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Abstract. A male newborn presented with hypospadias 
and differential testicular volumes. Short femur length was 
detected four times during pregnancy, at 23, 31, 32 and 
33 weeks, by ultrasonographic examination. Chromosome 
analysis was performed on peripheral lymphocytes obtained 
from the infant and his parents. Fluorescent in situ hybridiza-
tion (FISH), using sex determining region Y (SRY)/DXZ1 
and DYZ3 probes, was performed to verify the deletion of the 
SRY gene (located on Yp11.3 region) and the activation of Y 
chromosomal centromeres. Single nucleotide polymorphism 
(SNP)‑array comparative genomic hybridization (CGH) was 
used to detect copy number variations in the infant. The results 
revealed a ~2.2 Mb mircodeletion on Yp11.32 containing 
the short stature homeobox (SHOX) gene. According to the 
above examinations, the abnormal Y chromosome of the 
patient was identified as a dicentric derivate of the Y chromo-
some with pseudoinactivation of one of the two centromeres. 
The karyotype is therefore: 45,X[20]/46,X,idic(Y)(p11.3).
ish psu idic(Y)(p11.3) (SRY++, DYZ3++). array Yp11.32 
(118,551‑2,393,500)x0[26]/46,X,ishY(SRY+, DYZ3+)[4]. 
The combination of cytogenetic, FISH and SNP‑array CGH 
technologies was beneficial for diagnosing the karyotype 
accurately, predicting the prognosis, and preparing an effec-
tive treatment plan for the patient.

Introduction

A dicentric Y chromosome has 2 centromeres and is a common 
abnormal structural rearrangement of the Y chromosome that 
is unstable during cell division. It is likely to generate various 
cell lines and most affected patients that have been reported 
are chromosomal mosaics, typically including the 45,X cell 
line (1). If there are completely symmetrical arms on the dicen-
tric chromosome, it is considered an isodicentric chromosome. 
Regardless of the proportion of the two cell lines in peripheral 
blood, the phenotypic spectrum of chromosomal mosaics of 
all ages may vary widely and includes healthy infertile males, 
females with or without Turner syndrome, individuals with 
ambiguous genitalia and mixed gonadal dysgenesis  (2‑6). 
However, there are few reports regarding patients with three 
different cell lines, particularly the 46,XY normal karyotype.

Hypospadias is a common abnormality of the external 
genitalia in males, and patients with hypospadias may exhibit 
chromosomal abnormalities. Kojima  et  al  (7) assessed 
400 patients who underwent surgery to repair hypospadias and 
identified chromosomal anomalies in 22 (6%).

The present case report is of a hypospadiac male infant with 
a 45,X/46,X,psu idic(Y)(p11.32)/46,XY karyotype. The patient 
carried a pseudodicentric Y chromosome with the break point 
located at pseudoautosomal region 1 (PAR1). To the best of our 
knowledge, this is the first description of a mosaic karyotype 
containing three cell lines. The proband manifested short 
stature due to haploinsufficiency of short stature homeobox 
(SHOX), confirmed through single nucleotide polymorphism 
(SNP)‑array comparative genomic hybridization (CGH) detec-
tion. The combination of cytogenetic, fluorescence in situ 
hybridization (FISH) and SNP‑array CGH technologies was 
beneficial for diagnosing the karyotype accurately, predicting 
the prognosis and preparing an effective treatment plan.

Case report

A newborn infant was investigated due to hypospadias and 
differential testicular volumes (Fig.  1). Written informed 
consent was obtained from the parents. The parents of the 
infant had not had contact with hazardous substances and 
were healthy 28‑year‑olds. The karyotypes of the parents were 
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normal male (46, XY) and normal female (46, XX). There 
was no known parental consanguinity and family history was 
negative for hypospadias and short adult stature. During the 
pregnancy, there was no evidence of intrauterine growth retar-
dation except for short femur length at 23, 31, 32 and 33 weeks. 
Due to the low risk of Down's syndrome, karyotype analysis 
of amniotic cells was not performed. At 6 weeks pregnant, 
the infant's mother (gravida 1 para 1) had taken progesterone 
for approximately one month due to low progesterone levels. 
Due to hypothyroidism at 36 weeks pregnancy, levothyroxine 
sodium tablets had been taken.

Cesarean delivery occurred at 38 weeks of gestation. The 
birth weight of the infant was 3,150 g (‑0.5 standard deviation; 
3,300 g being the average weight of a healthy male Chinese 
newborn) and a length of 47  cm (‑1.5 standard deviation; 
49.9 cm being the average length of a healthy male Chinese 
newborn). The Apgar score was 9/10/10. The infant was 
examined at a pediatric day‑surgery center (Department of 
Pediatric Surgery, Beijing Children's Hospital, Capital Medical 
University, Beijing, China) at 29 days. Inguinal ultrasonog-
raphy revealed no uterus or ovaries. Bilateral testes were both 

located in the scrotum, with a left testicular size of 0.8x0.4 cm 
and a right testicular size of 1.2x0.7 cm. There was a liquid 
dark space of ~2.5x0.8 cm on the testicular sheath membrane 
cavity. No abnormalities were detected regarding bilateral 
testicular parenchyma, blood supply and bilateral spermatic 
cords. An intra‑abdominal investigation of laparoscopy was 
not performed. At 56 days old, the weight of the infant was 
6,100 g (0.5 standard deviation; 5,600 g being the average) and 
length was 56 cm (‑1.5 standard deviation; 58.4 cm being the 
average). Averages provided are according to the World Health 
Organization standards of child growth.

The serum reproductive hormone levels of the patient 
were detected at 56 days (Beijing Obstetrics and Gynecology 
Hospital, Capital Medical University, Beijing, China) by 
immunoassay, using a UniCel® DxI 800 Immunoassay 
system (Beckman Coulter, Inc., Brea, CA, USA), and were 
normal for luteinizing hormone (7.22 IU/l; normal range, 
1.24‑8.62 IU/l), follicle‑stimulating hormone (4.02  IU/l; 
normal range, 1.27‑19.26 IU/l), estradiol (12.37 pg/ml; normal 
range, <47 pg/ml), progesterone (0.70 ng/ml; normal range, 
0.10‑0.84 ng/ml) and testosterone (1.13 ng/ml; normal range, 

Figure 1. (A) The male infant. (B) Different sizes of bilateral testes. (C and D) Hypospadias of the patient.
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1.75‑7.81  ng/ml). However, prolactin levels were elevated 
(37.49 ng/ml; normal range, 2.64‑13.13 ng/ml).

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 culture medium (Yishengjun; 
BaiDi Bio‑Technology, Guangzhou, China) at 37˚C for 72 h, 

followed by 50 µg/ml colchicine treatment (Yishengjun; BaiDi 
Bio‑Technology) 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 3 cell 
lines. In 23 of 50 (46%) analyzed metaphases, a numerically 

Figure 2. (A‑C) Giemsa banding and (D‑F) QFQ banding, of (E) Dic(Y) and (F) normal Y. SRY/DXZ1 probe detection in (G‑I) metaphase cells and (J‑L) inter-
phase cell nuclei. DYZ3 probe detection in (M) interphase nuclei cell (46,XY) and (N and O) metaphase cells [46,X,psu idic (Y)(p11.3)]. SRY, sex determining 
region Y.
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abnormal karyotype was detected: 45,X (Fig. 2A). In 24 of 50 
(48%) metaphases, a suspected isodicentric Y chromosome 
was detected: 46,X,?idic (Y)(p11.3) (Fig.  2B). In 3 of 50 
(6%) metaphases, a normal karyotype was detected: 46,XY 
(Fig. 2C). Additional QFQ‑banding techniques revealed that 
the heterochromatic region of the long arm of the Y chromo-
some was none, two copies and one copy in the above three cell 
lines, respectively (Fig. 2D‑F). The karyotype was designated 
as 45,X/46,X,?idic(Y)(p11.3)/46,XY.

FISH was performed using a sex‑determining region Y 
(SRY)/Vysis CEP X (DXZ1) probe and a Vysis CEP Y 
(DYZ3) probe on the SRY region of Yq11.3, the centromeric 
region of the X chromosome and Y chromosome (Vysis; 
Abbott Molecular, Inc., Des Plaines, IL, USA). The probes 
were denatured for 2 min at 73˚C. The hybridization mixture 
(1 µl of each probe, 1 µl H2O and 7 µl of hybridization solu-
tion) was applied to each slide and covered with a coverslip 
20x20 mm. The hybridization mixture was a 70% solution 
of dextran sulphate and formamide in saline‑sodium citrate 
(SSC) buffer (pH 7). Each slide was then sealed with rubber 
cement before hybridization was carried out overnight in a 
moist chamber at 37˚C. After hybirdization, the slides were 
washed for 3 min in a solution of X0.4 SSC at 73˚C and a 
second time for 30 sec in a solution of X2 SSC/0.1% Nonidet 
P40. Following the final wash, slides were air dried in the 
dark. The slides were counterstained with a solution of 4', 
6‑Diamidine‑2'‑phenylindole dihydrochloride (DAPI II; 
Vysis Inc., Downers Grove, IL, USA) diluted in an antifade 
mounting medium. The SRY/DXZ1 probe was successfully 
hybridized to metaphase cells (Fig. 2G‑I) and interphase cell 
nuclei (Fig. 2J‑L). Fig. 2J‑L demonstrates that there was no 
SRY signal in Fig. 2J, but there were two signals and one signal 
on the SRY region of Yq11.3 in (Fig. 2K and L, respectively). 
In addition, there was one signal in the centromeric regions 
of the X chromosome on metaphase cells (Fig. 2G‑I) and one 
signal in interphase cell nuclei, respectively (Fig. 2J‑L). One 
red signal revealed the active Y centromere on interphase cell 
nuclei (46,XY; Fig. 2M). Two red signals revealed the inactive 
Y centromere and one red signal revealed the active Y centro-
mere on a metaphase cell [46,X,psu idic (Y)(p11.3); Fig. 2N‑O]. 
According to these results, the abnormal Y chromosome was 
identified as a dicentric derivate of the Y chromosome with 
psuedoinactivation of one of the two centromeres (Fig. 3). The 
karyotype of the infant was designated as 45,X[20]/46,X,?idic 
(Y)(p11.3).ish psu idic(Y)(p11.3) (SRY++, DYZ3++)[26]/46, 
X,.ish Y (SRY+, DYZ3+)[4].

SNP‑array CGH analysis. Peripheral blood (1 ml) containing 
2.25 mg/ml EDTA was sent to Be Creative Lab Co. Ltd (Beijing, 
China) for processing and an Affymetrix CytoScan® 750K 
(Affymetrix, Inc., Santa Clara, CA, USA) gene chip was used 
to determine the SNPs and copy number variations (CNVs). 
SNP‑array CGH detected a deletion on the pseudoautosomal 
region of the Y chromosome (Yp11.32) that encompassed 
~2.2 Mb (Fig.  4). Thus, the SNP‑array CGH results of 
the patient were arr[hg19] Yp11.32(118,551‑2,393,500)x0. 
When the results of chromosome karyotype analysis, FISH 
and SNP‑array CGH were combined, it was possible to 
identify the precise breakage of the abnormal Y chromo-
some on Yp11.32. The results were analyzed using the 

Online Mendelian Inheritance in Man (OMIM) database 
(omim.org/), Gene Review (Reviews of genetic disor-
ders/syndromes and lab testing; www.ncbi.nlm.nih.
gov/gtr/#genereviews), the International Standards for 
Cytogenomic Arrays (ISCA) and the Consortium Clinical 
CNV Database (www.ncbi.nlm.nih.gov/dbvar). Data analysis 
revealed that the 2.2 Mb deletion encompassed ~20 OMIM 
genes, including SHOX. No clinically significant microdele-
tions or microduplications on other chromosomes were 
observed.

Discussion

The phenotypic spectrum of 45,X/46,XY,dic(Y) mosaicism is 
broad and variable. Table I presents previous studies regarding 
patients with differing sex, age, proportions of cell lines and 
break points. It has been suggested that the diverse clinical 
phenotypes are dependent on the proportions of the different 
cell lines, and the variable sites of breakage and fusion on Y 
chromosomes.

The present study reported a patient with hypospadias and 
a mosaicism karyotype of 3 cell lines 45,X[23]/46,X,?idic(Y)
(p11.32)[24]/46,XY[3]. The dic(Y) chromosome of the male 
infant was a result of meiosis I exchange between sister chro-
matids at the pseudoautosomal region, followed by centromere 
misdivision at meiosis II during spermatogenesis in the father. 
Another cause probably occurred during the first division 
following fertilization  (8). The most important reason for 
chromosomal breakage and reunion is exposure to hazardous 
substances including radiation, medication, chemical and 
biological factors. Although the parents of the present infant 
denied contact with the above factors, the presence or absence 
of hazardous material tends to be unpredictable in daily life.

The SRY gene, located at the tip of the Y short arm (Yp11.3), 
is a critical switch that results in testis development (9). To 
confirm whether the break point on the Y chromosome 
involved SRY and sex differentiation, FISH was performed on 

Figure 3. Diagrams of (A) a normal Y chromosome and (B) a 46,X,psu idic 
(Y)(p11.32).
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metaphase cells and interphase cell nuclei using a SRY/DXZ1 
probe. The results revealed that there were two signals on 
dic(Y), which suggested that the breakage was on Yp11.3. A 
DYZ3 probe was additionally used to verify the activity of the 
two Y chromosomal centromeres on dic(Y). The rearranged 
Y chromosome was of dicentric structure in which only one 
centromere was active, meaning that the aberrant Y chromo-
some was stable in mitotic cell division.

SHOX, located in the PAR1 on the tip of the short arms 
of the X and Y sex chromosomes (Xp22.33 and Yp11.32), is 
comprised of ~2.6 Mb (10). To evaluate the development of 
the patient and to confirm the deficiency of SHOX gene on the 
terminal of the short arm of the Y chromosome, SNP‑array 
CGH was used for genome‑wide sequencing and to identify 

CNVs. Only one copy of SHOX was detected on Xp22.33. 
However, the copy on Yp11.32 was deletion. This revealed 
that the break point on dic(Y) chromosome was Yp11.23, 
and it had lost the pseudoautosomal region. The deficiency of 
SHOX causes Leri‑Weill Syndrome, which is characterized 
by short stature and abnormal limbs (11). This indicates that 
the short femur length during pregnancy and short stature 
following birth in the infant described in the present study 
were due to the deletion of the short arm end of the Y chromo-
some and the haploinsufficiency of the SHOX gene. Previous 
evidence regarding the use of recombinant growth hormone 
in patients with SHOX deficiency has indicated the beneficial 
effect of this treatment, which improved growth speed and 
final height (12).

Figure 4. Single nucleotide polymorphism‑array profiles of (A) an X chromosome with one copy of SHOX on Xp22.33 and (B) a Y chromosome with no copy 
of SHOX on Yp11. SHOX, short stature homeobox.
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It is likely that this infant will suffer infertility upon 
maturation. Multiple previous reports have observed that male 
patients with 45,X/46,X,dic(Y) exhibit azoospermia or oligo-
zoospermia (2,13‑15). The cause of spermatogenic failure may 
be explained by the presence of an abnormal Y chromosome 
that may not form a sex vesicle, which appears to be necessary 
for the completion of the meiosis process and the formation of 
sperm, or the presence of the 45,X cell line (16).

In conclusion, the present study reports the case of an 
8‑week‑old hypospadiac male infant with 45,X/46,X,psu 
idic(Y)(p11.32)/46,XY mosaicism and haploinsufficiency of 
SHOX. Doctors and genetic consultants must pay greater atten-
tion to pregnant women with low risk of prenatal screening 
and ultrasonic structural abnormalities. The combination of 
cytogenetic, FISH and SNP‑array CGH technologies was 
beneficial for diagnosing the karyotype accurately, predicting 
the prognosis, and preparing an effective treatment plan for 
the patient.
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