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Abstract 

Colorectal cancer (CRC) is the fourth and the third most common and deadly cancer, respectively, 

worldwide. Even with alternative therapies, some patients do not respond to treatment. Identifying 

modulations in the tumor microenvironment (TME) of CRC is indeed a challenge due to the complex 

and dynamic nature of the TME. The intestinal epithelial cells (IECs) are composed by different types 

of secretory-lineage cells, such as goblet, tuft, paneth and enteroendocrine cells (EECs). Yet, the 

relevance of each subtype of secretory IEC in the tumor microenvironment is still a matter of debate. 

This study investigated the involvement of IECs in CRC through an integrative bioinformatics 

analysis using publicly available datasets from National Center for Biotechnology Information 

(NCBI) and The Cancer Genome Atlas Program (TCGA), encompassing both human and mouse CRC 

samples. Our findings reveal a CRC TME featured by elevated expression levels of genes associated 

with WNT pathway activity. Remarkably, there was an increased expression of Paneth cell-associated 

markers and transcription factors, such as WISP1, LYZ, SOX9, and DEFA1 while enteroendocrine 

cells-specific gene markers, such as GCG (encoding Glucagon like Peptide-1) and CHGA exhibited a 

significant downregulation in CRC tissue compared with health tissue. Gene ontology (GO) analysis 

showed a species-conserved downregulation in hormone/peptide secretion-related pathways of CRC 

in mouse and human. Of note, lower levels of GCG and CHGA correlated with reduced overall 

survival and chemotherapy-unresponsive patients. These results suggest that disruption of EEC 

signaling is a hallmark of CRC development and may hold prognostic and therapeutic value for 

treating CRC patients. 

Keywords: colorectal cancer; intestinal epithelial cells; Paneth cells; enteroendocrine cells; 

bioinformatic; gene expression 

 

1. Introduction 

According to data from GloboCAN, 20 million new cases of cancer occurred worldwide in 2022, 

resulting in a mortality rate of 9.7 million people. Colorectal cancer constitutes the third most 

commonly diagnosed malignancy worldwide, being surpassed only by sex-specific cancers— 

prostate cancer in men and breast cancer in women—thus representing the leading non–sex-specific 

cancer in terms of global incidence [1]. Some risk factors are associated with CRC progression, such 

as environmental, genetic, and inflammatory factors [2]. Furthermore, diet and obesity linked to the 

development and progression of type II diabetes [3], which, in turn, is associated with the 
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development of some types of cancer, such as CRC [4] and colitis-associated colorectal cancer (CAC), 

suggesting that the growth rate of the disease is directly linked to dietary habits [1,5,6]. Even with 

some therapeutic alternatives (surgery, chemotherapy, radiation therapy, and immunotherapy), 

some patients do not respond to treatment. Additionally, habits considered modern are risk factors 

for the development and progression of the disease. Importantly, the appearance of CRC in young 

people, ranked it as the second most deadly in the world, is becoming even more frequent, impacting 

the higher mortality rate [7]. This highlights the need for further studies to unravel new molecules 

and pathways associated with onset or progression of CRC that could be targeted to develop new 

drugs and therapies for the disease. 

The development of CRC is complex which involves different molecules, pathways, cells and 

environmental factors. It is directly linked to mutations in intestinal epithelial cells (IECs) and 

breakdown of the epithelial barrier. The intestinal epithelium is composed of cell subtypes 

originating from intestinal stem cells (leucine rich repeat containing G protein coupled receptor 5, 

LGR5+). These, upon induction of signaling pathways, including Wnt, beta-catenin, and Notch, 

coordinately activate specific transcription factors, promoting the differentiation of stem cells into 

different IEC subtypes. IECs can be differentiated into either absorptive cell, called enterocytes, 

differentiated by the transcription factor of the hes family bHLH transcription factor 1 (HES1), or 

secretory cells such as enteroendocrine cells (EECs), Tuft cells, goblet cells, and Paneth cells, which 

are differentiated by the transcription factors Neurogenin 3 (NEUROG3), POU class 2 homeobox 3 

(POU2F3), Kruppel-like factor 4 (KLF4) and SRY-box transcription factor 9 (SOX9), respectively [8–

10]. 

In addition to their transcription factors, these secretory IECs are also characterized according 

to their molecules or compounds that are produced and/or secreted by them. Tuft cells function as 

chemoreceptors, facilitating communication between the intestinal lumen, immune cells, and the 

neural network. They produce several molecules, such as neurotransmitters—acetylcholine and 

eicosanoids—and cytokines, such as interleukin-25 [11]. Goblet cells, on the other hand, have the 

primary function of protecting the epithelium through the production and secretion of mucus, which 

acts as a protective barrier, aiding in defense against pathogens [12]. Paneth cells are typically found 

in the small intestine and are uncommon in the large intestine under homeostasis. However, when 

found in high numbers in the large intestine, it can be related to abnormal characteristic, often 

associated with metaplasia in patients with inflammatory bowel disease (IBD) [13]. Paneth cells are 

responsible for producing essential antimicrobial proteins and peptides, as alpha-defensin, playing a 

fundamental role against infection and in regulating the gut microbiome [14]. The last secretory-

lineage IECs is the EECs. EECs represent about 1% of the epithelium distributed throughout the 

intestinal epithelium and are characterized by hormone production, found mainly in the small 

intestine, and, to a lesser extent, in the large intestine. The hormone production is stimulated through 

the most diverse compounds, such as macronutrients—glucose, amino acids and fatty acids —, but 

also by structural components of microorganisms, such as lipopolysaccharides [15]. Among the 

hormones produced by EECs, stands out the group of incretins - Gastric inhibitory polypeptide (GIP) 

and Glucagon-like peptide 1 (GLP-1) - responsible for systemic functions in the body, such as 

stimulation of insulin secretion, appetite control in the central nervous system, modulation of 

inflammation, and the immune system [16]. EECs and peptide hormones regulate key functions of 

the gut epithelial including digestion control, appetite regulation, glucose homeostasis and immune 

function, making them potential targets for study in intestinal pathologies such as CRC, due to the 

role of hormones in mediating intestinal homeostasis [17,18]. 

It is known that IECs change its transcriptional profile and perform functions according to the 

microenvironment, and that this can be modulated by various perturbations, such as in a neoplastic 

situation, but whether secretory IECs as well as their secreted products are associated with CRC onset 

or progression is unknown. Therefore, here, we aimed to better understand these transcriptional 

factors and its modulation by performing a comprehensive analysis of experimental and human 

intestinal tissue gene expression datasets of the composition of secretory IECs present in the TME of 
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CRC. We characterize not only the abundance of specific markers of these populations compared to 

healthy tissue but also identify potential prognostic markers for patient survival and response to 

chemotherapy. 

2. Results 

2.1. Differential Expression of IECs Markers in CRC 

In order to gain a clearer understanding of the role that enteroendocrine hormones and secretory 

IECs play in the complex setting of CRC, we started by examining gene expression to identify 

potential molecular targets and gain a clearer understanding of the role that enteroendocrine 

hormones and secretory IECs play in the complex setting of CRC. To explore the presence or absence 

of secretory IECs markers, analysing three different mouse CRC microarray datasets from National 

Center for Biotechnology Information (NCBI) GEO database (GSE86299, GSE31105, and GSE64658), 

with CRC induced by a well-established inflammation-associated CRC model induced with 

azoxymethane (AOM) followed by administration of dextran sulfate sodium (DSS) [19]. 

To assess data consistency and explore transcriptional variability between experimental groups, 

we conducted a principal component analysis (PCA). In mice, PCA clearly separated adenoma 

samples (red) from control samples (blue) (Figure 1A, S1A–B). We then asked if human CRC data 

would show the same pattern. Applying the same method to three different human CRC datasets 

(GSE8671, GSE18105, and GSE110225), again showed a clear split between adenoma and nearby non-

tumorous tissue (Figure 1B, S1C–D). 
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Figure 1. Differential expression analysis of microarray from experimental and human colorectal cancer 

tissue.  A, B. Public dataset of Microarray study from mouse GSE86299 (A) and human GSE8671 (B) tissues 

analyzing normal colon (blue) and colorectal cancer (CRC) tissue (red) by principal component analysis (PCA) 

plot, mouse n= 8 per group and human n= 32 per group. Representative datasets of a total of 3 analyzed (Figure 

S1). C, D. Volcano plot with differential gene expression comparing murine (C) and human (D) colorectal cancer 

tissue with adjacent tissue. Genes down and upregulated in cancer tissue are highlighted in blue and red, 

respectively. E. Venn diagram considering three experimental mouse models of colitis-associated colorectal 

cancer (CAC) from gene expression omnibus (GEO) datasets, showing the common up and downregulated 

genes from all datasets. F. Venn diagram considering three human CRC datasets from GEO, showing the 

common up and downregulated common genes in all datasets. FDR <0.05 and log fold change= 1 or -1 using 

limma package. 

Next, we carried out differential gene expression analysis using a false discovery rate (FDR) 

threshold of 0.05, classifying genes with a log2 fold-change ≤ −1 as downregulated (blue) and ≥ 1 as 

upregulated (red). In the mouse datasets—GSE8671, GSE18105, and GSE110225—we found 257, 537, 

and 216 genes downregulated, and 639, 1,151, and 189 genes upregulated, respectively (Figure 1C, 

S1E–F). As expected, genes related to inflammatory processes, such as chemokines and receptors, cell 

migration regulators and growth factors, were upregulated. Strikingly, several key EEC genes—
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including chromogranin A (Chga), glucagon (Gcg), neurogenic differentiation 1 (Neurod1), peptide 

YY (Pyy), and glucagon-like peptide 1 receptor (Glp1r)—were consistently reduced in the AOM/DSS-

induced CRC model. 

The human CRC biopsy datasets revealed a similar pattern, with 634, 415, and 286 genes 

downregulated, and 637, 343, and 240 genes upregulated, respectively. As in mice, genes involved in 

EEC differentiation and hormone production were consistently decreased in tumor tissue compared 

with normal tissue (Figure 1D, S1G–H). Taken together, these results show distinct transcriptional 

profiles between adenoma and normal tissue in both mouse and human CRC, with a consistent 

decrease in gene expression of the genes associated with EEC in tumors. 

2.2. Antimicrobial Peptide-Related Pathways Are Upregulated While Hormonal Processes Are 

Downregulated in Colorectal Cancer 

After identifying differences in gene expression between normal and CRC tissues, we next 

examined which biological pathways were most affected in tumor samples. Using Venn diagram to 

identify analysis and to analysis unbiased pathways, we first identified genes consistently 

upregulated or downregulated across all three mouse datasets and all three human datasets. In mice, 

39 downregulated genes (Figure 1E, left) and 87 upregulated genes (Figure 1E, right) were common 

to all studies. In humans, 119 downregulated genes (Figure 1F, left) and 58 upregulated genes (Figure 

1F, right) were shared among the datasets. 

We then performed Gene Ontology (GO) Biological Process enrichment analysis on these shared 

genes. In mice, 295 pathways were enriched in the upregulated gene set while 66 pathways were 

associated with the downregulated set (Tables S1-S2). In humans, we found 157 and 167 pathways 

associated with up and downregulated genes, respectively (Tables S3- S4). As with up-regulated 

genes, the increased pathways in a tumor context are mainly related to the inflammatory response 

and positive regulation of the cell cycle (Figure 2A-B), which was expected according to existing data 

[20]. 
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Figure 2. Antimicrobial peptide-related pathways are upregulated while hormonal processes are 

downregulated in colorectal cancer. A. GO Biological Process analysis considering up (red) and down (blue) 

pathways from common genes observed from Venn Diagrams on mouse colitis-associated colorectal cancer 

(CAC) studies.  B. GO Biological Process analysis considering up (red) and down (blue) pathways from common 

genes observed from Venn Diagrams on human colorectal cancer (CRC) studies. Analysis from Metascape 

platform. 

One notable finding was the consistent, in mice and humans, enrichment of pathways of genes that were 

upregulated in the tumor samples linked to antimicrobial peptide—mediated immune responses in both species 

(Figure 2A–B). Paneth cells, known producers of antimicrobial peptides, interact with the gut microbiota and 

can influence immune cell activity [21]. In contrast, pathways associated with hormonal processes—many of 

which depend on products secreted by EECs—were consistently enriched in genes that were downregulated in 

tumor tissue. These analyses suggest that tumor samples showed conserved stronger activity in pathways 

related to antimicrobial peptide production, potentially driven by Paneth cells, and weaker activity in pathways 

tied to hormone-related functions of EECs. 

2.3. Upregulation of Paneth Cell-Related Markers and Downregulation of Enteroendocrine Cell Genes Is a 

Conserved Phenomenon Regardless the Origin of Colon Tumor 
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Given the observed upregulation of antimicrobial peptide pathways and alterations in hormone-

related processes in CRC tissue, we wanted to explore whether markers and transcription factors 

associated with other secretory IECs were also dysregulated. To address this, we examined marker 

genes for secretory IECs subtypes, including transcription factors critical for their differentiation as 

well as the products they secrete (Table 1). To consider any IECs marker, it should be differently 

expressed between healthy and tumor samples, in the same direction (up or down regulated) across 

all data sets. For that, we selected Tuft cell markers: SRY-Box Transcription Factor 4 (SOX4) and 

POU2F3. However, they did not exhibit a consistent pattern of regulation; (Figure 3A). In contrast, 

goblet cell markers, such as KLF4, Mucin 2 (MUC2) and SAM pointed domain-containing Ets 

transcription factor (SPDEF), were consistently downregulated in tumor tissue relative to healthy 

tissue, aligning with existing literature that describes a reduced goblet cell population in neoplastic 

intestinal epithelium [22,23]. 

Table 1. Genes related to each intestinal epithelial cell subtype and their description. 

Cell type Gene Gene Function / Description Reference 

Enteroendocrine cell 

GCG GLP-1/2 hormone L-cell marker 
[24] 

PYY Hormone secreted by L-cells 

CHGA Classical marker [15] 

INSM1 Neuroendocrine transcription factor [25] 

NEUROD1 Neuroendocrine differentiation [26] 

DPP4 Incretin degradation (GLP-1, GIP) [27] 

ARX Regulates the fate of endocrine subtypes [28] 

NKX2.2 Required for intestinal endocrine differentiation [24] 

GLP2R GLP-2 receptor [29] 

PAX6 Regulates EEC subtypes 
[24] 

GIPR GIP receptor 

NEUROG3 EEC master regulator [30] 

PAX4 Intestinal endocrine development [24] 

LMX1A Regulates serotonin [31] 

GLP1R GLP-1 receptor 

[24] ISL1 Endocrine regulation 

GIP Hormone produced by K cells 

Goblet cell 

KLF4 Goblet cell differentiation [32] 

MUC2 Major secreted mucin [33] 

SPDEF Essential for goblet cells [34] 

Tuft cell 
POU2F3 Tuft cell master regulator [35] 

SOX4 Tuft development [36] 

Paneth cell 

GFI1 Regulation of Paneth cells [37] 

DEFA1 Antimicrobial peptide produced by Paneth cell [38] 

LYZ Lysozyme a classic marker [39] 

SOX9 Essential transcription factor [10] 

WISP1 Maintains niche and Paneth differentiation [40] 

Stem cell LGR5 Intestinal stem cell marker [41] 
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Figure 3. Upregulation of Paneth cell-related markers and downregulation of Enteroendocrine cell genes in 

experimental and human colorectal cancer. A. Genes were selected by previously described in the literature as 

specific-markers of secretory intestinal epithelial cells (IECs) as well as their transcriptional regulators. Bubble-

Based Heatmap with IECs genes considering the log fold change (logFC) -2 to 2. Colored circle refers to the 

size of the difference while the size of the circle is related to the level of significance of the adjusted p value 

(p.adj) (-Log10). Blue: Enteroendocrine cells; Yellow: Tuft cells; Red: Paneth cells; Green: Goblet cells. 

Consistent with our enrichment analysis, transcription factors essential for EEC differentiation—

such as NEUROD1 and Aristaless related-homeobox (ARX)—were downregulated in both murine 

and human tumor microenvironments. Moreover, genes involved in the transcription of hormones 

produced by EECs, which also serve as canonical EEC markers (e.g., GCG and PYY), were likewise 

reduced in tumor tissue (Figure 3A). In contrast, markers of Paneth cells, including Defensin alpha 1 

(DEFA1), Lysozyme (LYZ), and SOX9, were upregulated in tumor tissue. Additionally, WNT1-

inducible signaling pathway protein 1 (WISP1)—a recognized transitional marker of Paneth cell 

differentiation [10]—also showed increased expression in tumor tissue relative to normal tissue 

(Figure 3A). Together, these data suggest that in tumor samples there is a shift in the expression of 

IECs standard markers with an increase in paneth cells markers while a decrease in EEC and Globet 

cells markers. 

Trying to explore whether this shift in the IEC markers expression of Paneth and EECs could 

also happen in spontaneously CRC development, meaning without clear induction of inflammation; 

we examined the dataset GSE107139, obtained from the APCmin CRC model—a well-established 
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genetic model in which animals carry a deficiency in the tumor suppressor gene APC [42]. Consistent 

with our previous observations, APCmin animals exhibited a downregulation of EECs markers and an 

upregulation of Paneth cell markers in tumor tissue, our data similarly emphasize the robust pattern 

of increased Paneth cell marker expression and decreased EEC markers (Figure S2A, S2C). Since we 

could confirm the CRC origin in the previous datasets, we next assessed whether human colitis-

associated colorectal cancer—i.e., accompanied by inflammation—exhibits a similar pattern of 

dysregulated genes through the GSE37283 dataset. Again, this dataset revealed an upregulation of 

LYZ and WISP1, alongside a downregulation of GCG, PYY, CHGA, and NEUROD1, all of which are 

related to EEC identity (Figure S2B-C). Notably, in our analysis we did not observe a reduction of 

Goblet cell markers, suggesting that this phenomenon may be specific to CAC rather than 

spontaneous models or human tumors, further reinforcing the centrality of Paneth cell expansion and 

EEC loss as conserved features across tumorigenesis (Figure S2A-C). Taken together, these analyses 

suggest that in both CRC and CAC, there is a conserved modulation of IEC expression, with an 

increase in Paneth cell expression and a decrease in IECs in the tumor microenvironment. 

Given the interesting findings observed on RNA-level, we sought to understand whether this 

shift in IECs markers CRC occurs at protein level. Using the human protein atlas, we analyzed the 

protein expression in IEC. As expected, 100% of all normal tissues were positive for EECs (GCG, PYY, 

CHGA and NK2 homeobox 2 (NKX2.2)) and almost 100% for Paneth (DEFA1, LYZ, SOX9 and WISP1) 

(Figure S3A). While, no changes were observed in the percentage of Paneth cells markers in CRC and 

normal tissue, the percentage of CRC tissues positive for EECs marker was rare (Figure S3A). 

Immunohistochemistry imaging available on the platform allows us to visualize the staining of 

CHGA—EEC marker— and DEFA1—Paneth cell marker— (Figure S3A-C). The STRING platform 

allows the visualization and analysis of protein–protein interaction (PPI) networks, helping to 

identify potential functional connections among genes of interest. Considering the downregulated 

genes from the Venn Diagram analysis (Figure 1F), we identified the largest interaction cluster, 

mainly involving enteroendocrine-related genes, with GCG as the central node (Figure 4A). In line 

with the enrichment analysis, which highlighted the involvement of hormonal processes 

downregulated (Figure 2B), the interaction network revealed a possible role for EEC genes in human 

CRC tissue. However, upregulated genes did not form a highly connected network related to Paneth 

cells, with interactions restricted to only two genes (Figure S4A). 
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Figure 4. The String interaction shows Glucagon (GCG) as the gene with the highest number of interactions 

with other Enteroendocrine cells markers. A. String of downregulated genes obtained from Venn Diagrams in 

human colorectal (CRC), using the minimum required interaction score high confidence, analysis from string-

db plataform. 

Together with the gene expression data, these results suggest a possible balance favoring a 

decrease in EECs and an increase/maintenance in Paneth cell markers in the TME, where the GCG 

gene shows as a potential marker of this phenomenon. 

2.4. RNA-Seq Analysis from the TCGA Platform Identified GCG and PYY as One of the Top 25 Most 

Downregulated Genes in Colorectal Adenocarcinoma (COAD) Tumor Samples 

So far, our analysis consistently suggests a conserved shift between IEC markers where GCG 

appears as a potential core gene in this context. Therefore, to identify target genes for a CRC marker 

and potential therapeutic drugs, we followed our analysis with human databases. The Cancer 

Genome Atlas Program (TCGA) database contains a large collection of RNA sequencing data from 

patients with colorectal adenocarcinoma (COAD). We first validate the observed downregulation of 

EECs and other IECs markers by analyzing RNA-seq data from a separate COAD cohort within 

TCGA. Remarkably, examining the top 25 most downregulated genes in COAD tissue we observed 

two EEC markers—GCG and PYY—among them (Figure 5A). In contrast, none of the top 25 

upregulated genes were associated with other IECs subtypes (Figure 5SA). These findings indicate 

that EECs-related genes are disproportionately represented among the downregulated transcripts in 

human tumor tissue, reinforcing the observation of consistent EECs marker downregulation across 

COAD tumor samples. 
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Figure 5. RNA-seq analysis from the The Cancer Genome Atlas (TCGA) platform identified Glucagon (GCG) 

and Peptide YY (PYY) as one of the top 25 most downregulated genes in colorectal adenocarcinoma (COAD) 

tumor samples. A. The top 25 downregulated genes in human colorectal cancer (CRC) tissue from the TCGA 

(RNAseq) database, color range considering Log2 normalized transcript per million (log2-TPM) comparing 

normal and colorectal cancer tissue. Among our target genes, GCG and PYY were found, which are related to 

enteroendocrine cells and which we highlight in blue. Analysis from UALCAN platform. 

2.5. The Downregulation of EECs–Associated Genes and the Upregulation of Paneth Cell–Related Genes 

within the COAD Tumor Microenvironment Occur Independently of Tumor Stage 

We next want to know whether this shift between IECs markers could be related to tumor 

development. According to the American Cancer Society, colon cancer stages I through IV are defined 

based on the extent of tumor infiltration into deeper tissue layers and its spread to distant organs 

[43]. When comparing COAD stages and assessing the expression of IEC–associated genes, no 

difference was exhibited considering the stage of the tumor (Figure S6A–X). Although most IEC 

markers did not vary significantly across stages, analysis of metastatic versus non-metastatic COAD 

tissue revealed that EEC–related genes (GCG, PYY, CHGA, NEUROD1) were consistently 

downregulated in both tumor versus normal tissue and between metastatic versus normal tissue 
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(Figure 6A). This data suggests that the reduction in EEC markers occurs in the early stages of 

tumorigenesis and persists throughout the tumor development, even in metastatic progression. For 

Paneth cell markers, we observed an increase in tumor samples without any difference regarding the 

tumor stage (Figure 6A). 

 

Figure 6. RNAseq analysis from The Cancer Genome Atlas (TCGA) Colon adenocarcinoma (COAD) 

database, differential expression between intestinal epithelial cells (IECs) markers in metastatic colorectal 

cancer. A. Bubble-Based Heatmap comparing normal, tumor, and metastatic tissue from colorectal cancer (CRC) 

human tissue with IECs genes considering the log fold change (logFC) -2 to 2. Colored circle refers to the size of 

the difference while the size of the circle is related to the level of significance of adjusted p value (p.adj) (-Log10). 

Blue: Enteroendocrine cells; Yellow: Tuft cells; Red: Paneth cells; Green: Goblet cells. 

2.6. High Expression Levels of GCG and CHGA Are Positively Associated with Improved Overall Survival 

and Enhanced Chemotherapy Responsiveness in Patients with COAD Tumors 

We next evaluated whether this up regulation of Paneth cells markers and downregulation of 

EECs could predict patient survival and response to treatment. Survival analyses were performed for 

all target genes. Interestingly, only GCG and LYZ demonstrated a significant association with patient 

outcomes (Figure 7A–B), while the remaining genes did not show any notable differences (data not 

shown). Specifically, high GCG expression was associated with longer 5-year survival in patients 

with COAD tumors (Figure 7A). Similarly, the EEC marker CHGA showed a positive association 

between elevated expression and prolonged survival (Figure 7B). None of Paneth cells markers was 

associated with 5-year patients’ survival. We next investigated whether expression of these genes 
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correlates with chemotherapy responsiveness. Our analysis showed that chemotherapy-responsive 

patients tended to have higher GCG expression, but this association was not observed for CHGA 

(Figure 7C–D). Collectively, these findings indicate that downregulation of EEC markers directly 

impacts patient survival and, in the case of GCG, is also linked to chemotherapy response. 

 

Figure 7. High expression levels of Glucagon (GCG) and Chromogranin A (CHGA) are positively associated 

with improved overall survival and enhanced chemotherapy responsiveness in patients with Colon 

adenocarcinoma (COAD) tumors. A-B. 5-years survival curves of patients with colorectal cancer (CRC) 

stratified based on GCG (A) and CHGA (B) expression. Kaplan-Meier plot from Protein Atlas. C-D. Analysis of 

patients with CRC classified as responder or non-responder to chemotherapy. C. Expression of GCG and the 

difference between responder and non-responder patients. D. Expression of CHGA and the difference between 

responder and non-responder patients. ROCplot from rocplot.org. 

3. Discussion 

In silico analyses using publicly available sequencing data are an excellent tool, providing a 

comprehensive overview or translational conclusion about a given phenomenon. Our findings 

showed that tumor tissue from CRC patients and experimental CRC models exhibited differences in 

IEC markers when comparing tumor tissue with non-neoplastic -called adjacent tissue—both in 

patients and in experimental models of CRC, reinforcing the concept that IEC cellular subtypes play 

distinct roles in the tumor microenvironment. IECs play different roles according to their subtype; 

among these, goblet cells—responsible for mucus production—are particularly affected during 

tumor development. In a tumor context, these cells are found in a reduced form compared to a 

homeostatic situation, associated with reduced mucus secretion, which is directly related to a worse 

and more aggressive prognosis [44]. In this work we showed transcriptional alterations in the genes, 

MUC2, KLF4 and SPDEF, which are important for the differentiation and function of goblet cells, in 

agreement with data established in the literature. 
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EECs are known to secrete gut hormones with systemic physiological effects. However, their 

role in tumor biology remains controversial: while some studies suggest that EECs promote tumor 

progression in certain types of cancer, others indicate that they may exert a protective and 

antineoplastic influence [45,46]. This duality likely reflects tumor type specificity, as well as the action 

of these hormones on the system, which can act on distant organs and modulate metabolic and 

immunological pathways. We know that these metabolic pathways and the immune system are 

extremely important in remodulating the tumor microenvironment, altering the interactions between 

epithelial cells, microorganisms, and immune populations, suggesting that these hormones may 

function as regulatory molecules in the tumor microenvironment. Our analyses revealed a decrease 

in EECs markers in tumor tissue, including their marker CHGA, as well as the differentiation marker 

NEUROD1, and some genes responsible for hormone transcription, such as GCG and PYY. 

Interestingly, Paneth cells, which are responsible for the production of antimicrobial peptides that 

interact directly with the gut microbiota and can act as immune cell modulators [21], were increased 

in tumor tissue through the upregulation of the genes LYZ1, DEFA1, SOX9, and WISP1. The 

differentiation of secretory IECs from stem cells is determined by transcription factors. Combined 

with these dysregulated genes, our enrichment analyses strengthen the hypothesis that there is a 

balance between these two populations of secretory IECs in the tumor microenvironment. GO 

Enrichment analysis allowed us to evaluate some pathways that would potentially be up or 

downregulated in tumor tissue, therefore, we were able to identify that the arrangement of 

upregulated genes in human and mouse tumor tissue correlated with immune processes mediated 

by microbial peptides. Furthermore, the analysis showed that hormonal processes, response to 

peptide hormones, and hormonal metabolic processes are associated with downregulated genes in 

tumor tissues. It is important to mention that Paneth cells are not find in large intestine that this 

increase of Paneth cells markers highlights the complexity of tumor cell development and further 

studies are warranted to investigate to understand the impact of this shift in tumor progression, anti-

tumor immunity and changes in the microbiota composition [39,47]. 

The WNT pathway is required for the differentiation of all secretory lineages. Pinto et al. showed 

that mice deficient in this signaling pathway do not develop any secretory epithelial cells [48]. In 

contrast, WNT hyperactivation only increases Paneth cell differentiation [49]. Associated with this, 

in vitro organoids require activation of the WNT signaling pathway for Paneth cell differentiation 

[50]. Interestingly, our findings demonstrate, through the WISP1 gene, the WNT signaling pathway 

was upregulated in tumor tissue, thus indicating that the tumor microenvironment potentially 

upregulates Paneth cells through increased WNT signaling. This corroborates the previous findings 

that the accumulation of Paneth cells in CRC patients is associated with the activation of WNT/β-

catenin signaling and a poor prognosis [51]. However, experiments are needed to confirm this 

mechanism and to determine which possible modulations in this pathway and these cell populations 

could influence tumor formation. 

The analyses were conducted exclusively with publicly available datasets, restricting validation 

to primary human samples, particularly at the protein level. Several target markers were absent from 

the protein expression datasets, and in some cases, the antibodies failed to produce detectable 

staining in any of the tissues examined. These limitations highlight the need for follow-up 

experimental work to confirm these transcriptomic patterns and understand the importance of this 

balance between EEC and Paneth cell populations in the development of CRC. 

For last, our findings across multiple cohorts are consistent and demonstrate this dynamic 

modulation, conserved in mice and humans, between different populations of IECs—primarily EECs 

and Paneth cells—within the TME. This cellular interaction appears to have important clinical 

implications, as it is linked to differences in therapeutic response and overall patient outcome. A 

recent study reported a positive correlation between GCG expression in immune cells within COAD 

tumors and gene expression profiles linked to patient survival [52]. Consistently, here we identified 

two enteroendocrine-related genes, GCG and CHGA, as key genes associated with survival in CRC 

patients. High expression of these markers correlated with a better prognosis in patients with COAD, 
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and higher levels of GCG or CHGA significantly improved survival. These observations suggest that 

the molecular signature of epithelial subpopulations not only reflects tumor biology but may also 

serve as a prognostic indicator and potential therapeutic target in CRC. 

4. Materials and Methods 

4.1. Databases Collection 

Datasets were retrieved from the NCBI containing intestinal samples from both animal models 

and human subjects diagnosed with CAC, all of which had undergone large-scale gene expression 

profiling. For subsequent analyses, we selected the three datasets available on the NCBI platform that 

had the same cancer induction model as well as the same sequencing and data analysis method. From 

mice, we included GSE86299, GSE31105, and GSE64658, representing experimental models of CAC 

induced by azoxymethane and dextran sulfate sodium, as well as GSE107139 from APCmin mice, 

which spontaneously develop colorectal tumors due to a mutation in the tumor suppressor gene 

APC. From human samples, we analyzed datasets derived from colorectal adenocarcinoma biopsies 

(GSE8671, GSE18105, and GSE110225) and from cases of colitis-associated colorectal cancer 

(GSE37283). 

4.2. Differential Expression Analysis Datasets From NCBI 

Datasets from microarray differential expression were analyzed using the Network Analyst 

platform [53] associated with the limma package, considering cut-offs of p<0.05 and logFC (Fold 

Change) <-1 and >1. Within these criteria, we performed the PCA graph and volcano plot. Using these 

data, we created a Bubble-Based Heatmap in https://www.datylon.com. To perform the enrichment, 

we filtered the genes using the same cut-offs and separated them into up- and downregulated ones 

[54]. 

4.3. RNAseq Differential Expression Analysis from TCGA Database 

RNAseq analysis of TCGA-COAD database was segmented by tumor stage and performed 

using the Oncodb platform, which uses the same cut-offs mentioned above [55]. Stages I, II, III, and 

IV are based on the American Cancer Society. The top 1-25 genes up and downregulated in Colon 

Adenocarcinoma from TCGA were obtained from an integrated cancer data analysis platform Ualcan 

[56]. The network between genes upregulated in tumor tissue was performed on the string platform 

[57]. 

4.4. Survival Analysis and Chemotherapy Responder 

The analysis and association of survival with gene expression and protein levels (IHC) was 

performed using the TCGA COAD patient database in its platform [58]. Overall survival curves were 

generated through Kaplan–Meier analysis and evaluated using the log-rank test. Moreover, the 

correlation between chemotherapy responders and GCG and CHGA expression was performed 

using the Rocplot.org platform [59]. 

5. Conclusions 

Our findings reveal a dynamic gene expression balance between EECs and Paneth cells markers 

within the colorectal TME, conserved in mice and humans. This balance is accompanied by an 

upregulation of biological pathways involved in antimicrobial peptide–mediated immune responses, 

alongside a downregulation of hormone-related processes. Furthermore, we show that reduced 

expression of key enteroendocrine-associated genes—GCG and CHGA—is linked to poorer survival 

outcomes in patients with CRC. 
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Supplementary Materials: The following supporting information can be downloaded at the website of this 

paper posted on Preprints.org, Figure S1. Differential expression analysis of microarray from experimental and 

human colorectal cancer tissue. Figure S2. Differential expression analysis of microarray from experimental 

APCmin and human colitis-associated colorectal cancer. Figure S3. The downregulation of protein Glucacon 

(GCG) and upregulation of Defensin, alpha 1 (DEFA1) in human colorectal (CRC) tissue. Figure S4. The String 

interaction of upregulated genes in human colorectal cancer (CRC) tissue. Figure S5. RNAseq analysis from the 

The Cancer Genome Atlas (TCGA) platform with the top 25 upregulated genes in the Colon adenocarcinoma 

(COAD) tumor. Figure S6. Differential expression of intestinal epithelial cells (IECs) genes in human Colon 

Adenocarcinoma (COAD) stages. Table S1. A total of 295 biological processes were found to be upregulated in 

mice, encompassing a comprehensive range of functional pathways. Table S2. A total of 66 biological processes 

were identified as downregulated in mice, representing a diverse set of functional pathways. Table S3. In 

humans, 157 biological processes were identified as being upregulated, reflecting a diverse array of molecular 

and cellular pathways. Table S4. A total of 167 biological processes were found to be downregulated in humans, 

encompassing a broad range of molecular and cellular pathways. 
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