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Background: Several studies have reported on the clinical phenotype of the 17q12 microduplication syndrome, a rare autosomal dominant genetic disorder, in children and adults, but few have reported on its prenatal diagnosis. This study analyzed the prenatal ultrasound phenotypes of the 17q12 microduplication syndrome to improve the understanding, diagnosis, and monitoring of this disease in fetuses.

Methods: A retrospective analysis of 8,200 pregnant women who had received an invasive antenatal diagnosis at tertiary referral hospitals between January 2016 and August 2021 was performed. Amniotic fluid or cord blood was sampled from the pregnant women for karyotyping and chromosome microarray analysis (CMA).

Results: The CMA revealed microduplication in the 17q12 region of the genome in five fetuses, involving fragments of about 1.5–1.9 Mb. Five fetuses with the 17q12 microduplication syndrome had different prenatal ultrasound phenotypes, including duodenal obstruction (two fetuses); mild ventriculomegaly, dysplasia of the septum pellucidum, agenesis of the corpus callosum (one fetus); and a strong echo in the left ventricle only (one fetus). The ultrasound phenotype of one fetus was normal. Among the five fetuses with the 17q12 microduplication syndrome, the parents of three refused CNV segregation analysis, while CNV segregation analysis was performed for the remaining two fetuses to confirm whether the disorder was inherited maternally or paternally, with normal phenotypes. After genetic counseling, the parents of those two fetuses chose to terminate the pregnancy, while the parents of the three unverified fetuses continued the pregnancy, with normal follow-up after birth.

Conclusion: Although prenatal ultrasound phenotypes in fetuses with the 17q12 microduplication syndrome are highly variable, our study has highlighted the distinct association between duodenal obstruction and the 17q12 microduplication syndrome. Understanding the relationship between the pathogenesis of the 17q12 microduplication in prenatal ultrasound phenotypes and its long-term prognosis will contribute to better genetic counseling concerning the 17q12 microduplication syndrome, which is still a challenge.
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Introduction

The 17q12 microduplication syndrome is a rare autosomal dominant genetic disease, and involves the occurrence of a 1.4 Mb microduplication at the 17q12 region of the chromosome, which contains pathogenic genes such as HNFIB, LHXI, and ACACA (1). The primary clinical manifestations of 17q12 microduplication syndrome are developmental delay, abnormal brain development, epilepsy, cognitive impairment, behavioral abnormalities, esophageal atresia, abnormal eye development, cardiac abnormality, and sexual reversal (2–7). However, unlike the clinical phenotypes of the 17q12 microduplication syndrome in adults and children (8), the ultrasonic phenotypes in fetuses have rarely been reported.

Microdeletions and micro duplications are common chromosomal abnormalities. However, the standard diagnostic method inclinical cytogenetics, the G-banding karyotype analysis, can usually only detect changes greater than 5 Mb. In contrast, the chromosome microarray analysis (CMA) can be used for genome-wide copy number analysis, which can quickly and effectively detect chromosomal imbalance variations from conventional karyotype analyses, as well as microdeletions and microduplications throughout the genome. Compared to that of karyotype analysis, the advantages of CMA include high resolution, high sensitivity, accuracy, and easy automation (9). Consequently, the widespread use of CMA in clinical and research laboratories has led to the rapid discovery of chromosomal microdeletions and microduplications associated with various diseases (10, 11). In this study, a combination of karyotype analysis and CMA was used to examine 8,200 pregnant women who had received an antenatal diagnosis at tertiary referral hospitals between January 2016 and August 2021. Clinical diagnosis, genetic counseling, and treatment were provided based on the analysis of the prenatal ultrasonic phenotype of five fetuses diagnosed with the 17q12 microduplication syndrome.



Materials and methods


Subjects

A retrospective analysis of 8,200 pregnant women who underwent invasive antenatal diagnoses for karyotype analysis and CMA at tertiary referral hospitals between January 2016 and August 2021 was performed. The mean age of the pregnant women was 29.1 years (range: 18–49 years), and the mean gestational age was 24.3 weeks (range: 16–38 weeks). Amniotic fluid or cord blood was extracted depending on the gestational age. All pregnant women received genetic counseling and signed informed consent prior to the invasive diagnosis. This study was approved by the Medical Ethics Committee of Fujian Maternal and Child Health Hospital (no. 2014042).



Karyotype analysis

Amniocentesis was performed to extract 30 mL of amniotic fluid under ultrasound localization, or 2 mL of cord blood was sampled from the umbilical cord. Amniotic fluid samples or umbilical cord blood samples were extracted and inoculated in a 1,640 medium (Bosheng Company) for culturing. The umbilical cord blood samples were cultured for 3 days, then the cells were harvested. After 8 days of amniotic fluid culture, cell morphology and exchange fluid were assessed. Colchicine was added to the cells exhibiting good morphology in the growth phase, to accelerate the cell growth to the metaphase of the mitotic cycle. Then cell harvest, drop tablets, and Giemsa dye banding were carried out. Finally, karyotype collection was carried out using the GSL-120 automatic chromosome scanning platform, and karyotype calculation and analysis were performed. Karyotypes were named according to ISCN 2016; 40 karyotypes were counted in each case, and 5 were analyzed, while another 20 karyotypes were counted and analyzed in case of an abnormality.



Chromosome microarray analysis

Genomic DNA was extracted using the QIAamp DNA Blood Mini Kit. Genomic DNA digestion, PCR amplification, product purification, fragmentation, labeling, hybridization, washing, and scanning were performed according to the standard operating procedures listed by the manufacturer. The Chromosome Analysis Suite (ChAS) V3.2 software (Affymetrix, California, United States) was used for data analysis, and the CMA results were analyzed using related databases to determine the properties of chromosome copy number variations (CNVs). Multiple online public databases were referred, such as Database of Genomic Variants,1 DECIPHER Database,2 Online Mendelian Inheritance in Man,3 the International Standards for Cytogenomic Arrays,4 PubMed,5 and ClinGen.6 According to the American Medical Genetics Guide (12), CNVs can be divided into five categories as follows: pathogenic, likely pathogenic, copy number variation of uncertain clinical significance (VUS), likely benign, and benign. For fetuses with VUS, it is recommended that the respective parents undergo the CMA test on peripheral blood samples, combined with pedigree analysis, to further clarify the nature of the CNVs.



Pregnancy outcomes and follow-up

All cases were followed up via telephonic communication, to gather information on fetal development, pregnancy outcome, and postpartum growth and development.




Results


Ultrasonic phenotype of the fetus

There were differences in the prenatal ultrasound phenotypes of the five fetuses with the 17q12 microduplication syndrome. The typical prenatal phenotype of 17q12 microduplication syndrome was duodenal obstruction. The frequency of dudodenal obstruction in patients with17q12 duplication (40.0%, 2/5) was significantly higher than in patients without 17q12 duplication (0.2%, 17/8,195) in our study. We observed duodenal obstruction in two fetuses; mild ventriculomegaly, dysplasia of the septum pellucidum, agenesis of the corpus callosum in one fetus; and a strong echo in the left ventricle in only one fetus. Although the ultrasound phenotype of one fetus was normal, the prenatal diagnosis of this fetus indicated a high-risk for Down’s syndrome. The ultrasonic phenotypes of these five fetuses are shown in Table 1 and Figure 1.


TABLE 1    Ultrasonic phenotype, CMA results, and pregnancy outcome in 5 fetuses with the 17q12 microduplication syndrome.
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FIGURE 1
The prenatal ultrasound phenotype of the fetuses. (A) Showed duodenal obstruction. (B) Showed mild ventriculomegaly, dysplasia of the septum pellucidum, agenesis of the corpus callosum. (C) Showed a strong echo in the left ventricle.




Karyotype analysis

The karyotype analyses of the five cases were negative.



Chromosome microarray analysis

Of the 8,200 fetuses subjected to CMA, duplication of the 17q12 region of the genome was detected in five fetuses. The involved fragment size was about 1.5–1.9 Mb and included HNF1B (189907), LHX1 (601999), CCL4L1 (603782), CCL4L2 (610757), CCL3L1 (601395), and 15 other OMIM genes (Figure 2).
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FIGURE 2
CMA revealed microduplication in the 17q12 region of the genome in five fetuses, involving fragment size about 1.5–1.9 Mb, including HNF1B (189907), LHX1 (601999), CCL4L1 (603782), CCL4L2 (610757), CCL3L1 (601395), and 15 other OMIM genes.




Chromosome microarray analysis and pedigree analysis of the families

Parents of three fetuses (R2938, R2995, and R3181) refused CNV segregation analysis. The parents of the other two fetuses (P6118 and P9430) agreed to pedigree analysis, and 17q12 microduplication syndrome was verified. The pedigree analysis of case P6118 confirmed that the microduplication of 17q12 was received from the father with abnormal phenotype. In the case of P9430, the CNV segregation analysis confirmed that the microduplication of 17q12 was derived from the mother with a normal phenotype.



Pathogenicity analysis

The literature review and database analysis showed that the triple dose sensitivity score of the 17q12 microduplication region was 3 in the ClinGen database, and the reported penetrance was about 21.1% (PMID: 23258348). The clinical phenotypes of patients vary greatly and may manifestas intellectual disability, microcephaly, epilepsy, brain abnormalities, esophageal atresia, urinary malformation, and other abnormalities; although some patients may not have any distinct clinical abnormalities. This genome copy number duplication is a pathogenic variation, and due to the existence of genetic heterogeneity, there are incomplete phenotypes exhibiting different manifestations.



Pregnancy outcome

The parents of two fetuses (R2938 and R2995) refused CNV segregation analysis and chose to terminate the pregnancy after being informed of the possible risks through genetic counseling. Two cases (P6118 and P9430) were confirmed by pedigree analysis to inherit the 17q12 microduplication from a parent with a normal phenotype, and the fetuses were followed up with till approximately 3 years of age after birth, exhibiting normal physical, and mental development. The parents of case R3181 refused CNV segregation analysis, but chose to continue the pregnancy. The ultrasound phenotype of the fetus after birth was consistent with the phenotype exhibiting duodenal obstruction, so neonatal duodenal surgery was performed. After the surgery, at 4 months of age, the baby exhibited normal physical, and mental development.




Discussion

The recombination of the 17q12 region leads to a change in the dosage of the sensitive gene leading to a microdeletion or a microduplication of the chromosome (3). The 17q12 microdeletion is common and the clinical phenotype is also clear (13, 14). Microdeletions of the chromosome at the 17q12 region often presents in patients asrenal cysts, maturity-onset diabetes of the young type 5, and impaired cognitive development of the nervous system (15). Microduplication of the 17q12 region is a rare microduplication syndrome with variable clinical phenotypes (16). Most of the patients with the 17q12 microduplication syndrome report neurological and psychiatric symptoms, including hypophrenia, learning difficulties, behavioral problems, and epilepsy (1, 17). Congenital heart disease, duodenal atresia, growth abnormalities, microcephaly, renal abnormalities, and ophthalmic abnormalities have also been reported in some adults, but are not identical (1, 4, 16–20). All of these are clinical phenotypes reported in adults and children; however, the ultrasonic phenotypes of fetuses with the 17q12 microduplication syndrome are rarely reported.

This study summarizes the reported ultrasound phenotypes of fetuses with the 17q12 microduplication syndrome (Table 2). Lu et al. reported that the 17q12 microduplication was associated with congenital heart defects (21). However, no ultrasound phenotype of congenital heart defects was found in our study. The typical prenatal phenotype of 17q12 microduplication syndrome was duodenal obstruction. Zhou et al., Zhang et al., and Zhang et al. reported that the ultrasound phenotype in a fetus with the 17q12 microduplication syndrome was a “Double Bubble” sign (22–24). The “Double Bubble” sign is an ultrasound characteristic representing duodenal obstruction. The ultrasound phenotype of duodenal obstruction was also detected in two fetuses in our study, and was the most common ultrasound phenotype observed in our study. We found the frequency of dudodenal obstruction in patients with 17q12 duplication (40.0%, 2/5) was significantly higher than in patients without 17q12 duplication (0.2%, 17/8,195) in our study. Hence, a fetal ultrasound phenotype of duodenal obstruction is potentially indicative of the occurrence of the 17q12 microduplication syndrome in the fetus. When the prenatal ultrasound phenotype of fetuse is duodenal obstruction, 17q12 microduplication syndrome should be highly suspected. Li et al. also reported mild ventriculomegaly, microcephaly, and agenesis of the corpus callosum in the ultrasound phenotype of a fetus with the 17q12 microduplication syndrome (25). In our study, a fetal ultrasound phenotype was also found to present mild ventriculomegaly, dysplasia of the septum pellucidum, and agenesis of the corpus callosum. These data suggest that mild ventriculomegaly and agenesis of the corpus callosum in the fetal ultrasound phenotype may also be indicators of the 17q12 microduplication syndrome. In contrast, Chen et al. had reported the absence of obvious ultrasound abnormalities in a fetus with the 17q12 microduplication syndrome (26). This is in accordance to the normal ultrasound phenotype we observed in our study. In addition, we also observed a strong echo in only the left ventricle in the ultrasound phenotype of a fetus in our study, which has not been reported previously. The fetal ultrasound phenotypes reported in our study enrich the clinical database, given that the clinical phenotypes of the 17q12 microduplication syndrome are complex and diverse, requiring large sample data and more in-depth clinical studies.


TABLE 2    Frequency of phenotypes in current study and previously published cases.
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In this study, the microduplication region was found to contain 15 OMIM genes, including HNF1B (189907), LHX1 (601999), CCL4L1 (603782), CCL4L2 (610757), and CCL3L1 (601395), among which HNF1B is the most closely related to the disease (26–31). The HNF1B gene is mostly associated with kidney disorders, followed by neurodevelopmental disorders (18, 32–34). The HNF1B gene is expressed in the embryo in organs such as the kidney and the liver, and its heterozygous point mutations and small deletions cause renal cysts and juvenile or adult diabetes. However, none of the five fetuses with the 17q12 microduplication syndrome included in this study showed abnormal kidney development. The protein encoded by the LHX1 gene is an important regulator of the formation of the kidney and the urogenital system, and is also related to the development of the nervous system, playing a significant role in the growth and development and structural stability of the axons innerve cells (17, 35, 36). In this study, a fetus with the 17q12 microduplication syndrome displayed conditions consistent with the findings of previous literature, and its ultrasound phenotype showed mild ventriculomegaly and agenesis of the corpus callosum. At present, the functions of all genes contained in the 17q12 region and their connection to the phenotypes are not clear; hence, further studies should be conducted.

Rosenfeld et al. found that the penetrance rate of clinical manifestations in patients with the 17q12 microduplication syndrome was 21.1% (8). This incomplete penetrance and variable expression, possibly involving phenotypes with neurodevelopmental disorders, presents challenges to prenatal counseling and phenotype prediction after birth. The 17q12 microduplication syndrome is 90% inherited by autosomal dominance from the least affected parent or the parent with a normal phenotype (26). The microduplication of the 17q12 region in two fetuses in this study was pedigree verified to be inherited from a parent with a normal phenotype. In both cases, the parents chose to continue the pregnancy after being fully informed that the 17q12 microduplication syndrome had a broad phenotype and incomplete penetrance. We followed up with the two children till approximately 3 years after birth; their physical and mental development was normal. This suggests that it is necessary to conduct CNV segregation analysis for the detection of 17q12 microduplication syndrome. CNV segregation analysis can help detect sources of mutation and understand the mechanism of chromosomal mutation. It can also help develop a preliminary phenotype estimate and diagnose mild illnesses after birth, although follow-up and treatment are highly recommended. Among the cases without parental CNV segregation analysis, two chose termination of pregnancy, and one chose continuation of pregnancy. The intrauterine ultrasound phenotype of the continued pregnancy consisted of duodenal obstruction and mild tricuspid regurgitation. The clinical phenotype of the newborn was duodenal obstruction. After surgical treatment, we followed up with the newborn for up to 4 months. The physical and mental development of the newborn was normal. This suggests that a good fetal pregnancy outcome can be expected despite the fetus having the17q12 microduplication syndrome. However, neuropsychiatric assessment and monitoring should be conducted in the future, throughout childhood and adulthood, for the three cases showing normal physical and mental development after birth. The limitations of this study are its flaws which could be the result of unavailability of resources, and small sample size. However, this data would help validate the possibility of a good fetal pregnancy outcome despite a 17q12 microduplication syndrome diagnosis in the fetus.



Conclusion

In conclusion, the 17q12 microduplication syndrome can be associated with variable phenotypes. Our study on the ultrasonic phenotype of fetuses with the 17q12 microduplication syndrome is broadly consistent with previous studies; however, our study also highlights the close correlation between the ultrasonic phenotype of fetuses with duodenal obstruction and the 17q12 microduplication syndrome. Genetic counseling for the 17q12 microduplication syndrome remains a challenge for obstetricians, parents, genetic counselors, and clinicians. Further research on the relationship between the pathogenesis of fetal ultrasound phenotype with the 17q12 microduplication syndrome and its long-term prognosis would be helpful in improving genetic counseling for the 17q12 microduplication syndrome.



Data availability statement

The data presented in this study are deposited in the Gene Expression Omnibus repository, accession number: acc=GSE208291, https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE208291.



Ethics statement

The studies involving human participants were reviewed and approved by the Medical Ethics Committee of Fujian Maternal and Child Health Hospital. The patients/participants provided their written informed consent to participate in this study.



Author contributions

MC wrote the manuscript. NG collected and interpreted the data. MF managed the study. LX and ML designed the study. NL and HH revised the manuscript. All authors contributed to the article and approved the submitted version.



Funding

This work was supported by the Fujian Provincial Natural Science Foundation (2021J01407), the Fujian Provincial Health Technology Project (2020GGA020), the Fujian Provincial Health Technology Project (2020CXB008), the Fujian Provincial Natural Science Foundation (2019J01509), and Joint Funds for the Innovation of Science and Technology, Fujian Province (2020Y9159).



Acknowledgments

We thank all patients that participated in this study.


 
Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher’s note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.


Footnotes

1     http://projects.tcag.ca/variation/

2     http://decipher.sanger.ac.uk/

3     http://www.omim.org

4     http://www.iscaconsortium.org/

5     http://www.ncbi.nlm.nih.gov/pubmed/

6     http://www.clinicalgenome.org/


References

1. Rasmussen M, Vestergaard EM, Graakjaer J, Petkov Y, Bache I, Fagerberg C, et al. 17q12 deletion and duplication syndrome in Denmark-a clinical cohort of 38 patients and review of the literature. Am J Med Genet A. (2016) 170:2934–42. doi: 10.1002/ajmg.a.37848

2. Mefford HC, Sharp AJ, Pinkel D, Ventura M, Moller RS, Ullmann R, et al. Recurrent reciprocal genomic Rearrangements of 17q12 are associated with renal disease, diabetes, and epilepsy. Am J Hum Genet. (2013) 81:1057–69.

3. Nagamani S, Erez A, Shen J, Li C, Roeder E, Cox S, et al. Clinical spectrum associated with recurrent genomic rearrangements in chromosome 17q12. Eur J Hum Genet. (2010) 18:278–84. doi: 10.1038/ejhg.2009.174

4. Bierhals T, Maddukuri SB, Kutsche K, Girisha KM. Expanding the phenotype associated with 17q12 duplication: case report and review of the literature. Am J Med Genet A. (2013) 161A:352–9. doi: 10.1002/ajmg.a.35730

5. Battini R. 17q12 recurrent deletions and duplications: description of a case series with neuropsychiatric phenotype. Genes. (2021) 12:1660. doi: 10.3390/genes12111660

6. Brandt T, Desai K, Grodberg D, Mehta L, Cohen N, Tryfon A, et al. Complex autism spectrum disorder in a patient with a 17q12 microduplication. Am J Med Genet A. (2012) 158A:1170–7. doi: 10.1002/ajmg.a.35267

7. Hardies K, Weckhuysen S, Peeters E, Holmgren P, Suls A. Duplications of 17q12 can cause familial fever-related epilepsy syndromes. Neurology. (2013) 81:1434–40. doi: 10.1212/WNL.0b013e3182a84163

8. Rosenfeld JA, Coe BP, Eichler EE, Cuckle H, Shaffer LG. Estimates of penetrance for recurrent pathogenic copy-number variations. Genet Med. (2013) 15:478–81.

9. Brady PD, Vermeesch JR. Genomic microarrays: a technology overview. Prenatal Diagnosis. (2012) 32:336–43.

10. Gillentine MA, Lupo PJ, Stankiewicz P, Schaaf CP. An estimation of the prevalence of genomic disorders using chromosomal microarray data. J Hum Genet. (2018) 63:795–801.

11. Xiang J, Ding Y, Song X, Mao J, Wang T. Clinical utility of SNP Array analysis in prenatal diagnosis: a cohort study of 5000 pregnancies. Front Genet. (2020) 11:571219. doi: 10.3389/fgene.2020.571219

12. Hanemaaijer NM, Sikkema-Raddatz B, Vries GVD, Dijkhuizen T, Hordijk R, Essen AJV, et al. Practical guidelines for interpreting copy number gains detected by high-resolution array in routine diagnostics. Eur J Hum Genet. (2012) 20:161–5. doi: 10.1038/ejhg.2011.174

13. Gilboa Y, Perlman S, Pode-Shakked N, Pode-Shakked B, Achiron R. Prenatal diagnosis of 17q12 deletion syndrome: from fetal hyperechogenic kidneys to high risk for autism. Prenat Diagn. (2016) 36:1027–32. doi: 10.1002/pd.4926

14. Roberts JL, Gandomi SK, Parra M, Lu I, Gau CL, Dasouki M, et al. Clinical report of a 17q12 microdeletion with additionally unreported clinical features. Case Rep Genet. (2014) 2014:264947. doi: 10.1155/2014/264947

15. Vasileiou G, Hoyer J, Thiel CT, Schaefer J, Popp B. Prenatal diagnosis of HNF1B-associated renal cysts: need to differentiate intragenic variants from 17q12 microdeletion syndrome? Prenat Diagn. (2019) 39:1136–47. doi: 10.1002/pd.5556

16. Mitchell E, Douglas A, Kjaegaard S, Callewaert B, Vanlander A, Janssens S, et al. Recurrent duplications of 17q12 associated with variable phenotypes. Am J Med Genet A. (2016) 167:3038–45.

17. Kamath A, Linden SC, Evans FM, Hall J, Pilz DT. Chromosome 17q12 duplications: further delineation of the range of psychiatric and clinical phenotypes. Am J Med Genet B Neuropsychiatr Genet. (2018) 177:520–8. doi: 10.1002/ajmg.b.32643

18. Dubois-Laforgue D, Cornu E, Saint-Martin C, Coste JL, Bellanné-Chantelot C, Timsit J. Diabetes, associated clinical spectrum, long-term prognosis and genotype/phenotype correlations in 201 adult patients with hepatocyte nuclear factor 1 B (HNF1B) molecular defects. Diabetes Care. (2017) 40:1436–43. doi: 10.2337/dc16-2462

19. Kotalova R, Dusatkova P, Drabova J, Elblova L, Dedic T, Cinek O, et al. Choledochal cyst with 17q12 chromosomal duplication. Ann Hum Genet. (2018) 82:48–51. doi: 10.1111/ahg.12221

20. Smigiel R, Marcelis C, Patkowski D, de Leeuw N, Bednarczyk D, Barg E. Oesophageal atresia with tracheoesophageal fistula and anal atresia in a patient with a de novo microduplication in 17q12. Eur J Med Genet. (2014) 57:40–3. doi: 10.1016/j.ejmg.2013.10.007

21. Lu F, Xue P, Zhang B, Liu J. Estimating the frequency of causal genetic variants in foetuses with congenital heart defects: a Chinese cohort study. Orphanet J Rare Dis. (2022) 17:2. doi: 10.1186/s13023-021-02167-8

22. Zhou CX, Zhu XY, Zhu YJ, Gu LL, Li J. Prenatal features of 17q12 microdeletion and microduplication syndromes: a retrospective case series. Taiwan J Obstet Gynecol. (2021) 60:232–7. doi: 10.1016/j.tjog.2021.01.001

23. Zhang W, Lei T, Fu F, Liao C. Microarray analysis in fetuses with duodenal obstruction: it is not just trisomy 21. Prenat Diagn. (2021) 41:316–22. doi: 10.1002/pd.5834

24. Zhang W, Du K, Fu F, Li R, Liao C. Value of chromosomal microarray analysis for fetuses with duodenal obstruction. Zhonghua Yi Xue Yi Chuan Xue Za Zhi. (2021) 38:210–3.

25. Li R, Fu F, Zhang YL, Li DZ, Liao C. Prenatal diagnosis of 17q12 duplication and deletion syndrome in two fetuses with congenital anomalies. Taiwan J Obstet Gynecol. (2014) 53:579–82.

26. Chen CP, Fu CH, Lin YH, Chern SR, Wu PS, Chen YN, et al. Prenatal diagnosis of familial transmission of 17q12 microduplication associated with no apparent phenotypic abnormality. Taiwan J Obstet Gynecol. (2016) 55:871–3. doi: 10.1016/j.tjog.2016.08.004

27. Wan S, Zheng Y, Dang Y, Song T, Chen B, Zhang J. Prenatal diagnosis of 17q12 microdeletion and microduplication syndrome in fetuses with congenital renal abnormalities. Mol Cytogenet. (2019) 12:19.

28. Alvelos MI, Rodrigues M, Lobo L, Medeira A, Lemos MC. A novel mutation of the HNF1B gene associated with hypoplastic glomerulocystic kidney disease and neonatal renal failure: a case report and mutation update. Medicine. (2015) 94:e469. doi: 10.1097/MD.0000000000000469

29. Massa F, Garbay S, Bouvier R, Sugitani Y, Fischer E. Hepatocyte nuclear factor 1 controls nephron tubular development. Development. (2013) 140:886–96.

30. Faguer S, Chassaing N, Bandin F, Prouheze C, Arveiler B, Rooryck C, et al. A 17q12 chromosomal duplication associated with renal disease and esophageal atresia. Eur J Med Genet. (2011) 54:e437–40. doi: 10.1016/j.ejmg.2011.03.010

31. Clissold RL, Ashfield B, Burrage J, Hannon E, Dempster EL. Genome-wide methylomic analysis in individuals with HNF1B intragenic mutation and 17q12 microdeletion. Clin Epigenetics. (2018) 10:97. doi: 10.1186/s13148-018-0530-z

32. Weber S. Prevalence of mutations in renal developmental genes in children with renal hypodysplasia: results of the ESCAPE study. J Am Soc Nephrol. (2006) 17:2864–70. doi: 10.1681/ASN.2006030277

33. Thomas R, Sanna-Cherchi S, Warady BA, Furth SL, Kaskel FJ, Gharavi AG. HNF1B and PAX2 mutations are a common cause of renal hypodysplasia in the CKiD cohort. Pediatr Nephrol. (2011) 26:897–903. doi: 10.1007/s00467-011-1826-9

34. Clissold RL, Hamilton AJ, Hattersley AT, Ellard S, Bingham C. HNF1B-associated renal and extra-renal disease-an expanding clinical spectrum. Nat Rev Nephrol. (2015) 11:102–12. doi: 10.1038/nrneph.2014.232

35. Kearney HM, Thorland EC, Brown KK, Quintero-Rivera F, South ST. American college of medical genetics standards and guidelines for interpretation and reporting of postnatal constitutional copy number variants. Genet Med. (2011) 13:680–5. doi: 10.1097/GIM.0b013e3182217a3a

36. Milone R, Tancredi R, Cosenza A, Ferrari AR, Scalise R, Cioni G, et al. 17q12 recurrent deletions and duplications: description of a case series with neuropsychiatric phenotype. Genes (Basel). (2021) 12:1660.



OPS/images/cross.jpg
@ Check for updates.





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Prenatal ultrasound phenotypic and genetic etiology of the 17q12 microduplication syndrome



		Introduction



		Materials and methods



		Subjects



		Karyotype analysis



		Chromosome microarray analysis



		Pregnancy outcomes and follow-up







		Results



		Ultrasonic phenotype of the fetus



		Karyotype analysis



		Chromosome microarray analysis



		Chromosome microarray analysis and pedigree analysis of the families



		Pathogenicity analysis



		Pregnancy outcome







		Discussion



		Conclusion



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Acknowledgments



		Conflict of interest



		Publisher’s note



		Footnotes



		References

















OPS/images/fped-10-910497-g001.jpg
M S UG | o, . o Fuian Sveny fuYos
(51 VBT RIRTREY e an -t R B2 GAs

A1) L)

100 ¥6em






OPS/images/fped-10-910497-g002.jpg
chri7 (aq12)
1 Mo} | het9
35,000, 008| 35,500, 000| 36,000, 000| 36,500, 000
OMIM Gene Fhenotypes - Dark Green Can Be Disease-causing
516369 616159 681999 208358 =y g SR hE 612500 6168086 6113856 6180786 =113

6516144 518699 588463 692276 159967 N 614515 i

6094638 604500. 606618 505 517544

6081395 | 6517379 6186596 663498

FE6113
FE118
F61158-F
Fo43586
F9436-M
R2938
R299S
R3181 s )
ClinGen Dosage Sensitivity Map - Haploinsufficiency
15CA-37432 [ cPR179 B
PIGH | HNF 16
ClinGen Dosage Sensitivity Map - Triplosensitivity
13cA-37432 I e T e GFrR179
HNF1E

FIGH |






OPS/images/cover.jpg
& frontiers | Frontiers in Pediatrics

Prenatal ultrasound phenotypic
and genetic etiology of the
17912 microduplication
syndrome











OPS/images/fped-10-910497-t002.jpg
Phenotypes

Duodenal atresia
Polyhydramnios
Pulmonary artery stenosis
Tricuspid regurgitation
FLand HL < 5 centile

BPD and HC < 5 centile
Tracheoesophageal fistula
Anal atresia

Congenital heart defects
Lateral ventricle broadening
Esophagus abnormalities
Placental abruption

IUGR

Strong echo in left ventricle

Mild ventriculomegaly

Dysplasia of the septum pellucidum

Agenesis of the corpus callosum

BPD, biparietal diameter; FL, femur length; HL, humerus length; IUGR, intrauterine growth restriction.

Total number in reported cases
(with phenotype/total of cases)

6/47
4/47
1/47
1/47
1/47
1/47
2/47
1/47
1/47
1/47
3/47
1/47
1/47
1/47
1/47
1/47
2/47

Current cases (with
phenotype/reporting)

2/5
0/5
0/5
0/5
0/5
0/5
0/5
0/5
0/5
0/5
0/5
0/5
0/5
1/5
1/5
1/5
1/5

References

(1,22,23,24)

(3,22,23,27)

@
(36)






OPS/images/fped-10-910497-t001.jpg
Case

P6118

P9430

R2938

R2995

R3181

GA

1872

2672

18

23%6

2874

CMA results

arr[hg19] 17q12
(34,440,088-36,351,919) x 3
arr[hg19] 17q12
(34,822,465-36,378,678) x 3

arr[hg19] 17q12
(34,440,088-36,243,365) x 3
arr[GRCh37] 17q12
(34,440,088-36,243,365) x 3

arr[GRCh37] 17q12
(34,426,244-36,300,630) x 3

GA, gestational age; TP, termination of pregnancy.

Size (MDb)

1.9

1.5

1.8
1.8

1.8

Ultrasonic phenotype

Strong echo in left ventricle

Mild ventriculomegaly, dysplasia of
the septum pellucidum, and agenesis
of the corpus callosum

Normal phenotype, high-risk for
Down’s screening

Duodenal obstruction

Duodenal obstruction

Inheritance

Paternal

Maternal

Pregnancy
outcome

Normal physical and
mental development
Normal physical and
mental development
TP

TP

Duodenal surgery





OPS/images/logo.jpg
¥ frontiers | Frontiers in Pediatrics







