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Bohring-Opitz syndrome (BOS) is a rare genetic disease first reported by Bohring et al. in 1999. With the recent development of exome sequencing (ES), de novo truncating mutations in the additional sex-combs-like 1 (ASXL1) gene have been causally implicated in BOS. Herein, we describe a 7-month-old girl with intrauterine growth restriction, severe pulmonary infection, seizures, and craniofacial abnormalities (microcephaly, micro/retrognathia, hypertelorism, depressed nasal bridge, low-set ears and hypertrichosis) at birth. At a later stage, the patient developed global developmental delay. We performed ES and identified a de novo heterozygous mutation in ASXL1, namely, c.1210C>T/p.R404*. However, this case did not have trigonocephaly, facial hemangioma, prominent eyes, myopia, BOS posture, or brain abnormalities (enlarged subarachnoid spaces, agenesis of the corpus callosum, moderately enlarged cerebral ventricles, or prominent frontal subarachnoid spaces), which are common characteristics in most patients with BOS-harboring ASXL1 mutations. These new data expand the phenotype of BOS driven by ASXL1 and may assist in more accurately delineating the phenotypes caused by variants of this gene.
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BACKGROUND

Bohring-Opitz syndrome (BOS) is a rare and severe autosomal dominant genetic disorder first reported by Bohring et al. (1). In 2011, Hastings et al. established clinical diagnostic criteria for this disease, including microcephaly, trigonocephaly, facial hemangioma, typical BOS posture, feeding difficulties, intrauterine growth restriction (IUGR), severe developmental delay, and characteristic craniofacial malformation (2). These common craniofacial features include prominent eyes, micro/retrognathia, and cleft palate. Some patients may have congenital anomalies (structural brain abnormalities, cardiac abnormalities, musculoskeletal abnormalities, etc.). Based on exome sequencing (ES), Hoischen and his colleagues reported an association between ASXL1 mutation and BOS (3).

The human additional sex combs-like 1 (ASXL1) gene is located on chromosome 20q11, consists of 13 exons and 12 introns, and encodes a nucleoprotein with a length of 1,541 amino acids that is widely expressed in various tissues (4, 5). The N-terminus of the protein begins with the ASXN domain (also known as the HARE-HTH domain), which is predicted to promote interactions with DNA, and the ASXN domain is followed by the ASX homology (ASXH) domain (also known as the DEUBAD domain), which is encoded by exons 9–11 and participates in interactions with epigenetic regulatory proteins, including BRCA1-related protein 1 (BAP1). The plant homology domain (also known as the PHD domain), encoded by exon 13, is at the C-terminus and can bind methylated lysine. In general, the protein encoded by the ASXL1 gene is involved mainly in epigenetic and transcriptional regulation. Notably, animal experiments have shown that the BOS phenotype occurs in Asxl1-knockout mice (6), and truncating variants in the ASXL1 gene have been detected in cases that meet the clinical diagnostic criteria for BOS, suggesting a haploinsufficiency mechanism.

Cases of children with ASXL1 variants have been reported primarily in Western countries, with only 7 cases reported in Asian countries [3 cases in China (7, 8), 1 in India (9), 1 in Japan (10), 1 in Turkey (11) and 1 in Korea (12)]. In this study, a Chinese child with BOS was found to carry an ASXL1 gene variant. We conducted a systematic search and literature review to describe patients with BOS who had a clear genetic diagnosis, and we summarize the clinical manifestations and genetic variant information.



CLINICAL DATA

The child in this case was a 7-month-old Chinese girl with a birth weight of only 2,230 grams (<-3 SD). During the neonatal period, the child underwent endotracheal intubation due to severe pneumonia and could not be removed from the ventilator for an extended period. The patient developed apnea, and caffeine citrate was used to excite the respiratory center. She had gastroesophageal reflux, so digestive tract malformations could not be excluded. In addition, the child experienced several seizures <10 days after birth; however, treatment with midazolam and phenobarbitone prevented further seizures, and she remained seizure free after treatment was stopped. The child developed anemia on the 12th day after birth, and a blood test showed a hemoglobin level of only 85 g/L. She was treated with a blood transfusion. At 7 months, when she returned to our department, the weight of the child was 5,000 grams (<-3 SD), her length was 60 cm (<-3 SD), and her head circumference was 38.4 cm (<-3 SD). She had microcephaly, hypertrichosis, gothic arch, depressed nasal bridge, hypertelorism, low-set ears, deep palmar creases, bent elbows, contractures of the toes, and hypotonia (Figure 1A). Her motor development was severely delayed, and she was unable to raise her head or sit on her own. The child subsequently underwent regular rehabilitation therapy. At the last follow-up, her language and motor function were still significantly delayed at the age of 1 year and 4 months, without any simple voiced sounds.
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FIGURE 1. Dysmorphic features and variant analysis. (A) Photographs of our patient at 7 months showed microcephaly, micro/retrognathia, hypertelorism, depressed nasal bridge, low-set ears and hypertrichosis. (B) The proband carried the c.1210C>T variant in ASXL1 (p), leading to a premature stop codon; however, her parents harbored no detectable variants (f and m).


Her cerebrospinal fluid and cardiac ultrasound were normal during the neonatal period. At 6 months after birth, the total raw score for her fine motor ability test was 2, with a total percentage of 2.67% and ability value of 5.04; the total score for her Gross Motor Function Measure-88 test was 6.00, with a total percentage of 3.00% and ability value of 14.79; her Gesell developmental assessment result for personal social interaction was <4 weeks, with an adaptability of <4 weeks, a gross exercise equivalent to <4 weeks, a fine exercise equivalent to 8 weeks (development quotient 29.3), and a language ability area of <4 weeks. Both her electroencephalogram (EEG) and head magnetic resonance imaging (MRI) showed no abnormalities.



GENETIC TESTING

To further clarify her diagnosis, after obtaining informed consent from the proband's guardian, exome sequencing was performed on DNA from the patient and her unaffected parents. Specifically, we collected 2 ml of peripheral blood from the patient and parents to extract DNA for ES. We screened for possible pathogenic variants and further verified the variants by Sanger sequencing. We finally identified one de novo heterozygous variant in the ASXL1 gene, namely, c.1210C>T/p.R404* (NM_015338.6) (Figure 1B). The variant was reported in three patients with BOS (3, 7, 13). According to the ACMG Classification Standards and Guidelines for Genetic Variations (14), the variant showed very strong evidence of pathogenicity since it was a null variant (PVS1), was reported in patients with BOS (PS1), and was a de novo variant (PS2). In conclusion, we regarded the variant identified in our patient as a pathogenic variant (PVS1+PS1+PS2).



LITERATURE REVIEW

We searched the PubMed database, Human Gene Variant Database (HGMD), Online Mendelian Inheritance in Man (OMIM), and China National Knowledge Infrastructure (CNKI) using “Bohring-Opitz syndrome” and “ASXL1” as keywords. The search time was from the establishment of the database to June 30, 2021. Twenty documents were retrieved (3, 7–13, 15–26), including 1 Chinese document and 19 English documents. A total of 40 patients with BOS carried ASXL1 gene variants, and their clinical characteristics are summarized in Table 1. Additionally, we used “ASXL1” to search for variants in the gene associated with BOS in the ClinVar database.


Table 1. Prevalence of clinical characteristics associated with ASXL1 variants in patients diagnosed with BOS.
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Including our patient, 40 patients with BOS carrying ASXL1 variants have been reported to date. Among the 40 patients with BOS, there were 26 females, 12 males, and 2 patients without sex information (16, 17), with a female-to-male ratio of 2.2:1, and a total of 31 unique ASXL1 truncating variants were found. Among these variants, de novo patterns occurred in 38 patients; one patient inherited the variant from a mosaic mother (with an allele fraction of 36%), and the other variant remained of unknown origin. However, there were seven reported recurrent variants, including c.1210C>T/p.R404* (4 cases), c.1934dupG/p.G646Wfs*12 (2 cases), c.2324T>G/p.L775* (2 cases), c.2332C>T/p.Q778* (2 cases), c.2535dup/p.S846Qfs*5 (2 cases), c.2893C>T/p.R965* (2 cases) and c.4060G>T/p.E1354* (2 cases). The most common clinical presentations of patients with BOS with ASXL1 gene variants were growth impairment (34/34, 100%), feeding difficulties (32/34, 94%), gothic arch (22/28, 79%), hypertrichosis (28/36, 78%), brain abnormalities (29/37, 78%), hypotonia (28/38, 74%), facial hemangioma (26/37, 70%), micro/retrognathia (25/36, 69%), prominent eyes (24/35, 69%), BOS posture (24/37, 65%), IUGR (25/40 63%), fixed contractures (23/38, 61%), hypertelorism (22/36, 61%), myopia (18/30, 60%), microcephaly (22/37 59%) and seizures (22/37 59%). The reported variants are listed in the Table 2.


Table 2. Previously reported BOS cases and the present case carrying ASXL1 variants.
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In total, 44 BOS patients with ASXL1 gene variants were retrieved from the ClinVar database. There were 42 unique ASXL1 variants, and 2 variants were observed in two patients: c.1210C>T/p.R404*, c.1934dupG/p.G646Wfs*12. There were 10 gene variants overlapping with our literature search, and they were c.1210C>T/p.R404*, c.1934dupG/p.G646Wfs*12, c.2036dupG/p.G680Rfs*38, c.2197C>T/p.Q733*, c.2407_2411del5/p.Q803Tfs*17, c.2535dupC/p.S846Qfs*5, c.2773C>T/p.Q925*, c.2893C>T/p.R965*, c.3083C>A/p.S1028*, and c.4060G>T/p.Q1354*. More importantly, 19 variants that were rated as pathogenic/likely pathogenic have not been reviewed in the literature, as shown in Table 3.


Table 3. ASXL1 gene variants in patients diagnosed with BOS syndrome in the ClinVar database.
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DISCUSSION

The current patient was a full-term small child who had IUGR, severe infection, difficulty feeding during the neonatal period, abnormal facial morphology, severe developmental delay, microcephaly and characteristic dysmorphic features. However, it is worth noting that this patient did not have trigonocephaly, facial hemangioma, prominent eyes, myopia, BOS posture (which is a typical posture of flexing the elbows and wrists and ulnar deviation of the wrists and metacarpophalangeal joints), or brain abnormalities, which are common characteristics in most patients with ASXL1 pathogenic variants. Although our case did not meet the clinical diagnostic criteria for BOS established by Hastings et al. (2), the patient obtained molecular diagnosis through genetic testing showing a de novo heterozygous variant c.1210C>T/p.R404* in the ASXL1 gene.

BOS, which was originally reported as Oberklaid-Danks syndrome, is a rare genetic disease that was first distinguished from Opitz Trigonocephaly C syndrome by Dr. Axel Bohring in 1999. Bohring et al. reported four cases of premature cranial suture closure, orbital hypertelorism, prominent eyes, cleft lip and palate, limb abnormalities, feeding difficulties, and severe developmental delay. Based on the most common phenotype, the diagnosis of Bohring-Opitz syndrome (BOS) was later determined using established diagnostic criteria (2). To date, more than 50 patients with BOS meeting the clinical diagnostic criteria have been reported (19, 21). According to previous research, BOS is caused by de novo heterozygous mutations in the ASXL1 gene; however, only 39 patients with BOS and a definite molecular diagnosis have been reported in the literature. Nonsense variants are the most common variant type, resulting in premature termination of protein synthesis and loss of ASXL1 protein function, suggesting that ASXL1 loss of function is most likely the disease-causing mechanism (27).

Thus, far, the c.1210C>T/p.R404* variant seems to be the most common ASXL1 gene variant in patients with BOS. The specific variant from the proband has now been reported in 4 cases in the literature (4/40, 13.8%), as well as additional, likely unreported cases in ClinVar. All 4 patients with this gene variant were female, and the most common clinical features with this gene variant included growth impairment (4/4, 100%), feeding difficulties (4/4, 100%), microcephaly (4/4, 100%), hypertrichosis (4/4, 100%), IUGR (3/4, 75%), infections (3/4, 75%), micro/retrognathia (3/4, 75%), gothic arch (3/4, 75%), seizures (3/4, 75%), and hypotonia (3/4, 75%). In contrast, trigonocephaly (1/4, 25%), hypertelorism (1/4, 25%), prominent eyes (1/4, 25%), and BOS posture (1/4, 25%) were less common in patients with this gene variant.

Two patients with BOS who carry ASXL1 variants have been diagnosed with Wilms tumor, bringing the incidence of kidney tumors to 2/36 (6%) in ASXL1 variant-positive patients with BOS. ASXL1, which has been mapped to chromosome 20q11.21, encodes the additional sex combs-like protein 1. ASXL1 belongs to the Trithorax (TrxG) and polycomb group (PcG) families (27), suggesting that this protein is required for maintenance of both activation and silencing of Hox genes (5, 28). Deletions of ASXL1 have been described in myelodysplastic syndrome and other myeloid malignancies, suggesting that ASXL1 plays a role in transcriptional activation and repression (28, 29). Numerous studies have confirmed that ASXL1 gene variants are detected in nearly all types of myeloid tumors and that the variant rate is above 5% (27). In addition, ASXL1 variants play an important role in malignant tumors that occur in other systems of the human body (30). For example, high variant rates in various solid tumors, such as breast cancer and colon cancer, have been reported. Therefore, researchers have suggested that abdominal ultrasound should be performed in patients with BOS every 3–4 months during the first 8 years of life (21). Four patients with BOS died in early childhood, and two of them died from bradycardia, obstructive apnea, or lung infections (3, 9, 10); however, there was no definite correlation between the incidence of Wilms tumor and mortality.

In conclusion, in view of phenotypic heterogeneity, the clinical management of BOS is highly challenging. Here, we have reviewed the most common clinical features of patients with BOS who carry ASXL1 variants, which may help improve the understanding of the phenotype-genotype correlation. However, the correlations need to be studied with a larger patient cohort in the future.
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Some clinical phenotypes are not fully characterized because the patients died before all
features could develop or because these phenotypes are not mentioned in the literature.









OPS/images/crossmark.jpg
©

2

i

|





OPS/images/logo.jpg
, frontiers
in Pediatrics





