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Abstract 

Ambiguous genitalia constitute a rare phenotypic presentation of the urogenital system that can signal 

an underlying life-threatening disorder. The present case relates to a 3 months old infant reared as 

male child with the mosaic karyotype 45, X/46, X, idic(Y) who presented with ambiguous genitalia. 

Genital ambiguity was present in the form of partial fusion of labioscrotal folds and microphallus with 

single opening at the tip of phallus. The child underwent orchidopexy for right inguinal testis at age of 

2 months while left testis was present in labioscrotal sac. Basal testosterone level was 160 ng/dl and 

LH 3 IU/L. Pelvic ultrasonography did not reveal presence of Mullerian structures. 

Material and method: First Karyotype was performed with peripheral lymphocytes, GTG banded 

chromosome analysis, the presence and location of SRY gene was investigated using FISH, 

respectively. 

Result: Karyotyping confirms the 45, X (monosomy X), while the FISH analysis revealed presence of 

two cell lines: one cell line with single copy of X chromosome with absence of SRY gene in 70% of 

cells. Second cell line with one copy of X chromosome and 2 copies of SRY gene in 30 % cell analyzed. 
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Introduction 

Normal sex development is a process under genetic control directing the gonads from both parents 

to either become testis or ovary(Rey 2017a).  This differentiation depends upon ability of gonads 

to produce hormonal factors. Genetic factors in human are responsible for development of sex and 

gender. Human male and female are basically differentiated by characteristic chromosomal 

combination that is 46XY constitutes male, and 46 XX constitutes female(Bailez 2017). The 

change or mutation in genes and hormones associated with sex development leads to ambiguous 

genitalia. During gonadal and functional differentiation of sex development some genes have been 

implicated, where suppression of alternate route is achieved by maintenance of somatic sex of 

gonads(García-Acero et al. 2020).Disorders of sex development are disorders of inherited 

conditions associated with atypical development at anatomical, chromosomal and gonadal 

level(Witchel 2018). These are the conditions in which a person is born with reproductive and 

sexual anatomy that doesn’t seem to fit the typical definition of male or female(Disorders of Sex 

Development - Health Encyclopedia - University of Rochester Medical Center n.d.). These are 

very rare and have frequency range of 1:4500 that is around 1-3%.  DSD are considered as 

differences of sex development rather than disorders. Earlier, these disorders were known as 

intersex, hermaphrodite, pseudo hermaphrodite etc. These disorders are generally the deviations 

from normal sex development(Sanfilippo 2011).  These individuals with ambiguous genetilia may 

be recognised at birth or may present later in life with infertility, virilization and delayed or absent 

fertility(Miller and Witchel 2014). Congenital adrenal hyperplasia and mixed gonadal dysgenesis 

are major causes of these disorders. All individuals suspected with these disorders need a thorough 

diagnostic evaluation. The main aim of diagnosis is to reach specific diagnosis of each child. There 

must be a structural approach towards DSD, as it will require multidisciplinary team and different 

molecular techniques(Khanna, Sharma, and Gupta 2019). 

 There are three stages of sexual differentiation: 

i. Chromosomal sex is determined at conception. It depends on the sex chromosome 

complement of fertilizing sperm. 

ii. Gonadal differentiation occurs at 6-7 weeks of gestation, and it depends on the SRY gene 

of Y chromosome. Phenotypic sex is determined at 8-12 weeks of gestation, and it depends 

upon testosterone and mullerian inhibiting factor. 

iii. Phenotypic sex is determined at 8-12 weeks of gestation, and it depends upon testosterone 

and mullerian inhibiting factor(Shetty 2018). 

 

Embryology 

In humans, sex determination is associated with the sex hormones. Sex chromosome has 

only one function to perform that is to determine the final morphology of undifferentiated 

gonad; if Y is present, gonads are testes and if absent then they will be ovaries(Gilbert 

2000). About seven weeks of gestation, foetus is sexually undifferentiated with two 

bipotential gonads and two internally developing wolfian and mullerian ducts(P A and 

Krishan 2020). These bipotential gonads develop from the urogenital ridge and gets 
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differentiated into testis or an ovary. If there is absence of testicular tissue functioning, then 

the female internal mullerian ducts develops(Wilhelm, Palmer, and Koopman 2007). The 

SRY gene located on the short arm of Y chromosome encodes a factor called TDF (testis 

determining factor) which guides the testicular development. The differentiation of germ 

cells present in the urogenital ridge forms two types of cells namely sertoli cells and leydig 

cells(Harley, Clarkson, and Argentaro 2003). The former is responsible for secretion of 

MIS ( mullerian inhibiting substance) that helps in regression of mullerian ducts while the 

latter produce testosterone which helps in maturation of spermatogonia and regulates male 

phenotype. Epididymis, vas deferns, ejaculatory duct and seminal vesicles are all formed 

from the wolfian duct formed, in the presence of Y chromosome(Sajjad 2010).  

 At around11-13 weeks of gestation the gonads differentiate into   ovaries if the Y 

chromosome is absent. In the absence of MIS, the mullerian structures persists and forms 

fallopian tubes, uterus, cervix and vagina(Rey 2017b). 

 Urogenital tubercle, swelling and folds all are included in the undifferentiated external 

genitalia. In the presence of enzyme 5-alpha reductase, the testosterone present is converted 

into dihyrotestosterone(DHT) and it leads to the development of these three structures into 

glans penis, scrotum and penile shaft respectively in males. 

 While in the absence of DHT, these structures develop into clitoris, labia majora and labia 

minora in females. 

 The patients with ambiguous genitilia have a different embryology as- 

 If the condition is of true hermaphroditism then both testicular and ovarian tissues are 

present in the gonads. 

 If the person has pure gonadal dysgenesis condition then both gonads are streak gonads. 

 If the person is present with mixed gonadal dysgenesis then the patient will have testis on 

one side while streak gonad on the other side. 

Epidemiology 

     The clinical classification in patients is difficult because the phenotypes are similar or almost 

identical and may have several etiologies (Dreger et al. 2005; Hughes 2007). Due to the lack of 

clarity of the term, there is no certainty of the incidence of the conditions included. It has been 

estimated that its individual incidence is approximately 1 in 4,500–5,500 newborns (Sax 2002) 

and when considering all genital congenital anomalies, including cryptorchidism and hypospadias, 

the incidence can be from 1:200 to 1:300 (Nordenvall et al. 2014). The incidence of DSD in 46,XY 

individuals has been estimated in 1 in 20,000 births and the global incidence of DSD in 46,XX 

individuals (mainly congenital adrenal hyperplasia) is 1 in 14,000–15,000 live births (Pang et al. 

1988), which varies by region due to differences in the frequency of pathogenic variants. 

Congenital adrenal hyperplasia and mixed gonadal dysgenesis constitute half of all patients with 

DSD which clinically present with genital ambiguity (Thyen et al. 2006). 
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These conditions can be identified at different times of life, in fetuses or newborns with ambiguous 

external genitalia, gonadal dysgenesis and internal genitalia that are discordant for the constitution 

of sexual chromosomes, also can be subsequently diagnosed in individuals with late puberty, 

unexpected virilization or gynecomastia, infertility or gonadal tumors. Occasionally, DSD may be 

part of a genetic syndrome, demonstrating the complexity of sexual development and the effect of 

multiple genes.In recent years, research in DSD has focused on the identification of genetic 

variants that lead to the atypical development of sex through different techniques. However, 

sequencing, deletion and duplication analysis have identified causality in near of 50% of cases 

(Ahmed et al. 2015). It is likely that this diagnostic gap exists due to inadequate knowledge of the 

pathogenesis and underlying mechanisms of DSD, variation in evaluation and phenotypic 

description, and limited awareness of the value of molecular genetic diagnosis to guide 

management and treatment of the individual(Eggers et al. 2016).The challenges facing the genetics 

of DSD include the development of a diagnostic algorithm that integrates various technologies 

(including transcriptomics, epigenomics, proteomics and metabolomics), so that the etiology of 

the entity can be established. This review will discuss basic concepts of DSD and the advances in 

the diagnostic approach of this entity. Due to chromosomal abnormalities, DSD include Turner 

Syndrome (45X), Kleinfelter Syndrome (47XXY), mixed gonadal dysgenesis or 45X/46XY 

mosaiscim , type of DSD  called sex chromosome DSD.  There is asymmetric development of 

gonads in which there is dysgenetic testes on one side and a streak gonad is present on other side. 

45X/46XY mosaicism is also associated with short stature, cardiovascular and renal anamolies. 

On the basis of position and size of missing Y chromosome segment, detection of an abnormal y 

chromosome can be done.These are about in the range of frequency 1-3% that is about 1:4500. To 

determine exact frequency of specific DSDs, data is not available. In different types or forms of 

DSD like 46XY incidence rate is 1in 2000 births. For testicular or mixed gonadal dysgenesis-

1:10000, for worldwide incidence of 46XX DSD, 1in 14000-15000 live  births. But due to ethnic 

difference in gene mutation frequency, it also varies with regions. 

If we consider, cryptorchididm and hypospadias, which are congenital genital anamolies, the rate 

will go up as in 1in 200 to 300. Kleinfelter syndrome (1:500 to 1:1000 live births) and turner 

syndrome (1 in 2500 live births) are also included.  

Case history: The present case relates to a 3 months old infant reared as male child with the mosaic 

karyotype 45, X/46, X, idic(Y) who presented with ambiguous genitalia(Tuck-Muller et al. 1995). 

Genital ambiguity was present in the form of partial fusion of labioscrotal folds and microphallus 

with single opening at the tip of phallus(Hsieh et al. 2002). The child underwent orchidopexy for 

right inguinal testis at age of 2 months while left testis was present in labioscrotal sac. Basal 

testosterone level was 160 ng/dl and LH 3 IU/L(McCauley 1990). Pelvic ultrasonography did not 

reveal presence of Mullerian structures(Aktas et al. 2006). 

Methodology 

Karyotyping-72-hour stimulated cultures were put up with appropriate mitotic agents. Banding 

method(s) gtg-banding with trypsin & giemsa with 450-550 bands pattern(Gartler 2006; Trask 

2002).  
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Fluorescence in situ hybridization (FISH): the SRY region probe is optimized to detect deletions 

as well as rearrangements of the SRY gene region at yp11(Garimberti and Tosi 2010). 

Chromosomal karyotype and FISH analysis 

Lymphocytes were obtained at 5 days after birth; 2 ml of peripheral blood was collected, and then 

0.5 ml of peripheral blood lymphocytes were cultured in lymphocyte Gibco Roswell Park 

Memorial Institute (RPMI) 1640 culture medium (Waltham, Massachusetts, United States) at 37°C 

for 72 h, followed by 50 µg/ml colchicine treatment (Waltham, Massachusetts, United States) 1 h 

before culture termination to arrest mitoses. The lymphocytes were hypotonically treated in 0.075 

M KCl and fixed in methanol:acetic acid (3:1); then G-banding was performed. Immunoassay was 

performed to detect the infant's serum reproductive hormone levels. Chromosomal analysis of 

peripheral lymphocytes revealed the presence of cells.  

Result 

Karyotyping confirms the 45, X (monosomy X) with 30 cell and rest 20 metaphase observed with 

46,X,idic(Y) performed on lymphocytes with screening of 50 metaphases revealed 

45,X/46,X,idic(Y) mosaicism   , while the FISH analysis revealed presence of two cell lines : one 

cell line with single copy of X chromosome with absence of SRY gene in 70% of cells. Second 

cell line with one copy of X chromosome and 2 copies of SRY gene in 30 % cell analyzed. These 

findings demonstrate that autosomal retention of SRY can be sub-microscopic and emphasize the 

importance of karyotyping and FISH in the genetic workup of the monosomic X male. 

 

Figure 1: Karyotype counted result image on the left shows mos 45, X and absence of sex 

chromosome, and image on the right describe 46, X, idic (Y) (p11.3). 
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Figure 2: Total counted metaphase arrested cell  

 

Figure 3: Fish analysis shows signal pattern in left interphase cell showing 2 ornage , 1 green 

signal is indicative of presence of one copy of X chromosome and two copies of SRY gene and 

signal pattern showing in right interphase cell showing one green signal is indicative of one copy 

of X chromosome with absence of SRY gene  . 

Discussion  

Anomalies of both number and structure of the sex chromosome lead to alterations in gonadal 

development(Hashimoto et al. 1997; Henegariu et al. 1997). Manifestations of these alterations 

range from differentiation of ovo-testis and ambiguous genitalia at birth to gonadal dysgenesis. In 

this case 45, X/46, Xidic (Y) mosaicism demands careful and through study because its variable 

clinical feature and its potential complication. 

Conflict of interest  

Authors have declared that and research was conducted in and the absence of any commercial or 

financial relationships without any conflict of interest. 

Acknowledgment  

This research was sponsored by Multi-Disciplinary Research Units (MRUs), a grant by ICMR-

Department of Health Research 



 

European Journal of Molecular & Clinical Medicine 
ISSN 2515-8260              Volume 7, Issue 9, 2020 

2148 
 

Reference: 

Ahmed, Faisal et al. 2015. “Disorders of Sex Development: Advances in Genetic Diagnosis and 

Challenges in Management.” Advances in Genomics and Genetics 5: 165. 

Aktas, Dilek et al. 2006. “Isodicentric Y (P11.32) Chromosome in an Infant with Mixed Gonadal 

Dysgenesis.” European Journal of Medical Genetics 49(2): 141–49. 

Bailez, Maria Marcela. 2017. “Disorders of Sexual Development.” In Newborn Surgery, Fourth 

Edition, , 1132–53. 

“Disorders of Sex Development - Health Encyclopedia - University of Rochester Medical 

Center.” 

https://www.urmc.rochester.edu/encyclopedia/content.aspx?ContentTypeID=90&ContentID

=P03079 (January 2, 2021). 

Dreger, Alice D. et al. 2005. “Changing the Nomenclature/Taxonomy for Intersex: A Scientific 

and Clinical Rationale.” Journal of Pediatric Endocrinology and Metabolism 18(8): 729–

33. 

Eggers, Stefanie et al. 2016. “Disorders of Sex Development: Insights from Targeted Gene 

Sequencing of a Large International Patient Cohort.” Genome Biology 17(1). 

García-Acero, Mary, Olga Moreno, Fernando Suárez, and Adriana Rojas. 2020. “Disorders of 

Sexual Development: Current Status and Progress in the Diagnostic Approach.” Current 

Urology 13(4): 169–78. 

Garimberti, Elisa, and Sabrina Tosi. 2010. “Fluorescence in Situ Hybridization (FISH), Basic 

Principles and Methodology.” Methods in molecular biology (Clifton, N.J.) 659: 3–20. 

Gartler, Stanley M. 2006. “The Chromosome Number in Humans: A Brief History.” Nature 

Reviews Genetics 7(8): 655–60. 

Gilbert, Scott F. 2000. “Chromosomal Sex Determination in Mammals.” Developmental Biology 

2: 1–12. 

Harley, Vincent R., Michael J. Clarkson, and Anthony Argentaro. 2003. “The Molecular Action 

and Regulation of the Testis-Determining Factors, SRY (Sex-Determining Region on the Y 

Chromosome) and Sox9 [Sry-Related High-Mobility Group (HMG) Box 9].” Endocrine 

Reviews 24(4): 466–87. 

Hashimoto, Hiroyuki et al. 1997. “Presence of Turner Stigmata in a Case of Dysgenetic Male 

Pseudohermaphroditism with 45,X/46,X+mar Karyotype.” Archives of Disease in 

Childhood 76(3): 268–71. 

Henegariu, Octavian et al. 1997. “A Case with Mosaic Di-, Tetra-, and Octacentric Ring Y 

Chromosomes.” American Journal of Medical Genetics 71(4): 426–29. 

Hsieh, Yao Yuan et al. 2002. “Turner Syndrome with Pseudodicentric Y Chromosome 

Mosaicism.” Journal of Assisted Reproduction and Genetics 19(6): 302–3. 



 

European Journal of Molecular & Clinical Medicine 
ISSN 2515-8260              Volume 7, Issue 9, 2020 

2149 
 

Hughes, I.A. 2007. “Disorders of Sexual Differentiation.” Hormone Research in Paediatrics 

67(1): 91–95. 

Khanna, Kashish, Shilpa Sharma, and DevendraK Gupta. 2019. “A Clinical Approach to 

Diagnosis of Ambiguous Genitalia.” Journal of Indian Association of Pediatric Surgeons 

24(3): 162. 

McCauley, E. 1990. “Disorders of Sexual Differentiation and Development: Psychological 

Aspects.” Pediatric Clinics of North America 37(6): 1405–20. 

Miller, Walter L., and Selma F. Witchel. 2014. “Ambiguous Genitalia in the Newborn.” In 

Endocrine Emergencies: Recognition and Treatment, , 227–39. 

Nordenvall, Anna Skarin et al. 2014. “Population Based Nationwide Study of Hypospadias in 

Sweden, 1973 to 2009: Incidence and Risk Factors.” Journal of Urology 191(3): 783–89. 

P A, Aatsha, and Kewal Krishan. 2020. StatPearls Embryology, Sexual Development. 

Pang, S. et al. 1988. “Worldwide Experience in Newborn Screening for Classical Congenital 

Adrenal Hyperplasia Due to 21-Hydroxylase Deficiency.” Pediatrics 81(6): 866–74. 

Rey, Rodolfo. 2017a. “Sexual Differentiation Endotext - NCBI Bookshelf.” Endotext: 1–83. 

http://www.ncbi.nlm.nih.gov/pubmed/25905232 (January 2, 2021). 

———. 2017b. “Sexual Differentiation Endotext - NCBI Bookshelf.” Endotext: 1–83. 

Sajjad, Yasmin. 2010. “Development of the Genital Ducts and External Genitalia in the Early 

Human Embryo.” Journal of Obstetrics and Gynaecology Research 36(5): 929–37. 

Sanfilippo, Joseph S. 2011. “Ambiguous Genitalia - Disorders of Sexual Differentiation.” 

Journal of pediatric and adolescent gynecology 24(5): 234. 

Sax, Leonard. 2002. “How Common Is Intersex? A Response to Anne Fausto-Sterling.” Journal 

of Sex Research 39(3): 174–78. 

Shetty, Nirmalchandra K. 2018. “Inheritance of Chromosomes, Sex Determination, and the 

Human Genome.” Gender and the Genome 2(1): 16–26. 

http://journals.sagepub.com/doi/10.1177/2470289718787131 (January 2, 2021). 

Thyen, Ute, Kathrin Lanz, Paul Martin Holterhus, and Olaf Hiort. 2006. “Epidemiology and 

Initial Management of Ambiguous Genitalia at Birth in Germany.” Hormone Research 

66(4): 195–203. 

Trask, Barbara J. 2002. “Human Cytogenetics: 46 Chromosomes, 46 Years and Counting.” 

Nature Reviews Genetics 3(10): 769–78. 

Tuck-Muller, Cathy M. et al. 1995. “Isodicentric Y Chromosome: Cytogenetic, Molecular and 

Clinical Studies and Review of the Literature.” Human Genetics 96(1): 119–29. 

Wilhelm, Dagmar, Stephen Palmer, and Peter Koopman. 2007. “Sex Determination and Gonadal 

Development in Mammals.” Physiological Reviews 87(1): 1–28. 



 

European Journal of Molecular & Clinical Medicine 
ISSN 2515-8260              Volume 7, Issue 9, 2020 

2150 
 

Witchel, Selma Feldman. 2018. “Disorders of Sex Development.” Best Practice and Research: 

Clinical Obstetrics and Gynaecology 48: 90–102. 

 

 


