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Cytogenetic profiling unveils Jacobs syndrome (47, XYY) -
A unique chromosomal abnormality case from Nepal
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Background

Jacob’s syndrome also recognized as XYY, is a rare genetic

Abstract

Jacobs syndrome (47, XYY) is a rare genetic condition observed in
males due to incorrect segregation of chromosomes during the first or
second meiotic cell division. A 38-year-old male with infertility issues,
tall stature, and neurodevelopmental symptoms was diagnosed with
a 47, XYY karyotype during a hospital visit prompted by his spouse’s
adverse obstetric history. This syndrome depicts the impact on physi-
cal and cognitive development and underlines the relevance of provid-
ing genetic counseling and Assisted Reproductive Technology (ART) for
couples with infertility. This study provides an understanding of XYY
syndrome and highlights the need for ongoing research to enhance cy-
togenetic methodologies.
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Abbreviations: ART: Assisted Reproductive Technology; ASD: Au-
tism Spectrum Disorder; NIPS: Non-Invasive Prenatal Screening; ECG:
Electrocardiogram; ADHD: Attention Deficit Hyperactivity Disorder.

to relatively subtle phenotypic changes with craniosynostosis,
a fusion of cranial sutures, reported in approximately 1 in 2000

condition seen in about 1 out of 1000 male children that be-
longs to sex chromosome trisomies [1]. The syndrome remains
undiagnosed in most of cases and often presents with a vari-
able neurodevelopmental phenotype, incorporating develop-
mental delays, cognitive impairments, and seizure [2,3]. While
less prominent physical characteristics like tall stature, macro-
orchidism, macrocephaly and hypertelorism depict significant
variability among affected individuals [4]. Additionally, infertil-
ity and Autistic Spectrum Disorders (ASD) are additional preva-
lent traits. Diagnosis of Jacob’s syndrome is often detained due

live births [5]. These individuals were diagnosed at a median
age of 17.1 years, experiencing a substantial reduction in lifes-
pan from 77.9 years (controls) to 67.5 years, coupled with an
increase in total mortality rate compared to controls, with a
hazard ratio of 3.6 (2.6-5.1) [6].

Jacob’s syndrome is typically non-inherited and arises dur-
ing the father’s meiosis Il. The manifestation of this syndrome
in male offspring occurs when an extra Y chromosome is intro-
duced to the sperm. The random nature of these events, pre-
dominantly paternal nondisjunction at meiosis Il or occasion-
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ally postzygotic mitotic errors, emphasizes the importance of [ Table 1: Status of hematological and biochemical parameters. \

understanding the specific meiotic events contributing to 47,
XYY syndrome [7].

Parameter Result Biolog‘ical Unit
The prenatal diagnosis of Jacob’s syndrome can be accom- reference interval
plished through invasive techniques such as amniocentesis or Hematological Parameters
chorionic villus sampling, while Non-Invasive Prenatal Screen- Hemoglobin 16.7 13-18 g/dL
ing (NIPS) and microarray techniques are also available for RBC 4.96 4.2-5.4 million/pL
screening purposes [8,9]. The application of multifarious inter- PCV 47.7 40-54 %
ventions, spanning speech and occupational therapy, exhibits Total WBC Count 4700 4000-11000 /uL
marked efficacy in mitigating challenges associated with XYY Neutrophils 51 40-75 %
syndrome. The timely deployment assures accelerated issue Lymphocytes 37 20-45 %
resp!ution, while the integrati.o.n of standard therapeutic mo- Eosinophils 4 16 %
dalltle§ adeptly add.rt.esses addltjlonal aspegts, such as acne and Monocytes g 210 %
behavioral complexities, collectively fostering the improvement i
of well-being in affected individuals [10]. Basophils 0 <1 %
Platelets 146000 150000-450000 /uL
In this report, we present the case of an adult male who was MCV 96.1 8745 fl
diagnosed with XYY syndrome during a hospital visit, prompted MCH 338 27-33 pg
by concerns related to his spouse’s adverse obstetric history. MCHC 35.2 30-35 %
The patient’s medical examination, triggered by the challeng- .
. . . . i X Renal Function Test
ing obstetric experiences of his spouse, led to the confirmation
of the XYY karyotype, highlighting the importance of compre- Urea 27 1545 me/dL
hensive genetic investigations in cases of reproductive health Creatinine 10 09-13 mg/dL
concerns. Sodium 137 135-146 meq/L
. Potassium 4.2 3.5-5.5 meq/L
Case presentation Liver Function Test
A couple visited the Global Hospital and Education Founda- Total Bilirubin 0.7 0.0-1.2 mg/dL
tion with complaints of bad obstetrics history. The couple has Direct Bilirubin 0.2 0.0-0.3 mg/dL
been married for the past 7 years, with a previous history of SGPT (ALT) 34 7-55 Iu/L
repeated miscarriages. The first miscarriage was spontaneous, SGOT (AST) 24 8-48 /L
whereas the second pregnancy loss was due to multiple con- Alkaline Phosphatase
genital anomalies. The patient’s spouse is a 34-year-old woman (ALP) 154 70-380 /L
with no major health issues on routine medical examination Total Protein 8.0 6.8 gm/dL
with a normal hormonal profile, and radiological findings like Albumin 4.2 3.5.5 gm/dL
USG pelvis and hysterosalpingography examination revealed a Thyroid Function Test
normal uterus and patent fallopian tubes. Free T4 17 0.78.2.19 ng/dl
For the last five years, the couple faced difficulties in con- Free T3 6.32 2.77-5.27 pg/ml
ceiving, experiencing two subsequent miscarriages. Despite her TSH 1.85 0.46-4.66 plU/ml
regular menstrual cycles, absence of dysmenorrhea or menor- Hormonal Assay
rhagia, no history of surgeries, and absence of sexually trans- Total Testosterone 11.46 17-78 ng/ml
mitted diseases, the couple revealed that the challenge of infer- Growth Hormone 0.04 0.020-3.893 ng/ml

tility was causing a considerable psychological burden in their

lives.
/

The patient, a 38-year-old male with a height of 185.9 cm,
a weight of 73 kg, and a BMI of 21.1 kg/m?, exhibits a range of
clinical features encompassing physical, neurodevelopmental, . ! A
and psychosocial aspects. Notably, there was delayed puberty
and abnormal testes size, suggesting potential hormonal or ge- i( g (g l I } ﬁ B ‘ Bg ! E
netic factors contributing to infertility. The patient has ceased : - s 5 & 5 2,
study due to learning disabilities along with motor coordination . -
difficulties, hypotonia, and social difficulties. However, the ab- g“‘ ﬁ“ﬂ ﬂﬁl ,“a 'ﬁu H“I
sence of autism spectrum traits highlights a nuanced neurode-
velopmental outline. There was synchronized arterial and ven- K% Bx &4 AR i
tricular activity on the ECG examination. Further, the patients’ 19 » 2 z X
semen analysis revealed normal semen volume (2 ml) color and
viscosity, oligozoospermia with 4 million/ml, 40% motility, and
4% normal morphology. The basic laboratory analysis including
hematological and biochemical tests, yielded results within nor-
mal limits. The elevated total testosterone level of 11.46 ng/ml,
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Figure 1: 47, XYY karyotype with the arrow indicating the addition-
\\al Y chromosome. )
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contributes to a broader understanding of hormonal dynamics
in individuals with this rare sex chromosome aneuploidy.

Subsequently, the case was referred for chromosome analy-
sis, and studies using the conventional cytogenetic technique
unveiled a sex chromosomal abnormality. The presence of an
abnormal non-mosiac 47, XYY karyotype was identified from
the peripheral blood of the patient using the Geimsa Banding
Technique (GTG), as depicted in Figure 1.

Discussion

Jacobs syndrome is a rare condition associated with an ad-
ditional Y chromosome in males that presents with mild symp-
toms with potential impact on physical and cognitive develop-
ment [4]. The excess growth hormone and hyperthyroidism
might be the causes of tall stature; however, these were ad-
equate in this study. If the tall stature of a patient is attributed
to an XYY karyotype, it is essential to assess their psychiatric
status, fertility, and other non-specific symptoms [11].

Despite having a 47, XYY karyotype, many men demonstrate
fertility, suggesting that the extra Y chromosome is frequently
lost before meiosis, thus preserving their reproductive capabili-
ties. Several studies comparing the sperm karyotypes of fertile
and infertile XYY men reveal a prevalence of normal sperm.
Besides, potential arrest points during spermatogenesis may
result in maturation challenges and variable sperm concentra-
tions [12,13]. Conversely, multiple studies underscore a notable
occurrence of sperm mosaicism, aneuploidy, or hyperdiploidy
in XYY men, emphasizing the potential risk of imparting abnor-
mal genetics to offspring through the emergence of disomy YY
cells during meiotic division [14].

During the diagnosis of Jacob syndrome, it is essential to
differentiate it from Marfan syndrome a connective tissue dis-
order that also has tall stature along with cardiac abnormali-
ties. Hence, a comprehensive cardiac activity assessment and
genetic analysis of the fibirillin-1 gene mutation aid in differen-
tial diagnosis [15]. Similarly, the Sotos syndrome and Klinefelter
syndrome have to be ruled out using NSD1 gene mutation and
chromosomal studies respectively [16,17].

Genetic counseling is recommended for infertile couples,
and assisted reproductive technology can be beneficial to those
who have normal to oligozoospermia. It is critical to screen peo-
ple with Jacobs syndrome who are prone have comorbid condi-
tions such as asthma, tremors, seizure disorders, infertility, and
psychological issues like Attention Deficit Hyperactivity Disorder
(ADHD) and Autism Spectrum Disorder (ASD).

Conclusion

Overall, during reproductive health evaluations compre-
hensive genetic assessments are crucial in diagnosing Jacobs
syndrome. The findings emphasize the diverse clinical manifes-
tations, diagnostic challenges, and importance of genetic coun-
seling and assisted reproductive technology. The advancements
in cytogenetic methodologies are required to better understand
and support individuals with this rare chromosomal abnormal-
ity.
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