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Introduction

Intestinal obstruction is a pathology commonly encountered 
in emergency and surgical departments, which is defined 
by the cessation of bowel function whatever the cause (1).  
Intra-abdominal adhesions, malignancy, or intestinal 
herniation often result in acute intestinal obstruction 

which interrupts the flow of intestinal contents (2). The 
main clinical presentation includes nausea and vomiting, 
abdominal distension, abdominal pain, and anal exhaust 
stop (3). Laboratory evaluation should include a complete 
blood count and metabolic panel (3). Radiography or 
computed tomography can accurately diagnose intestinal 
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obstruction and assist in developing treatment strategies (2).  
Management of intestinal obstruction includes fluid 
resuscitation with correction of physiologic derangements 
caused by the obstruction, intestinal decompression, and bowel 
rest (3). With the advent of more sophisticated diagnostic tests, 
the morbidity and mortality associated with acute intestinal 
obstruction have declined, but its clinical management remains 
challenging (4). Intestinal obstruction can be divided into 
simple obstruction and strangulated intestinal obstruction. 
Acute vascular intestinal obstruction belongs to the category of 
strangulated intestinal obstruction, and has a rapid progression, 
poor prognosis, and high mortality (5).

Next-generation sequencing (NGS) is transforming 
clinical research and diagnostics, revolutionizing the field 
of genetic diagnosis and vastly enhancing our ability to 
perform comprehensive diagnostic testing in the clinic (6).  
Whole-exome sequencing (WES) is a widely used 
sequencing technology that can capture the majority 
of coding regions of the genome for sequencing, which 
contain the majority of disease-causing mutations, including 
point mutations (missense and nonsense mutations), small 
deletions and insertions in addition to canonical splicing 
mutations (7). It has emerged as a promising technique 
for searching for underlying genetic variations in various 
diseases, and revolutionized molecular diagnosis by 
providing an extraordinary opportunity to promptly identify 
genetic variations, including intestinal diseases (8). Mathur 
et al. identified rare variants linked to congenital pouch 
colon by performing WES (9). Chang et al. examined the 
mutational landscape of colorectal cancer in a Taiwanese 
population (10). Dong et al. identified a heterozygous 
frameshift myosin heavy chain 11 (MYH11) variant 
c.5819delC (p.Pro1940HisfsTer91) in chronic intestinal 
pseudo-obstruction (11). However, to the best of our 
knowledge, no previous study has explored the mutational 
landscape of vascular intestinal obstruction.

We conducted a study by WES of 9 sporadic patients 
with acute vascular intestinal obstruction. The mutation 
genes in each patient and the mutation genes shared by all 
9 patients were identified. Next, a functional annotation 
analysis and protein-protein interaction (PPI) analysis of 
the shared mutation genes in the 9 patients were performed. 
Our study is the first to report the mutational landscape 
of sporadic vascular intestinal obstruction. We sought to 
detect several mutations associated with vascular intestinal 
obstruction, in the hope of providing a theoretical basis 
for the pathogenesis, diagnosis and treatment of vascular 
intestinal obstruction, so as to improve the diagnosis and 

treatment of vascular intestinal obstruction. We present the 
following article in accordance with the MDAR reporting 
checklist (available at https://atm.amegroups.com/article/
view/10.21037/atm-22-1134/rc).

Methods

Study subjects

The study cohort comprised 9 sporadic patients (5 females 
and 4 males), aged from 45 to 85 years, with acute vascular 
intestinal obstruction. None of the participants had a family 
history of vascular intestinal obstruction. Peripheral blood 
was collected from each participant for deoxyribonucleic acid 
(DNA) extraction. The study was conducted in accordance 
with the Declaration of Helsinki (as revised in 2013). The study 
was approved by the ethical committee of The First Affiliated 
Hospital of Bengbu Medical College (No. 2020KY077) and 
informed consent was taken from all individual participants.

WES and data analysis

The DNA samples were sequenced at the Beijing Genomics 
Institute, and successive data analyses were conducted. The 
raw data were mapped and aligned to the human genome 
GRCh37 (hg19) with Burrows-Wheeler Aligner-Maximal 
Exact Match. The duplicates were marked and removed by 
Picard tools. Local realignment was carried out with the 
Genome Analysis Toolkit (GATK) using different options, 
including Realigner Target Creator and Base Recalibrator, 
on the sorted binary alignment map files. The average read 
length was 150 bp. Single nucleotide polymorphisms (SNPs) 
and small indels were detected by the HaplotypeCaller 
module using the GATK software. ANNOVAR software 
was used to annotate the mutation sites. The mutations 
were annotated with genes, dbSNP ID, mutation types, 
mutation details, and mutation frequencies in the 1000 
Genome and ExAC database. The functional effects of all 
the mutations on diseases were evaluated using the SIFT, 
PloyPhen, ClinVar, and InterVar databases. Next, mutations 
with mutation frequencies <0.01 in the 1000 Genome and 
EXAC databases, synonymous mutations and mutations 
sites located in introns, and harmless mutations in the SIFT, 
PloyPhen, ClinVar and InterVar databases were removed.

Functional annotation and PPI analysis of mutation genes

A Gene Ontology (GO) analysis was performed to explore 
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the biological function of the identified mutation genes with 
the Database for Annotation, Visualization and Integrated 
Discovery (DAVID). The pathway annotation was 
conducted with the Reactome database. Additionally, String 
11.0 was used to perform the PPI analysis on the proteins 
encoded by the mutated genes.

Copy number variation (CNV) identification

CNVs were identified using an open-source software called 
CNV Kit, a tool kit for inferring and visualizing copy 
number from targeted DNA-sequencing data, which takes 
advantage of both on- and off-target sequencing reads and 
applies a series of corrections to improve the accuracy of 
copy number calling (12).

Validation of candidate variants with quantitative real-
time polymerase chain reaction (qRT-PCR)

In total, 23 blood samples were obtained from 13 patients with 
vascular intestinal obstruction and 10 healthy control patients. 
The total ribonucleic acid (RNA) was isolated with the Trizol 
reagent (Invitrogen, USA) in accordance with the manufacturer’s 
instructions. The qRT-PCR reactions were performed using the 
ABI 7300 Real-Time PCR Detection System with SuperReal 
PreMix Plus (Invitrogen, USA). Relative gene expression was 
analyzed using the 2−ΔΔCT method. The human glyceraldehyde-
3-phosphate dehydrogenase (GAPDH) and actin beta (ACTB) 
were used as endogenous controls.

Statistical analysis

All of the statistical analyses were performed in R 
environment. In addition, the GraphPad Prism Software, 
version 7.0 was used for the statistical analysis of 
experimental data. The results are expressed as means ± 
standard deviations (SDs). One-way analysis of variance 
(ANOVA) was used to analyze mRNA expression. P<0.05 
was considered to indicate a significant difference.

Results

Genetic analysis

On average, 159,542,590 clean reads were obtained per 
sample. The analysis identified 1,612 mutations in 600 
genes in patient 1, 1,661 mutations in 663 genes in patient 2, 
1,557 mutations in 623 genes in patient 3, 1,602 mutations  

in 681 genes in patient 4, 1,755 mutations in 730 genes 
in patient 5, 1,674 mutations in 667 genes in patient  
6, 1,742 mutations in 697 genes in patient 7, 1,459 mutations in 
641 genes in patient 8, 1,815 mutations in 690 genes in patient 
9. By overlapping these genes with Venny, 112 mutation genes 
were identified as being shared by all 9 patients.

Functional annotation analysis and PPI analysis

The GO analysis showed that the 112 mutated genes were 
significantly enriched in extracellular matrix constituent 
lubricant activity (P=2.90E-05), O-glycan processing 
(P=9.43E-05) and Golgi lumen (P=3.37E-04) (see Figure 1). 
The Reactome database revealed 2 significantly enriched 
pathways; that is, the O-linked glycosylation of the mucins 
(MUC) (P=4.52E-06) and the termination of O-glycan 
biosynthesis (P=5.51E-05). Notably, 4 genes (i.e., MUC16, 
MUC3A, MUC4, and MUC5AC) were enriched in the 
O-glycan processing, the O-linked glycosylation of the 
MUCs, and the termination of O-glycan biosynthesis. 
Additionally, a PPI network containing 10 proteins was 
established. Among them, MUC5AC was the protein with 
the highest degree (see Figure 2). The tissue differential 
expression of the above genes in normal individuals was 
obtained after a search of the Tissue-specific Gene Expression 
and Regulation (TiGER) database. Among them, keratin 
18 (KRT18), MUC4, and MUC3A were significantly more 
highly expressed in the colon tissues than the other tissues 
(see Figure 3). Thus, we speculated that the genes encoding 
the MUC family were closely related to the occurrence of 
intestinal obstruction, among which the mutated genes in 
patients were MUC5AC, MUC16, MUC3A, and MUC4.

CNV identification

Using a CNV kit, chr7 13744_4856142 was found to be 
a deletion in 8 of the 9 patients. After deleting duplicates, 
a total of 17 genes were annotated within the Reference 
Sequence (ref-seq) database. Next, the tissue differential 
expressions of these 17 genes in normal individuals 
were queried using The Human Protein Atlas (https://
www.proteinatlas.org/) database. Among them, ADAP1, 
CYP2W1, and TMEM184A were highly expressed in colon 
tissues and small intestine tissues (see Figure 4).

Validation of candidate variants

The expression levels of the 8 candidate genes between 
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the vascular intestinal obstruction and normal control 
groups were measured with qRT-PCR. As Figure 5 
shows, MUC5AC, MUC16, MUC3A, KRT18, ADAP1, 
and TMEM184A were significantly downregulated in 
the vascular intestinal obstruction group. No significant 
differences in the expression levels of MUC4 and CYP2W1 
were observed between the vascular intestinal obstruction 
and healthy control groups.

Discussion

MUC proteins are highly glycosylated and belong to the 
family of large glycoproteins that constitute the major 
structural component of mucus (13). According to structural 
differentiation, MUCs can be classified into the following 
2 categories: (I) secreted MUCs; and (II) membrane-
bounded (transmembrane) MUCs. MUCs are found in all 
organs in contact with the external environment, including 
the gastrointestinal tract, respiration, reproductive tract, 
and ocular surface (13). A previous case report indicated 
that MUC may be a cause of early adhesional intestinal 
obstruction (14). In this study, we found that the MUC 
family members of MUC3A, MUC5AC and MUC16 were 
mutated in all patients with vascular intestinal obstruction.

MUC 3A is an intestinal membrane bound MUC 
encoded by the MUC3A gene residing at chromosome 
locus 7q22.1, while MUC5AC is a secreted gel forming 
MUC encoded by the gene MUC5AC that resides in the 
chromosome locus 11p15.5 (13). MUC3A has been found 
to be aberrantly expressed in various cancers, including 
pancreatic, gastric, renal, and breast cancer (13). Zhu et al. 
found that MUC3A was missense-mutated in each primary 
immune thrombocytopenia patient (n=20) (15). Salas et al.  
suggested that MUC3A carried significantly more pathogenic 
variations in patients with complicated cases of pneumococcal 
pneumonia (empyema) than control patients (16) .  
Ren et al. reported that the variant c.1151T>C of the 
MUC3A gene may be a cause of intestinal symptoms 
in a Chinese pedigree with ankylosing spondylitis (17). 
Similarly, high MUC5AC expression has been frequently 

Figure 1 Significant enrichment GO terms of 112 mutation genes shared by all 9 patients. GO, Gene Ontology; GABA, gamma-
aminobutyric acid.

Figure 2 PPI networks of the proteins encoded by the 112 
mutation genes shared by all 9 patients. PPI, protein-protein 
interaction.
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detected in multiple diseases. For example, the messenger 
RNA expression of MUC5AC was found to be enhanced in 
biliary tract cancer (18). The overexpression of MUC5AC 
was detected in colon cancer progression (19). Olli et al. 
indicated that MUC5AC expression protected the colonic 
barrier in experimental colitis (20). Our study identified  
2 missense mutations in MUC3A (i.e., c.1033A>T:p.T345S 
and c.1091A>T:p.E364V) and a missense mutation in 
MUC5AC (i.e., g.1213256C>T:p.P4629L) in patients with 
vascular intestinal obstruction.

MUC16, which is encoded by the ~179 kb gene present 
on the short arm of human chromosome 19 at 19p13.2, is 
a membrane-tethered MUC protein with the following 3 
components: (I) a C-terminal domain; (II) a tandem-repeat 
region; and (III) an extracellular N-terminal section (21).  
MUC16 has been extensively used as a biomarker for 
ovarian cancer, and its aberrant expression has been 
associated with several human malignancies, including 
pancreatic, breast, and lung cancer (22). Additionally, the 
MUC16 mutation has often been found in cancer cells. Li  
et al. reported that the MUC16 mutation was associated 
with a higher tumor mutation load and better survival 
outcomes in patients with gastric cancer (23). MUC16 
has been found to be frequently mutated in hepatocellular 
carcinoma (24). Hu et al. demonstrated that MUC16 
mutations were associated with the favorable prognosis 
of endometrial cancer patients (25). Ge et al. constructed 
a novel 5-gene (SMAD4, MUC16, COL6A3, FLG, and 

LRP1B) prognostic mutational signature in patients 
with stage III colon cancer (26). In the present study, 
we found 2 novel frameshift mutations in MUC16; 
tha t  i s ,  c .40673_40676de l :p .K13558Tfs*13  and 
c.40672_40673insTCGG:p.K13558Ifs*24. Interestingly, the 
MUC3A, MUC5AC, and MUC16 proteins interacted with 
each other in the PPI network. This suggests that MUC3A, 
MUC5AC, and MUC16 interact harmoniously during 
vascular intestinal obstruction progression.

The type I intermediate filament chain KRT18 (or K18) 
encoded by KRT18 is located on chromosome 12, while all 
other type I keratins (except for K8) are located on the long 
arm of chromosome 17 (27). KRT18 and its filament partner 
K8 are perhaps the most commonly found members of the 
intermediate filament gene family. The high expression of 
KER18 has been found to be associated with a higher degree 
of malignancy and a worse prognosis for colorectal cancer 
patients (28). A review concluded that if mutations in these 
keratins cause human pathologies, they are likely to involve 
the liver or intestine (27). Mutations in KRT18 have been 
linked to cryptogenic cirrhosis (29). The K18 mutation (K18 
S230T) was detected in a patient with inflammatory bowel 
disease (30). In this study, 3 novel missense mutations (i.e., 
c.127G>C:p.G43R, c.112G>T:p.G38C, and c.175G>T:p.
G59W) were detected in vascular intestinal obstruction. 
Similarly, the KRT18 protein interacted with MUC5AC 
in the PPI network. Additionally, predictive software SIFT 
and PloyPhen showed that these mutations were harmful 

Figure 3 Significantly highly expressed genes in the colon tissues after searching the TiGER database. The y-axis represents the TPM 
value. PNS, peripheral nervous system; TiGER, Tissue-specific Gene Expression and Regulation; TPM, Transcripts Per Kilobase of exon 
model per Million mapped reads.
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and destructive to protein function, which may indicate that 
the novel missense mutations in KRT18 may be a potential 
causative factor for vascular intestinal obstruction.

The orphan cytochrome P450 2W1 (CYP2W1) has been 
found to be exclusively expressed in transformed tissue in 
adult humans, mainly in colon tumors (31). High CYP2W1 
levels have been observed in approximately 30% of human 
colorectal cancer specimens (32). Additionally, significantly 
elevated expression has also been observed in liver cancers 
with an even higher expression in liver metastases than in 
the parent tumor from the same patient (33). CYP2W1 has 

been reported to be related to the overall survival of left-
sided colon cancer patients (34). In this study, CYP2W1 was 
found to be located in the copy number alteration deletion 
region in vascular intestinal obstruction, which may indicate 
a relationship between CYP2W1 and vascular intestinal 
obstruction.

In summary, we examined the mutational landscape of 
sporadic vascular intestinal obstruction for the first time. 
Apart from CYP2W1, multiple mutations in 4 genes (i.e., 
MUC3A, MUC5AC, MUC16, and KRT18) were identified 
in this study, which may be considered as candidate targets 

Figure 4 Significantly highly expressed genes in colon tissues after searching The Human Protein Atlas database. (A) ADAP1 was 
significantly highly expressed in colon tissue; (B) CYP2W1 was significantly highly expressed in colon tissue; (C) TMEM184A was 
significantly highly expressed in colon tissue. The y-axis represents the TPM value. TPM, Transcripts Per Kilobase of exon model per 
Million mapped reads; NK-cell, natural killer cell.
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for the treatment of vascular intestinal obstruction. Our 
findings extend understandings of the potential pathological 
mechanism of vascular intestinal obstruction.
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