
P value and fold change (FC) value (Fig. 2B). We further 
analyzed the data in the GSE173549 and GSE141805 
datasets and combined them with our RNA-Seq data. Six 
DEGs coexisted in the three datasets (Fig. 2C). To deter-
mine which gene is related to the metastasis of CRC, we 
compared the expression of the 6 genes between M0 CRC 
patients and M1 CRC patients in The Cancer Genome 
Atlas (TCGA) database. Among them, only the IL-8 
concentration increased in metastatic patients (Fig. 2D). 
qRT‒PCR and western blot assays confirmed the over-
expression of IL-8 in CRC cells after coculture with F. 
nucleatum (Fig.  2E). Thus, F. nucleatum may promote 
CRC metastasis by increasing the expression of IL-8.

F. nucleatum promotes metastasis and EMT phenotypes 
of CRC cells in a IL‑8 dependent manner
To confirm that F. nucleatum affects CRC cells via IL-8, 
we used Reparixin to inhibit the function of the IL-8 
receptor. Reparixin significantly limited the prolifera-
tion, migration and invasion of CRC cells after F. nucle-
atum treatment (Fig.  3A–D). Epithelial-Mesenchymal 
Transition is a critical process in cancer metastasis [21]. 
During this process, epithelial cells lose their character-
istic features and acquire traits typical of mesenchymal 
cells, which enhances their motility and invasion capac-
ity. We hypothesized that F. nucleatum promotes CRC 
cell migration by enhancing the EMT phenotype. To 
confirm our hypothesis, we conducted western blot to 
examine the changes in EMT-related genes in SW480 
or HT29 cells. We observed that F. nucleatum led to 
elevated expression of the mesenchymal marker vimen-
tin and decreased expression of the epithelial marker 
E-cadherin. Furthermore, Reparixin suppressed EMT 
in F. nucleatum-treated CRC cells (Fig. 3E). Collectively, 
these results suggest that F. nucleatum can promote CRC 
cell proliferation and migration by enhancing EMT phe-
notypes in an IL-8-dependent manner.

F. nucleatum promotes liver metastasis of CRC cells in vivo
CT26-Luc cells or F. nucleatum-treated CT26-Luc cells 
were injected into the spleen of BALB/c mice to establish 
a liver metastasis model. To block IL-8 function, Repar-
ixin was administered by intraperitoneal injection on the 
third day after the model was established (Fig.  4A). In 
the F. nucleatum coculture group, we observed F. nuclea-
tum presence in both primary and metastasized tumors. 
Conversely, the control group showed no presence of F. 
nucleatum(Fig.  4B). The liver metastases of CT26-Luc 
cells were tracked using an in  vivo optical imaging sys-
tem. The results showed that liver fluorescence intensity 
was greater in the F. nucleatum-treated group than in 
the control group, indicating that more CT26-Luc cells 
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metastasized to the liver. Furthermore, Reparixin inhib-
ited the F. nucleatum-mediated promotion of CT26-Luc 
cell metastasis in vivo, suggesting that F. nucleatum pro-
motes CRC liver metastasis in vivo through IL-8 (Fig. 4C, 
D). The liver weight results were consistent with the 
above conclusion (Fig.  4E). We confirmed that in the F. 
nucleatum-treated group, IL-8’s mouse homolog expres-
sion was elevated in vivo, CXCR1/2 expression remained 
unchanged (Fig. 4F). The expression of ki-67 and Vimen-
tin was significantly higher in the F. nucleatum coculture 

group than in the control group, while E-cadherin 
reduced (Fig.  4G, Figure S3). IL-8 is known as a chem-
oattractant for immune cells, including neutrophils and 
macrophages. To explore this, we conducted flow cytom-
etry to assess immune cell infiltration. Our findings 
revealed an increased infiltration of macrophages, par-
ticularly M2-polarized macrophages, at the injection site 
in the F. nucleatum-treated group, which was reduced 
upon treatment with Reparixin. However, this effect was 
not observed at the metastasis site in the liver (Fig. 4H). 

Fig. 1  F. nucleatum is enriched in CRC patients and promotes proliferation, migration and invasion of CRC cells. A F. nucleatum prevalence 
in the feces of healthy individuals and CRC patients in the GMrepo database (Mann-Whitney test). B, C F. nucleatum promoted proliferation 
of SW480 and HT29 cells in colony formation (B) and EdU assays (C). D F. nucleatum accelerated wound healing of SW480 and HT29 cells compared 
with the control. E The invasion ability of SW480 and HT29 cells was detected by transwell assay
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Fig. 2  The expression of IL-8 increases in F. nucleatum treated CRC cells and is associated with metastasis of CRC. A, B The Heat map A and Volcano 
map B were used to depict the differential gene expression patterns between F. nucleatum-treated and PBS-treated HT29 cells by RNA-seq (n = 3, 
log2 fold change > 1, P < 0.05). CXCL8, the gene encoding IL-8, is indicated in the heat map. C Overlap of differential gene from our RNA-seq data, 
GSE141805 and GSE173549 dataset. D Relative expression of IL-8, BIRC3, NFKBIA, RELB, TNFRSF9, and TNFAIP3 between M0 and M1 CRC patients 
in TCGA database. E qRT-PCR and western blot analysis of IL-8 mRNA and protein level in SW480 and HT29 cells after F. nucleatum infection. The 
Western blot in bottom panel is quantified in Supplementary Figure S2A
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Additionally, we observed a significant accumulation of 
neutrophils at both the injection and metastasis sites in 
the F. nucleatum-treated group, which was also reversed 
by Reparixin treatment (Fig.  4I). These results suggest 
that F. nucleatum may promote tumor progression and 
metastasis by enhancing IL-8-mediated infiltration of 
macrophages and neutrophils, thereby altering the tumor 
microenvironment and driving the metastasis of CRC 
cells in an IL-8-dependent manner.

F.nucleatum increases the expression of IL‑8 
though miR‑5692a
miRNAs can bind to the 3’UTR of target genes to regu-
late target gene expression and play a key role in the 
development of cancers. We used mirDIP, TargetScan, 
miRDB and miRWALK to predict miRNAs that poten-
tially bind to the IL-8 mRNA and identified six candidate 
miRNAs (Fig. 5A). To validate the predicted results and 
detect the expression of candidate miRNAs, SW480 and 
HT29 cells were infected with F. nucleatum. qRT‒PCR 
revealed that miR-5692a expression markedly decreased 
after F. nucleatum treatment among all potential miRNA 
(Fig.  5B). Then, the miR-5692a mimics and miR-5692a 

Fig. 3  F. nucleatum promotes metastasis and EMT phenotypes of CRC cells in an IL-8 dependent manner. A, B colony formation and EdU assays 
showed the proliferation capacity of CRC cells treated with F. nucleatum and/or Reparixin. C, D wound healing and transwell analysis were 
performed to determine the migration and invasion capacity of CRC cells. E western blot was performed to evaluate the expression of EMT marker 
in SW480 and HT29 cells after treated with F. nucleatum and Reparixin. The Western blot is quantified in Supplementary Figure S2B
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Fig. 4  F. nucleatum promotes metastasis of CRC cells in vivo. A Pretreated with F. nucleatum or PBS for 24 h, CT26 cells were injected into mice 
via spleen (n = 5). B Representative images from FISH analysis showing F. nucleatum presence (red) of primary tumors in spleen and metastases site 
in liver. C–E The liver metastases were assessed by in vivo bioluminescence imaging (C, D) and the weight of liver (E). F IL-8 expression and CXCR1/2 
expression by the tumor cells in vivo. The Western blot is quantified in Supplementary Figure S2C. G Representative images of H&E and IHC staining 
of Ki67 in liver metastases of mice. H The frequencies of macrophages in spleen primary tumor and liver metastasis. I The frequencies of neutrophils 
(CD45+CD11b+Ly6G+) in spleen primary tumor and liver metastasis
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inhibitor were transfected into SW480 and HT29 cells. 
qRT-PCR demonstrated that overexpression of miR-
5692a downregulated and inhibition of miR-5692a 
upregulated the expression of IL-8 (Fig. 5C). To validate 
whether miR-5692a directly binds to the mRNA of IL-8, 
we generated wild-type (WT) or mutated (MUT) dual-
luciferase reporter plasmids (Fig. 5D). SW480 and HT29 
cells were transfected with dual-luciferase reporter plas-
mids with miR-5692a mimics or miR-5692a inhibitors. 
miR-5692a mimics significantly suppressed and miR-
5692a inhibitors enhanced the luciferase activity of WT 
plasmids compared with MUT plasmids (Fig.  5E). The 
miR-5692a mimics downregulated the expression of IL-8, 
which was upregulated in CRC cells after incubation with 
F. nucleatum (Fig.  5F). Colony formation, EdU, wound 
healing and Transwell assays revealed that miR-5692a 
mimics reversed the promotion of cell proliferation, 
migration and invasion in F. nucleatum-treated CRC cells 
(Figure  S1B–E). As a result, we deduced that F. nuclea-
tum promotes CRC proliferation and metastasis through 
the miR-5692a/IL-8 axis.

Previous studies have demonstrated that F. nucleatum 
can activate the NF-κB pathway in various cancer cells 
[22, 23]. To explore whether F. nucleatum influences miR-
5692a and IL-8 expression through the NF-κB pathway, 
we assessed the activation of NF-κB. The results showed 
significant NF-κB activation in CRC cells treated with F. 
nucleatum. When the NF-κB inhibitor BAY11-7082 was 
applied, the F. nucleatum-induced down-regulation of 
miRNA-5692a and up-regulation of IL-8 were notably 
reduced (Fig.  5G, H). This indicates that F. nucleatum 
may partially regulate miRNA-5692a and IL-8 expression 
via the NF-κB pathway.

F. nucleatum‑induced IL‑8 activates ERK pathway
To assess the significant pathways changed in F. nucle-
atum-treated CRC cells, Kyoto Encyclopedia of Genes 
and Genomes (KEGG) analysis was performed, and the 
significant pathways were selected (Fig. 6A). The MAPK 
and PI3K-AKT pathways were significantly activated in F. 
nucleatum-treated CRC cells. The phosphorylation levels 
of STAT3, AKT, ERK, P38, and JNK in SW480 and HT29 
cells were assessed via western blot (Fig. 6B). The results 

showed that IL-8 and F. nucleatum-treated CRC cells had 
increased AKT, ERK, P38 and JNK activity. Reparixin can 
block the activating effects of F. nucleatum on AKT, ERK, 
P38, and JNK. To determine which of these proteins is 
involved in EMT, we used inhibitors of AKT, ERK, P38, 
and JNK together with F. nucleatum. Only the inhibi-
tor of ERK rescued F. nucleatum-induced EMT in CRC 
cells (Fig. 6C). These results indicated that F. nucleatum-
induced IL-8 promoted EMT in CRC cells through the 
ERK pathway. The proliferation and metastasis ability of 
F. nucleatum-cocultured CRC cells were also inhibited 
by the ERK inhibitor (Fig.  6D–F). Since HT29 contains 
a BRAF mutation, and SW480 and CT26 harbor KRAS 
mutations, we further conducted in vitro validation using 
CACO-2 cells (Figure S4A-D) and in vivo validation with 
MC38 cells (Figure S4E), both of which do not contain 
BRAF or KRAS mutations.

F. nucleatum‑induced IL‑8 promotes CRC metastasis 
through ERK/ZEB1 axis
The occurrence of EMT is regulated by EMT-related 
transcription factors (EMT-TFs), such as ZEB1, Snail, 
Slug and Twist. qRT‒PCR and Western blot assays were 
also conducted to verify which EMT-TFs are affected 
by F. nucleatum in colorectal cancer cells. In the IL-8 
treated group and F. nucleatum coculture group, ZEB1 
expression was significantly increased compared to con-
trol, while the increase in ZEB1 expression induced by 
F. nucleatum was reversed after treatment with the IL-8 
receptor inhibitor Reparixin (Fig. 7A, B), indicating that 
F. nucleatum can promote ZEB1 expression in colorectal 
cancer cells via the IL-8 pathway. Moreover, the promo-
tion of ZEB1 expression in colorectal cancer cells by F. 
nucleatum was dependent on the ERK signaling pathway 
(Fig. 7C). F. nucleatum failed to induce EMT in colorec-
tal cancer cells after we knocked down ZEB1 expression 
by lentivirus transduction (Fig. 7D). Knockdown of ZEB1 
inhibited the F. nucleatum-mediated promotion of pro-
liferation, migration and invasion in colorectal cancer 
cells (Fig. 7E–H). These results suggest that F. nucleatum 
regulates the expression of ZEB1 by mediating the activa-
tion of the ERK pathway in colorectal cancer cells, thus 
promoting the metastasis of colorectal cancer.

(See figure on next page.)
Fig. 5  F. nucleatum increases the expression of IL-8 though miR-5692a. A Overlap of the predicted miRNAs targeting IL-8 mRNA from four 
different websites. B qRT-PCR analysis the expression of candidate miRNAs binding to IL-8 in CRC cells. C qRT-PCR analysis of IL-8 mRNA level 
after miR-5692a overexpression (mimics) or downregulation (inhibitor). D Schematic image of luciferase reporter plasmids with miR-5692a binding 
site of IL-8. E SW480 and HT29 cells were transfected with wild type (WT) or mutant (MUT) luciferase reporter plasmids with miR-5692a mimics 
or inhibitor. Forty-eight hours after transfection, cells were subjected to dual-luciferase assay. F The protein level of IL-8 was evaluated after treated 
with F. nucleatum and/or miR-5692a mimics. The Western blot is quantified in Supplementary Figure S2D. G The expression of miR-5692a in CRC 
cells after infected with F. nucleatum and/or NF-κB pathway inhibitor Bay11-7082 (20 µM). H The expression of p-p65, p65 and IL-8 in CRC cells 
after infected with F. nucleatum and/or NF-κB pathway inhibitor Bay11-7082 (20 µM)
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Fig. 5  (See legend on previous page.)



Page 11 of 15Yu et al. Journal of Biomedical Science            (2025) 32:5 	

Discussion
The metastasis of colorectal cancer continues to pose a 
significant challenge following curative treatment and 
represents a crucial factor in CRC-related mortality. 
Although a growing body of evidence suggests a corre-
lation between the abundance of F. nucleatum and CRC 
metastasis, the molecular mechanisms involved remain 
elusive [24]. Consequently, it is imperative to compre-
hend the underlying molecular mechanisms to identify 
potential targets for inhibiting CRC metastasis. In this 

study, we found that F. nucleatum was highly abundant in 
the feces of CRC patients and was associated with CRC 
liver metastasis. We present evidence demonstrating that 
F. nucleatum enhances the migration and invasion of 
CRC cells by increasing the expression of IL-8 and induc-
ing epithelial–mesenchymal transition.

In order to identify the mechanism by which F. nucle-
atum facilitates CRC metastasis, we performed RNA 
sequencing (RNA-seq) analysis. By overlapping our RNA-
sequencing results and the GEO dataset, we identified 

Fig. 6  F. nucleatum induced IL-8 activates ERK pathway. A KEGG enrichment analysis identified the relative signal pathway in F. nucleatum-treated 
HT29 cells. B After infected with F. nucleatum and/or Reparixin, the protein level of AKT, ERK, p38 AND JNK were measured by western blot. The 
Western blot is quantified in Supplementary Figure S2E. C After infected with F. nucleatum and/or small molecule inhibitors, the expression of EMT 
marker were tested by western blot. MK2206, an inhibitor of AKT; U0126, an inhibitor of ERK; SB203580, an inhibitor of p38; SP600125, an inhibitor 
of JNK. D colony formation showed the proliferation capacity of CRC cells treated with F. nucleatum and/or U0126. E, F wound healing and transwell 
analysis showed the migration and invasion capacity of CRC cells treated with F. nucleatum and/or U0126
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IL-8 as a downstream target associated with F. nucleatum 
infection and CRC metastasis. Emerging research has 
substantiated the crucial role of IL-8 as an inflammatory 
and immunosuppressive factor within the tumor micro-
environment that facilitates tumor progression [18, 25]. 
Furthermore, increased serum levels of IL-8 have been 
correlated with poor prognosis in CRC patients [26]. We 
found that inhibiting the receptor of IL-8 decreased the 

promotion of F. nucleatum-induced CRC proliferation 
and metastasis in  vitro and in  vivo, indicating that IL-8 
can act as a target for preventing CRC metastasis. In this 
study, we investigated how F. nucleatum induces CRC 
cells to secrete IL-8, thereby enhancing their invasive 
capacity and promoting metastasis. Additionally, IL-8 
acts as a chemoattractant for immune cells, influencing 
the immune microenvironment [27]. Our results indicate 

Fig. 7  F. nucleatum induced IL-8 promotes CRC metastasis through ERK/ZEB1 axis. A, B qRT-PCR and western blot analysis of EMT-TFs mRNA 
and protein level in SW480 and HT29 cells after F. nucleatum infection. The Western blot is quantified in Supplementary Figure S2F. C F. nucleatum 
increased ZEB1 expression via ERK pathway. The Western blot is quantified in Supplementary Figure S2G. D downregulating ZEB1 inhibited 
the promotion of EMT of CRC cells by F. nucleatum. The Western blot is quantified in Supplementary Figure S2H. E, F colony formation and EdU 
assays showed the proliferation capacity of CRC cells. G, H wound healing and transwell analysis showed the migration and invasion capacity 
of CRC cells
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that F. nucleatum-induced IL-8 leads to increased infil-
tration of macrophages, particularly M2 macrophages, 
within the tumor. However, the role and mechanisms 
by which these macrophages, attracted by F. nucleatum-
induced IL-8, contribute to CRC metastasis warrant fur-
ther investigation.

To reveal the mechanism by which F. nucleatum 
enhances IL-8 expression in CRC cells, bioinformatics 
analysis was conducted to predict a series of miRNAs 
that act as upstream regulators of IL-8. miRNAs can bind 
to the 3’UTR region of mRNA, causing degradation of 
the target mRNA [28]. Among these miRNAs, miR-5692a 
exhibited a negative correlation with F. nucleatum infec-
tion and IL-8 expression. Our findings demonstrated that 
F. nucleatum modulates the expression of IL-8 through 
the involvement of miR-5692a. Previous studies have 
indicated that miR-5692a is upregulated in hepatocellu-
lar carcinoma patients and contributes to the malignant 
progression of HCC by regulating MMP929. In contrast, 
our results suggest that miR-5692a can suppress CRC 
metastasis through inhibiting IL-8 expression. It will be 
of great interest to establish the biological importance of 
miR-5692 in other cancers.

Previous research has extensively validated the signal-
ing pathways implicated in the progression of tumors, 
specifically the ERK, p-38, and JNK pathway [30–32]. 
Our findings show that F. nucleatum-induced IL-8 sig-
nificantly activates the ERK, p-38, and JNK pathways in 
CRC cells, with the ERK pathway being particularly cru-
cial for promoting EMT. This observation aligns with 
previous studies that have shown IL-8 as a key mediator 
in CRC progression through the activation of these path-
ways [33, 34]. Although studies have reported that the 
p-38 and JNK pathways can influence EMT in tumor cells 
[35, 36], our research indicates that the EMT induced by 
F. nucleatum in CRC cells primarily depends on the ERK 
pathway, rather than the p-38 or JNK pathways. Western 
blot analysis confirmed that F. nucleatum-induced IL-8 
expression leads to the phosphorylation of ERK, which 
in turn elevates ZEB1 expression and promotes EMT 
in CRC cells. Furthermore, the use of the ERK inhibi-
tor effectively reversed EMT in these cells, underscoring 
that ERK is the key downstream target of F. nucleatum-
induced IL-8. By integrating these findings with estab-
lished literature, our study provides new insights into the 
mechanisms by which F. nucleatum-induced IL-8 pro-
motes CRC progression.

The findings of our study demonstrate the substan-
tial involvement of F. nucleatum in the process of CRC 
liver metastasis. Consequently, the administration of 
antibiotics may be considered as a viable therapeutic 
approach for CRC patients exhibiting an abundance of 
F. nucleatum, with the aim of eradicating F. nucleatum 

and mitigating the occurrence of liver metastases. More-
over, the impact of F. nucleatum on the proliferation 
and metastasis of CRC is primarily mediated through 
the modulation of IL-8 expression. The significant role 
of IL-8 in preventing F. nucleatum-induced CRC liver 
metastasis was found, which will facilitate future research 
endeavors aimed at unraveling the underlying mecha-
nisms of CRC metastasis.

However, data from human specimens are lacking to 
show that aberrant enrichment of F. nucleatum leads 
to increased expression of IL-8. The results need to be 
confirmed in human specimens to determine additional 
implications. In the future, we will collect specimens 
from CRC patients to verify the regulatory relationship 
between F. nucleatum and IL-8 in CRC liver metasta-
sis. In our study, we demonstrated that F. nucleatum 
modulates the expression of IL-8 through miR-5692a. 
Whereas, the mechanism by which F. nucleatum down-
regulates the expression of miR-5692a has not been 
determined. In this study, we propose that Fusobacte-
rium nucleatum-induced IL-8 activates the ERK pathway, 
thereby promoting colorectal cancer metastasis. How-
ever, the cell lines we used—HT29 with a BRAF mutation 
and SW480 and CT26 with KRAS mutations—already 
exhibit an activated ERK state. Although we have sup-
plemented our findings with relevant experiments using 
CACO-2 and MC38 cell lines, the mechanism by which 
Fusobacterium nucleatum induces IL-8 production via 
miR-5692a requires validation in these two cell lines in 
future studies.

Conclusion
In conclusion, our research offers compelling evidence 
that F. nucleatum infection promotes CRC liver metasta-
sis through the miR5692a/IL-8 axis and EMT. These find-
ings shed light on the intricate molecular mechanisms 
underlying the regulatory effect of F. nucleatum on IL-8 
expression in CRC liver metastasis, thereby emphasizing 
the potential therapeutic value of targeting F. nucleatum 
and IL-8 to impede the progression of F. nucleatum-
induced CRC liver metastasis.
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