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Background: Coffin-Siris syndrome (CSS) is a multiple congenital anomaly syndrome characterized by coarse facial features, sparse scalp hair, hypertrichosis, and hypo/aplastic digital nails and phalanges. Mutations in the BAF (SWI/SNF)-complex subunits (SMARCE1, SMARCB1, SMARCA4, SMARCA2, ARID1B, and ARID1A) have been shown to cause CSS. People diagnosed with BAF pathway related diseases are increasing, and ARID2 (NM_152641.4) is the least common of these genes. Mutations in the ARID2 gene is the cause for Coffin-Siris syndrome 6 (CSS6). By now only 16 individuals with CSS have been reported to have pathogenic variants in ARID2.

Case Presentation: In this article, we introduced two individuals with clinical features consistent with CSS6 (Coffin-Siris syndrome 6). This article increases the number of reported cases, provides better phenotypic information for this rare syndrome, and allows everyone to better understand the disease.

Conclusion: Our observations indicate that ARID2 mutations could have variable phenotypes, even in patients from the same family.
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BACKGROUND

Coffin-Siris Syndrome (CSS, OMIM 135900) is a multiple congenital anomaly syndrome. Current studies have proved that the disease is caused by mutations in human BRG- or HRBM-associated factor (BAF) pathway (1). Within this family of genes, pathogenic variants have been found in ARID1B (the most common), ARID1A, SMARCB1, SMARCA4, and SMARCE1 in individuals with clinical phenotypes consistent with CSS. More recently, pathogenic alterations of the ARID2 gene were also observed in probands with neurodevelopmental delay and CSS6 characteristics (2). In general, patients with pathogenic variants of ARID2 tend to share the core features, such as developmental and growth delay, coarsening of the face, intelligence retardation, and abnormal behavior. Intelligence abnormalities are mainly mild to moderate. Atypical facial features primarily involve rough facial features, such as a protruding forehead, short-broad nose with anteverted nostril, low set and posteriorly rotated ear, a large mouth, thick upper lips, and hypoplasia of the nails or phalanges, typically of the 5th digits (3). To date, only 16 individuals with CSS have been reported to have pathogenic variants in ARID2. There are no reports of CSS6 cases in China. Herein, we report two cases of ARID2 gene mutation (2–7). The medical records of two Chinese patients with CSS6 from the inpatient clinics of the Children’s Hospital of Soochow University in May 2019 were analyzed. Clinical data and results of genetic analysis are reported as follows.



MATERIALS AND METHODS

Informed consent was obtained from all individual participants included in the study. This study was approved by the Children’s Hospital of Soochow University.

Whole-exome sequencing (WES) analysis were used to analyze the samples from patients. The mean vertical coverage was 325.14X, and the horizontal coverage was 99.99%.

Genomic DNA was extracted from peripheral blood leukocytes following the manufacturer’s protocols. DNA samples from the 2 cases were fragmented using a Scientz08-III automated sonicator. Massively parallel sequencing was performed using Illumina MiSeq platform according to the standard manual. The raw data were filtered and aligned against the human reference genome (hg19). The single-nucleotide polymorphisms (SNPs) were called by using the GATK software. Variants were annotated using ANNOVAR 3. Effects of single-nucleotide variants (SNVs) were predicted by SIFT, Polyphen-2, and Mutation Taster programs. The detected pathogenicity variants was evaluated according to the recommendations of the ACMG for variant classification and reporting. The associated phenotypic features of candidate genes were analyzed against the patient’s phenotype. Sanger sequencing was used to determine the genotypes of affected and unaffected family members at candidate loci.


Case Presentation


Case 1

The proband (P1) was born at term weighing 2.6 kg to a non-consanguineous couple. She had no obvious feeding difficulties in infancy. Developmentally, she exhibited global developmental delay, achieving raising head at 7 months, sitting at 9 months, and walking at 18 months. She attended primary school at 7 years and 8 months old with poor academic performance. At present, she is 115 cm tall (< 2 SD), weighs 19.5 kg, and has a special face with dysmorphic features (including thick upper lips, micrognathia, and low-set ears). Furthermore, her toenails were noted to be hyperplastic (Figure 1 and Table 1).
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FIGURE 1. The patient has coarse facial features, low-set and posteriorly rotated ears (A), a flat, upturned nose (B), sparse bitemporal scalp hair, thick eyebrows, and a wide mouth with thick lips (C).



TABLE 1. Summary of the features of Coffin-Siris syndrome with ARID2 mutation reported in the literature.
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The Chromosome test showed 46 XX, and IQ (Intelligence Quotient) test showed 80. Her bone age (BA) was 6 years old. Magnetic Resonance Imaging (MRI) of pituitary showed no abnormality (approximately 3 mm in height). There was a 2610delT frameshift mutation in the ARID2 gene, followed by a termination codon. This mutation has not been reported previously, and it has not been recorded in in normal or disease databases. Sanger sequencing was also performed on the parents, and they were found not to carry the same mutation (Figure 1). Since this variation is a frameshift mutation (PVS1) and de novo variation carried by neither of the parents (PS2). It is also a variation that is absent from controls (PM2). In silico programs tested agree on the pathogenic prediction (PP3). It was classified as “pathogenic” according to the ACMG guidelines. Based on the results of gene sequencing and clinical features, the patient was considered as CSS6 caused by ARID2 gene mutation.



Case 2

The proband (P2) was delivered at full-term via cesarean section (birth weight: 5.2 kg). He raised his head at 8 months, sat at 12 months, and walked at 24 months. At present, he is just over 5 years old and cannot speak, but can understand others. He is currently 105.5 cm (< 2 SD) in height and has a special face with dysmorphic features (including a prominent forehead, short-broad nose with anteverted nostril, thick upper lips, micrognathia, and low-set ears). Due to sudden occurrence with diabetic ketoacidosis, the patient was diagnosed with type 1 diabetes. The parents of P2 did not agree to make the child’s photo public.

The mother also has a similar face, and her development and language were slightly delayed compared to her peers. When she was young, her learning was poor, and she often only achieved a passing grade in exams. Full exon sequencing of P2 showed that the ARID2 gene had a nonsense mutation c.674G > A; p. Trp225 *, and Sanger sequencing showed that the mutation was inherited form the mother (Figure 2). According to the ACMG/AMP guidelines, this mutation can be identified as pathogenic. This variation is a nonsense mutation (PVS1), and it is a variation that is absent from controls (PM2). Multiple lines of evidence from in silico prediction indicated that the mutation was potentially deleterious (PP3). Based on the results of gene sequencing and clinical features, the child was considered CSS6 caused by the ARID2 gene mutation.
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FIGURE 2. The family pedigree of patient 1. The pedigree of the family with Coffin-Siris syndrome (CSS). (a) P1 ARID2 c.2610delT; (b) P1 father ARID2 gene c.2610T (wild type); (c) P1 mother ARID2 c.2610T (wild type). The mutation is de novo in the proband, whereas the parents are wild-type. The family pedigree of patient 2. The pedigree of the family with Coffin-Siris syndrome (CSS). (d) P2 father ARID2 c.674G (wild type); (e) P2 ARID2 c.674G > A; p. Trp225 *; (f) P2 mother ARID2 c.674G > A; p. Trp225 *.






DISCUSSION AND CONCLUSION


Clinical Features Associated With Coffin-Siris Syndrome 6

In this article, we reviewed the clinical and molecular aspects of the 16 CSS6 patients, as well as all previously reported individuals, and provided a summary of their clinical findings (Table 1). We also summarized the published phenotypes of CSS6 in the literature (Table 1, N = 16) (2–7). The vast majority of patients reported to date have intelligence retardation (100%) and developmental retardation (100%). These features can only be recognized during the postnatal period.



ARID2 Variants and Coffin-Siris Syndrome 6

Although the phenotypes of patients caused by other genes mutation in in BAF pathway have some overlap, correlation between genotype and phenotype begins to appear with the report of more individuals. ARID1B gene are the most frequently mutated in CSS. The severity of physical abnormalities and intellectual defects varies from person to person (9–12). We described two other patients with ARID2 gene variation, which is the rarest mutated in CSS.

SWI/SNF is an ATP-dependent chromatin-remodeling complex, which controls the density and position of nucleosomes by remodeling chromatin to control the epigenetic state. It plays an important role in cell proliferation, differentiation, development, and tumor suppression. ATP-dependent chromatin remodeling is a widely used mechanism (12, 13). In mammals, 29 genes are predicted to encode protein complexes similar to yeast SWI2/SNF2. The BAF complex is evolutionarily conserved from yeast to humasns and participates in many biological processes, such as transcriptional regulation, tumorigenesis, and embryonic development. The massively parallel of sequencing technology reveals that an increasing number of somatic mutations may be to compromise in part or whole the functional activity of the SWI/SNF complex in malignant tumors. Sequencing studies have shown that 15 subunits of the BAF complex encoded by 29 genes are mutated in more than 20% of human cancers in multiple types of tumors.

BAF complex subunits vary in different tumors, and specific subunits seem to be mutated in specific cancers, highlighting the tissue-specific protective effect (14). ARID1A is the SWI/SNF gene with the highest frequency of tumor mutations, with mutations in more than 10% of tumors. BAF complexes can be oncogenes or tumor suppressors. Studies have shown that ARID2 gene inactivation mutations exist in HCV (hepatitis C virus)-related liver cancer, melanoma, lung cancer, and colorectal cancer. Additionally, approximately 50% of clear cell carcinomas of the ovary and 40% of endometrial cancers have ARID1A mutations.

At present, there are no reports of cancer risk in CSS cases (15). A recent article on ARID2 described the intelligence retardation and loss-of-function variants of four ARID2 patients (3). They reported typical deformities, including frontal elevations, epicanthus epidermis, downwardly sloping eyelid fissures, micrognathia, highly arched palate, and low or posterior ears (Table 1). All patients exhibited neurodevelopmental delay, short stature, and behavioral abnormalities (including ADHD, anxiety, aggression).

Previously reported ARID1B gene knockout (ARID1B ±) mice showed neuroanatomy and expression development delays, and abnormal behaviors. Also, the ARID1B ± mice’s nose to buttocks length and body weight, as well as their growth hormone (GH) stimulation test indicated that ARID1B ± sufficient growth hormone could be secreted, but the secretion of insulin-like growth factors -1 (IGF-1) was significantly reduced (16). Celen et al. suggested that ARID1B ± may cause shortness due to the reduction of IGF-1 production in the brain, which leads to a decrease in plasma IGF-1. However, the inability to feed back to promote the increase of hypothalamic hormones (GHRH) and GH aggravates growth retardation. Studies have shown that the use of GH can improve growth retardation and muscle strength in mice, and the therapeutic effect has been verified in patients with ARID1B variants (17).

P1 exhibits the following manifestations: high forehead, short-broad nose with anteverted nostril, low-set ears, short stature, and mild intellectual disability with attention deficit and hyperactivity disorder (ADHD). GH stimulation suggests no growth hormone deficiency, and no growth hormone treatment has been given thus far. Currently, there is not enough experience in the treatment of GH in patients with short stature CSS, and most patients with CSS were treated with recombinant human growth hormone due to growth hormone deficiency (18). However, currently there is no experience with growth hormone treatment in CSS6; although children with CSS6 have short stature, GH treatment will not be administered temporarily.

As for behavioral abnormalities such as ADHD, corresponding treatment can be given. In addition, P2 did not undergo growth hormone treatment for short stature due to diabetes, and was under intellectual disability with rehabilitation therapy. Insulin was being injected subcutaneously to treat diabetes. As for the mother of P2 who has the same locus variation, intelligence and intellectual disability were not obvious.




CONCLUSION

In this article, we present two cases of novel patients with CSS6 and the pathogenic variant of ARID2 and review the clinical and molecular findings of all previously reported patients. We aimed to provide a comprehensive review of the syndrome in order to help physicians to recognize the syndrome.

Overall, CSS has a spectrum of clinical manifestations. Phenotypic differences within CSS continue to be defined regarding the involved subunit of the BAF-complex or the SOX gene. Parents of P2 had no noticeable developmental or growth delays, which is inconsistent with previous findings. It appears that ARID2 mutations in P2 are of low penetrance with no genotype-phenotype correlations. Our data challenge the current understanding that pathogenic ARID2 mutations usually arise de novo.

However, considering the small sample size of the present study, further studies are necessary to determine this phenomenon. As shown in our clinical summary of 16 cases, we confirmed that CSS should be suspected postnatally in cases with global developmental delay or intellectual disability and specific dysmorphic features. The cases we reported indicate that ARID2 mutations could have variable phenotypes, even in patients from the same family. This work can guide clinicians in performing further testing.
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