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context, we present a case involving mixed gonadal dysgenesis (MGD) due
to mosaicism, with a karyotype of mos 46,X, idic(Y)(q12)[9]/45,X[6], in a
child named OKA. The child’s legal sex is registered as male in the civil
registry, exhibiting normal psychomotor development for his age, as well
as appropriate growth in height and weight according to the growth curve.
However, physical examination reveals certain anomalies within the exter-
nal genitalia—including labia majora, a micropenis in lieu of a clitoris.
These observations prompted genetic analyses, including postnatal consti-
tutional karyotyping and FISH techniques utilizing a specific SRY locus
probe and the centromeric probe of the Y chromosome. These analyses con-
firm the presence of mos 46,X, idic(Y)(q12)[9]/45, X[6].ish idic(Y)(SRY+,
DYZ3++, SRY+). An abdominopelvic ultrasound aimed at identifying in-
ternal genitalia in OKA revealed bilateral cryptorchidism, along with an
uncomplicated right inguinoscrotal hernia. Subsequently, orchidopexy was
recommended. Mixed gonadal dysgenesis, mosaicism, and cryptorchidism
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were diagnosed in this case.

Keywords

Mixed Gonadal Dysgenesis, idic(Y)(q12), Disorders of Sex Development,
Mosaicism, Karyotype, FISH

1. Introduction

The typical pattern of human sexual development is a finely regulated and dy-
namic process governed by intricate genetic activity and orchestrated by endo-
crine mediators in the form of steroid and peptide hormones [1] [2]. Normal sex
development depends on the precise spatiotemporal sequence and the coordina-
tion of mutually antagonistic activating and repressing factors [3]. Following
Jost’s groundbreaking paradigm, the initial stage of sexual development is marked
by the establishment of chromosomal sex (i.e., the presence of a Y or X chromo-
some) during fertilization [4] [5]. Subsequently, chromosomal sex exerts its influ-
ence on gonadal sex determination, directing the differentiation of the bipotential
gonadal crest into either testes or ovaries.

The gene responsible for initiating testicular development within the fetal
gonad is denoted as the testis determining factor (TDF), often identified as the
same gene known as the “sex determining region of the Y chromosome” (SRY)
[6]. The presence and expression of the SRY gene, located on the distal region of
the short arm of the Y chromosome (Yp), play a pivotal role in determining the
gonadal sex of an embryo. It achieves this by orchestrating the differentiation of
the bipotential embryonic gonad into the testes, leading to the formation of Sertoli
and Leydig cells [7]. The differentiation of male testicles triggers the secretion of
distinct hormones responsible for translating the gonadal sex into the male inter-
nal and external genitalia (sex phenotype) [1] [8]. Any disruption that occurs dur-
ing this intricate process of sex differentiation could potentially result in a misa-
lignment between chromosomal, gonadal, and phenotypic sexes. This misalign-
ment, often characterized as disorders of sex development (DSD), can give rise to
various anomalies [9] [10].

Sex development disorders (DSD) are classified into three groups based on
sex chromosome constitution: sex chromosome DSD, 46,XY DSD, and 46,XX
DSD. The mos 45,X/46,XY karyotype, involving either a structurally normal or
abnormal Y chromosome, corresponds to mixed gonadal dysgenesis (MGD).
This condition can manifest with a range of phenotypes, from female with gon-
adal streaks to atypical external genitalia or male with bilateral testes, often
associated with cryptorchidism and hypospadias, as well as clinical features of
Turner syndrome. The presence of testes in MGD is influenced by the distri-
bution of the Y chromo-some cell line and the presence of at least one copy of

the SRY gene in the pre-Sertoli cells, which is essential for Sertoli and Leydig

DOI: 10.4236/0jgen.2025.151001

2 Open Journal of Genetics


https://doi.org/10.4236/ojgen.2025.151001

B.V.E.J.T.Bazieetal

cell differentiation.

According to genetic mechanisms, mutations in the SRY gene influence male
sex determination and can cause mixed gonadal dysgenesis. A new SRY mutation
can cause asymmetrical activation of the SOX9 gene involved in sexual differenti-
ation, resulting in mixed gonadal development without mosaicism. Approxi-
mately 15% of 46, XY gonadal dysgenesis cases are found to have mutations in the
SRY gene, with most of these mutations located within the HMG domain [11]
[12]. In addition to SRY, other genes and sex-determining transcription factors,
such as SOX9, NR5A1, GATA4, DAX1, and DHH, play a role in inducing subse-
quent stages of testicular maturation [11].

Disorders of sexual differentiation are increasingly being recognized and war-
rant particular attention, although they represent relatively uncommon genetic
disorders. These disorders can involve numerical or structural abnormalities af-
fecting the X and/or Y chromosomes. Notable clinical manifestations of sex chro-
mosome abnormalities include Turner syndrome, Klinefelter syndrome, 47,XXX
syndrome, mosaicism, and structural variations [13].

Therefore, in this clinical case report, we present a case of mixed gonadal dys-
genesis (MGD) with mosaicism (mos 46,X, idic(Y)(q12)[9]/45,X[6]) in a child
who underwent consultation at the age of 8 months, with a male sex designation

recorded in the civil registry.

2. Case Presentation

The subject of this study was a child named OKA, of undetermined sex, born on
April 15, 2022, and admitted at the age of 8 months to Hospital Saint Camille de
Ouagadougou, Burkina Faso, due to a disorder of sexual development. The child
OKA exhibited signs of mixed gonadal dysgenesis, with a karyotype showing mo-
saicism: mos 46,X, idic(Y)(q12)[9]/45,X[6].

OKA is the sole offspring of his parents and the result of a pregnancy without
pathological particularities. No genetic antecedents are known to be involved in
either the father’s or mother’s family. A disorder of sexual differentiation was
identified at birth, leading to the assignment of a gender-neutral first name. On
May 27, 2022, at the age of one month, the child underwent inguino-scrotal hernia
repair.

Upon admission, psychomotor development was normal for OKA’s age, and
growth was according to the staturoponderal growth curve. Anthropometric pa-
rameters, including weight (6.9 kg), height (66 cm), and arm circumference (13
mm), were within the normal range, though the weight-height index was slightly
below the median. Physical examination of the external genitalia revealed labia
majora, a micropenis in place of the clitoris, and the presence of a scrotum (Figure
1 and Figure 2).

These findings prompted the performance of further paraclinical examinations.

An abdomino-pelvic ultrasound aimed at identifying internal genitalia concluded
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Figure 1. Visual inspection of genital organ phenotype in the OKA child. Absence of a
visible penis. Presence of labia majora and scrotum. Source: Prof. TM Zohoncon

Figure 2. Phenotypic visualization of concealed micropenes in OKA children. Observation
of labia majora with a micropenis in place of the clitoris. Source: Prof. TM Zohoncon

with the diagnosis of bilateral cryptorchidism, accompanied by an uncomplicated
right inguino-scrotal hernia. The testicles were observed to be positioned within
the inguinal region, displaying normal size and uniform, well-vascularized echo-
genicity in color Doppler, measuring 10 x 5 mm on the right and 12 x 5 mm on
the left. A parietal defect in the right inguinal area, allowing a small loop to pass
through the mobile right bursa during exertion, was also visualized. No visualiza-
tion of female genitalia (such as the uterus or ovaries) was observed during the
examination.

As part of the management plan, orchidopexy was performed, and biopsies
were taken during the procedure to evaluate the histological composition of the
testes. The biopsy showed a macroscopic appearance of a 0.3 cm greyish biopsy
fragment. Microscopic examination revealed testicular parenchyma consisting of
Sertoli tubes of variable size, with no germline cells. These tubes are distributed
within fibrotic interstitial tissue. Leydigian islets were absent. Overall, the biopsy
showed a histological appearance of immature testicular tissue. Further follow-up
included ultrasound monitoring to detect early signs of gonadal dysgenesis or tu-

morigenesis.

3. Methodology

The postnatal constitutional karyotype was performed on 5 mL of peripheral venous
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whole blood collected from the OKA child in a sterile lithium heparin vacutainer
tube. The karyotype, conducted using conventional techniques, was supplemented
with fluorescence in situ hybridization (FISH), a molecular cytogenetic technique,
to identify chromosomal rearrangements or detect submicroscopic chromosomal
abnormalities. Through a fee-for-service agreement, Hopital Saint Camille de
Ouagadougou (HOSCO) sent the sample to the Centre d’Etudes et de Recherches
en Biologie Appliquée (CERBA) in France for cytogenetic and FISH analysis. The
study protocol was approved by the Institutional Ethics Committee of Hopital
Saint Camille de Ouagadougou (HOSCO) under deliberation no. 2022-12-010
dated December 8, 2022. Written informed consent was obtained from the parents

prior to AKO’s inclusion in the study, and data confidentiality was maintained.

4. Results

Through conventional cytogenetics and molecular cytogenetics, following the
ISCN 2020 nomenclature, the findings were as follows: mos 46,X, idic(Y)(q12)[9]/
45,X[6].ish idic(Y)(SRY+,DYZ3++,SRY+).

The postnatal constitutional karyotype, conducted through conventional cyto-
genetics, exhibited two distinct cell lines: one with 46 chromosomes characterized
by arearranged Y chromosome in the form of an isodicentric structure, displaying
a breakpoint and symmetry at q12 (observed in 9 out of 15 cells); and another cell
line with 45 chromosomes, featuring a gonosomal formula of X (seen in 6 out of
15 cells). These observations provide an explanation for the child’s presented dis-
orders of sexual development. Further confirmation of the diagnosis was attained
through FISH techniques, employing a specific probe targeting the SRY locus and
the centromeric probe of the Y chromosome. The FISH study encompassed the fol-
lowing probes, and the number of cells examined: Loci LSI SRY in Yp11.3 and DXZ1
in Xp11.1-q11.1 (Vysis) in 10 mitoses, as well as satellite alpha probes of the X and
Y chromosomes (DXZ1 and DYZ3) using XA AneuScore III (Metasystems).

Subsequent to these investigations, genetic counseling was conducted. The
OKA child continues to receive care under the supervision of a pediatric surgeon.
At the age of 12 months, a follow-up assessment with the pediatric surgeon was
conducted, leading to the scheduling of an orchidopexy for the OKA child. Thus,
in June 2024, at the age of 2, the child OKA underwent orchidopexy and a gonadal
biopsy, the histological examination of which revealed immature testicular tissue.
Histologically, the testicular parenchyma consisted of Sertoli cell-only tubules of
varying sizes, distributed within fibrotic interstitial tissue, without germ cells;
lacking Leydig cell clusters.

Chromosomal aberrations can impact the number or structure of chromo-
somes. Mosaicism involving 45,X/46,XY is associated with mixed gonadal dysgen-
esis (MGD). In this case, the presence of both 46,X,idic(Y)(ql2) and 45,X cells
highlights the complexity of this disorder, with the Y chromosome cell line con-
tributing to partial testicular formation, while the 45,X cell line may result in dys-

genesis. The absence of critical spermatogenic genes, such as AZFc, on the idic(Y)
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chromosome could contribute to infertility in adulthood. Additionally, the risk of
gonadoblastoma and dysgerminoma due to the presence of TSPY in a dysgenetic
gonad necessitates ongoing monitoring through biopsy and ultrasound follow-
ups.

Mosaicism, which involves both numerical and structural variations in chro-
mosomes, can lead to disorders of sexual development (DSD). In the case of the
child OKA, the postnatal constitutional karyotype and FISH analysis revealed a
mosaicism pattern described as mos 46,X, idic(Y)(q12)[9]/45,X[6].ish idic(Y)
(SRY+, DYZ3++, SRY+), following the ISCN 2020 nomenclature. This pattern
reveals the presence of two distinct cell lines: one with 46 chromosomes, featuring
arearranged Y chromosome with a breakpoint at q12, and another with 45 chro-
mosomes, with a gonosomal formula of X. Notably, the child is SRY+ and presents
with cryptorchidism and hypospadias. The manifestation of masculine traits is
frequently seen in SRY-positive patients [14].

Several scenarios can give rise to discrepancies between chromosomal, gonadal,
and phenotypic sexes. One such scenario is the emergence of an isodicentric Y
chromosome, as seen in this case. This occurs when a break happens in one of the
Y chromatids during mitosis or meiosis, followed by fusion of the broken ends of
sister chromatids. This process can result in a mosaicism pattern involving the
loss of the Y chromosome in some cells, leading to a 45,X cell line [6]. The pres-
ence of 45X cells contributes to gonadal dysgenesis, while the presence of
46,X,idic(Y) cells results in partial testicular formation.

Beyond the case of mosaicism in OKA, it shows that a significant proportion,
ranging from 80% to 90%, of 46,XX males arise from a Y-to-X translocation event
during meiosis [14]. Interestingly, the development of testes can occur even in the
absence of the SRY gene, leading to categorization into SRY-positive and SRY-
negative groups. The SRY gene plays a crucial role as the primary regulator of the
testis determination pathway, governing the expression of SOX9 within Sertoli
cell precursors. Some 46, XY DSD individuals with a mutation or deletion of the
SRY gene show sex reversal leading to infertility, as a defect in this gene leads to a
block in male differentiation. Also, a deletion or mutation of the SOX9 gene could
cause sex reversal. Deletion of the DMRT1 gene would also cause sex reversion in
XY patients presenting a female phenotype. Other genes such as SOX3, DAXI,
WT1, FGF9, and SF1 are also involved in the complex sex determination cascade
[14].

In the OKA child, the presence of a 45,X cell line indicates monosomy X, which
often arises from paternal meiotic errors and accounts for more than 50% of re-
ported cases. Mitotic errors can lead to mosaic patterns, as seen here [15]. Mixed
gonadal dysgenesis is the most common chromosomal anomaly associated with
ambiguous genitalia, frequently characterized by 45,X/46,XY mosaicism. This
condition can manifest with phenotypes ranging from typical male external geni-
talia to ambiguous genitalia or features resembling Turner syndrome [16].

Cryptorchidism and hypospadias, as observed in the OKA child, are well-docu-
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mented in other chromosomal abnormalities. In some cases, patients with a 46,XX
karyotype may present with male external genitalia, often accompanied by small
testes, cryptorchidism, hypospadias, azoospermia, and other conditions [14]. Ta-
ble 1 presents a review of genotype-phenotype correlations in reported patients
with mos 45,X/46,X, idic(Y)(q12).

The present study describes a child with a mosaic karyotype of 46,X,idic(Y)
(q12)[9]/45,X[6], with phenotypic manifestations including labia majora, a mi-
cropenis in lieu of a clitoris, hypospadias, and cryptorchidism. These findings are
consistent with the presence of mixed gonadal dysgenesis (MGD), a condition of-
ten associated with mosaicism involving abnormal Y chromosomes. In compari-
son to other cases reported in the literature, this case shares several features, while

some differences can also be noted (Table 1).

Table 1. Literature review of genotype-phenotype correlations in reported patients with mos45,X/46,X,dic(Y)(q12).

Article references Karyotype/FISH Phenotype Sex Age (years)
Martin DesGroseilliers et  47,X,idic(Y)(q12) x 2[123]/45,X[9] Global psychomotor delay atrioseptal F 2.3
al [17], 2002 defect, radio-ulnar synostosis, bilateral

fifth finger clinodactyly, premature
closure of the anterior fontanel

Martin DesGroseilliers et  46,X,idic(Y)(q12)[226].ish Dysmorphic features, mild language M 4
al. [18], 2006 idic(Y)(q12)(wepY +,SRY + +,DYZ3 +  delay, small uterus

+)/45,X[21]/47,X,idic(Y) (q12) x 2[3].ish

idic(Y)(q12) x 2(wepY +,SRY+ +,DYZ3

++4) X2
Willis, M. J. H et al [19], 45,X [14],/46,X, psu dic Normal M Infant
2006 (Y)(q12)[5], (SRY + +)
James Pascual efal [20], 45,X[8]/46,X,idic(Y)(ql2)[12] Ambiguous genitalia M Infant
2009
Melanie Beaulieu 46,X,idic(Y)(q12)[138]/45,X[36]/46,X,del Pure gonadal dysgenesis F unknown
Bergeron et al [21],2011 (Y)(ql2)[1]
Yin H et al [22], 2023 45,X[8]/46,X,idic(Y)(q12)[32] Short stature, mircopenis, hypospadias M 8

and cryptorchidism

Present study 46,X,1dic(Y)(q12)[9]/45,X[6] Labia majora, a micropenis in lieu of a M Infant

clitoris, hypospadias and
cryptorchidism

Martin DesGroseilliers et al [17], 2002 reported a case of 47,X,idic(Y)(q12) x
2[123]/45,X[9], with a phenotype involving global psychomotor delay, atrioseptal
defect, and radio-ulnar synostosis in a 2.3-year-old female patient. While both
cases involve a mosaic karyotype with isodicentric Y chromosomes, the pheno-
typic differences are notable. Our case does not present with the same systemic
anomalies or developmental delays, highlighting the variable expressivity of the
condition. Similarly, Martin DesGroseilliers et al. [18], 2006 described a male pa-
tient with a 46,X,idic(Y)(q12)[226]/45,X[21] mosaicism who exhibited dysmorphic
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features and mild language delay, along with a small uterus at 4 years of age. This
case, unlike our patient, involved dysmorphic features and a small uterus, indicat-
ing that phenotypic presentations can range from purely genital anomalies to
more systemic dysmorphisms.

In contrast, the case presented by Willis et a/ [19], 2006 involved an infant male
with a 45,X/46,X, psu dic(Y)(q12) karyotype, who showed normal physical devel-
opment. This highlights a more benign presentation compared to the cryptorchid-
ism, micropenis, and hypospadias observed in our patient. This further empha-
sizes the variability in clinical presentation even among patients with similar kar-
yotypes.

The case described by James Pascual et al [20], 2009 is more closely aligned with
the present study. This patient, also an infant male with 45,X/46,X,idic(Y)(q12) mo-
saicism, exhibited ambiguous genitalia, a presentation similar to the labia majora,
micropenis, and hypospadias seen in OKA. However, our patient additionally pre-
sented with cryptorchidism, which was not noted in Pascual’s case, underscoring
the variability in gonadal development in such cases. Beaulieu Bergeron et al. [21],
2011 reported a case of 46,X,idic(Y)(ql12)/45,X, but the patient presented with
pure gonadal dysgenesis, classified as female. This case differs significantly from
our patient, as the latter exhibited male external genitalia. The variance in gonadal
and external genital development between the two cases could be attributed to
differences in the distribution and expression of the Y chromosome cell line. The
recent case by Yin H et al [22], 2023 involved a male patient with 45,X/46,X,
idic(Y)(ql2) mosaicism who presented with short stature, micropenis, hypo-
spadias, and cryptorchidism. This case closely mirrors the phenotype observed in
our patient, reinforcing the typical presentation of genital anomalies, including
micropenis and cryptorchidism, in cases involving idic(Y) mosaicism. The simi-
larities between these cases further substantiate the association of these pheno-
typic features with this chromosomal abnormality.

The care for the OKA child requires a multidisciplinary approach [23]. In coun-
tries with limited socioeconomic resources, where prenatal diagnosis is unavaila-
ble and technical capabilities are insufficient, achieving comprehensive medical
and surgical management becomes challenging. One major issue is disclosing
such a condition to parents at birth and providing continuous familial support as
the child grows. In cases like OKA’s, where both 46,X,idic(Y) and 45,X cells are
present, Turner syndrome management protocols should be applied to the 45,X
cell line, following current recommendations in the literature. Another concern is
the potential for fertility issues during adolescence. Depending on the severity of
the clinical manifestations, phenotypes such as sexual dysplasia, infertility, and
behavioral disorders can manifest in cases of mosaicism [13]. Further studies are
necessary to determine the exact breakpoint in the idic(Y)(ql2) chromosome,
particularly to understand the retention or loss of key spermatogenic regions like
AZFc, which can influence fertility outcomes. In the absence of prenatal diagnosis

in countries with limited resources, multidisciplinary management of DSD is
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crucial to support the patient and their family throughout development [23].
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