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Abstract

Purpose Worldwide publications follow the gold standard method—the polymerase chain reaction (PCR)—for detecting Y-
chromosome microdeletions; however, markers are frequently variable between the studies. Can we detect the deletions by
another molecular method with more genomic coverage? The Y chromosome harbors several different genes responsible for
testicular development and spermatogenesis, and its repetitive conformation predisposes it to complex rearrangements that have
clinical impact. Our aim was to evaluate a molecular diagnostic method, the Multiplex Ligand Probe-dependent Amplification
(MLPA), which is also a valuable ancillary method for the identification of deletions, duplications, and rearrangements in a single
and faster reaction, leading to a better comprehension of patients’ phenotypes, and should be considered a useful tool for
detection of Y chromosome deletions.

Methods This is a study of diagnostic accuracy (transversal prospective study) conducted to investigate Y-chromosome deletions
in 84 individuals through PCR and MLPA methods. Forty-three infertile men (azoospermic and oligozoospermic) and 41
controls (40 fertile men and 1 normal karyotyped woman) were analyzed by PCR and MLPA techniques.

Results We diagnosed seven (7) deletions (16.2%) by PCR and 9 with MLPA (21%). In addition, we found five (5) duplications
and a suggestive mosaic.

Conclusion Our results demonstrate that MLPA technique is valuable in the investigation of microdeletions and
microduplications. Besides deletions, duplications can cause instability of chromosome genes, possibly leading to infertility.
Both studied techniques provide an advantageous diagnostic strategy, thus enabling a better genetic counseling.
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Introduction factors are responsible. The second most frequent genetic
cause of male infertility [1], which is clinically charac-
Infertility affects about 15% of couples attempting preg-  terized by azoospermia and oligozoospermia depending

nancy, and, in approximately 50% of these cases, male  on the amount of lost genetic material and the size of
the affected region, is Y-chromosome microdeletions [2].
The majority of genes located in the Y chromosome are
54 C.S. Franchim involved in male-related functions, such as gonadal dif-
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The human Y chromosome is a small structure around
60 Mb comprising 63 genes, and it is basically composed of
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Table 1 MLPA probes (P360-B1 kit) and STS-PCR chromosome positions according to HG18

MLPA Probe Genes (italic) and STSs (bold) Chromosomic Position Start. End- MLPA Fragment Size (nt)
(NCBI36.1/hg18)
_ SRY (PCR) Yp11.31 2,715,096 2,715,586 _
01023-L28750 SRY Ypll1.31 2,715,484 2,715,561 279
_ ZFY (PCR) Ypl1.31 2,907,453 2,907,948 _
20393-L.28553 RPS24P1 Yqll1.21 12,836,971 12,837,051 315
15239-L18627 RPS24P1 Yql1.21 12,865,189 12,865,256 227
11818-L.28545 ARSEP Yqll1.21 12,992,866 12,992,931 250
_ SY86 (PCR) Yql1.21 13,117,483 13,117,972 B
15244-1.28758 USP9Y Yql1.21 13,138,483 13,138,546 372
11826-L28756 USP9Y Yql1.21 13,276,711 13,276,793 336
_ SY84 (PCR) Yql1.21 13,299,419 13,299,764 B
11821-L12616 USP9Y Yql1.21 13,407,569 13,407,644 256
11816-L12611 DDX3Y Yql1.21 13,536,308 13,536,387 234
13061-L28753 DDX3Y Yqll1.21 13,538,364 13,538,442 308
11828-L19232 ury Yql1.221 13,869,448 13,869,523 350
20392-1.28932 ury Yql1.221 13,924,163 13,924,248 328
11812-L13342 ury Yql1.221 14,225,643 14,225,712 215
15243-1.28903 BPYI Yql1.221 14,384,639 14,384,715 342
15238-L.17485 VCYI1B Yql1.221 14,546,054 14,546,132 184
11852-L18631 VCYIB Yql1.221 14,699,793 14,699,865 405
20394-1.18629 VCYIB Yql1.221 14,858,748 14,858,817 356
11853-L12650 NLGN4Y Yql1.221 15,068,284 15,068,356 463
15236-L17486 CDY2B Yql1.221 18,076,016 18,076,088 160
20673-L18625 CDY2A Yql1.222 18,573,809 18,573,884 220
15245-1.28543 CDY2A Yql1.222 18,573,938 18,574,020 240
11759-L28751 CDY2B Yql1.221 19,067,387 19,067,457 291
15247-L18630 HSFYI Yql1.222 19,164,461 19,164,536 400
12740-L18632 HSFYI Yql1.222 19,248,882 19,248,954 436
11772-L12555 HSFYI Yql1.222 19,269,977 19,270,049 411
11754-1.28544 KDM5D Yql1.222 19,953,712 19,953,798 245
11776-L12559 KDM5D Yql1.222 20,541,592 20,541,670 445
11747-L12530 KDM5D Yql1.223 20,619,533 20,619,614 208
20390-L.28749 KDM5D Yql1.223 20,639,107 20,639,189 274
_ SY127 (PCR) Yq11.223 20,979,747 20,980,130 B
15249-1.28507 EIFIAY Yql11.223 21,054,536 21,054,616 499
11734-L12517 EIFIAY Yql11.223 21,078,671 21,078,740 136
_ SY134 (PCR) Yq11.223 21,965,335 21,965,794 B
11774-128902 RBMYI1J Yql11.223 22,834,819 22,834,897 427
11757-L28748 RBMYI1J Yql11.223 22,841,239 22,841,324 263
11773-L12556 BPY2 Yql1.223 23,282,390 23,282,468 418
11739-L13811 BPY2 Yql1.223 23,282,929 23,283,010 166
11740-L14251 BPY2 Yql1.223 23,284,612 23,284,693 178
15248-1.17487 BPY2 Yql1.223 23,327,257 23,327,332 486
11768-L28759 BPY2 Yql11.223 23,376,453 23,376,527 378
_ SY254 (PCR) Yq11.223 23,725,581 23,725,960 _
12738-114632 DAZ2 Yql1.223 23,931,535 23,931,595 284
11761-L28752 DAZ2 Yql1.223 24,029,522 24,029,604 301
11758-L28912 DAZ2 Yql1.223 24,271,548 24,271,629 267
15246-1L.28757 CDYIB Yql11.223 24,467,621 24,467,702 364
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Table 1 (continued)

MLPA Probe Genes (italic) and STSs (bold) Chromosomic Position Start: End- MLPA Fragment Size (nt)
(NCBI36.1/hg18)
_ SY255 (PCR) Yq11.223 25,408,831 25,408,954 _
12733-L14796 PPPIRI2BP Yql1.23 26,891,166 26,891,229 142
15241-L12617 RBMY2DP Yql1.23 26,979,534 26,979,606 391

Note: STS-PCR regions (in bold) and MLPA probes are juxtaposed, not superimposed

The AZF region architecture contains repetitive homolo-
gous sequences that predispose it to chromosomal rearrange-
ments. These have long been known to significantly impact
fertility, causing pathogenic alterations such as deletions or
duplications [4]. Microdeletions in the AZF sub-regions a, b,
or ¢, lead to different clinical phenotypes, namely Sertoli cell-
only syndrome (SCOS), spermatogenesis arrest, and
hypospermatogenesis.

These deletions are usually de novo events, since fathers of
affected patients usually do not present any microdeletions
[9]. Given the Y chromosome’s vertical transmission to male
offspring, all male descendants will inherit the microdeletions
[10, 11]. This emphasizes the importance of genetic counsel-
ing for these patients.

The European Academy of Andrology (EAA) and the
European Molecular Genetics Quality Network (EMQN) [1,
12] recommend the STS-PCR (sequence tagged sites—
polymerase chain reaction) assays for detecting Y-
chromosome microdeletions. However, STS-PCR detects de-
letions only in a specific portion of the Y chromosome, thus
limiting the detection of other pathogenic copy-number vari-
ations (CNVs). In the literature, several reports associated the

duplicated CNVs of the Y chromosome with spermatogenic
failure [13—16]. Hence, new tests are needed to better evaluate
these genomic variations.

Meeting such a need is the Multiplex Ligand Probe-
dependent Amplification (MLPA) assay, which comprises up
to 43 probes (mostly exons of a target gene) capable of detect-
ing deletions and duplications in a single reaction. Each probe
is specific for a different known DNA sequence for the pur-
pose of evaluating the CNVs of the targets [17].

In this study, we analyzed azoospermic and oligozoosper-
mic patients by both methods, aiming to determine if MLPA
was more effective than the gold standard method (STS-PCR)
in diagnosing Y-chromosome microdeletions.

Materials and methods

This is a transversal prospective study. Our study comprised
two groups. The patients group had as inclusion criteria oli-
gozoospermic and azoospermic men, who had their semen
samples analyzed by the WHO criteria [18, 19], and the con-
trol group, whose inclusion criterium was fertile men who had

Selection criteria: male gender patients,
azoospermic or oligozoospermic, age

Invited patients
(n=86)

from 18 to 50

Patients that refused to
participate (n=2)

Exclusion criteria: degraded blood
sample or extracted DNA of poor
quality (n=0)
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Fig. 2 Schematic representation of Y-chromosome location genes and MLPA probes and abnormal results of patients carrying deletions and duplica-
tions. In orange, are shown the STS-PCR markers location in Y chromosome, as well as MLPA probes (written in pink)

undergone vasectomy. All the participants were attended in
Hospital das Clinicas da Faculdade de Medicina da
Universidade de Sao Paulo, Sdo Paulo, Brazil, in the period
of September, 2014 to January, 2018, forming consecutive
series.

All individuals that agreed to participate had signed the
informed consent and had their blood samples collected in
EDTA tubes. Blood was used for genomic DNA extraction
with the QIAamp DNA Blood Mini Kit (Qiagen, Hilden,
Germany), according to the manufacturer’s instructions.

DNA concentration and purity were evaluated by spectropho-
tometry (Nanodrop ND-2000, Thermo Fisher Scientific Inc.,
USA), and then DNA samples were analyzed by STS-PCR
and MLPA techniques. Exclusion criteria were poor DNA
concentration and purity.

Sample size calculation

According to the prevalence of Y-chromosome microdeletions
in the infertile population, the sample size required for the

bR

2 3 4

]
B i

6 7

i

12

HOW ¥y W

T I B« B
5 1 1 1 7 18
i (1] 48 1] a P
1 20 2 2 X Y

AV : . &
X Y I i
1 2 3 4 5
W0 a8 o %
T ) i i i

1] 14 T 11} g
19 20 21 22 X \f

Fig. 3 G-banding karyotype analysis from patient M43 presenting mosaicism. Left: 46,Xr(Y) cell line; Right: 45,X cell line
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study was a minimum of 38 individuals in each group, given a
statistical power of 90% at a 5% significance level.

Molecular analysis
STS-PCR analysis

PCR was performed for the following specific STS markers of
Y chromosome: SY84, SY86 (AZFa region); SY127, SY134
(AZFb region); SY254, SY255 (AZFc region); and SRY and
ZFX/Y (short arm of Y chromosome) for controls [12]. This
technique is, nowadays, the gold standard. Data were present-
ed as absence or presence of Y-chromosome microdeletions.

MLPA analysis

The MLPA technique was performed using the SALSA
MLPA probe-mix P360 version Bl (MRC Holland,
Amsterdam, The Netherlands) kit following the manufac-
turer’s instructions. The kit contained 55 probes, of which
12 were located in autosomal chromosomes (for internal con-
trol reaction), and 43 were located in Y-chromosome AZF
regions (16 AZFa, 15 AZFDb, and 12 AZFc regions).
Moreover, 9 control fragments were generated (with amplifi-
cation products smaller than 120 nucleotides) to ensure the
quality of the denaturation reaction and of DNA samples [17].

Separation of the amplification products via electrophore-
sis was performed using an ABI 3500 Genetic Analyzer
(Thermo Fisher Scientific, Waltham, Massachusetts, USA),
and the data were analyzed using GeneMarker software, ver-
sion 1.6 (www.softgenetics.com-Softgenetics, State College,
Pennsylvania, USA).

The peak area of each fragment was compared with that of a
control sample, and the results were considered abnormal when

the relative peak-height ratio was less than 0.75 (deletion) or
greater than 1.25 (duplication). (www.mlpa.com).

Considering the genomic map calculated by the distance
between the Y-chromosome telomere of the short arm and
MLPA probes or STSs, it should be kept in mind that the
sub-regions analyzed by both techniques are not the same,
but side by side (Table 1).

Cytogenetics and fish analysis

We evaluated a single patient with abnormal results by MLPA,
using two different methodologies. We analyzed 20 meta-
phases cells using G-Band. Subsequently, we use fluorescent
in vitro hybridization (FISH) with the Probe LPEOXYc—
Chromosome X Alpha and Y Alpha Satellite Probes
(Cytocell, Cambridge, UK) in order to improve the results.

Statistical analysis

Statistical analysis was performed with SPSS (SPSS for the
Social Sciences, version 14.0) software.

Ethics approval

The Research Ethics Committee of the Hospital das Clinicas
da Faculdade de Medicina da Universidade de Sao Paulo (HC-
FMUSP) approved this study, and written informed consent
for publication was obtained from the patients (CAPPesq #
535.321).

Results

The intended number of patients to participate was 86 people,
independent of racial or demographic status, and after

Fig.4 FISH with LPEOXYc — Chromosome X (green signal-gray arrow)
Alpha and Y (red signal-red arrow) Alpha Satellite Probes (Cytocell,
Cambridge, UK). Images above show the presence of mosaic
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eligibility criteria, the final number was 84 people, summa-
rized in Fig. 1.

The present study included 84 individuals as follows:
43 infertile men (azoospermic and oligozoospermic) and
41 controls (40 fertile men, and one (1) healthy wom-
an). All the DNA samples were capable to be analyzed
by both techniques, and there were no excluded
patients.

The study population is admixed, including Caucasian,
Black, Yellow, and Pardo ethnicities.

We detected seven (7) deletions by the PCR method
(16.3%) and nine (9) by MLPA (21%). Furthermore, MLPA
detected five (5) duplications (being one an extra X chromo-
some, a control probe) and one (1) case suggestive of mosaic
(Table 2, Fig. 2).

None of the availed patients revealed partial AZFc dele-
tions, such as described by Rozen et al. [20]. In MLPA tech-
nique, the presence of partial AZFc deletions is given by the
exact copy number of some probes, as described by
manufacturers.

The PCR revealed a sensitivity of 77% with 95% of
accuracy for these patients when compared to the
MLPA.

PCR results from azoospermic patients revealed one (1)
patient with AZFa deletion (7.1%), three (3) patients with
AZFbc deletion (21.4%), and one (1) patient with AZFc
(7.1%). Results obtained from oligozoospermic patients re-
vealed only two (2) AZFc deletions (6.9%).

The use of MLPA enabled the detection of an extra X
chromosome, corroborating the diagnosis of Klinefelter
Syndrome (47, XXY) for patient M37, obtained also by
G-banding karyotype. Three (3) of our patients (M7, M14,
and M28) presented the same duplication in the AZFc
region, which involved probes located at the BPY2,
DAZ, and CDYIB genes. One patient (M29) had duplica-
tions in the SRY probe (short arm of Y chromosome) and
in all of the AZFa probes, along with deletion in AZFb
and nearly complete deletion in AZFc. Another patient
with normal PCR results (M43) had only one copy of
all of the 43 Y-chromosome probes detected. These
data suggested the presence of a possible mosaic,
confirmed later by G-banding karyotype (Fig. 3) and
FISH results revealing ishX(DXZ1x1,DYZ3x0)[283]/
X(DXZ1x1),Y(DYZ3x1)[212]/X(DXZ1x2),Y(DYZ3x0)
[2]/X(DXZ1x2),Y(DYZ3x1) [2] (Fig. 4).

Discussion

The integrity of Y chromosome is critical for spermatogenesis
and sexual differentiation and determination. Due to advances
in molecular techniques, abnormalities of Y chromosome
have been more accurately identified, therefore reducing

underdiagnosed pathogenic changes and improving the
genotype-phenotype relation [4, 21].

Several authors report that the increased number of regions
investigated in Y chromosome lead to an improvement of
diagnosis. Thus, our findings corroborate with literature data
and showed that MLPA is also a useful molecular tool for
detecting Y chromosome microdeletions in AZF regions. In
addition, using the MLPA technique, it is possible to identify
other types of abnormalities, such as duplication, mosaicism,
and complex rearrangements [22, 23].

This study corroborates the findings of pathogenic CNVs
in AZF regions by the few reports in the literature discussing
such data [15, 16].

Success in finding mature sperm cells in azoospermic pa-
tients is dependent on the deleted region. A few years ago,
men who showed complete or partial AZFb or AZFbc dele-
tions had no hope of finding sperm cells in testicular sperm
extraction (TESE) [24, 25]. However, there are studies
reporting the detection of these cells in the patients, even in
the penile ejaculate [26-29], pointing to the need for a careful
reevaluation of these cases. These findings are possibly due to
advances in detection techniques, which have more genomic
coverage.

The MLPA technique has two main limitations: a mutation
or polymorphism in the sequence detected by a probe may
cause a reduction in relative height peak, even if the mutation
is not located at the binding site. In addition, probe signal
intensity may vary according to DNA purity, and this variation
may be associated with the extraction method, elution solu-
tion, degradation degree, and presence of contaminants, such
as residual reagents, RNA, or others [17, 30].

Duplication findings are controversial. Some authors sug-
gest that duplications may affect male fertility [31], or are
secondary to partial AZFc deletions could restore the concen-
tration of motile spermatozoa to the normal value [32], while
others suggest that duplications in the AZFc region do not
affect spermatogenesis [33]. We must also consider the pres-
ence of several polymorphic deletions in fertile men [34]. The
aforementioned results may justify the presence of duplica-
tions in two of our fertile control men.

Moreover, Lu et al. (2014) evaluated the degree of sper-
matogenic involvement of the multiple copies in AZFc genes
by gene dosage in this region of eight families, and they found
that only the CNVs of the DAZ and BPY2 genes were asso-
ciated with spermatogenic failure. This finding may explain
the infertility of our three patients who presented duplication
in these same gene probes.

Notwithstanding all of the genomic data generated by the
most recent cytogenomic techniques, it is still a challenge to
correlate these data to new phenotypic profiles, clearly show-
ing the need for more studies for a fuller understanding of such
effects, allowing patients to receive increasingly individual-
ized and more effective therapy.
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Conclusion

This study demonstrated that MLPA analysis of Y chromo-
some is a valuable ancillary method for the identification of
micro alterations associated with infertility in Brazilian
patients.

Compliance with ethical standards

The Research Ethics Committee of the Hospital das Clinicas da
Faculdade de Medicina da Universidade de Sdo Paulo (HC-FMUSP)
approved this study, and written informed consent for publication was
obtained from the patients (CAPPesq # 535.321).
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