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IntrOductIOn
Klinefelter syndrome (KFS) was the most common sex chromosome 
abnormality in male with a global incidence of 1 in 500 to 1000 
male live births, with more prevalence in individuals with mental 
retardation [1]. The diagnosis of KFS happens mostly in late teens 
or adult age group, due to the indications of hypogonadism and/or 
infertility or with systemic abnormalities. The most commonly seen 
clinical manifestations include reduced or absence of secondary 
sexual characters, tall stature, gynaecomastia, small or infantile 
mesonephric derivatives and external genitalia can be ascertained 
to possible errors in steroidogenesis that may influence on the 
spermatogenetic pathway. Polymorphic research studies have 
reported remarkable variation of X chromosome trisomy’s with regard 
to the parental origin of additional X [2], with higher preponderance 
of paternal origin of supernumerary X in Klinefelter syndrome, where 
the etiology is the non-disjunction mechanism that may happen 
during meiosis I. This mechanism may change with reference to 
maternal origin, which may happen either in meiosis I or II or during 
the post-mitotic division [3-5]. 

The association of clinical phenotype with the parental origin in KFS is 
open to discussion and limited studies exist to report the association. 
In continuation with our previously published observational study on 
data profile of phenotypic features in 72 KFS male [6], the authors 
have designed the objective to report the parental origin of extra X 
chromosome and the association of clinical profile of in 9 KFS male 
probands.
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ABStrAct
Introduction: Several genomic imprinting mechanisms have 
been postulated to report the parent-of-origin in Klinefelter 
syndrome. It was stated in the literature, parental origin has an 
effect on behavioral phenotype of Klinefelter individuals, but the 
association of the same on clinical profile was less reported. The 
detailed clinical phenotype when studied with the known origin 
of extra X may possibly explain the imprinting effect that may 
be helpful to derive diagnostic criteria in the syndrome. In the 
present study, we investigated the parental-of-origin of extra X 
chromosome in Klinefelter syndrome probands with an aim to 
report the association between the phenotype with that of its 
karyotype and the parental origin of supernumerary X.

Materials and Methods: Seventy two probands that were 
referred to division of Human Genetics, St.John’s Medical College, 
Bangalore with variable complaints and phenotypic features were 
diagnosed with informed consent as Klinefelter syndrome with a 
confirmed karyotype. The Karyotype was prepared by peripheral 
lymphocyte culture and GTG banding method. The parental 

origin was studied in 9 families of Klinefelter probands with 
standard protocol for GENE SCAN using X-chromosome specific 
Short Tandem Repeat markers. The outcome was analyzed to 
determine the parental origin by GENE MAPPER.

Statistical analysis:  Statistical analysis was conducted to 
ascertain the significance of parental origin of supernumerary X 
with the phenotypic profile with confirmed karyotype.

results: Seven of nine probands had 47, XXY karyotype and 
2 were mosaic with 47,XXY/46,XY karyotype. Five probands 
had their supernumerary X from maternal side and four were 
paternally derived. Sixteen features as framed proforma were 
tabulated against the originated X in Klinefelter probands. 55.56% 
of Klinefelter stigmata were seen in prob and who had maternally 
derived X and the rest were with paternal X. 

conclusion: The findings of the present study points on parent-
of-origin effect on clinical profile and indicate that the imprinted X 
chromosome genes show differential effect general and systemic 
traits.
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MAterIAlS And MethOdS
In the first phase of cytogenetic study, we have a record of 72 male 
individuals referred to division of Human Genetics, Department of 
Anatomy, St John’s Medical College, Bangalore with hypogonadism, 
Infertility sterlity, KFS (?) as the main chief complaints. At the 
time of referral, a detailed clinical proforma was documented to 
report the expressed phenotypic features of the probands. With 
the informed consent, cytogenetic analysis was performed by 
conventional karyotyping method and automated karyotyping 
system. Semen analysis was carried to know about the status of 
sperm production.

After obtaining a confirmed Klinefelter karyotype either in pure 
form or mosaic form with Klinefelter karyotype more than 10% or 
Klinefelter variant, consent was requested from the proband and the 
parents to determine the parental origin.

Eighteen KFS male and families gave their consent for the parental 
origin detection of the X. DNA was extracted from the proband 
and parents by modified phenol-chloroform method (Thangraj et 
al., [7] Quantification of DNA was carried by gel electrophoresis 
method. X chromosome specific STR (Short Tandem Repeat) 
markers were used to amplify the DNA of the probands and parents 
under specific PCR settings (BIORAD). The amplified product was 
subjected to GENE SCAN (Applied Biosystems 3730) for parental 
origin determination. The results of GENE SCAN was analyzed and 
interpreted in GENEMAPPER (ABI Prism Linkage mapping sets 
v2.5 user’s manual).
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The listed phenotypic features that were documented are correlated 
with karyotype and the parental origin of the X. A percentage analysis 
was carried out to report the entire documented and observed 
data.

reSultS
The parental origin could be determined in nine families with KFS 
probands. Maternal origin of the X was confirmed in five and the 
paternal origin in four. 47, XXY karyotype was observed in seven 
cases; out of which three showed maternally derived X (Xm) and 
four paternally derived X (Xp). Maternal origin of X chromosome (Xm) 
was observed in two cases with 46,XY/47,XXY mosaic Klinefelter 
karyotype. 

Sixteen cardinal features were listed and tabulated in the proforma. 
These features are listed against the determined parental origin in 
the nine KFS cases in [Table/Fig-1].

Sl.No Features
Xm 
n 5

Xp
n 4

1

Chief complaint at the time of referral

? KFS (05) 02 03

Hypogonadism (01) 01 -

Sterility (02) 02 -

Infertility (01) - 01

2

Age at the time of referral

10-20 years (03) 01 02

21-30 years (03) 02 01

31-40 years (03) 02 01

3

Birth Order

1 (04) 03 01

2 (01) - 01

4 (01) - 01

5 (02) 02 -

NK (01) - 01

4.

Maternal age at conception

15-20 years (01) 01 -

21-30 years (03) 02 01

31-40 years (04) 02 02

NK (01) - 01

5

Paternal age at conception

15-20 years (01) 01 -

21-30 years (02) 02 -

31-40 years (02) - 02

41-50 years (03) 02 01

NK (01) - 01

6

Consanguinity

1st cousin (02) 01 01

Non-consanguineous (07) 04 03

7

Education

Schooling (04) 02 02

PUC (01) 01

Graduation (04) 02 02

8

Height

< 160 cms (01) 01 -

> 160 cms (04) 02 02

NK (04) 02 02

9

Build

Tall (03) 01 02

Normal (06) 04 02

Sl.No Features
Xm 
n 5

Xp
n 4

10

Gynaecomastia

Present (04) 02 02

Absent (05) 03 02

11

Axillary Hair Growth

Normal (06) 02 04

Scanty (01) 01 -

Absent (02) 02 -

12

Pubic Hair Growth

Normal (06) 02 04

Scanty (03) 03

13

Size of Male external genitalia

Small (02) 01 01

Normal (07) 04 03

14

Size of Gonads

Small (05) 01 04

Normal (04) 04

15

Semen analysis

Azoospermia (03) 02 01

Normal (06) 03 03

16

Karyotype

47,XXY (07) 03 04

46,XY/47,XXY (02) 02

Total (144) 80 64

Normal 24 23

abnormal 56 41

[table/Fig-1]: KFS: Clinical phenotype Vs Parental origin (n 9)

The documented KFS stigmata such as height, build, gynecomastia, 
axillary hair growth, pubic hair growth, size of gonads, size of 
external genitalia were observed to be at associated with maternally 
derived X (Xm). Semen analysis revealed azoospermia in three KFS 
male, two with Xm and one with Xp. 

dIScuSSIOn
The first objective of the study was to know the origin of extra 
X chromosome in a sample of nine confirmed KFS cases. The 
observations derived from the study five with maternal X and four 
with paternal X correlate with the few reports in the literature. Linden 
et al., [8] reported 40 percentile range of X of maternal origin in their 
study of sex chromosomal tetrasomy and pentasomy. Eskenazi 
et al., [9] highlighted in his study about 72.2% of maternal origin 
of additional X and paternally derived X 27.8% with a marginal 
significant difference from the study of Harvey et al., [10] which 
report parental origin was about 44%. These observations indicate 
the trend of maternal derived X in KFS.

Technical approach has pivotal role in identifying the parental 
origin of additional X. Linden et al., [8] with Restricted Fragment 
Length Polymorphism reported 40% of Xm and 60% of Xp in 5 
KFS cases. Eskenzi et al., [9] reported a higher percentage of Xm 
using microsatellite markers. Froland et al., [11] based on Xg blood 
grouping, determined the parental origin of extra X in 10 KFS male 
and reported 60% with Xm and 40% with Xp origin. Large sample 
of KFS was investigated Jacobs [12] and Harvey et al., [10] used X 
centromeric probe. The reports from their metacentric study show 
Xm and Xp in 111 and 61 KFS male respectively CAG repeat length 
of AR gene was reported by Zinn et al., [13] and Stemkens et al., 
[14] with equal percentage Xm or Xp. 

The percentage analysis of the parental origin of X in KFS, in the 
present study was within the reported range for each category. 
The observations of the present study for maternally derived X 
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in these nine cases. The maternal origin in KFS was seven and 
paternal in two. On correlation, Irrespective of the parental origin, 
the KFS males manifested 67.36% of the abnormal KFS features. 
Out of which, with Xm (5), the manifestation of phenotypic features 
was 57.7% and with Xp (4), it was 42.26%. From, the findings it 
could be opined, that out of the listed features, in case scoring is 
carried out, any suspected KFS with >50% scoring and above the 
chance of receiving either Xm or Xp is equal. 
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(Xm) (55.56%, 5) and paternally derived X (Xp) (44.44%, 4) agreed 
with that of the study by Harvey et al., [10] and Zinn et al., [13] 
(56% Xm; 44% Xp). The determined percentage of the parental 
origin of X in KFS, in the present study, could be interpreted that 
more or less the non-disjunction of X during gametogenesis might 
be in line with proportional distribution reported in the literature. 
The second objective of the study is to establish the association 
between parentally derived X with the manifested phenotypic 
features confirmed KFS male. The results indicate that trend of 
KFS stigmata was more towards the maternal X (Xm) and there 
was no significant relation between the general features such as 
parental age at conception, age at the time of referral and parental 
consanguinity.

Zinn et al., [13] reported no significant difference in any mean 
anthropometric measure or in penile length or testicular volume 
irrespective of the parental origin, in KFS.

Stemkens et al., [14] reported motor impairment and speech 
and language delay, low verbal IQ in KFS male with Xp than Xm; 
however, the observations were found to be statistically non-
siginificant. Anthropometric parameters such as occipital frontal 
circumference, sitting height and penile length, biacromian distance 
and middle finger length were associated with Xp, but statistically 
not significant.

The above authors also reported short penile length and lesser 
testicular volume; but parental origin effects on these two features 
were not mentioned. In the present study, in Xp there was 
hypogonadism in one KFS and short penis in another.

In the present study, features were categorized into 16 groups. The 
calculated total numbers of 16 features are multiplied for the sample 
of 9 was 144. Irrespective of the parental origin, the KFS males 
manifested 67.36% of the abnormal KFS features. Out of which, 
with Xm (5), the manifestation of phenotypic features was 57.7% 
and with Xp (4), it was 42.26%.

The observation of the 67.36% of the manifestation of the KFS 
features in the present study could be interpreted that in Indian KFS 
men the severity of the KFS features are associated with Xm and 
Xp in more or less equal percentage. From, the findings it could be 
opined, that out of the listed features, in case scoring is carried out, 
any suspected KFS with >50% scoring and above the chance of 
receiving either Xm or Xp is equal. 

cOncluSIOn
In KFS, out of nine, seven had 47, XXY karyotype and two were with 
X-mosaicism (46,XY/47,XXY) Parental origin of X was determined 
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