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Purpose: This study aims to identify key genes in slow transit constipation (STC). We also sought to explore the potential link
between STC and colorectal cancer.

Patients and Methods: mRNA expression profiles were obtained by RNA sequencing, and differentially expressed genes were
identified. Functional enrichment analysis and a protein—protein interaction (PPI) network was explored, and differentially expressed
genes common to STC and colorectal cancer were examined. Analysis of the effect of constipation and colorectal cancer common
genes on the overall survival of colorectal cancer patients based on GEPIA database.

Results: Functional enrichment showed that significantly different genes are related to lymphocyte chemotaxis, positive regulation of
inflammatory response, cellular response to tumor necrosis factor, extracellular region, extracellular space and chemokine activity. The
hub gene for STC was found in the PPI network. In addition, AQP8 and CFD were common differential genes for STC and colorectal
cancer. AQP8 affects overall survival in patients with colorectal cancer.

Conclusion: Our findings will contribute to understanding the pathology of STC at the molecular level, with the first discovery that
AQP8 may be a hub gene in the transition from STC to colorectal cancer.
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Introduction

Constipation is a common gastrointestinal disease, with an incidence rate of 14% worldwide and 10-15% in China.'”
Constipation is more common in females, and its incidence increases with age.> As a functional gastrointestinal disease,
constipation is characterized by infrequent bowel movements, defecation difficulty, and incomplete bowel evacuation sensation.”*
It has been reported that constipation is associated with inflammatory bowel disease, irritable bowel syndrome, and relevant
comorbidities.” Among them, the most common is slow transit constipation (STC) caused by colonic transit dysfunction.®

Overall, the pathogenesis of STC remains elusive. Unhealthy living habits and genetic factors promote the occurrence
of STC.” Some studies have proposed that STC may be related to Cajal interstitial cells, enteric nervous system
dysfunction, and abnormal hormone levels.* '° STC is attracting increasing attention from medical researchers due to
its serious impact on the physical and mental health and quality of life of patients.''

Constipation has been proposed as one potential risk factor for colorectal neoplasia. A biologic plausibility for this
link is thought to be an increase in contact time between stool carcinogens and colonic mucosa. Although many studies
have examined the relationship between colorectal neoplasia and constipation, no consensus has been reached. In a long-
term follow-up study of 2165 patients with constipation, Eun Mi Song et al found that only 5 people were newly
diagnosed with colorectal cancer during more than 10 years of follow-up, with and without slow transit constipation.
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Colorectal cancer risk was not significantly different (P=0.575)."% In a study in the Netherlands, frequent bowel
movements were associated with an increased risk of rectal cancer in men, and constipation was associated with a
decreased risk."® The discrepancy in these results is likely due to the multiple inherent limitations that exist when
evaluating the complex potential relationship of constipation and CRC. Jessica Citronberg et al found in a prospective
study that long-term use of nonfibrotic laxatives in patients with STC would increase the risk of colorectal cancer.'* It has
also been reported that STC does not directly lead to the occurrence of colorectal cancer but that it increases the
incidence of colorectal polyps, which may become cancerous.

There is to date no consensus regarding the treatment of STC, and individualized treatment is generally carried out.'> The first
step is to change lifestyle, medication, and psychotherapy. Patients treated conservatively usually take long-term oral laxatives. If
conservative treatments for STC are ineffective, surgical treatment may be necessary.'®!” Many young patients undergo subtotal
resection or total resection of the colon. Therefore, it is urgent to explore the pathological mechanism of STC. The purpose of our
study was to identify hub genes that affect the pathogenesis of STC through bioinformatics methods based on RNA sequencing.
We identified the hub gene that affects STC and attempted to reveal the correlation between STC and colorectal cancer.'® In
addition, we explored the effect of constipation and colorectal cancer common genes on the prognosis of colorectal cancer
patients.

Materials and Methods

Basic Patient Information
We strictly follow the Rome IV standard for research subject inclusion.'® All patients in the case group were confirmed to have
STC by imaging prior to surgery. The postoperative histopathological evaluation standard was a reduction in interstitial cells of
Cajal. The exclusion criteria were as follows: (1) chronic constipation caused by spastic pelvic floor syndrome, rectocele,
megacolon, or other organ lesions; (2) obvious gastric intestinal transit dysfunction; (3) secondary constipation caused by drugs,
endocrine, metabolic, or neurological diseases, renal failure, cirrhosis, severe hypertension, and severe obesity or a body mass
index exceeding 30; and (4) incomplete data that influenced the diagnosis. Only patients who were diagnosed with slow colonic
transit function and did not meet the exclusion criteria were included in this study. Finally, the diseased colons of 3 patients with
STC were used as the experimental group, and paracancerous tissues were used as the control group (Table 1).

This study was approved in writing by the Ethics Committee of the First Affiliated Hospital of Harbin Medical
University, and all participants signed an informed consent form. The acquisition of STC tissues and normal adjacent
tissues complies with the Declaration of Helsinki.

RNA Isolation and Sequencing

Total RNA was isolated from samples by using TRIzol reagent (Invitrogen, Carlsbad, CA, USA). A NanoPhotometer
spectrophotometer (IMPLEN, CA, USA) was used to assess sample purity. A Qubit 3.0 A fluorometer (Life
Technologies, CA, USA) was employed to detect the RNA concentration and an Agilent 2100 RNA Nano 6000 Assay
Kit (Agilent Technologies, CA, USA) to detect RNA integrity. Messenger RNA (mRNA) was oligo-d (T) purified for
polyA selection. The purified mRNA was fragmented in fragmentation buffer, and complementary DNA (cDNA) was
generated. End repair and adapter ligation were performed after purification using the QIAquick PCR purification kit.

Table | Basic Clinical Information of STC and Control Group Patients

Patient/Control Age Sex Histological Feature Preoperative (Days/Time)
Defecation Frequency
| (Patient) 67 Female STC 4
2 (Patient) 64 Female STC 3
3 (Patient) 63 Male STC 7
4 (Control) 68 Male Normal |
5 (Control) 61 Female Normal |
6 (Control) 63 Male Normal |
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Agarose gel electrophoresis was performed to recover target fragments, after which PCR amplification was performed to
complete the library preparation. Next, the effective concentration of the library was accurately quantified to ensure its
quality. Finally, we used the Illumina platform for sequencing with the PE150 strategy.

Sequencing Data Quality Control

Sequencing was performed on the Illumina Nova 6000 platform with 150bp double end reads to obtain a minimum yield
of 20M reads per sample. Sequence data were processed using hisat2 and mapped to the human reference genome
(Homo_sapiens.GRCh38.94.chr).

Differentially Expressed Genes in STC

In RNA-Seq analysis, the expression level of genes is evaluated by counting sequencing sequences (reads) located in the
genomic region or exon region. Fragments per kilobase per million mapped (FPKM) is a very effective tool for
quantitatively estimating gene expression using RNA-Seq technology, whereby the gene expression value is based on
the number of fragments from a gene per kilobase length per million fragments. Differential gene screening mainly refers
to the multiple of difference (fold change value) and P value as related indicators. Differential expression analysis was
performed using the DESeq2 R package. In this study, the threshold for a significant difference in gene expression was
set as an absolute value of log2-fold change > 1 and a P value < 0.05. A heatmap of significantly different genes between
the STC group and the control group was produced using the “pheatmap” package of R software (version: x64 4.1.1).
Significant upregulation and downregulation of differentially expressed genes are illustrated as a volcano map.

Differentially Expressed mRNA Functional Enrichment in STC

We selected mRNAs among all significantly differentially expressed genes. To study the biological functions of these
differentially expressed mRNAs, we used the online tool Database for Annotation, Visualization and Integrated Discovery
(DAVID; http://david.ncifcrf.gov/) to assess enrichment as GO and KEGG functions, and we generated a bubble chart with
Sangerbox (http://sangerbox.com/Tool). For GO term enrichment, we used FDR<0.05 as the significance criterion. We chose
the top ten mRNAs with the smallest FDR value for the bubble chart. For KEGG pathway enrichment, we used q<0.05 as the
significant criterion, and we selected the top ten with the smallest q value for bubble chart preparation.

Protein—Protein Interaction Network in STC
We filtered out noncoding RNAs and transcription factors from the significantly differentially expressed genes. To study
interrelationships between meaningful proteins, we used the online database STRING (https://string-db.org/) to construct a

protein—protein interaction network; certain key genes in the protein—protein interaction network was also identified. We
used the CytoHubba plug-in to screen hub genes. The relationship between genes is expressed by the degree of connection,
which is also the standard for identifying hub genes. We chose the top ten genes with the highest correlation as hub genes.
Cytoscape software (version: 3.6.0) was applied to visualize the results of the protein—protein interaction network.

Correlation Between STC and Colorectal Cancer

To explore whether there is a correlation between STC and colorectal cancer, gene expression microarray data related to
colorectal cancer were downloaded from the Gene Expression Omnibus (GEO) database. Gene expression microarray
chips were used to screen genes differentially expressed between colorectal cancer and adjacent normal tissues. We
obtained significantly different genes for colorectal cancer in the GSE146587 (https://www.ncbi.nlm.nih.gov/geo/query/
acc.cgi?acc=GSE146587) and GSE113513 (https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE113513) datasets
and set LogFC (fold change) >2 and adj P value <0.05 as the standard screening criteria for significantly different genes.

The differential genes screened in the two gene sets and those screened in the STC patients were crossed-referenced to
obtain common genes. A Venn diagram showing the overlap between genes differentially expressed in colorectal tumors
and STC was generated using FunRich software (version: 3.1.1).
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GEPIA Database to Verify the Impact of Common Genes on the Prognosis of

Colorectal Cancer Patients
We used the Gene Expression Profiling Interactive Analysis (GEPIA) (http://gepia.cancer-pku.cn/) database to analyze

the effect of the screened constipation and colorectal cancer common genes on the prognosis of colorectal cancer
patients. On the main page, we select “Single Gene Analysis”, then enter the gene to be analyzed, and click “Survival
Analysis”. Select the colorectal cancer to be analyzed at “Datasets Selection”, Group Cutoff defaults to “Median”,
Cutoff-High(%) and Cutoff-Low(%) default to 50, click “Plot” to generate a survival curve graph. Statistical significance
was set at P<0.05.

Results
Differentially Expressed mRNA in STC

We used the fold change method to screen for differential genes. By setting the conditions [log2-fold change|>1 and
P<0.05, we obtained 509 differentially expressed mRNAs (329 upregulated and 180 downregulated). We produced a
heatmap of all differentially expressed mRNAs in R language. (Figure 1) A volcano map was used to illustrate
upregulation and downregulation of differential genes. (Figure 2)

Differentially Expressed mRNA Functional Enrichment in STC

DEGs were divided into the three functional categories of cell component, molecular function, and biological process,
and genes were enriched in functional terms as much as possible. Enrichment analysis will provide a P value for the term
involved according to the hypergeometric distribution relationship: the smaller the P value, the more significant the

Figure | Genes differentially expressed in the slow transit constipation and control groups. T1, T2, and T3 indicate slow transit constipation tissue; Cl, C2, and C3 indicate
normal colon tissue. The blue-white-red gradient indicates the expression level of the gene, blue indicates a lower expression level and red a higher expression level.

7572  tees International Journal of General Medicine 2022:15

Dove!


http://gepia.cancer-pku.cn/
https://www.dovepress.com
https://www.dovepress.com

Dove Yu et al

TC

e Down
Up
0 - None

-lg(padj)
3
|

T T T T

-5 0 5 10
Fold Change (log2)

Figure 2 Slow transit constipation significantly differently expressed gene volcano map. The abscissa is the fold change of significantly different gene expression, and the
ordinate is the statistically significant degree of expression change. Yellow represents upregulated genes and blue downregulated genes.

enrichment of differential genes in this term. According to GO enrichment, lymphocyte chemotaxis, positive regulation
of inflammatory response, cellular response to tumor necrosis factor, extracellular region, extracellular space, high-
density lipoprotein particle, chemokine activity and retinol binding were the most significant GO terms. Neuroactive
ligand-receptor interaction, cytokine—cytokine receptor interaction and rheumatoid arthritis were the most meaningful
KEGG pathways. The enrichment results of GO and KEGG are shown in Figure 3.

Protein—Protein Interaction Network (PPIl) in STC

In total, 246 upregulated mRNAs and 108 downregulated mRNAs were identified in this study. To explore the relation-
ship between all differential mRNAs, we used Cytoscape software to determine the PPI of the mRNAs. In the obtained
network, the number of nodes was 349, the number of edges was 835, and the average node degree was 4.79. The top 10
nodes with the highest degree of PPI network connectivity were identified as hub genes using the CytoHubba plugin in
Cytoscape: CXCL8, LEP, TYROBP, PTGS2, AGT, APOE, CCL4, SPI1, IGF1 and ADIPOQ. (Figure 4, Table 2)

Relationship Between STC and Colorectal Cancer

Through the Venn diagram, we intersect the significantly differentially expressed genes of colorectal cancer obtained
from the GSE146587 and GSE113513 data sets with the differential genes in STC. There are only two genes in the
intersection of the three data sets, AQP8 and CFD. FunRich 3.1.3 software was used to draw the Venn diagram shown in
Figure 5.

Influence of Constipation and Colorectal Cancer Common Genes on Prognosis of
Colorectal Cancer Patients

In the GEPIA database, we analyzed the prognostic impact of constipation and colorectal cancer common genes on
colorectal cancer patients. The results showed that the gene AQP8 (P=0.02) had an effect on the overall survival of
colorectal cancer patients. In addition, gene CFD (P=0.92) had no effect on overall survival in patients with colorectal

cancer (Figure 06).
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Figure 3 Differential gene function enrichment bubble chart. Differential gene enrichment in biological progress, cell component and molecular function are shown in (A-C)
respectively. The results of pathway enrichment are shown in (D).

Discussion

STC is the major cause of chronic constipation. Although it does not directly affect the life of patients, it greatly reduces
quality of life. The disease imposes a serious psychological burden on the patient, which can lead to depression. In this
study, we found genes abnormally expressed in STC tissues to explore its pathogenesis at the molecular level.

GO analysis involves three aspects: molecular function, biological process, and cell component. Differential genes are
mainly involved in “biological regulation”, “regulation of cellular process”, “plasma membrane”, “vesicle”, “extracel-
lular vesicle”, “receptor binding” and “receptor activity” terms. STC is a multifactorial disorder with a complex
pathogenesis. Amelia Mazzone et al found that miRNA targeting SCN5A resulted in decreased smooth muscle motility.*
And a study by Wang et al showed that electrical stimulation of the colon can be used as an effective treatment for STC.
Indeed, colonic electrical stimulation can promote vesicle production by intramuscular nerves and colon movement. We
infer that vesicles play a role in STC.?! Abnormal signal transduction is also involved in the pathogenesis. Progesterone
interacts with progesterone receptor B (PGR-B), a G protein-coupled receptor, to impair muscle contraction.”” KEGG
analysis revealed enrichment of the NF—kappa B signaling pathway, which is consistent with the conclusion of Zhan
et al, who conducted a study on the mechanism of action of Maren pills in the treatment of constipation. Maren pills
promote expression of AQP3 by inhibiting the NF-kB pathway.**

7574 s International Journal of General Medicine 2022:15

Dove!


https://www.dovepress.com
https://www.dovepress.com

Dove Yu et al

Figure 4 The protein—protein interaction network for differentially expressed genes in tissues from STC patients. The relationship between mRNAs of significantly different
genes is shown in (A). The relationship between key genes is shown in (B).

To explore interaction between the detected differentially expressed genes, we constructed a PPI network, and we
found the hub gene, PTGS2, which is an inducible isoenzyme (COX-2) of PTGS that causes colonic dysfunction after
obstruction. Studies have confirmed that expression of COX-2 mRNA is significantly upregulated when the contractile
ability of the intestinal smooth muscle expands proximal to the obstruction. Moreover, contractile ability is restored with
a COX-2 selective inhibitor.”* Athanasios Tsigaridas et al performed proteomic analysis on serum samples of 30 irritable
bowel syndrome patients and 10 healthy individuals, identifying eight differentially expressed proteins, including APOE,
a polymorphic protein; in subgroup analysis, it was found that APOE was highly expressed in the diarrhea group.?
Ryotaro Ogawa et al found that CXCLS correlates highly with angiogenesis and progression of colorectal cancer. High
expression of CXCL8 in colorectal cancer leads to a very poor prognosis and promotes liver metastasis. Many proteins
promote the proliferation of colorectal cancer cells through the CXCL1/8-CXCR2 axis.*

Whether STC and colorectal cancer are related is worthy of discussion. Most scholars believe that there is no obvious
causal relationship and that STC is a functional disease not associated with malignant transformation and that colorectal cancer
is related to gene mutation and lifestyle. Eun Mi Song et al confirmed that constipation does not significantly increase the
incidence of colorectal cancer.®” Although constipation does not appear to increase the incidence of colorectal cancer, some
research results confirm an increase in the incidence of polyps, which are precancerous lesions. One retrospective study

showed that the incidence of colorectal cancer in elderly patients with constipation over 60 years old was higher than that in

Table 2 Ten Hub Genes Identified by CytoHubba

Gene Symbol logFC P value Description

CXCL8 —1.61925 0.046256 C-X-C motif chemokine ligand 8

LEP 2.212047 0.010544 Leptin

TYROBP 1.267023 0.010858 TYRO protein tyrosine kinase-binding protein
PTGS2 —1.91803 0.005641 Prostaglandin-endoperoxide synthase 2

AGT 1.209316 0.008319 Angiotensinogen

APOE 1.620722 0.006478 Apolipoprotein E

CCL4 1.335107 0.037394 C-C motif chemokine ligand 4

SPII 1.267845 0.033581 Spi-| proto-oncogene

IGFI 1.134542 0.035829 Insulin like growth factor |

ADIPOQ 3.089699 3.21E-09 Adiponectin, C1Q and collagen domain containing
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GSE146587

GSE113513

Figure 5 Venn diagram of common differential genes between slow transit constipation and colorectal cancer. Yellow and blue represent significantly different genes in gene
sets GSEI13513 and GSE146587, respectively; red represents significantly different genes of slow transit constipation.
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Figure 6 Effects of AQP8 and CFD on overall survival in colorectal cancer patients in GEPIA database. The red line represents the population of the high expression group,
and the blue line represents the population of the low expression group, p<0.05 has a statistical difference.

patients under 60 years old. The incidence of colorectal cancer in patients with constipation durations greater than 5 years is
higher than that in patients with constipation durations less than 5 years. In the next in-depth analysis, we intersected the

differential genes of STC patients with GSE113513 and GSE146587, and found that AQP8 and CFD may be the common risk
factors of STC and CRC, and it is very likely to promote the progression of STC to CRC.
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AQP8 is a member of the aquaporin family, the members of which act as water channels. Based on immunohis-
tochemistry, AQPS8 is mainly located in colonic absorptive epithelial cells; it plays an important role in the metabolism of
colonic water.”® Expression of AQP8 mRNA in the ascending colon of patients with constipation is lower than that in the
descending colon, whereas expression of AQP8 mRNA in the descending colon of patients with constipation is higher
than that in controls. It has been suggested that a change in AQP8 expression is related to the occurrence of constipation.
After AQP8 expression in the descending colon of patients with constipation increases, water absorption increases,
resulting in dry stool. A study by Teng-Gen Hu et al on treatment of constipation with mulberry found that compared
with the constipation group, expression of AQP8 in the mulberry treatment group was reduced but that the serum
excitatory neurotransmitter level was increased. After mulberry treatment, the abundance of colon mucous cells
increased, as did the number of lactobacilli and Bifidobacteria.

AQPS is abnormally expressed in a variety of tumors. Wu et al found that AQP8 overexpression inhibits the tumorigenic
phenotype by blocking PI3K/AKT signaling and inhibiting PCDH7 expression, thereby reducing the growth, invasiveness
and colony formation of the colorectal cancer cell line HT-29.?’ Using bioinformatics analysis, Xu et al reported that low
expression of AQP8 indicates a poor prognosis in colorectal cancer.>’ Zhang et al also confirmed that AQP8 is a direct target
of miR-92a. miR-92a promotes the growth and invasion of CRC cells by negatively regulating expression of AQP8.*>' In
our analysis, AQP8 was found to have an effect on overall survival in patients with colorectal cancer. AQP8 plays an
extremely important role in the occurrence and development of constipation and colorectal cancer. Long-term use of
nonfibrous laxatives by patients with STC increases the incidence of colon polyps, which may be related to mechanical
stimulation of the intestinal wall by dry stool. Colon polyps are a risk factor for cancer. Although we cannot directly prove a
correlation between STC and colorectal cancer, our findings provide a direction for our future research.

Complement is a protein response system composed of proteins widely present on the surface of serum, tissue fluid
and cell membranes with a precise regulatory mechanism. Complement is widely involved in the body’s microbial
defense response and immune regulation, and it can also mediate the injurious effects of immune system pathology.*
The complement system involves nearly 40 components, most of which are glycoproteins. Complement C3 is the most
abundant component in the complement system, and complement factor D has the smallest molecular weight. It has been
reported that complement factor C3 mRNA is broadly present in intestinal mucosal cells in the lower part of the crypt.*?
However, there are very few reports about the relationship between complement factor D and colorectal diseases. Our
study also found no effect of CFD on overall survival in patients with colorectal cancer.

In a retrospective study, A Guérin found that patients with chronic constipation had significantly higher prevalence and
incidence of colorectal cancer than matched patients with chronic non-constipation. These risks increase with the severity of
chronic constipation.>* In a prospective cohort study of 75,214 participants in the United States, the risk of colorectal cancer
was found to increase with the use of non-fibrous laxatives and decrease with the use of fibrous laxatives.'* The relationship
between constipation and colorectal cancer has been debated, but the above research shows that there is indeed a link between
the two, and constipation seems to increase the risk of colorectal cancer. This also attracted our attention even more.

Conclusion

We are the first to attempt to uncover the real cause of constipation at the genetic level by performing high-throughput
sequencing of tissues from STC patients and normal individuals. At the same time, it was found that APQS8 may be a key
gene marker that promotes the development of CRC in patients with constipation and affects the survival time. It has the
potential to non-invasively screen high-risk groups of CRC and predict prognosis, and has great clinical significance. Of
course, this study has certain limitations. First, few samples were used for RNA sequencing. Second, RCP verification
was not performed on the hub genes. Finally, the pathological mechanism of STC should be confirmed by in vivo and in
vitro experiments.

Data Sharing Statement
The datasets generated during and/or analysed during the current study are available in the SRA repository, [https://
dataview.ncbi.nlm.nih.gov/object/PRINA751889].
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