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Tetrasomy 9p is a rare clinical syndrome and about 30% of known cases exhibit
chromosome mosaicism. The cases with tetrasomy 9p mosaicism have been reported
to show the various phenotypes. On the other hand, Klinefelter syndrome is well
recognized chromosomal abnormality caused by an additional X chromosome in males
(47,XXY), and the characteristic clinical findings include tall stature, immaturity of
external genitalia, testicular dysfunction. Here, we report a 10-year-old male with
tetrasomy of 9p mosaicism, whose phenotypic feature is mimicking Klinefelter
syndrome. He was referred to our hospital for inconspicuous penis. He showed tall
height (+2.5 SD). Endocrinological examination revealed the poor testosterone
response to human chorionic gonadotropin administration, which indicated the
testicular hypofunction, whereas MRI revealed concealed penis as a cause of
inconspicuous penis. Because of the phenotype mimicking Klinefelter syndrome,
karyotype of his blood lymphocytes was analyzed, and an additional marker
chromosome was detected in 6% of the investigated metaphases. Fluorescence in situ
hybridization analysis revealed that the marker chromosome was an isochromosome 9p,
which resulted in tetrasomy 9p. Chromosome analysis of buccal smear also showed
mosaicism for two karyotypes: 5% of cells had the isochromosome of 9p, and the other
cells showed normal. This case is the second case with tetrasomy 9p mosaicism
mimicking Klinefelter syndrome phenotype in the world. Our case, together with
previously reported cases with the same association, indicates the possibility of
testicular hypofunction and urogenital anomalies induced by overexpression of some
genes on chromosome 9p.

9p isochromosome formation is frequently caused by meiosis II nondisjunction followed
by rearrangements leading to duplication of the short arm and loss of the long arm [10].
Since first description of tetrasomy 9p case by Ghymers et al [13], at least 30 cases have
been described, and almost cases were due to addition of isochromosome 9p
[7-9,11,15,20,21,32,34,37]. 'The tetrasomy 9p phenotype varies in severity from neonatal
death to mild developmental delay and minor anomalies. One third of the reported cases
showed the mosaicism of tetrasomy 9p in a tissue-limiting manner, which is one cause of
wide variety of phenotype.
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On the other hand, Klinefelter syndrome is well recognized chromosomal abnormality
caused by an additional X chromosome in males (47,XXY), and the characteristic clinical
findings include tall stature, immaturity of external genitalia, and testicular dysfunction [19].
Although additional X chromosomes is predominantly inactivated, the entire chromosome
region is not inactivated, and inactivated region of additional X chromosome is likely to be
responsible for clinical features.

Although urogenital anomalies were reported as a clinical feature of tetrasomy 9p case
[4,7,9,32], phenotypes mimicking Klinefelter syndrome such as inconspicuous penis and
testicular hypofunction are rare [28]. Here we describe a mosaic tetrasomy 9p case with the
phenotype mimicking Klinefelter syndrome and hyporesponse of human chorionic
gonadotropin (hCG) - stimulated testosterone production.

CASE REPORT

The patient, a male, is the second child of healthy, non-consanguineous parents. One
brother is healthy. The family history was negative for abortion and genetic abnormality.
The pregnancy was uneventful. Delivery was at 38 weeks of gestation with a birth weight
2792¢g, birth length 50cm, and head circumference 33cm. Apgar score was 9 at 1 min. His
motor development was normal, and health condition was good. And he made good
scholastic progress and showed no sign of mental retardation.

At 10 years, he was referred to our hospital for inconspicuous penis. Height was 155cm
(+2.5SD) and weight was 60kg (+2.9SD). Hand wrist roentgenogram revealed that his
skeletal age was 11 years old. Physical examination showed inconspicuous penis. His
pubic hair was Tanner I, and the length of his penis was 0.5cm, whereas he did not show any
other feminized symptom. The craniofacial appearance of this patient is not specific.
Because these clinical features initially suggested Klinefelter syndrome, internal and external
genitalia was examined using MRI. The abdominal MRI revealed that the inconspicuous
penis was caused by the concealed penis, and mullerian derivatives were not detected (Fig
la). The head MRI revealed no abnormal finding (Fig 1b).

Fig 1. MRI findings of the index case. (a) The sagittal section of abdominal MRI. The
inconspicuous penis is caused by the concealed penis, and this image shows neither uterus
nor ovary. Arrow and arrow-head represent the concealed penis and the inconspicuous
penis, respectively. (b) The sagittal section of brain MRI. This image shows the normal
pituitary gland.

Because of his tall stature, he was examined endocrinologically. Basal serum GH and
somatomedin C levels were less than 0.2 ng/ml and 280 ng/ml, respectively. Basal serum
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LH and FSH levels were <0.1 mIU/ml and 0.9 mIU/ml, respectively, and peak LH and FSH
levels were 1.8 mIU/ml and 6.1 mIU/ml after GnRH administration. Basal testosterone level
was 0.4 ng/ml and 1.0 ng/ml after intramuscular hCG (4OOOIU/m2) administration for 3
consecutive days (Table 1).

These results indicated that pituitary gonadotroph functioned in accordance with his
pubertal stage, whereas testosterone production was insufficient [18].

Endocrinological examinations

testosterane (gl FEH Gl Ufml) LH (mlU/ml)
after hCG peak during peak during
basal  irulation”  C% GrRmiesttt 0% GrmiTtes
04 1.0 09 &1 <201 18

Table 1. The data of endocrinological examination of the index case.
* indicates hCG 40001U/m*/dose im, for 3 consecutive days, and blood sampling on day 4.
*#* indicates 100pg/ m” bolus iv, blood sampling at 0,30,60,90, and 120 min.

CYTOGENETIC ANALYSIS

Chromosome examination of a 72-hr peripheral blood lymphocyte culture stimulated
with phytohemaglutinin (PHA) showed an extra chromosome in 6% of metaphases analyzed
(Fig. 2a). G-banding revealed that the extra chromosome was an isochromosome 9p.
FISH (fluorescence in situ hybridization) studies of lymphocytes were performed to confirm
the origin of this isochromosome, using the whole chromosome 9-specific painting probe
(WCP9) (Fig. 2b), and the result was compatible with isochromosome 9p. In summary, the
patient’s karyotype was 47,XY,+mar[6]/ 46,XY[94].ish i(9)(p10)(wcp9 1), which indicated
tetrasomy 9p. Since it was reported that the ratio of abnormal cells with isochromosome 9
was various among the different tissues, the buccal mucosa cells were analyzed by FISH
again. For this analysis the paired probes to the chromosome 9 centromeric (CEP9) and
pl6 (9p21) regions were used. In buccal smear, interphasic FISH studies revealed that 5%
of cells show tetrasomy 9p (Fig. 2c¢).

DISCUSSION

Tetrasomy 9p is a rare clinical syndrome and about 30% of known cases exhibit
chromosome mosaicism [32]. Previously reported features of tetrasomy 9p of both mosaic
and non-mosaic cases were characteristic facial appearances with hypertelorism (72%),
broad nasal root or bulbous / beaked nose (69%), cleft lip or palate (78%), ear anomalies
(88%), and micrognathia (59%) [9]. Other frequent clinical features include developmental
delay (94%), central nervous system anomaly (89%), limb defects (88%), postnatal growth
failure (71%), congenital heart disease (62%), small gestational age (57%), renal anomalies
(57%), wide sutures / large fontanelle (56%), and short neck / excess nuchal skin (53%).
Abnormal genitalia were also complicated in 56% of male case, and 38% of female case [9].
Clinical findings of the index case included the inconspicuous penis, which was caused by
the concealed penis. As shown in Table 2, in part of the cases with mosaic tetrasomy 9p,
urogenital abnormalities were also reported.
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Fig 2. Chromosomal analysis of the index case. (a) G-banded karyotype of lymphocytes. A marker chromosome
(mar) was detected in 6% of lymphocytes and suggested to be an isochromosome 9p. (b) FISH studies of
lymphocytes using whole chromosome 9p probe (WCP9). Bright signals indicate the location of 9p, and arrows
with and without i(9)(p10) indicate the isochromosome 9p and short arm of normal chromosome 9. This picture
makes it possible to confirm the origin of this isochromosome, and the patient’s karyotype was determined as 47,XY,
+mar[6]/ 46,XY[94]. ish i(9)(p10)(wep9+). (c) Interphasic FISH study of buccal smear. Bright signals with
arrow indicate the LSIpl6 probe hybridization to short arm of chromosome 9 (9p21), and bright signals with
arrow-head indicate the CEP probe hybridized to centromeric region of chromosome 9. The right lower cells
included the isochromosome 9p, and the others were normal. Five percent of the buccal mucosa cells showed 9p
tetrasomy.

Reported cases with mosaic 9p tetrasomy

Blood Skin (cthers)* Earyotype Urogenital Reference
% of abnormal cells) anormalies

100 0 idic(9) (q12) Ghryrners., 1973

86 ? (9 (ploy Rutten etal, 1974
96 70 i) (1o Oryeetal, 1975
100 0 (9 (ploy Cuccoetal | 1982
100 0 idic(®) (q13) cryptorchidiam Peters et al | 1982
a7 ? idic(®) (q12) Inconspicuous penis Balestrazzi et al | 1983
100 35 idic(9) (g21) hypoplastic genitalia Calvieri et al., 1988
i 11 idic(?) (q12) Paperthausen et al , 1590
28 7 idic(®) (q21) hypoplastic genitalia Walkarmra =t al | 1990
75 0 idic(®) (q12) Grass et al | 1993

& 7 idic(®) (q21) Andou et al | 19%4
32 1st: 0, 2nd 62 (9 (ploy Eggermann et al., 1598
83 ? idic(9) (q12) Sturnm et al | 1999
75 AF: 50 1die(@) (q13) Cazorla et al, 2003
30 0 i(9) @10

] bucecal smear: 13 (9 (pl0y Lloveras et al, 2004
a5 85 1(9) (pl0y harseshoe kidney Tang etal, 2004
20 0 1(5) (pl0y oligospermia Meauliffe et al | 2005
& buccal smear: 5 1Pl concealed penis Present report

Table 2. Reported cases with mosaic 9p tetrasomy. *: 1st and 2nd represent the 1st and 2nd skin
biopsy, respectively. AF means the amniotic fluid sampling of each case. The following
146&eferences are cited: [1,2,4-6,11,13,14,20,21,24,26-28,30,32,33].
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The clinical feature of the index case was tall height, and inconspicuous penis, which was
mimicking Klinefelter syndrome. Because in the case of Klinefelter syndrome
inconspicuous penis is usually caused by micropenis, the cause of inconspicuous penis was
different from our case. However, insufficient production of testosterone was revealed in
the index case as well as Klinefelter syndrome. Only one case with mosaic tetrasomy 9p
mimicking Klinefelter syndrome was previously reported [28]. Furthermore, one mosaic
tetrasomy 9p case with oligospermia and two trisomy 9p cases with ovarian dysfunction have
been reported [6,21]. We found that these cases were not more frequent, but it was
supposed that genital function was related with tetrasomy 9p. On the other hand, the reason
for the tall height remained unclear, because serum somatomedin C level was not so high.

Reported cases of tetrasomy 9p in the literature can be grouped into three types based on
the nature of the isochromosome by Dhandha et al [9]. In the cases of the first type, the
isochromosome has breakpoint at p10 with no portion of the long arm of chromosome 9
present. In the second the isochromosome includes a small amount of the heterochromatic
region of 9q, extending to 9q12 or 9q13. And in the third type cases, the isochromosome
included a larger portion of the long arm of chromosome 9, extending to 9921 or 9q22 (Table
2). It is controversial whether the nature of the isochromosome may influence phenotype,
or not [14,32]. Isochromosome of our case is the first type, in which the break point is
located at pl0, whereas the second type isochromosome was detected in the reported
tetrasomy 9 case mimicking Klinefelter syndrome [28]. These findings suggest that the
testicular hypofunction is not determined by the portion of isochromosome breakpoint.

Isochromosome 9p shows a strong tendency to tissue-limited mosaicism
[4-6,11,14,20,21,26-28,33]. It is predominantly detected in peripheral blood, and often at a
lower frequency or it is absent in skin including the buccal mucosa [20]. Until now the
different mosaic ratio among the examined tissues was reported in 13 cases (Table 2).
However, there is no report about the ratio of mosaicism in internal organs, such as testis.
Our case is mosaic tetrasomy 9p; the level of mosaicism in peripheral blood cultures is as
low as in buccal smear. Although the correlation between the severity of the phenotype and
the degree of mosaicism are still now discussed, a review of the literature reveals that
phenotypic differences are more likely to be the result of the degree of mosaicism
[9,14,17,22,31,35,37]. In our case testosterone response after hCG administration was low,
which indicates the hypofunction of testis. It is likely that the percentage of tetrasomy 9p in
testis is higher than that in lymphocytes or buccal mucosa.

In partial monosomy 9p patients, male to female sex reversal has been described, and
haploinsufficiency of unknown testis determining factor(s) has been proposed as a cause of
sex reversal [12,23,25,36,38]. DMRT1 (Doublesex and MAB-3 related transcription factor
1) gene on chromosome 9p is reported as a candidate gene for 9p sex reversal [3,29].
Because the expression levels of all known genes so far to be involved in the
sex-determining cascade are finely tuned, overexpression of testis determining gene on
chromosome 9p might be also cause for gonadal dysfunction. This idea is supported by the
46,XY gonadal dysgenesis case with partial duplication of chromosome 9p [16]. Trisomy
9p and mosaic tetrasomy 9p cases with gonadal hypofunction were also reported [6,21,28].
These cases suggest the possibility of testicular hypofunction induced by overexpression of
some genes on chromosome 9p.

In summary, the case with tetrasomy 9p mosaicism mimicking Klinefelter syndrome
phenotype and hyporesponse of hCG-stimulated testosterone production was reported. Our
case, together with previously reported cases with the same association, indicates the
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possibile testicular hypofunction induced by overexpression of some genes on chromosome

9p.
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