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Abstract
BACKGROUND
Solitary rectal ulcer syndrome (SRUS) is a rare rectal disease with unknown etiology. Data on the genetic background in SRUS is lacking.

CASE SUMMARY
Here, we report the first case of SRUS in a mother-son relationship. Gene sequencing was conducted on the whole family, which revealed an inherited CHEK2 p.H371Y mutation. The experiment preliminarily revealed that the CHEK2 mutation did not affect the expression of CHEK2 protein, but affected the function of CHEK2, resulting in the expression level changes of downstream genes such as CDC25A.

CONCLUSION
SRUS is a genetic susceptibility disease where CHEK2 p.H371Y mutation may play a crucial role in the development and prognosis of SRUS.
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Core Tip: Solitary rectal ulcer syndrome (SRUS) is a rare rectal disease with unknown etiology. Data on the genetic background in SRUS is lacking. Here, we present the first case of SRUS in a mother-son relationship. Gene sequencing and experiment preliminarily indicate that SRUS may serve as a genetic susceptibility disease in which CHEK2 p.H371Y mutation may play a crucial role in the development and prognosis of SRUS. This case may offer some new insights into the virulence genes and genetic background of SRUS. 

INTRODUCTION
Solitary rectal ulcer syndrome (SRUS) is a chronic rectal disease characterized by difficulty in defecation, mucous hematochezia, and anal pain, and bulging. SRUS is a rare disease with unknown etiology that was proposed by Rutter in 1975[1]. We have a detailed understanding of the clinical, endoscopy, pathology and images characteristics based on recent reports about SRUS, but data about the etiology, especially the virulence genes and genetic background, are limited[2,3]. Herein, we present the first case that describes a Chinese female patient with SRUS and one of her sons diagnosed with SRUS. Her daughter and the other son demonstrated healthy gastrointestinal tracts. Next-generation sequencing of family inheritance results indicated an inherited CHEK2 p.H371Y mutation may contributes to SRUS. 

CASE PRESENTATION
Chief complaints
A 63-year-old female patient was admitted to the Third Affiliated Hospital of Guangzhou Medical University for abdominal pain, anal irritation, and repeated hematochezia. Her 31-year-old son was previously diagnosed with SRUS and underwent an inpatient examination.

History of present illness
Her symptoms started 1 year before the presentation of abdominal pain, anal irritation, and repeated hematochezia. Additionally, her 31-year-old son started to present with repeated diarrhea and intermittent hematochezia at the age of 26. He suffered from chronic diarrhea of up to 30 times a day, with the worst demonstrating fecal incontinence. He was subsequently diagnosed with SRUS 3 years ago and underwent surgical removal. The surgical pathology was consistent with the pathological features of SRUS (Supplementary Figure 1). Hematochezia disappeared postoperatively, but his diarrhea remained. Chronic diarrhea causes his anxiety because his symptoms worsen as his mood changed.

History of past illness
The patients were healthy before the SRUS incidence.

Personal and family history
The patient has two sons and one daughter. Notably, one of her sons was diagnosed with SRUS before her diagnosis and underwent partial rectal resection. The other son was healthy. Additionally, she and her son with SRUS like to eat mixed and coarse grains, and they have high-fiber eating habits and a sedentary lifestyle. Moreover, they are accustomed to squatting for a long time to defecate. Furthermore, they were healthy before the SRUS incidence, but are prone to anxious behaviors in life.

Physical examination
A physical examination upon admission revealed no obvious abnormality in both patients.

Laboratory examinations
Laboratory tests of the female patient revealed high triglyceride (2.11 mmol/L), while others were all within normal ranges. Further, Epstein-Barr virus, and cytomegalovirus were negative. Blood routine, coagulation function and autoimmune tests were within normal ranges. Additionally, laboratory tests of the male patient upon admission revealed no obvious abnormality. 

Imaging examinations
Her total digestive tract endoscopy results revealed a rectal solitary ulcer (Figure 1A), the indicarmine dyeing demonstrated a clear boundary (Figure 1B), and pathological results indicated the fibrous tissue hyperplasia in the lamina propria layer as well as glands destruction (Figure 1D). Ultrasonic endoscopy revealed clearly demarcated mucosal layers, missing ulcerative mucosa and submucosa layers, and intact and thickened muscularis propria (Figure 1C). Moreover, the intestinal computed tomography enhancement revealed segmental rectal wall thickening (Figure 1E). The anorectal function test demonstrated a low resting pressure of the anal canal and normal contractile response and anorectal inhibition reflex but with increased anorectal sensitivity. Further, a colonoscopy of the male patient showed that the mucosa of his rectal anastomosis was smooth without any erosion or ulcer (Supplementary Figure 1).

Further diagnostic work-up
Whereas their complicate family history and next-generation sequencing of heritage whole exome sequencing was then conducted with their consent. The results (Figure 2) exhibited a CHEK2 gene (c.1111C>T, p.His371Tyr) missense mutation in the patient and her son with SRUS, but not in the other son and the daughter. The CHEK2 p.H371Y mutation was reported as a kind of pathologic mutation[4]. Then we conduct the immunohistochemical staining (IHC) to analyze the expression and function of CHEK2 (Antibody: CHEK2, CST#3440, 1:1600; p-CHEK2, CST#82263, 1:500; CDC25A, CST#3652, 1:100; p-P53, CST#9287, 1:100), which revealed a normal CHEK2 protein level but an impaired downstream gene protein level. As shown in Figure 2, CHEK2 protein levels and autophosphorylation CHEK2 protein levels showed no significant difference among the healthy control, inflammatory bowel diseases, rectal cancer and SRUS groups (including familial and sporadic cases). In contrast, the downstream gene of CHEK2, such as CDC25A and p-P53 (Ser 20), exhibit differential expression among these groups. CDC25A and p-p53 protein expression levels were the highest and the lowest in the SRUS group, while the differences between the SRUS and rectal cancer groups do not reach significance. 
The SRUS groups contain familial patients in our case and non-familial cases (sporadic cases). The IHC results revealed that the CHEK2 mutation did not affect the expression of CHEK2 protein whether in familial SRUS cases or sporadic SRUS cases, but it would affect CHEK2 functions to different degrees. CDC25A expression level variations are more significant in familial SRUS cases, while p-p53 expression level changes are more pronounced in sporadic SRUS cases.

FINAL DIAGNOSIS
Both patients with a mother-son relationship were diagnosed with SRUS based on the above-mentioned results.

TREATMENT
SRUS treatment should be comprehensive and aimed at restoring the patient’s normal bowel pattern, including behavior modification, medication, biofeedback, and surgery. Initially, we guided patient’s lifestyles and eating habits and advised them to change their sedentary habits and appropriately reduce the amount of dietary fiber in their food. Simultaneously, we guided them to develop good defecation habits, avoid forceful defecation, set defecation time and body position, and artificially limit defecation frequency. Then, we provide psychological care to patients and encourage them to appropriately participate in social activities to vent their bad emotions. Concurrently, biofeedback, which can limit the change of toilet frequency in patients with frequent bowel movements, was recommended as an effective treatment. Biofeedback training can help resolve symptoms, especially in patients who remain symptomatic postoperatively. Finally, we advise patients to use thalidomide and mesalazine for rapid improvement of inflammation, considering the long medical history of the patient, especially frequent diarrhea in the male patients. Mesalazine is a commonly used drug for SRUS and thalidomide is used for anti-inflammation and its side effects of constipation and improved sleeping happen to help patients relieve diarrhea and help them sleep. 

OUTCOME AND FOLLOW-UP
Changes in eating and living habits need to be maintained for a long time. Patients are advised to undergo re-examination 3 mo after drug treatment and biofeedback adjuvant therapy. A significant improvement can be maintained for a long time under the condition of monitoring drug side effects. Additionally, the medication regimen was adjusted following the patient’s symptoms during the follow-up. Patients’ symptoms were significantly improved under the comprehensive treatment. The reexamination results after 3 mo indicated a significantly relieved mucosa (Figure 1F). Patients remain under regular follow-up and treatment annually. 

DISCUSSION
Previous studies have reported the relevance of rectal mucosal prolapse, ischemia, or injury to SRUS pathogens. These main SRUS features include the following clinical manifestations: defecation difficulty with mucous blood stools and lower abdominal pain, normal general physical examination condition, colonoscopy revealing an isolated rectal ulcer, ultrasound colonoscopy showing proliferative mucosal lesions, pathological results demonstrating mucosal myometrium hyperplasia and fibrosis, dynamic examination indicating abnormal rectal and pelvic floor dynamics, normal blood and inflammatory markers, and negative tumor markers[5].
SRUS has no specific clinical manifestation, thus it is frequently misdiagnosed because its clinical diagnosis mainly depends on endoscopy and histopathology. Current SRUS treatment includes medical, surgical treatment, and biofeedback therapy. Drug therapy aims to inhibit inflammatory response and proliferation. Literature reports revealed a similar treatment plan to ulcerative colitis (UC), which can be used orally with mesalazine and locally with rectal administration. This disease has a long treatment period, causing a non-exact therapeutic effect, although biofeedback therapy aims to harmonize and improve pelvic floor muscle function. However, biofeedback therapy may be effective for patients with pelvic floor dysfunction[6]. Surgical treatment is an alternative option, but it is only effective for some patients and has a risk of recurrence postoperatively. Hence, surgical treatment should not be the first therapeutic choice.
To the best of our knowledge, this is the first case of two patients with SRUS in a mother-son relationship. Thus, this is the first study to indicate a possible genetic background for SRUS. The mother in our cases had a very late onset although SRUS was rarely reported in patients over 60 years old. Meanwhile, the symptoms of both patients have commonalities and differences. Her ulcer and symptom significantly improved after medication, while her young son’s symptoms did not improve much even with surgery, although a follow-up colonoscopy revealed no further rectal mucosa damage and anastomosis. Concurrently, long-term diarrhea caused psychologically abnormalities, specifically anxiety, in the young male thereby aggravating diarrhea symptoms. Therefore, surgery may be not available for all patients. Most importantly, the psychological symptoms of the disease should also be considered an important treatment scheme aspect.
Genetic data on SRUS is limited. Genes, heritage data, and features need to be explored for a better understanding of the SRUS pathogen and mechanism. Our cases demonstrated that CHEK2 p.H371Y mutation may be relevant to SRUS development and prognosis. CHEK2 is a cell cycle checkpoint regulator, and it plays an essential role in DNA damage repair. Phosphorylation of p53/TP53 at “Ser-20” by CHEK2 is required for the accumulation of active TP53. When activated, the encoded CHEK2 is known to inhibit CDC25A through phosphorylation of CDC25A and cause its degradation[7]. The CHEK2 p.H371Y mutation was reported as a pathogenic mutation causing decreased kinase activity because p.H371Y is located within the activation region of the CHEK2 protein kinase domain. Here, we performed a series of clinical specimens, which revealed no changes in the CHEK2 expression level while the downstream gene expression was significantly modified, exhibiting an impaired CHEK2 protein function. Both familial and sporadic SRUS cases showed weakened function in CHEK2 protein, and familial SRUS cases are mainly characterized by changes in CDC25A of CHEK2 downstream, while sporadic SRUS cases are mainly characterized by variations in p-p53 of CHEK2 downstream. We speculate similarities and differences in the pathogenesis and prognosis between familial SRUS and non-familial SRUS. 
Previous studies have revealed that CHEK2 is associated with inflammation and functions through the kinase mechanism to down-regulate the nuclear factor kappa-light-chain-enhancer of activated B cells (NF-κB) pathway in macrophages to alleviate Staphylococcus aureus-induced pneumonia in mice. Additionally, phospho-CHEK2 was associated with high macrophage infiltration in UC[8]. Moreover, SRUS is a manifestation of inflammation and CHEK2 mutation may contribute to the development of SRUS via effects on inflammatory pathways, such as the NF-κB pathway[9]. Furthermore, the CHEK2 gene is associated with rectal cancer and inflammatory bowel diseases (IBD). SRUS is closely correlated with rectal cancer and IBD, thus it is difficult to differentiate the diagnosis between SRUS from IBD, especially through UC[10]. Rectal cancer is the most important aspect of SRUS prognostic follow-up, but whether the CHEK2 gene is a pathological gene causing SRUS or a gene for assessing the SRUS prognosis or a potential cause of rectal cancer remains uncertain, as well as the exact role of CHEK2 p.H371Y mutation in familial SRUS. 
Limitations related to a small-cohort study and the patient heterogeneity exist. The following possible drawbacks may occur in our study. Firstly, this is a single case report and a retrospective study, and the role of CHEK2 mutation in SRUS pathogenesis needs further investigation. Secondly, this study did not involve the detailed mechanism of CHEK2 mutation causing SRUS. Therefore, subsequent verification of large samples and more detailed experimental verification should be prepared.

CONCLUSION
In summary, this is the first study to report two patients with SRUS in a mother-son relationship with an inherited CHEK2 p.H371Y mutation, which provides insights that SRUS may serve as a genetic susceptibility disease, and CHEK2 p.H371Y mutation may play a crucial role in the development and prognosis of SRUS.
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Figure Legends
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Figure 1 Clinical features of the female patient with solitary rectal ulcer syndrome. A: Colonoscopy image upon her admission; B: Chromoendoscopy result upon her admission using the Indicarmine dyeing; C: Ultrasonic endoscopy was used for solitary rectal ulcer observation; D: Pathological results of the solitary rectal ulcer; E: Imaging of the solitary rectal ulcer, using the intestine computed tomography enhancement; F: Colonoscopy image upon her reexamination after therapy.
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Figure 2 Genetic background of the patients with solitary rectal ulcer syndrome patients in a mother-son relationship. A: Family tree of the familial patients with solitary rectal ulcer syndrome. Squares indicate male family members; circles indicate female family members; black indicate affected patients; white indicate healthy family members; slashes indicate deceased family members; arrow indicate the first diagnosed patient of the family; B: Schematic diagram of the CHEK2 protein; C: The differential expressions of CHEK2 and the downstream genes among the healthy control, and patients with inflammatory bowel diseases, rectal cancer, and solitary rectal ulcer syndrome, using the immunohistochemical staining; scale bars, 100 μm. IBD: Inflammatory bowel diseases; SRUS: Solitary rectal ulcer syndrome.
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