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Objective: To describe the clinical presentation and novel mutation in the coxsackie and adenovirus receptor-like membrane protein (CLMP) gene in a Chinese family with congenital short bowel syndrome (CSBS).

Methods: We collected clinical data from a Chinese family with inherited CSBS, and performed whole exon sequencing of the children and their parents. The pathogenic sites of candidate genes were targeted, and the detected exon deletions were verified by quantitative PCR.

Results: Two siblings in this family presented with bilious vomiting, and were diagnosed with CSBS on laparotomy. Two siblings and their parents underwent complete exome sequencing of the peripheral blood. Both children had CLMP gene exons 3–5 homozygous deletion mutation, while the parents had a heterozygous mutation.

Conclusion: This study identified a novel mutation of the CLMP gene in a Chinese family with CSBS. Identification of this mutation can help with genetic counseling and prenatal diagnosis of CSBS.
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INTRODUCTION

Congenital short bowel syndrome (CSBS) is a rare congenital disorder that is clinically characterized by a reduction in the length of the small intestine at birth. Compared with length of the small intestine of normal full-term infants (190–280 cm) (1, 2), the mean length in patients with CSBS is about 50 cm (3). The incidence of CSBS is <1 in one million births (4). The symptoms of CSBS are bilious vomiting, growth retardation, diarrhea, or gastrointestinal obstruction, most of which are accompanied by intestinal malrotation (5). CSBS is associated with a high mortality rate (6), but does not affect mental development (3, 7).

CSBS was first reported by Hamilton in 1969 (8). The exact pathogenesis is still unclear. Related hypotheses include interruption or delay of small intestine elongation and rotation due to lack of space in the umbilical cord during fetal development (8), defects in neurointestinal development (9), or vascular obstruction or ischemic damage to the primitive midgut (5). In 2012, Van et al. (10) found that knock-down of the coxsackie and adenovirus receptor-like membrane protein (CLMP) homologous gene in zebrafish resulted in significant shortening of the intestine and lack of goblet cells in the midgut, suggesting that CLMP is necessary for normal small intestinal development. It was speculated that recessive mutation of CLMP gene could lead to CSBS in humans.Homozygous and compound heterozygous mutations of CLMP in CSBS patients suggest that the inheritance pattern of the disease is autosomal recessive.

The CLMP gene is located on chromosome 11 (11q24.1), which encodes a transmembrane protein and co-localizes with the tight junction-related protein zonula occludens-1 as an adhesion molecule. It is one of the tight junction components of the epithelium (11), which is expressed in different tissues during embryonic development including the intestine (12). Since tight junction markers such as ZO-1 and its related nucleic acid binding proteins play an important role in cell proliferation (13, 14), and CLMP is co-localized with tight junction proteins, it is speculated that the loss of function of CLMP may affect the proliferation of small intestinal cells, leading to shortening of the small intestine at birth. Wang et al. examined the biopsies of five CSBS children with CLMP mutation and found chromatin clumps and pyknosis in the intermuscular nuclei of these patients, suggesting that CLMP gene mutation may affect the development of intestinal nerve plexus (15).In addition, a mutation in the filamin A (FLNA) gene was found in male patients with CSBS, which is related to the X-linked inheritance pattern (16).

We report a Chinese family with CSBS and analyzed their clinical features, treatment, and prognosis. The new homozygous deletion mutation of CLMP gene exons 3–5 was identified as the cause of CSBS in this family by using whole exon sequencing (WES) and quantitative PCR (qPCR).



PATIENTS AND METHODS


Patients

A full-term female baby (II:2) with a birth weight of 2,550 g presented with recurrent vomiting soon after birth (Figure 1). On physical examination, the girl's abdomen was flat and soft, without distention, and the bowel sounds were normal. Blood tests showed that serum potassium was 2.69 mmol/L. X-ray presented the gas-filled stomach and the intestinal loops (Figure 2A) while the colon is mainly located in the center and left side of the abdomen (Figure 2B). Other blood investigations were normal. An upper gastrointestinal series (UGI) revealed intestinal malrotation (Figure 2C). The patient underwent Ladd's operation. At operation, the pediatric surgeon found that the total length of her bowel was only 65 cm from the duodenum to the ileocecal valve. After the operation, the girl initially developed diarrhea during breastfeeding, but gradually developed intestinal tolerance after changing to hydrolyzed milk and continuous nasogastric tube infusion. Parenteral nutrition (PN) was administered for up to 4 months. Fortunately, the child did not suffer from sepsis and liver failure.


[image: Figure 1]
FIGURE 1. Genetic pedigree map for the proband. I:1, father; I:2, mother; II.2, proband; II.3, younger brother.



[image: Figure 2]
FIGURE 2. Radiological findings of the patients with CSBS. [The proband] (A) X-ray abdomen showing the gas-filled stomach and the intestinal loops; (B) Lower gastrointestinal radiography showing the distribution of the colon predominantly in the center and on the left side of the abdomen; (C) UGI showing the upper part of the jejunum located on the right side of the abdomen in a spiral pattern. [The younger brother] (D) X-ray abdomen showing minimal gas in the stomach with no obvious gas shadows in the intestine. (E,F) UGI showing the ascending part of the duodenum and the upper part of the jejunum in a spiral pattern.


The patient's younger brother (II:3)showed a minimal gas in the stomach with no obvious gas shadows in the intestine using X-ray test, and was diagnosed with malrotation by UGI after birth (Figures 2E,F), and the length of the small intestine was 51 cm during the operation. After the operation, he was also managed similarly with continuous enteral nutrition (EN) supported by PN. His dependence for PN lasted for 40 days. Their parents were not close relatives. They were in good health and denied any history of exposure to poisons, drugs, or radiation. No abnormality was found during prenatal examination in both patients. At the last follow-up, the proband was 3 years and 10 months old, weighing 12.5 kg with a height of 96.5 cm corresponding to P3–P15 as per the 2006 WHO Child Growth Standards (17). Her diet is similar to that of a girl her age, and she can eat meat, vegetables and rice. Similarly, the younger brother was 14 months old, weighing 8.5 kg (P3–P15) with a height of 78 cm (P50). He is currently formula fed. When the siblings were evaluated for intelligence and motor behavior in the child care department, doctors found no significant neurodevelopmental deficits.



Methods

This study fully complied with the Tenets of the Declaration of Helsinki, and was approved by the Ethics Committee of the Xiamen maternal and child health care hospital (Xiamen, Fujian, China). Informed consent was obtained from the subject's parents before testing.


Genomic DNA Extraction From Peripheral Blood

The peripheral venous blood sample (2 ml) was collected from children and parents using Qiagen's DNA Extraction Kit (Blood Genomic DNA Mini Kit) and the NanoDrop2000 spectrophotometer was used to detect the concentration and purity of DNA samples.



WES and Bioinformatics Analysis

The IDT XGen® Exome Research Panel V1.0 capture probe was used for liquid hybridization with genomic DNA library sequence. DNA fragments in the target region were enriched to construct a full exon library. High-throughput sequencing (PE150) was performed using Illumina Novaseq 6000 series sequencers. The results were compared with the Human Genome Database (HGL9) using BWA software. Single nucleotide polymorphic sites, small deletions, and insertions were analyzed using GATK and VarScan software. DBSNP, HapMap, Exac, and 1000 genomic databases were used for filtering and screening. The mutation sites with frequency <0.05 were reserved. Polyphen-2 and SIFT software was used to predict the pathogenicity of suspicious mutations. Also, gene mutation-related databases HGMD and Clinvar were used to identify suspected pathogenic sites. Sequence mutation sites were interpreted according to the “Standards and Guidelines for Interpretation of Sequence Variations” issued by the American Society of Medical Genetics and Genomics. The related harmful mutations were screened based on the phenotype of the proband.



qPCR

Based on the results of high-throughput sequencing, qPCR was used to detect and verify the CLMP gene in the missing region of the children and their parents. The CLMP gene (NM_024769.5) sequence was obtained from the University of California, Santa Cruz. Proband and parents used different controls. Each sample made three repetitions and calculated the ratio according to the average value of CT value. The β-actin gene ACTB was used as the internal reference gene, and Primer 5.0 software was used to design primers for the CLMP gene. The length of the PCR product was 100–200 base pairs (bp) and the Tm value was about 60°C. The primers were produced by Shanghai Shenggong. Biological company synthesized and prepared the qPCR reaction system (Maxima® SYBR Green qPCR Master Mix, no ROX), set the PCR reaction conditions, and used the Bio-Rad IQ5 qPCR instrument for amplification and analyses.




Literature Review

The locations and types of the CLMP gene variant reported in the literature were searched on PubMed and summarized.




RESULTS


WES

Analysis of the Trio-WES data revealed a homozygous deletion of 1,629 bp across exons 3 and 5 of the CLMP gene (CHR11:122953792-122955421) (Figure 3A) in proband. BAM diagram from IGV software showed that the proband's and her brother's CLMP gene had no coverage of exons 3 and 5 due to homozygous deletions (Figure 3A), and the father (Figure 3B) and mother (Figure 3C) were carriers of exon 3–5 deletions, so they had coverage of reads Trio-WES data confirmed homozygous the deletion of exons 3 and 5 of the proband CLMP gene. According to the classification standards of American College of Medical Genetics and Genomics (18), we found the a homozygous deletion of 1,629 bp across exons 3 and 5 of the CLMP gene was likely pathogenic pathogenis. While the variant is absent from a large general population harboring 1000 Genomes Project and Exome Aggregation Consortium (PM2).


[image: Figure 3]
FIGURE 3. BAM map of CLMP gene sequenced in proband and family. (A) The BAM mape of the proband and (B,C) BAM mapes of proband's father and mother.




Analysis of CLMP by qPCR

We used the ALB gene as the internal reference gene. qPCR was used to detect the number of copies of CLMP gene in the normal control samples and the samples from patients and their parents. The ratio of the number of copies of exons 3–5 of the CLMP gene to the normal control in the proband was nearly 0, and in the proband's parents was nearly 0.5. These results suggested that there was a homozygous deletion in exons 3–5 of the CLMP gene in the proband, and a heterozygous deletion in the parents (Figure 4).


[image: Figure 4]
FIGURE 4. Results of exons 3–5 of the CLMP gene.





DISCUSSION

CSBS refers to congenital shortening in the length of small intestine. It is a rare clinical condition. Wilmore et al. (25) proposed that full-term infants with the small intestinal length <75 cm are likely to have symptoms and signs of SBS. Only 74 cases have been reported since the first description by Hamilton in 1969 (8). Among the 74 cases, The age of patients at the time of diagnosis vary between 33 weeks of gestational age and 15 years old. The male-to-female ratio is 1.55 (45 males, 29 females). The main clinical manifestations of CSBS include biliary vomiting, abdominal distension, chronic diarrhea. Intestinal malrotation was identified in 70 cases. Most patients with CSBS have other abnormalities such as intestinal adhesions, intestinal atresia, pyloric hypertrophy, persistent patent ductus arteriosus, central nervous system malformations, common dorsal mesentery, absence of the appendix, and colon involvement. The diagnosis of CSBS mostly depends on early intestinal obstruction symptoms, imaging examination and surgical exploration.

In this study, we reported that two siblings in a family developed intestinal obstruction after birth, mainly manifested as vomiting. UGI and laparotomy found that both patients had intestinal shortening accompanied by malrotation. After genetic examination, homozygous deletion of exons 3–5 of CLMP gene was found in both siblings. There were heterozygous mutations in both parents, but no associated phenotype, suggesting an autosomal recessive inheritance of the disease. CLMP exons 3–5 encode amino acids at positions 63 to 227, which are located in two key domains of the protein (Ig-like C2-type 1, Ig-like C2-type 2). Through biological analyses, we found that the deletion of these amino acids can lead to the loss of protein function, thus predicting the pathogenicity.

According to literature review, a total of 18 children with CSBS have been confirmed to have CLMP mutations by genetic tests so far (Table 1). All CLMP gene mutations reported in the literature can lead to the loss of protein function, and the clinical manifestations of the reported cases are limited to the intestines. Summarizing these cases, no specific mutation types were found to be associated with specific clinical phenotypes.


Table 1. Literature review of CLMP gene variant in patients with CSBS.

[image: Table 1]

Langhorst et al. (26) studied CLMP-deficient mouse models and found that the mutant mice had malrotation of the intestine but no significant change in the length of the intestine compared to wild-type mice. The lack of CLMP gene can lead to a decrease in intestinal smooth muscle cells and ureteral junction protein 43, causing impaired intestinal, ureteral motor function, and functional obstruction. Thus, in addition to impaired intestinal motility, CLMP-deficient mice also have severe bilateral hydronephrosis. Alves et al. (21) described two patients with CLMP mutation [C.508C>T (Exon 4); P. (R170*)] and found that besides reduced intestinal length, the patients also had an obstruction of the ureteropelvic junction, similar to the mouse model. However, the same changes were not seen in other cases. Therefore, how CLMP variant types are associated with clinical phenotypes still needs further study.

To date, there is no cure for CSBS. The management of CSBS includes the maintenance of growth and development, promotion of intestinal adaptation, and prevention of complications (27). In the early stage of intestinal adaptation (1–3 months), it is necessary to maintain fluid and acid-base balance (28). The use of parenteral nutrition (PN) is inevitable and indispensable, but the long-term use of PN is often accompanied by several complications such as liver failure and sepsis (29), which are the most common causes of death in these patients. Negri et al. (30) noted in their study that the mortality of CSBS was 60.6%, and the main cause of death was malnutrition and/or sepsis. The survival rate was 30.6% before 2008 and 80.4% after 2008. The survival rate of children with CSBS has improved due to better nutritional management practices. For children with CSBS, early EN is of great importance to promote intestinal adaptation. In the early stage, the selection of milk and feeding methods needs to be continuously improved according to the condition of child until the intestinal tolerance is established in order to improve the prognosis.



CONCLUSION

CSBS is one of the rare neonatal diseases. The loss of CLMP function is one of possible pathogenetic mechanisms for its development. CSBS is diagnosed by UGI, laparotomy, and genetic testing. These children require early EN with PN support to reduce complications and mortality. At present, the specific role of CLMP in the development of small intestine is still unclear, and further studies on the pathogenic mechanism of CLMP gene are needed. Parents of a child with CSBS with CLMP gene mutations can seek prenatal diagnosis for early detection and intervention in subsequent pregnancies.
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