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Complete bilateral anophthalmia is the congenital absence of both eyes. 
Ambiguous genitalia is the condition in which the patient’s genitalia are 
incompletely developed or the baby has characteristics of both sexes. 
Pathogenic variants inSOX2 gene are associated with syndromic 
microphthalmia, type 3 (OMIM: 206900), with autosomal dominant 
inheritance pattern and with AEG syndrome (OMIM 600992). We report the 
case of a new born baby girl with bilateral anophthalmia and clitoris and 
labia minora agenesis, which originated from in vitro fertilization (IVF). 
Sequential genetic testing, QF-PCR, microarray and WES have been 
performed and DNA was obtained according to standard procedures. Whole 
exome sequencing (WES) identified a mutation in SOX2 (OMIM: 184429) 
gene, a heterozygous pathogenic variant, NM_003106.4: c.371dupA p. 
(Tyr125Valfs*14), highlighting the importance of this particular gene in 
embryogenesis, sexualization and the development of the visual function.It 
explains the clinical diagnosis of the patient. We have concluded that this 
particular mutation found in the SOX2 gene could be correlated to the 
pathological findings, although it was not reported before in the clinical 
databases. Furthermore, a prenatal testing algorithm would be very helpful. 
Additionally, we want to highlight the importance of a multidisciplinary team 
when diagnosing and managing the follow-up of a fetus with multiple 
malformation such as this particular case. 
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INTRODUCTION 
 
Complete bilateral anophthalmia is the congenital 
absence of both eyes. It is a rare disease often 
associated with other malformations such as urogenital or 
digestive. Ambiguous genitalia is the condition in which 
the patient’s genitalia are incompletely developed or the 
baby has characteristics of both sexes. 

Anophthalmia has an estimated rate of incidence of 
around 1 in 20 000 live births, clitoris and labia minora 
agenesis are rare conditions, with only few cases 
reported in medical literature.  

SOX2 gene is an intronless gene that encodes a 
member of the SRY-related HMG-box (SOX) family of 
transcription factors involved in the regulation of 
embryonic development and in the determination of cell 
fate. The single exon gene is also expressed in the 
prospective neural plate, peripheral nervous system, 
nasal and otic placodes, bronchi, endoderm of the 
esophagus, and the germ cells of both sexes where it 
promotes normal sexual development. The product of this 
gene is required for stem-cell maintenance in the central  



 
 
 
 
nervous system, and regulates gene expression in the 
stomach. Mutations in this gene have been associated 
with optic nerve hypoplasia and with syndromic 
microphthalmia or anophthalmia, ocular coloboma, 
hearing loss, hypogonadotropic hypogonadism and brain 
anomalies.  

Next generation sequencing is an increasingly used 
tool for comprehensive prenatal genetic diagnostic. There 
is a wide range of high resolution genetic tests which can 
confirm genetic defects that are responsible for 
congenital anomalies evident on a prenatal ultrasound. 
Whole exome sequencing (WES) for prenatal diagnosis 
has a reported diagnostic yield of 6.2%–57% and it is a 
very useful tool to identify patients with a high likelihood 
of genetic mutations in cases with abnormal fetal 
ultrasound. Candidates for WES for fetal diagnosis had a 
normal karyotype and normal microarray with at least one 
of the following: parental consanguinity, large regions of 
homozygosity on fetal microarray, or high likelihood of 
single gene disorder based on ultrasound findings. 

With the use of both karyotype and microarray, a 
genetic diagnosis is found in 6-10% of cases with fetal 
anomalies (Alamillo, 2015; Wapner, 2012). While many 
fetal anomalies will have no identifiable genetic cause, 
WES can improve the diagnostic rate in cases with 
normal microarray. 

We report the case of a caucasian new born baby girl 
with bilateral anophthalmia and clitoris and labia minora 
agenesis, which originated from in vitro fertilization (IVF). 
The baby was born by natural vaginal birth, with a weight 
of 2950 grams. Anophthalmia was first noticed at 27 
weeks of gestation, as this was the patient’s first scan in 
pregnancy. A small orbit with absence of the lens was 
noted , signs that are consistent with a diagnosis of 
anophthalmia. Invasive testing and termination of 
pregnancy were discussed and declined by the family on 
religious grounds. 
 
 
MATERIAL AND METHODS 
 
The parents of the patient agreed for collection of a cord 
blood sample at delivery for genetic testing. Sequential 
genetic testing, QF-PCR, microarray and WES have 
been performed in order to diagnose the newborn, 
following DNA extraction with quantitative and qualitative 
evaluation of the DNA obtained according to standard 
procedures. Capture and enrichment of exonic regions 
and flanking intronic areas of genes contained in the 
SureSelect Exome v6 (>20.000 genes) sequencing panel 
with the Agilent technology™. Paired-end massive 
sequencing with the NovaSeq™ (Illumina) sequencer. 

Identification of the variants of interest located in 
coding regions and flanking intronic region (+/-10 bp), in 
regard to the reference genome (hg19) after filtering, 
according to specific quality criteria: call qua-                     
lity>20, coverage>10x, Genotype  Quality>20  and Allele  
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fraction>20. Annotation, filtering and identification of 
variants by RefLabDB (database and in house pipeline) 
and Ingenuity Variant Analysis™ (QIAGEN). Analysis of 
variants using the data provided by the annotations and 
with the support of Alamut Visual™ (Interactive Biosoft-
ware). The nomenclature used to define the variants 
follows the criteria of the Human Genome Variation 
Society (HGVS) (http://www.HGVS.org/varn omen). 

Classification of variants based on the 
recommendations of the American College of Medical 
Genetics and Genomics (ACMG) (Richards et al., 2015) 
and Association for Clinical Genomic Science (ACGS) 
(Ellard et al., 2020).  
 
 
RESULTS 
 
Sequential genetic testing (QF-PCR, microarray, WES) 
has been performed with Whole exome sequencing 
(WES) identifying a mutation in SOX2 (OMIM: 184429) 
gene, highlighting the importance of this particular gene 
in embryogenesis, sexualization and the development of 
the visual function. 

The result of the genetic analysis identified the 
presence of a heterozygous pathogenic variant in SOX2 - 
NM_003106.4:c.371dupA p. (Tyr125Valfs*14). It explains 
the clinical diagnosis of the patient. 

The detected SOX2 variant c.371dupA p. 
(Tyr125Valfs*14) is a duplication/insertion of one nucle-
otide that causes a frameshift at position 125 of the 
protein, predicting an amino acid change from Tyrosine to 
Valine and resulting in a premature STOP codon 14 
amino acids downstream. The protein will have 138 
residues, being the native protein composed of 317. It is 
neither described in the clinical databases nor in the in 
the scientific bibliography consulted on the date of issue 
of the report. It does not appear neither in the dbSNP 
database nor in the gnomAD population frequency 
database. 
 
 
DISCUSSION 
 
The SOX2 gene (OMIM: 184429) encodes the 
transcription factor SOX-2 protein. Pathogenic variants in 
this gene are associated with syndromic microphthalmia, 
type 3 (OMIM: 206900), with autosomal dominant 
inheritance pattern. Literature reviews show cases with 
SOX2 mutation manifesting Anophthalmia syndrome or 
AEG syndrome. Anophthalmia-Esophageal-Genital 
(AEG) syndrome (OMIM 600992) is an association of 
anophthalmia/microphthalmia, esophageal atresia with or 
without tracheoesophageal fistula, and urogenital 
anomalies—most commonly cryptorchidism, hypospadias 
and micropenis. The eye and genital phenotypes in both 
conditions appear indistinguishable (Kathleen et al., 
2006).  
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Previously published data involving ambiguous 
genitalia and anophthalmia due to SOX 2 gene mutations 
have been reported mostly in male gender. Up to date we 
did find one case of this association in female gender 
(Menetrey et al., 2002). Our case report presented some 
distinctive features besides the eye malformation, the 
genital malformations, also the patient did not have the 
esophageal atresia. 

Genetic counseling for the parents of the affected child 
and preconceptional management have to take into 
account that bilateral anophthalmia increases the 
probability of a genetic etiology, which is a fact proven by 
molecular testing. There is a 5% recurrence risk for future 
siblings due to germinal mosaicism, in case of unaffected 
parents. All form of Mendelian inheritance have been 
reported, but this particular case was autosomal 
dominant² (de novo mutation).  

The further management for babies with 
anophthalmos is insertion of orbital expanders to 
encourage the eye socket to grow so that they can use 
prostheses from early childhood (Helen and Jane, 2017).  
 
 
CONCLUSIONS 
 
We have concluded that this particular mutation found in 
the SOX2 gene could be correlated to the pathological 
findings, although it was not reported before in the clinical 
databases. Furthermore, a prenatal testing algorithm 
would be very helpful. First step, the carrier detection of 
the couple should be performed in families where a 
causative mutation is known and identified and 
ultrasounds in mid trimester that can visualize the eye 
and lens. Additionally, we want to highlight the 
importance of a multidisciplinary team when diagnosing 
and managing the follow-up of a fetus with multiple 
malformations such as this particular case.  
 
 
Declaration of Interests 
 
The authors declare no competing interests. 
 
 
REFERENCES 

 

Arroyo I, García MJ, Cimadevilla CE, Carretero V, Bermejo E, 

Martínez-Frías ML (1992). Bilateral anophthalmia, esophageal 

atresia, and right cryptorchidism: a new entity? Am J Med Genet. 

Jul 1;43(4):686-7. doi: 10.1002/ajmg.1320430406. PMID: 

1352427. 

Bardakjian TM, Schneider A (2005). Association of anophthalmia and 

esophageal atresia: four new cases identified by the 

anophthalmia/microphthalmia clinical registry. Am J Med Genet 

A. Jan 1;132A(1):54-6. doi: 10.1002/ajmg.a.30442. PMID: 

15578584. 

 

 

 

 

 

 

 
Bardakjian TM, Schneider A (2011). The genetics of anophthalmia 

and microphthalmia. CurrOpinOphthalmol. Sep;22(5):309-13. doi: 

10.1097/ICU.0b013e328349b004. PMID: 21825993. 

Habibi I, Youssef M, Marzouk E, El Shakankiri N, Gawdat G, El Sada 

M, F Schorderet D, AbouZeid H (2019). Mutations in VSX2, 

SOX2, and FOXE3 Identified in Patients with Micro-

/Anophthalmia. Adv Exp Med Biol.;1185:221-226. doi: 

10.1007/978-3-030-27378-1_36. PMID: 31884615. 

Halilbasic M, Jusufovic V, Musanovic Z, Cabric A (2018). Congenital 

Bilateral Anophthalmia: a Case Report and Review of Literature. 

Med Arch. 72(4):300-302. doi:10.5455/medarh.2018.72.300-302 

Helen F, Jane H (2017). Oxford Desk Reference Clinical Genetics and 

Genomics, Second Edition 

Kathleen AW, Ann MH, Joe R, R. Curtis Rogers, Alex M, Zdenek F, 

Wee T, Freddie HS, Niolette McGill, Clare JH, Adele S, Mario M, 

Peter DT, Judy AF, Veronica van Heyningen, David RF (2006). 

Mutations in SOX2 cause anophthalmia-esophageal-genital (AEG) 

syndrome, Human Molecular Genetics, Volume 15, Issue 9, 1 May  

Pages 1413–1422, https://doi.org/10.1093/hmg/ddl064 

Menetrey C, Belin V, Odent S, de Lumley L, Gilbert B (2002). 

Bilateral anophthalmia and oesophageal atresia in a newborn 

female: a new case of the anophthalmia-oesophageal-genital 

(AEG) syndrome. Clin Dysmorphol. Apr;11(2):139-40. doi: 

10.1097/00019605-200204000-00013. PMID: 12002146. 

Pedace L, Castori M, Binni F, et al. (2009). A novel heterozygous 

SOX2 mutation causing anophthalmia/microphthalmia with 

genital anomalies. Eur. J. Med. Genetics. Jul-Aug;52(4):273-276. 

DOI: 10.1016/j.ejmg.2009.02.007. 

Petrackova I, Pozler O, Kokstein Z, Zizka J, Dedkova J, Rejtar P, 

Fiedler Z, Kuliacek P (2004). Association of oesophageal atresia, 

anophthalmia and renal duplex. Eur J Pediatr. Jun;163(6):333-4. 

doi: 10.1007/s00431-004-1424-y. PMID: 15346919. 

Sandler D, Mancuso A, Becker T, Zori R, Hellrung J, Silverstein J, 

Burton V, Hamosh A, Williams C (1995). Association of 

anophthalmia and esophageal atresia. Am J Med Genet. Dec 

4;59(4):484-91. doi: 10.1002/ajmg.1320590415. PMID: 8585569. 

Schneider A, Bardakjian T, Reis LM, Tyler RC, Semina EV (2009). 

Novel SOX2 mutations and genotype-phenotype correlation in 

anophthalmia and microphthalmia. Ame. J. Med. Genetics. Part A. 

Dec;149A(12):2706-2715. DOI: 10.1002/ajmg.a.33098. 

Shah D, Jones R, Porter H, Turnpenny P (1997). Bilateral 

microphthalmia, esophageal atresia, and cryptorchidism: the 

anophthalmia-esophageal-genital syndrome. Am J Med Genet. 

May 16;70(2):171-3. doi: 10.1002/(sici)1096-8628(19970516) 

70:2<171::aid-ajmg13>3.0.co;2-g. PMID: 9128938. 

Ye FX, Fan XQ (2012). [SOX2 defect and anophthalmia and 

microphthalmia]. Zhonghua Yan Ke Za Zhi. Nov;48(11):1049-52. 

Chinese. PMID: 23302280. 

https://www.nih.gov/ 


