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Complete trisomy 9 is a rare and lethal chromosomal anomaly characterized by multisystem dysmorphism and central nervous system (CNS) malformations. This study presents a case of complete trisomy 9 with an unusual phenotypic association and investigates the genetic pathways involved in this chromosomal abnormality. Trisomy 9 leads to a wide range of organ abnormalities, and this research contributes to a better understanding of the phenotype associated with this rare aneuploidy. The literature on the phenotypes of fetuses with various systems affected by complete trisomy 9 was reviewed and summarized. Correct diagnosis and appropriate counseling based on the characteristics of previous reports of fetuses with trisomy 9 is essential in maternity care and clinical management. To provide guidance and help for clinical diagnosis, this study aimed to explore the clinical and genetic characteristics of trisomy 9 syndrome to improve clinicians’ understanding of the disease.
Keywords: aneuploid, complete trisomy 9, chromosomal disorder, prenatal diagnosis, genetic counseling
INTRODUCTION
The prenatal diagnosis of complete trisomy 9 in fetuses presents several challenges. First, it is a rare condition during pregnancy, which may be unfamiliar to many doctors. Second, a significant number of affected fetuses do not survive in utero. Consequently, complete trisomy 9 is rarely observed and may not be initially considered or included in the list of potential diagnoses. Nonetheless, the accurate identification of fetuses with complete trisomy 9 remains crucial due to its poor prognosis. Chromosome 9 comprises approximately 141 million DNA base pairs, representing approximately 4.5% of the total DNA in cells. Chromosome 9 contains 2,466 genes, including 605 OMIM genes, and 162 of these 605 OMIM genes have been proven to be associated with diseases (data from https://www.gena.tech/; https://ghr.nlm.nih.gov/condition). The first report of trisomy 9 syndrome was published by Feingold and Atkins in 1973 (Feingold and Atkins, 1973). Complete trisomy 9 is characterized by the presence of an additional whole chromosome 9 in all cells, without evidence of mosaicism (Ferreres et al., 2008). Trisomy 9 is a fatal chromosomal disease, which mostly results in spontaneous abortion in early pregnancy. Trisomy 9 syndrome is a rare condition that affects multiple organ systems, including craniofacial dysmorphisms, cardiac abnormalities, genitourinary malformations, skeletal anomalies, and central nervous system abnormalities. Understanding the characteristics and manifestations of complete trisomy 9 can help doctors with early diagnosis. This knowledge can guide doctors in providing early interventions to minimize physical and psychological harm to pregnant women. For pregnant women, early detection and diagnosis of complete trisomy 9 can provide vital information to make early decisions, including further prenatal testing or the choice of pregnancy termination.
We present a case illustrating the complete form of this trisomy and performed a thorough review of the available literature to provide a comprehensive understanding of this syndrome. The aim was to help with the identification of clinical features and the performance of laboratory tests, prenatal genetic diagnosis, and genetic counseling for trisomy 9. We present a review of 59 cases of trisomy 9 to better define the phenotype and to determine its characteristics. Fetuses with complete trisomy 9 have multiple anomalies that can be readily detected prenatally by ultrasound. These anomalies primarily involve the craniofacial, cardiovascular, musculoskeletal, and genitourinary systems. However, some findings may be subtle and easily missed during routine ultrasound examinations (Sepulveda et al., 2003). Therefore, it is important to know the clinical characteristics of the various systems affected by trisomy 9 syndrome.
CASE REPORT
A 37-year-old female underwent routine fetal ultrasound examination at 12+2 weeks of pregnancy, which revealed thickened nuchal translucency. The examination was performed using a Voluson E8 ultrasound apparatus (GE Healthcare, Milwaukee, WI, United States) equipped with a multifrequency transabdominal RAB 4-8D probe. The procedures were performed according to the quality control standards of the British Fetal Medicine Foundation. As shown in Figure 1, thickened nuchal translucency (NT = 4.5 mm) was observed on fetal ultrasound. The woman had experienced a total of four pregnancies, including one ectopic pregnancy and one natural miscarriage at 8 weeks. She successfully delivered a healthy baby boy who is now 15 years old. The woman had no physical discomfort during the current pregnancy. Her partner was a 39-year-old healthy male. They had no history of medical conditions or medications, no abnormal family history, and no history of consanguineous marriages. At 19 weeks of gestation, fetal intrauterine growth restriction was noted on ultrasonography. The pregnant woman underwent amniocentesis at 19 weeks of pregnancy. Amniotic fluid specimens were collected by abdominal amniotic cavity puncture under the guidance of B-ultrasound. The results of G-banding karyotype analysis and CMA indicated trisomy 9 (Figures 2A, B). The pregnancy was terminated at 24 weeks of gestation, and a series of clinical examinations and genetic testing were conducted. The study protocols were approved by the Ethical Review Committee of the Boai Hospital of Zhongshan (KY-2023-004-47). A next-generation sequencing-based copy number variation (CNV-seq) assay was performed on the labor induction tissue. CNV-seq assay results of the placenta, fetal skin tissue, umbilical cord blood, kidney, and heart indicated trisomy 9 (Figure 2C). The examination revealed multiple anomalies (Supplementary Figure S1). The fetus’s face showed typical indications of trisomy 9. The face was dysmorphic, with a broad forehead, blepharophimosis, low-set malformed ears with small lobes, a prominent nose with a bulbous tip, and micrognathia. The fetus’s mouth was similar to a fish’s mouth, and the fetus had a broad neck, postural anomalies, broad thumbs, and clubfeet. Both renal malformations were connected and limited joint movement was observed.
[image: Figure 1]FIGURE 1 | 2D sonographic image of the fetus at 12+2 weeks showing NT = 4.5 mm (vertical section).
[image: Figure 2]FIGURE 2 | (A) Results of karyotype analysis showed 47,XY,+9. (B) Chromosomal microarray results of the amniocyte indicated trisomy 9. (C) CNV-seq assay results of the placenta, fetal skin tissue, umbilical cord blood, kidney, and heart indicated trisomy 9.
DISCUSSION
Complete trisomy 9 is typically associated with spontaneous abortion. Individuals with trisomy 9 seem either to die very early in embryonic life or survive to be born at term, many of the latter showing mosaicism (Saura et al., 1995; Saneto et al., 1998; Chen et al., 2023a). The prenatal diagnosis of trisomy 9 presents challenges in genetic counseling due to the need to differentiate between pseudo-mosaicism, fetal-placental discrepancy, and true trisomy 9. Studies have demonstrated varying levels of trisomy 9 mosaicism ranging from 99% to normal in different tissues (Tang et al., 2019; Ma et al., 2023). Trisomy 9 mosaicism tends to show different levels of mosaicism in various tissues. Low-level mosaic trisomy 9 at amniocentesis can be associated with a favorable fetal outcome (Chen et al., 2023b). When trisomy 9 mosaicism is suspected, genetic testing using uncultured cells is necessary to reflect the proportion of trisomy 9 mosaicism more accurately. Previous studies have suggested that the clinical phenotype of trisomy 9 mosaicism is similar to that of complete trisomy 9, while the clinical symptoms of trisomy 9 mosaicism are milder than those of complete trisomy 9 (Arnold et al., 1995; Saneto et al., 1998; Li et al., 2021). Individuals with low-level mosaic trisomy 9 can survive into young adulthood (Li et al., 2021).
We used CNV-seq to examine the placental tissue, skin tissue, umbilical cord blood, kidney, and heart of the fetus in this study. The results showed that the fetus had complete trisomy 9. The examination revealed multiple anomalies (Supplementary Figure S1). The fetus’s face showed typical indications of trisomy 9. The face was dysmorphic, with a broad forehead, blepharophimosis, low-set malformed ears with small lobes, a prominent nose with a bulbous tip, and micrognathia. The fetus’s mouth was similar to a fish’s mouth, and the fetus had a broad neck, postural anomalies, broad thumbs, and clubfeet. Both renal malformations were connected. Limited joint movement was observed.
The CNV-seq assay results of the placenta, fetal skin tissue, umbilical cord blood, kidney, and heart indicated trisomy 9. Therefore, the most likely cause of complete trisomy 9 was the non-disjunction of chromosome 9 during the diplotene phase of meiosis I. Complete trisomy 9 results from non-disjunction at meiosis and almost always occurs de novo. Almost all parents of fetuses with complete trisomy 9 have normal chromosomes. In addition, it cannot be ruled out that some phenotypically normal parents actually have mosaicism, with only a small percentage of abnormal cells, such as in some tissues or ovaries. Trisomy 9 cells in the ovary may lead to the birth of children with trisomy 9. Circumstantial evidence is scarce due to the normal phenotypes of the parents.
The prenatal diagnosis of trisomy 9 makes genetic counseling difficult since we must know the abnormal manifestations of various systems in fetuses with trisomy 9. To enhance our understanding, we conducted a comprehensive literature review on complete trisomy 9, including the addition of the case in our study. To date, a total of 59 cases of complete trisomy 9 have been reported. The first documented case of complete trisomy 9 was described in 1973 by Feingold and Atkins, wherein, remarkably, the male infant survived for 28 days despite presenting with multiple abnormalities (Feingold and Atkins, 1973). In 1978, one infant with trisomy 9 survived the longest (107 days) and had a karyotype of 47,XY,+9q- (Mace et al., 1978). Due to the presence of multisystem dysmorphism in their fetuses, 24 pregnant women chose to undergo induced abortion; 16 infants with complete trisomy 9 died shortly after birth, without passing through the neonatal period and 11 fetuses died in utero. Complete trisomy 9 has a lethal prognosis (Table 1).
TABLE 1 | Reported cases of complete trisomy 9.
[image: Table 1]As shown in Table 2, the highest proportion of pregnant women were aged 23–29 years (21 cases). Only 16 of these pregnant women were aged ≥35 years old. Among the cases reported in the literature, it is worth noting that 39 instances of trisomy 9 were documented in mothers who were younger than 35 years old, rather than in those of advanced maternal age. This observation suggests that the occurrence of trisomy 9 does not appear to be significantly correlated with maternal age.
TABLE 2 | Maternal age distribution of fetuses with trisomy 9.
[image: Table 2]Fetuses with complete trisomy 9 exhibit anomalies in multiple systems, as summarized in Table 3. Notably, head and face abnormalities are the most prominent features. These included malformed low-set ears (50 cases, 84.75%), micrognathia/microretrognathia (45 cases, 77.97%), a bulbous nose (27 cases, 45.76%), cleft lip/palate (25 cases, 42.37%), and microphthalmia (20 cases, 33.90%). Among the cardiovascular system malformations, ventricular septal defects (28 cases, 47.46%) were the most frequently observed. In terms of the skeletal system and limbs, absent or hypoplastic toes/phalangeal/tarsal/calcaneal bones (27 cases, 45.76%), overlapping fingers (21 cases, 35.59%), malformed hands/clenched hands (19 cases, 32.20%), and rocker-bottom feet (19 cases, 32.20%) were the most common abnormalities. Dandy-Walker malformation (14 cases, 23.73%) was the most frequent malformation in the central nervous system, while horseshoe kidney (10 cases, 16.95%) and hypoplastic kidneys (10 cases, 16.95%) were the most common malformations in the urinary system. In male and female fetuses, the most frequent malformations were short penis/small penis (13 cases, 22.03%) and bicornuate uterus (3 cases, 5.08%), respectively. Abnormal lobation (12 cases, 20.34%) was the most common malformation in the respiratory system and diaphragm. A supernumerary spleen (6 cases, 10.17%) was the most frequently observed malformation in the hematopoietic and lymphoid system. For the gastrointestinal system, intestinal malrotation (7 cases, 11.86%) and gallbladder or bile duct hypoplasia/agenesia (7 cases, 11.86%) were the most frequent malformations. Lastly, adrenal hypoplasia (7 cases, 11.86%) was the most common malformation in the endocrine system. Fifty-nine cases with malformations in various systems had malformation rates of more than 30% for malformed low set ears, micrognathia/microretrognathia, a bulbous nose, cleft lip/palate, microphthalmia, absent or hypoplastic toes/phalangeal/tarsal/calcaneal bones, clinodactyly/overlapping finger, malformed hands/clenched hands, rocker-bottom feet, and ventricular septal defect.
TABLE 3 | Abnormal manifestations of various systems in complete trisomy 9 cases.
[image: Table 3]Severe fetal malformations are typically identified during the second or third trimester of pregnancy or after birth. The head and neck regions are the most commonly affected areas by these anomalies (Table 3). Although these studies show the rate of malformation in each system, many of them did not perform further autopsy or did not observe the phenotypes in each system. It is possible that statistically significant abnormal phenotypes are easier to observe. There were six cases of thickened NT. Previous ultrasound technology was not advanced; therefore, in many cases, NT was not measured rather than NT not being thickened. In addition, many studies were not described in detail. For example, some studies mentioned cardiac abnormalities, among which only congenital heart disease was mentioned without being described in detail (Benacerraf et al., 1992; Seller et al., 1998; Zhang et al., 2021).
Based on the common malformations associated with trisomy 9 syndrome mentioned earlier, targeted sonographic examinations can be conducted to detect multiple abnormalities. These include microcephaly, Dandy-Walker malformation, abnormal facial features (such as malformed low-set ears, a hypoplastic nose, micrognathia, and cleft lip/palate), congenital heart defects (such as ventricular septal defect, atrial septal defect, cardiomegaly, double outlet right ventricle, and valvular pulmonary stenosis), abnormal limbs (such as malformed hands and clubfeet), and a single umbilical artery.
It is important to note that a morphological description alone cannot replace the diagnosis of complete trisomy 9 through karyotype analysis. However, if some of the characteristic features of trisomy 9 mentioned here are observed, this syndrome should be suspected. While 59 cases of complete trisomy 9 have been reported in the literature, it is encouraged to continue reporting new findings to further enhance our understanding of the morphological characteristics across various systems in fetuses with this syndrome.
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