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Introduction: Various studies have demonstrated a clear link between mucosa-adherent Escherichia coli and colorec-
tal cancer (CRC). This in silico study aims to identify commonly differentially expressed genes in CRC cells treated with 
distinct E. coli strains, regardless of their pathogenicity.
Methods: The raw data from the GEO database were normalized with the Affy package in the R software. We used 
computational methods (limma analysis, linear regression analysis, hierarchical clustering, and gene set enrichment 
analysis) to identify the transcriptome alterations induced by E. coli O:157.H7 and E. coli K-12 strains.
Results: Out of the 80 genes that were significantly differentially expressed in both E. coli-treated groups, only three genes 
(HIST1H4E, JUN, and TMEM267) demonstrated a high correlation (r>0.9) with the incubation time. TMEM267 is downregulat-
ed as the incubation time increases whereas HIST1H4E and JUN become upregulated. In addition, we determined nine com-
mon genesets that were significantly enriched in the Caco2 cell line after treatment either with E.coli O:157.H7 or K-12 strains.
Discussion and Conclusion: In this study, the changes in gene expressions resulting from the treatment of colon 
cancer cells with different E. coli strains were investigated. These findings highlight the potential impact of E. coli on 
cancer development and suggest that certain genes may play a role in mediating the effects of E. coli in the context 
of CRC. Further research is warranted to elucidate the underlying mechanisms and specific pathways involved in the 
interactions between E. coli and cancer cells.
Keywords: Cancer molecular biology; Clinical microbiology; Colorectal cancer; Escherichia coli; Molecular biology; 
Transcriptome analysis 

Colorectal cancer (CRC) is a highly lethal form of cancer 
worldwide.[1,2] Several bacteria, such as Streptococcus 

spp., Bacteroides fragilis, and pathogenic Escherichia coli, 

have been implicated in colorectal carcinogenesis.[3] Al-
though E. coli is a bacterium that is part of the human mi-
crobiota and the most prevalent Gram-negative aerobes and 
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anaerobes for culture, numerous studies have established an 
obvious association between mucosa-adherent E. coli and 
CRC.[4] Certain strains of intestinal E. coli have the potential to 
influence the initiation and progression of CRC by exploiting 
virulence factors and inflammatory pathways.[5] Most of the 
bacteria in the flora can also be pathogenic factors.[6] E. coli 
strains are classified into four phylogenic groups (A, B1, B2, 
and D) based on virulence factor acquisition. Phylogroups A 
and B1 typically lack pathogenicity, whereas phylogroups B2 
and D are associated with intestinal and extra-intestinal dis-
eases. Intriguingly, specific strains of E. coli from phylogroup 
B2 have been linked to Crohn’s disease, a chronic bowel dis-
ease that has been implicated in an increased risk of CRC.
[7] Moreover, studies have revealed a higher prevalence of 
mucosa-associated and mucosa-internalized E. coli in CRC 
patients compared to controls, underscoring the importance 
of these bacteria in CRC progress.[4] Pathogenic E. coli strains 
produce many virulence factors, such as cytotoxic necrotiz-
ing factor, cycle inhibiting factor, and colibactin.[8,9]

This in silico study aims to identify commonly differential-
ly expressed genes in CRC cells treated with distinct E. coli 
strains, regardless of their pathogenicity.

Materials and Methods
Ethics Committee approval is not required for this study.

Microarray Gene Expression Data

Transcription profiles of human Caco2 colon epithelial cells iso-
lated from colon tissue with colorectal adenocarcinoma and 
treated with either E. coli K-12 or O157:H7 were obtained from 
the Gene Expression Omnibus (GEO) database (GSE50040).[10]

Data Processing and Normalization

The raw data obtained from the GEO database were nor-
malized using the Affy package in R software (version 
3.6.3). The normalized transcription profiles included a to-
tal of 21,256 different genes/45,119 probe sets. The dataset 
consisted of three control samples without bacterial treat-
ment (control 60 min, control 90 min, and control 120 min), 
as well as three samples treated with E. coli K-12 or O157:H7 
at different time points (Caco-2 cocultured with E. coli K12: 
60 min, 90 min, and 120 min, and Caco-2 cocultured with E. 
coli O157:H7: 60 min, 90 min, and 120 min).

Statistical Analysis

In the following sections, we describe the statistical 
analyses used to analyze the data collected in our study. 
In all analyses, a significance level of p<0.05 was con-

sidered statistically meaningful. The software programs 
used are specified in the relevant segments below.

Identification of Differentially Expressed Genes

The limma package (version 3.26.8) was used for differen-
tial expression analysis. The normalized gene expression 
data from the control groups and groups treated with E. coli 
K-12 or O157:H7 were compared separately to identify sig-
nificant differentially expressed genes. Limma, a software 
tool in R/Bioconductor, offers various options for analyzing 
gene expression data, handling complex experimental de-
signs, and addressing issues related to small sample sizes. 
The Venny tool (version 2.1.0) was employed to identify the 
differentially expressed common genes after treatment 
with both E. coli strains.

Linear Regression Analysis

Pearson correlation coefficient analysis was performed to 
identify genes highly correlated with the incubation time 
among the significantly differentially expressed genes. 
The correlation coefficient-based Pearson’s correlation ab-
solute p was calculated using GraphPad Prism 5.0. Genes 
with p above 0.05 were selected. In addition, genes with 
Pearson correlation coefficient values (R-values) above 0.9 
were also selected.[11]

Hierarchical Clustering

Gene set enrichment analysis (GSEA) was conducted 
according to the guidelines and procedures outlined in 
the GSEA User Guide (http://software.broadinstitute.org/
gsea/docGSEAUserGuideFrame.html). The GSE50040 
data were utilized for this analysis, specifically compar-
ing the control group with 120 min of incubation to the 
groups treated with E. coli K-12 or O157:H7 for 120 min, 
respectively. The goal of this analysis was to identify sig-
nificantly enriched genes belonging to specific gene sets 
and determine which gene sets were enriched in each 
group. The Venny tool was employed to determine the 
common top significant gene sets.

GSEA

The process of GSEA was conducted following the GSEA 
guideline procedure (http://software.broadinstitute.org/
gsea/docGSEAUserGuideFrame.html). The analysis uti-
lized the GSE50040 dataset. Specifically, the analysis fo-
cused on comparing the control group incubated for 120 
min with the groups treated with E. coli K-12 or O157:H7 
for the same duration. The aim was to observe the pat-
terns of E. coli treatment across these groups. The primary 
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objective of this analysis was to identify gene sets within 
GSEA that exhibited significant enrichment for specific 
genes. In addition, the analysis aimed to determine which 

gene sets were enriched in the different groups. Ultimate-
ly, the Venny tool was employed to identify the common 
top significant gene sets.

Figure 1. Comparison of differentially expressed genes in Caco2 cells treated with E. coli K-12 and E. coli O157:H7.

Figure 3. Identification of genes differentially expressed in both E. 
coli K-12 and E. coli O157:H7 treated Caco2 cells.

Figure 2. Overlap of differentially expressed genes in Caco2 cells 
treated with E. coli K-12 and E. coli O157:H7.
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Results
Differential Gene Expression Analysis

Significant differences in gene expression were observed 
when comparing Caco2 cells treated with E. coli K-12 to the 
control groups. Specifically, 879 genes were differentially ex-

pressed between control 60 and E. coli K-12 60, 594 genes be-
tween control 90 and E. coli K-12 90, and 1069 genes between 
control 120 and E. coli K-12 120 (p<0.05). Similarly, comparing 
the control group to samples treated with E. coli O157:H7 re-
vealed significant differential expression in 1452 genes be-
tween control 60 and E. coli O157:H7 60, 857 genes between 

Figure 4. Correlation analysis of time-dependent gene expression changes in Caco2 cells treated with E. coli K-12 and E. coli O157:H7.
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control 90 and E. coli O157:H7 90, and 1072 genes between 
control 120 and E. coli O157:H7 120 (p<0.059) (Fig. 1).

Identification of Common Differentially Expressed 
Genes

Distinct sets of differentially expressed genes were iden-
tified for each strain of E. coli. In Caco2 cells treated with 
E. coli K-12 for different periods, 145 genes showed dif-
ferential expression. In contrast, 196 genes were found to 
be commonly differentially expressed in the Caco2 cells 
treated with E. coli O157:H7 (Fig. 2). Among these groups, 
80 genes were significantly differentially expressed in both 
the E. coli K-12 and E. coli O157:H7 treated samples (Fig. 3).

Pearson Correlation Coefficient Analysis

Pearson correlation coefficient analysis was performed to ex-
plore the correlation between gene expression and incubation 
time. Out of the 80 genes that were significantly differentially 
expressed in both E. coli-treated groups, only three genes (HIS-
T1H4E, JUN, and TMEM267) demonstrated a high correlation 
(r>0.9) with the incubation time. Notably, TMEM267 exhibited 
downregulation as the incubation time increased, whereas 
HIST1H4E and JUN showed upregulation (Fig. 4).

Hierarchical Clustering

Hierarchical clustering based on the expression patterns of 
the three correlated genes (HIST1H4E, JUN, and TMEM267) 
successfully distinguished between the different treatment 
groups, as demonstrated in the heatmap (Fig. 5).

GSEA

In Caco2 cells treated with either E. coli O157:H7 or K-12 
for 120 min, nine common genesets were significantly en-

riched. These genesets included hormone activity, struc-
tural constituent of ribosome, signaling receptor regulator 
activity, ribosomal subunit, G protein-coupled receptor 
activity, large ribosomal subunit, neuropeptide hormone 
activity, and glutathione transferase activity (Fig. 6). Enrich-
ment analysis results and corresponding p for each gene-
set in both bacteria-treated groups can be found in Table 1.

Discussion
E. coli is a Gram-negative bacterium commonly found in 
the human and animal gastrointestinal tract. While some 
strains, such as E. coli K12, are non-pathogenic, others such 

Figure 5. Heatmap clustering of Caco2 cell groups based on highly correlated genes (HIST1H4E, JUN, and TMEM267) in response to E. coli 
K-12 and E. coli O157:H7 treatment.

Figure 6. Enrichment analysis of common genesets in Caco2 cells 
treated with E. coli K-12 and E. coli O157:H7 for 120 min.
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as E. coli O157:H7, belonging to Shiga toxin-producing E. 
coli (STEC) serotypes, have been associated with outbreaks.
[12] E. coli O157:H7 produces verotoxins that cause severe 
damage to the intestinal surface, leading to bloody diar-
rhea. In more vulnerable populations, such as young chil-
dren and the elderly, this can progress to hemolytic uremic 
syndrome (HUS), a potentially life-threatening condition.[13] 
According to the WHO data, around 10% of individuals in-
fected with STEC may develop HUS.[14]

CRC, composed of tumoral cells and microorganisms, is 
the third most common cancer worldwide and the sec-
ond leading cause of cancer-related deaths.[15] Infections 
have been implicated in approximately 20% of all cancers, 
including sporadic CRC, where intestinal bacteria can con-
tribute through mechanisms such as inducing inflamma-
tion, generating reactive oxygen species, and producing 
genotoxins.[9] Various studies have highlighted the associ-
ation between colorectal carcinogenesis and bacterial spe-
cies such as B. fragilis, Helicobacter pylori, and Clostridium 
septicum. Notably, there is a strong correlation between 
CRC and mucosa-associated E. coli, considering E. coli’s 
prevalence in the human intestine.[16,17] Recent investiga-
tions have also linked bacterial biofilms to human colon 
cancer.[18] Overall, E. coli appears to play a significant role 
in CRC carcinogenesis, although details regarding the char-
acterization of colonic mucosa-associated E. coli in CRC pa-
tients are limited.[19]

Our study identified three genes (TMEM267, HIST1H4E, 
and JUN) that showed a high correlation when treating 
colon cells with both E. coli K12 and O157:H7 strains. No-
tably, the gene expressions of pathogenic and non-patho-
genic strains exhibited similar changes over time. In our 
analysis, TMEM267 expression levels were observed to de-
crease with time in both strains. TMEM proteins are trans-
membrane proteins predicted to be present in various 
cell membranes, including mitochondria, endoplasmic 

reticulum, lysosomes, and Golgi membranes. Differen-
tial regulation of TMEM expression has been observed in 
various cancers.[2] A study has associated TMEM267 with 
tongue cancer.[20] In addition, Sun et al.[21] reported that 
loss of NUDT21 and the presence of oncogenes, including 
TMEM267, lead to unregulated tumor cell proliferation in 
hepatocellular carcinoma.

HIST1H4E, also known as H4 clustered histone 5, belongs to 
the histone H4 family. Several histone variants have been 
implicated in cancer progression due to their epigenetic 
roles.[22] Pozdeyev et al.[23] demonstrated high and specific 
expression of HIST1H4E, NOMO3, and NPIPA2 in medullary 
thyroid cancer. In our study, we observed an increase in 
HIST1H4E gene expression over time. Furthermore, a study 
showed that mRNA expression levels of both EML1 and 
HIST1H4E were elevated in metastatic cutaneous melano-
ma tissues.[24]

JUN genes (c-jun, jun-B, and jun-D) play crucial roles in 
various cellular functions such as proliferation, differentia-
tion, and apoptosis.[25] c-Jun, encoded by the JUN gene, is 
an important transcription factor associated with cancer. It 
also plays a significant role in glucose metabolism and can-
cer metastasis. Zhu et al.[26] reported that Jun expression is 
downregulated in breast cancer development.

Peptide molecules, including hormones, neuropeptides, 
and cytokines, are involved in intercellular signaling across 
organs and tissues. A study identified a protein mimicking 
a peptide hormone in E. coli, suggesting the potential use 
of specific bacterial proteins as peptide-like drugs.[27] Ueta 
et al.[28] found that ribosomal protein L31 in E. coli contrib-
utes to ribosome subunit association and translation. In 
our study, we identified nine common genesets, including 
neuropeptide hormone activity and ribosomal subunit, 
significantly enriched in Caco2 cell lines after treatment 
with either E. coli O157:H7 or K-12 strains.

Table 1. Enrichment and p of common genesets in Caco2 cells treated with E. coli K-12 and E. coli O157:H7

GS	 ES		  FDR q-val		  FWER p-val

 	 E. coli K-12	 O157:H7	 E. coli K-12	 O157:H7	 E. coli K-12	 O157:H7

GOMF_HORMONE_ACTIVITY	 -0.34	 -0.19	 0.12	 0.038	 0.21	 0.483
GOMF_STRUCTURAL_CONSTITUENT_OF_RIBOSOME	 -0.26	 -0.25	 0.13	 0.23	 0.14	 0.78
GOMF_SIGNALING_RECEPTOR_REGULATOR_ACTIVITY	 -0.14	 -0.1	 0.14	 0.005	 0.18	 0.063
GOCC_RIBOSOMAL_SUBUNIT	 -0.23	 -0.21	 0.15	 0.22	 0.19	 0.11
GOMF_G_PROTEIN_COUPLED_RECEPTOR_ACTIVITY	 -0.13	 -0.1	 0.16	 0.003	 0.29	 0.03
GOCC_LARGE_RIBOSOMAL_SUBUNIT	 -3.16	 -0.23	 0.001	 0.003	 0.005	 0.034
GOMF_NEUROPEPTIDE_HORMONE_ACTIVITY	 -2.73	 -0.38	 0.005	 0.041	 0.086	 0.594
GOMF_GLUTATHIONE_TRANSFERASE_ACTIVITY	 -2.43	 -0.37	 0.028	 0.124	 0.575	 0.983
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Conclusion
In this study, we investigated the gene expression changes 
induced by treating colon cancer cells with different strains 
of E. coli. The observed expression changes in three highly 
correlated genes suggest that E. coli may influence the pro-
gression and trajectory of cancer. Interestingly, treatment 
with both pathogenic and non-pathogenic strains result-
ed in expression changes in the same direction, indicating 
that the effects of E. coli on gene expression did not differ 
between the two types of strains.

These findings highlight the potential impact of E. coli on 
cancer development and suggest that certain genes may 
play a role in mediating the effects of E. coli in the context 
of CRC. Further research is warranted to elucidate the un-
derlying mechanisms and specific pathways involved in 
the interactions between E. coli and cancer cells. Under-
standing the influence of E. coli on gene expression and its 
implications for cancer progression could provide valuable 
insights for the development of novel therapeutic strate-
gies targeting CRC.
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