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HUMAN GENETICS « CASE REPORT

Duplication of Yq- and proximal Yp-arms with deletion of almost
all PARI1 (including SHOX) in a young man with non-obstructive
azoospermia, short stature and skeletal defects
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Abstract Duplications of Yq arm (and AZF) seems to be
tolerated by fertile males, while mutations, deletions, duplica-
tions or haploinsufficiency of SHOX can originate a wide
range of phenotypes, including short stature and skeletal ab-
normalities. We report a case of non-obstructive azoospermia
in a young man with short stature, skeletal anomalies, normal
intelligence and hormonal parameters. This male showed a
very singular Y-chromosome aberration, consisting of a dupli-
cation of Yq and proximal regions of Yp, with a deletion of
almost all PAR1 in Yptel, including SHOX. CBA- and RBA-
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banding and FISH-mapping with telomeric, centromeric, AZF
and SHOX probes were used. These results were confirmed
by array CGH, which revealed the following karyotype con-
stitution: arr [hgl9] Xp22.33 or Yp11.32p11.31 (310,932—
2,646,815 or 260,932-2,596,815) x1, Yp11.2q12 (8,641,183~
59,335,913) x2. We conclude that the haploinsufficience of
SHOX may be the cause of short stature and skeletal defects
in the patient, while the non-obstructive azoospermia could be
related to the lack of X—Y pairing during meiosis originated by
the anomalous configuration of this chromosome abnormality
and large deletion which occurred in Yp-PARI.

Keywords Y-chromosomeaberration - Yqduplication - PAR1
deletion - Male infertility - Azoospermia - Short stature -
Skeletal anomalies

Introduction

In nature, both numerical and structural chromosomal aberra-
tions can have deleterious effects on fertility and, in the gen-
eral population, their frequency is approximately 0.6%
(Berger 1975), reaching, in males with infertility problems,
higher values, varying between 2% and 14% (Shi and
Martin 2000). The Y-chromosome aberrations may be both
structural and numerical, and they may occur together and
separately in the same subject. With the exception of sterility,
no relevant physical abnormalities have been found so far, in
consideration of the few genes present in this chromosome.
What follows are the main structural anomalies on the Y chro-
mosome. Dicentrism, the most frequent aberration of this
chromosome, occurs in the case of transversal and not longi-
tudinal division of chromatids. The result is an isochromosome
with duplication of short or long arm. Microdeletion, mainly
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involving the AZF cluster or SRY gene (Hotherr et al. 2011).
Ring, an aberration where losses of terminal p- or g-arms occur
(Guilherme et al. 2013). Translocation X/Y or Y/autosomal
(Dobek et al. 2015; Bispo et al. 2014; Gunel et al. 2008), ¥p
or Yq isochromosomes (Hemmat et al. 2013): these abnormal-
ities occur very rarely.

Among the Y-chromosome numerical aberrations, the
most common is the XXY syndrome (Klinefelter) form of
hypogonadism and chromosome aneuploidy (0.15%) in
the general male population (Bojesen et al. 2003), follow-
ed by the XYY syndrome, occurring in 0.1% of live male
births. Although the karyotype 47,XYY is relatively com-
mon, this syndrome and its phenotypes are not yet well
understood. The diagnosis of an XYY karyotype general-
ly occurs late (around 17.1 years of age, on average) and
only 15% of patients are diagnosed with this syndrome
(Jo et al. 2015). The XYY phenotype is often correlated
with short stature, increased head circumference (Geerts
et al. 2003), and behavioural and psychiatric problems,
such as attention deficit hyperactivity disorder (ADHD)
and autism spectrum disorder (ASD) (Margari et al.
2014). Generally, XYY males have normal fertility, al-
though azoospermic cases have been reported (for a
review, see Bardsley et al. 2013); hyperdiploidy cases,
such as 2n = 48,XYYY, have also been reported (Hunter
and Quaife 1973). The duplication of Yq arms (and AZF)
seems to be well tolerated by fertile males (Hsu et al.
2014), while mutations, deletions, duplications or
haploinsufficiency of SHOX can originate a wide range
of phenotypes, such as Léri—Weill dyschondrosteosis
(LWD), Turner syndrome, disproportionate short stature

Fig. 1 a Right profile of young
male found to be affected by non-
obstructive azoospermia, short
stature, skeletal defects and
abnormal Y chromosome as
revealed by R-banded karyotype
(b). A normal R-banded Y
chromosome is reported below
the abnormal one
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(DSS) and Langer mesomelic dysplasia (LS) (Vinasco
Sandoval et al. 2014; Gatta et al. 2014; Valetto et al.
2016).

In the present study, a young male was found to be affected
by non-obstructive azoospermia during a pilot study
(EcoFoodFertility initiative) to investigate biomarkers of early
pollution damage on human semen. This study was conducted
on healthy males living in various areas of different environ-
mental impact in Italy (Bergamo et al. 2016). Subsequent
cytogenetic and array CGH investigations revealed a very
singular Y-chromosome aberration, showing the duplication
of both Yq and proximal regions of Yp and the deletion of
almost all PAR1 (including SHOX) in Yptel. Phenotypic, clin-
ical and skeletal X-graph analyses have revealed that the pa-
tient showed short stature, skeletal defects and normal hor-
monal parameters. A similar structural chromosomal abnor-
mality has been reported by Wiland et al. (2015).

Patient and methods
Clinical observations

A 23-year-old infertile male, in whom non-obstructive
azoospermia was revealed, underwent cytogenetic analy-
sis. He was the only son of healthy and non-
consanguineous parents. The patient has no dysmorphic
face, normal psychomotor development, short stature
(25th centile) and weight of 69 kg (Fig. 1a). Skeletal X-
graph revealed right dorsal and left lumbar scoliosis,
asymmetric pelvis, short femoral necks and bilateral radial

IRy . é 2 s
y ‘ U » LN

2 3 4 5
“ I; T 2 U ﬂ “w a'.
\ , 4 b § " nH
¢e o5 &Y &4 WM
7 8 9 10 1" 12
i L 2
O Y an AR Gy
14 15 16 17 18

.; : - - nh 3 ,i
20 21 22 X Y

Y



J Appl Genetics (2017) 58:481-486

483

Fig.2 Composite figure showing
details of the abnormal Y
chromosome drawn from
different cells (a—d) and treated
for CBA-banding (a), RBA-
banding (b), centromeric probe
(¢) and centromeric-telomeric
probes (d). Note the strong HC
blocks present in both Y-
chromosome arms (a), only one
centromeric FITC signal (¢) and
telomeric FITC signals on both Y-
chromosome arms (d). Details of
FISH-mapping with probes
containing AZF and SHOX are
also shown (e and f, respectively).
Note the strong FITC signals with
a probe containing AZF in both
Y-chromosome arms (e, arrows)
and the presence of FITC signals
with a probe containing SHOX
only at the telomeres of Xp
(PARLI, large arrow), being
absent in the abnormal Y
chromosome (small arrow)
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bowing. There were no other defects of the organs and
apparatus. The case was found during a preliminary
screening project (EcoFoodFertility initiative, http://
www.ecofoodfertility.it/the-project.html), a multicentre,
multidisciplinary research connecting human lifestyle
and dietary habits to the environmental consequences of
exposure to toxicants, with the aim to increase our
knowledge of the environmental impact on human
health using several biomarkers in both blood and

C2(Y-CEN) C3(Y-CEN)

X ,
N\

D2(Y-CEN+PNA-TEL) D3(Y-CEN+PNA-TEL)

F (SHOX)

semen of males living in areas with different environmental
impacts (Bergamo et al. 2016).

Laboratory analyses and scrotal echography
The following clinical analyses were performed: testosterone,
free testosterone, 17-alpha hydroxyprogesterone, dihydrotes-

tosterone (DHT), 17-beta-2-estradiol, FSH, LH, prolactin and
DHEA-S. Scrotal echography was also performed.
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Cell cultures, chromosome banding and FISH-mapping
techniques

Peripheral blood samples of both the young male and his
father were cultured to obtain normal cultures (without addi-
tion of any base analogue) and cultures were treated with
BrdU (15 pg/mL) and Hoechst33258 (30 png/mL) 6 h before
harvesting, to obtain late-BrdU incorporation and enhanced
R-banding patterns. CBA-, RBA- and GTG-banding, as well
as the FISH-mapping techniques, followed the protocols re-
ported in lannuzzi and Di Berardino (2008). For FISH-
mapping analyses, the following BAC clones were used:
PLAYS5.5 (Y-centromere), RP11-800 K15 (containing
SHOX), RP11-458F2 (containing AZF) and PNA telomeric
probe. At least 100 cells were studied for both CBA- and
RBA-banding with 10 karyotypes arranged, while 30 meta-
phases were studied for each probe used during FISH-
mapping analyses.

Array CGH

For array CGH, we used the array platform SurePrintG3 CGH
ISCA v2 8x60K with a real average resolution of about 250 kb
in backbone. The detailed analysis was performed on 500
genomic regions associated with pathologies selected by the
International Standards for Cytogenomic Arrays (ISCA)
Consortium (http://www.iscaconsortium.org) for the
application of array CGH technology. The reference
database was: https://decipher.sanger.ac.uk, Genome
Assembly hgl9 (build 37), http://omim.org/. Finally, Agilent
CytoGenomics 3.0.6.6 software was used for the analysis.

Results
Clinical analyses and echography

Hormonal concentrations were normal for testosterone
(751.93 ng/dL), free testosterone (22.1 pg/mL), 17-alpha hy-
droxyprogesterone (1.3 ng/mL), dihydrotestosterone (DHT)
(681 pg/mL), 17-beta-2-estradiol (E2) (25.0 pg/mL), FSH
(6.4 mIU/mL, 6.4 mIU/mL, 5.7 mIU/mL at 0, 20 and
40 min, respectively), LH (3.3 mIU/mL, 3.0 mIU/mL and
2.9 mIU/mL at 0, 20 and 40 min, respectively), prolactin
(15.6 ng/mL) and DHEA-S (436 ug/dL). Furthermore, scrotal
echography did not reveal any abnormality.

Cytogenetic and array CGH analyses
While the karyotype of the father was normal, that of the son
(Fig. 1b) showed an anomalous Y chromosome in all studied

metaphases, as revealed by various chromosome banding
techniques and FISH-mapping applications (Fig. 2). In
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particular, CBA-banding revealed two HC blocks in both Y-
chromosome arms (Fig. 2a), while centromeric probe revealed
one single centromere (Fig. 2¢). Telomeric PNA probes re-
vealed normal telomeres on both Y-arms (Fig. 2d). The pres-
ence of a duplication of the entire q-arm was confirmed by the
AZF-specific probe, which revealed two clear and strong sig-
nals in both arms of the Y chromosome (Fig. 2¢). These results
were confirmed by array CGH, which showed the following
result:

arr [hg19] Xp22.33 or Yp11.32p11.31 (310,932-2,646,815
or 260,932-2,596,815) x1, Ypl1.2ql2 (8,641,183—
59,335,913) x2. Essentially, the array analysis evidenced the
presence of an increased signal (duplication) in a large region
of the Y chromosome of about 50 MB from Yp11.2 band to
the band Yql12 (terminal end). Furthermore, a loss of signal
(deletion) of about 2.3 MB on the X chromosome at the
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Fig. 3 G-banded ideogram of normal (/eff) and abnormal (right) Y
chromosome with the FISH-mapped loci in the present study. Note the
lack of SHOX (PAR1) in the abnormal Y chromosome. The breaks that
occurred in the normal Y chromosome are indicated (arrows)
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Xp22.33 band (PAR1) was also observed. Since PAR1 and
PAR2 are homologous regions present on both X and Y chro-
mosomes, these regions are present in a single copy on the
array platform, and it is possible that the deletion observed on
Xpter (PAR1) really occurred on Yp (PAR1 region). In fact, an
FISH analysis with a probe containing SHOX (PARI) has
demonstrated that the deletion of the PAR1 region occurred
in Ypter, being clear signals present only in Xpter (Fig. 2f). In
addition, a PCR analysis with the marker DXY (Yp11.22q12,
PAR1) (not shown) revealed its mono-allelic presence.
Idiogrammatic representations of normal and abnormal G-
banded Y chromosomes, with FISH-mapped loci in our study,
are shown in Fig. 3.

Discussion

As mentioned above, the only similar case to our observation
has been reported by Wiland et al. (2015). By matching the
two observations, the following basic differences have been
noted concerning the structural aberration. In the study of
Wiland et al. (2015), the region covering the duplication is
from qter — q11.22.1::p11.31 — qter, while in our case, it is
from qter — q11.22.1::p11.2 — qter. In addition, in our case,
the deletion which occurred in PAR1 (2.3 MB on the total
2.7 MB of PAR1) is larger than that which occurred in the
case reported by Wiland et al. (2015). Indeed, while SHOX
(PAR1) was present in the abnormal Y chromosome of the
study by Wiland et al. (2015), it was absent in the abnormal Y
chromosome of our case (Fig. 2f).

In Wiland et al.’s observation, the testis biopsy showed
inhibited spermatogenesis at the spermatocyte level and tubu-
lar hyalinisation of lamina propria. The authors believe that
this defect may have perturbed the conjugation of sex chro-
mosomes during first meiotic division and could have led to
spermatogenic arrest. Unfortunately, we could not perform
histological analyses of seminiferous tubules of our patient,
as done in the study of Wiland et al. (2015), to further support
an abnormal spermatogenesis. However, the anomalous con-
figuration of this chromosome abnormality and the deletion of
almost all PARI could be the cause of the lack of sex chro-
mosome pairing, thus explaining the azoospermia in the
young man.

It is important to underline that the SHOX gene is involved
in stature determination. The haploinsufficiency (as in our
case) is responsible for the short stature of some genetic dis-
eases, such as Léri—Weill syndrome. There is reason to believe
that the short stature and skeletal defects of the patient are due
to the presence of SHOX only in the Xpter, being deleted in
Ypter. On the contrary, in the study of Wiland et al. (2015),
where SHOX was present on the abnormal Y chromosome,
the patient shoved normal stature and absence of skeletal de-
fects. Since treatments with GH, during the development of

patients affected by these genetic pathologies, seem to have
some beneficial effect to increase stature (Valetto et al. 2016),
an early discovery of these defects by both cytogenetic and
genetic analyses is essential to reduce the worst effects of
these pathologies on male carriers.

No single explanation can be supposed for the origin of
the anomalous chromosome. One plausible explanation
may be the following: the genotype might arise from the
fertilisation of normal oocyte by a YY sperm. In one of
the Y chromosomes occurred a separation between p and
q and, later, an inverse interchromosomal translocation of
only the long arm on the other entire Y chromosome.
Another more likely possibility is that an entire q-arm
duplication occurred with subsequent intrachromosomal
inverse translocation. A third different acceptable under-
standing of this chromosome event has been reported by
Wiland et al. (2015): an incorrect repair of DNA breaks in
homologous chromatids of chromosome Y that led to the
formation of the two abnormal rearranged chromatids,
which segregated to two different spermatids after second
meiotic division.

In conclusion, while the short stature and skeletal defects
can be due to the SHOX haploinsufficiency, no complete ex-
planation can be found for the non-obstructive azoospermia.
As hypothesised above, the azoospermia could be due to the
lack of X-Y pairing during meiosis due to both abnormal Y
chromosome and deletion of almost all PAR1.
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