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ABSTRACT. The aim of this study was to evaluate the correlation
between chromosomal polymorphisms and male infertility. The patients
were diagnosed with azoospermia or oligospermiaby a semen analysis.
Chromosomal analysis was performed on peripheral blood lymphocytes
obtained from the patients, with standard G-banding and C-banding. Y
chromosome microdeletions were detected by multiplex polymerase chain
reaction (PCR) amplification. The parents of 35 polymorphic probands were
also subjected to chromosomal analysis, and their detailed reproductive
histories were surveyed. The frequency of autosomal polymorphisms did not
differ significantly among the infertile patients and fertile control individuals.
The frequency of the Ygh-variant increased with the decrease in sperm
count; this appeared at a significantly higher frequency in the azoospermia
group (57.2 vs 24.3 vs 0%). The results of PCR amplification indicated that
32.14% of the patients with Ygh + had microdeletions in the Y chromosome.
The parents of the probands with the same chromosomal polymorphisms
as the probands (among the 35 recalled families) did not show any adverse
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reproductive history. We observed no significant correlations between
autosomal polymorphisms and male infertility. However, we observed a
significant increase in the frequency of Ygh- in the azoospermic patients.
This may be attributed to Y chromosome microdeletions, although the
association between Y chromosome microdeletions and Y chromosome
variants remains to be elucidated.

Key words: Chromosomal polymorphisms; Male infertility; Azoospermia;
Pedigree analysis; Y chromosome microdeletion

INTRODUCTION

Male-factor infertility is a marital problem that is impossible to ignore. It accounts for
approximately 50% of the couple infertility cases (Poongothai et al., 2009). Most cases of non-
obstructive azoospermia or severe oligospermia result from idiopathic causes of spermatogenetic
failure (Irvine, 2002). Therefore, the study of human chromosomes plays a key role in the diagnosis,
prognosis, treatment, and monitoring of infertility problems.

Early published studies have confirmed that the incidence of chromosomal abnormalities
in people with infertility was greater than the overall incidence of chromosomal abnormalities in
the general population (Mierla and Stoian, 2012). However, the association between chromosomal
polymorphic variants and male infertility remains to be undefined. Polymorphic variants, particularly
in the polymorphic region of chromosomes 1, 9, 16, and Y, and the nucleolar organizing region
(NOR) of acrocentric chromosomes, occur in the general population (Schaffer and Tommerup, 2005).
Variants, such as 9gh+, Ygh+ and D/G group are very common findings in routine cytogenetics, with
frequencies of approximately 2.44%, approximately 2.85% and approximately 3.96%, respectively
(Bhasin, 2005). Although chromosomal polymorphisms have been categorized as minor chromosomal
rearrangements that do not correlate with abnormal phenotypes, many previous reports have
presented conflicting views regarding its association with infertility (Madon et al., 2005).

In this study, 2584 infertile patients were subjected to cytogenetic and semen analysis, in
order to evaluate the correlation between polymorphisms in the chromosomal heterochromatin and
male infertility. The possible influence of chromosomal polymorphisms on infertility was evaluated
in 35 polymorphic patients and their parents (who displayed no adverse reproductive history).

MATERIAL AND METHODS
Patients

Male patients who sought infertility management at the Center for Reproductive Medicine
of the First Bethune Hospital of Jilin University between January 2008 and October 2013 (N =
2584) were included in the study group, while 602 random individuals were recruited into the
control group |. Control groups II, 1ll, and IV, on the other hand, comprised fertile male individuals
with a normal karyotype, azoospermic patients with a normal karyotype, and oligospermic patients
with a normal karyotype (N = 50 each).

Chromosomal analysis

The patient chromosomes (obtained from peripheral blood lymphocytes) were subjected
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to cytogenetic investigations.The lymphocytes were cultured in RPMI 1640 (Gibco; Invitrogen,
Carlsbad, CA, USA), supplemented with 0.5 mg/mL phytohemagglutinin (Shanghai Yihua Medical
Technology Co., Ltd., Shanghai, China), and fetal bovine serum to the final concentration of 20%
(Beijing Dingguo Biotechnology, Beijing, China) for 72 h, followed by treatment with 50 ug/mL
colcemid (BaiDi Bio-Technology Co., Ltd.,China). Metaphase chromosome spreads were studied
by standard GTG (G bands by trypsin using Giemsa) and CBG (C bands by bariumhydroxide using
Giemsa) banding procedures (Dong et al., 2012), which included the use of trypsin and Giemsa for
G-banding and barium hydroxide for C-banding.

Semen analysis

Semen samples were obtained from the study subjects for analysis after 2-7 days of
sexual abstinence. The liquefied samples were analyzed thrice, according to standard guidelines
(World Health Organization, 2010). Sperm count below 15 x 10%/mL was defined as oligospermia,
while the absence of sperms in the ejaculate, or the sample after centrifugation, was defined as
azoospermia.

Multiplex polymerase chain reaction (PCR) amplification

Genomic DNA was isolated from peripheral blood lymphocytes using a blood DNA
extraction mini kit (Tiangen Biotech Co., Ltd., Beijing, China).

Microdeletions in the Y chromosome were screened by multiplex PCR. A series of 9
specific STSs (sequence-tagged sites), mapped in the AZF region, and human zinc-finger protein-
encoding genes (ZFX/ZFY) located on the X and Y chromosomes were selected for analysis.
The ZFXI/ZFY, acting as internal control primers, were selected for molecular genetic analysis
of deletion. The specific STSs included SY84 and SY86 for AZFa, SY27, SY134, and SY143 for
AZFb, and SY152, SY157, SY254, and SY255 for AZFc.

Multiplex PCR amplification was performed in a 10-yL reaction system, containing 200
ng genomic DNA,1.5 mM Mg?*, 800 uM dNTP, 10 pM of each primer, and 2 U Taq polymerase.
Thermocycling (Applied Biosystems, Inc., Foster City, CA, USA) consisted of an initial denaturation
at 94°C for 6 min, 35 cycles at 94°C for 40 s, 55°C for 45 s, and 72°C for 60 s, and a final extension
step at 72°C for 6 min. Men without microdeletions in the Y chromosome and women were used as
positive and negative controls to ensure the performance of the amplification reaction. In addition,
blank controls were employed to ensure that the samples were not contaminated during processing.
The products were finally stored at 4°C prior to electrophoretic detection.

PCR products (8 pL) mixed with 6X loading buffers (1-2 pL) were separated on a 1.5%
agarose gel (LP0028A; Oxoid, UK) containing ethidium bromide (0.5 pg/mL), at120 V for 25 min.
The samples showing STS deletions were further confirmed by a repeated round of testing (as
described above).

Statistical analysis

The SPSS v.17.0 software platform (IBM, Armonk, NY, USA) was used to analyze all data. All
descriptive statistics are reported as means + standard deviation or ratio. Independent sample t-tests
were used to test all numerical data. The Pearson chi-square test was used to test the categorical data.
All P values were two-sided, and P < 0.05 was considered to be statistically significant.
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RESULTS

Chromosomal polymorphisms were observed in 101/2584 infertile patients and 19/602
random individuals; the frequency was not statistically significant (3.91 vs 3.16%). The chromosomal
polymorphic variants were divided into four sections: 1/9/16ghz, variants in the NOR of acrocentric
chromosomes (D/G group), pericentric inversion of chromosome 9, and Ygh+t. The frequencies
and constituent ratio of the four types of chromosomal polymorphic variants in the study group and
control group | are summarized in Table 1.

Table 1. Prevalence and proportion of chromosomal polymorphic variants in the study group and control group |.

Variants Study Group Control Group |

Cases Prevalence Proportion Cases Prevalence Proportion
1/9/16qh+ 15 0.58% (15/2584) 14.9% (15/101) 4 0.66% (4/602) 21.1% (4/19)
D/G group 17 0.66% (17/2584) 16.8% (17/101) 4 0.66% (4/602) 21.1% (4/19)
Inv (9) 17 0.66% (17/2584) 16.8% (17/101) 6 1.00% (6/602) 31.5% (6/19)
Yqhx 52 2.01% (52/2584)* 51.5% (52/101)* 5 0.84% (5/602) 26.3% (5/19)
Total 101 3.91% (101/2584) 100% (101/101) 19 3.16% (19/602) 100% (19/19)

*Compared with control group I, P < 0.05.

The Pearson chi-square analysis revealed no significant differences in the frequency
of autosome variants between the study group and control group I. However, the frequency of
chromosome Y variants in the study group was significantly increased compared to the control
group (2.01 vs 0.84%). The frequency of chromosome Y variants was much higher in the study
group than the three types of autosomal variants, while the frequencies of the four types of
chromosomal polymorphic variants were similar in the control group.

Ninety-two of 101 infertile patients with chromosomal polymorphisms were subjected to
semen analysis. The results summarized in Table 2 indicated that 42, 37, and 13 patients displayed
azoospermia, oligospermia, and a normal sperm count, respectively.

Table 2. Comparison of the cases of chromosomal polymorphic variants in the groups of different sperm count.

Variants Karyotype Azoospermia Oligospermia Normal sperm count Cases

1/9/16gh+ 46,XY,1gh+
46,XY,9gh+
46,XY,16gh+

D/G Group 46,XY,13pstk+
46,XY,13pstk-
46,XY,13p+
46,XY,14pstk+
46,XY,14pstk-
46,XY,14p+
46,XY,15pstk-
46,XY,15p-
46,XY,21pstk+
46,XY,21pstk-
46,XY,21pss
46,XY,22pstk+

inv (9) 46,XY,inv(9),(p11912)
46,XY,inv(9),(p11913)

Ygh+ 46,XY,gh+
46,XY,gh-
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Moreover, the Yght variant was observed in a significantly high frequency in the patients
displaying azoospermia (especially the Ygh- variant). A majority of the patients displaying
azoospermia (30/42; 71.4%) presented the Ygh+ variant, while this variant was present in only
23.1% (3/13) of the patients displaying a normal sperm count. The frequency of the Ygh- variant
was increased with the decrease in sperm count; a significantly high frequency of this variant was
observed in the patients showing azoospermia (Table 3).

Table 3. Comparison of the Ygh+, Ygh- and autosomal polymorphic variants in the groups with different sperm
counts.

Group Cases

Ygh+ Yqgh- Autosome Variants
Azoospermia 6 (14.2%, 6/42) 24 (57.2%**, 24/42) 12 (28.6%, 12/42)
Oligospermia 8(21.6%, 8/37) 9 (24.3%*, 9/37) 20 (54.1%, 20/37)
Normal sperm count 3(23.1%, 3/13) 0 (0%, 0/13) 10 (76.9%, 10/13)

*Compared to the cases showing a normal sperm count, P < 0.05. #Compared to the cases displaying oligospermia,
P <0.05.

Tables 4 and 5 summarized the testicular size and plasma hormone levels of the
azoospermic and oligospermic patients with chromosomal polymorphic variants in the study and
control (Il, lll, and 1V; fertile male individuals with normal karyotype, azoospermic patients with
normal karyotype, andoligospermic patients with normal karyotype, respectively) groups. Statistical
analyses of the data revealed no differences in the testis volume and testosterone levels between
the study and control groups. Interestingly, the follicle stimulating hormone (FSH) and luteinizing
hormone (LH) levels did not differ among infertile patients with chromosomal polymorphic variants
and those with the normal karyotype; however, the FSH and LH levels were significantly higher in
infertile patients than in fertile individuals.

Table 4. Testicular size and plasma hormone levels of chromosomal polymorphic variants of azoospermic
patients.

Group Study group Control group Il Control group Il
Testis volume Lt (mL) 14.05 + 4.48 15.34 £ 2.65 14.21 £4.52
Testis volume Rt (mL) 14.43 +4.39 15.82£2.72 14.37 £ 3.98
FSH (mIU/mL) 17.51 £ 13.18* 411+£1.74 1711 +£17.34
LH (mIU/mL) 8.94 +6.03* 3.56+1.70 8.32+7.26
T (ng/mL) 4.05+2.63 4.94 +2.26 4.57 +2.11

*Compared to the control group II, P < 0.05. FSH, follicle stimulating hormone; LH, luteinizing hormone; T, testosterone.

Table 5. Testicular size and plasma hormone levels of chromosomal polymorphic variants of oligospermic patients.

Group Study group Control group Il Control group IV
Testis volume Lt (mL) 14.54 + 3.88 15.34 £ 2.65 14.93 £3.97
Testis volume Rt (mL) 14.76 + 4.05 15.82+2.72 15.23 +£3.38
FSH (mlU/mL) 12.38 + 14.23* 4.11+£1.74 8.36 +7.99
LH (mIU/mL) 7.60 +9.86* 3.56 £ 1.70 6.01+4.18
T (ng/mL) 4.55 +2.03 4.94 +2.26 6.83+12.73

*Compared with control group II, P < 0.05. FSH, follicle stimulating hormone; LH, luteinizing hormone; T, testosterone.
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Samples from 28/50 patients with Y polymorphic variants were subjected to multiplex PCR
amplification; nine of these cases showed detectable Ychromosome microdeletion at a frequency
of 32.14 % (9/28). The results of PCR amplification (Table 6) revealed that 8 patients were Ygh-;
five and three of these patients displayed azoospermia and oligospermia, respectively. The Ygh+
patient, on the other hand, displayed azoospermia.

Table 6. Y-chromosome microdeletions in eight cases of Y variations.

Case No.  Karyotype Semen analysis AZFa AZFb AZFc

sY84 sY86 sY127 sY134 sY143 sY152 sY157 sY254  sY255

1 46,XY,Ygh+  Azoospermia + + + + + + + + -
2 46,XY,Ygh- Azoospermia + + - - - + + + +
3 46,XY,Ygh- Azoospermia + + + + + - +

4 46,XY,Ygh-  Oligozoospermia + + + + + - + - -
5 46,XY,Ygh- Azoospermia + + + + + - - - -
6 46,XY,Ygh- Oligozoospermia + + + + + - - - -
7 46,XY,Ygh- Azoospermia + + - + + - - - -
8 46,XY,Ygh- Oligozoospermia + + - + + - - - -
9 46,XY,Ygh- Azoospermia + + - - - - - - -

The probands of 35 patients and their parents were subjected to chromosome karyotype
analysis (Table 7). Fifteen patients (each) acquired the polymorphic chromosome from their
mothers and fathers, while the remaining 5 patients acquired the polymorphic variants by mutation.

Table 7. Pedigree analysis of 35 families with chromosomal polymorphisms.

Case No. Relationship Karyotype Case No. Relationship Karyotype
1-2 Probands 46, XY (1gh+) 12 Probands 46, XX (21p+)
Partner 46, XX Partner 46, XY (13pstk+)
Father 46, XY (1gh+) Father 46, XY
Mother 46, XX Mother 46, XX (21p+)
3 Probands 46, XX (1gh+) 13-15 Probands 46, XY (22s+)
Partner 46, XY Partner 46, XX
Father 46, XY (1gh+) Father 46, XY
Mother 46, XX Mother 46, XX (22s+)
4-5 Probands 46, XY (9gh+) 16-18 Probands 46, XY inv(9) (p11912)
Partner 46, XX Partner 46, XX
Father 46, XY (9gh+) Father 46, XY, inv(9) (p11q12)
Mother 46, XX Mother 46, XX
6 Probands 46, XX (16gh+) 19-22 Probands 46, XY, inv(9) (p11912)
Partner 46, XY Partner 46, XX
Father 46, XY Father 46, XY
Mother 46, XX (16gh+) Mother 46, XX, inv(9) (p11q12)
7 Probands 46, XY (16gh+) 23 Probands 46, XY, inv(9) (p11913)
Partner 46, XX Partner 46, XX
Father 46, XY (22pstk+) Father 46, XY
Mother 46, XX (16gh+) Mother 46, XX, inv(9) (p11913)
8 Probands 46, XX (15s+) 24-27 Probands 46, XY (Yp+)
Partner 46, XY Partner 46, XX
Father 46, XY Father 46, XY (Yp+)
Mother 46, XX Mother 46, XX
9 Probands 46, XY (15p-) 28-31 Probands 46, XY, Ygh-
Partner 46, XX Partner 46, XX
Father 46, XY Father 46, XY, Ygh-
Mother 46, XX (15p-) Mother 46, XX
10 Probands 46, XX (21s+) 32-35 Probands 46, XY, Ygh-
Partner 46, XY Partner 46, XX
Father 46, XY Father 46, XY
Mother 46, XX (21s+) Mother 46, XX
1 Probands 46, XY (21pstk-)
Partner 46, XX
Father 46, XY (21pstk-)
Mother 46, XX
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Among the 23 patients with autosomal polymorphism, 15 and 7 patients acquired the
variants from the maternal and paternal sides, respectively; the variant in the remaining patient
was obtained by de novo mutation. Eight and four of the 12 patients with polymorphisms in
chromosome Y acquired the variants from their paternal side, and by mutation. Parents of all the
patients exhibiting probands with identical chromosomal polymorphisms showed a normal history
of reproduction (did not have the same reproductive failure). Y chromosome microdeletions were
detected in the fathers of patients displaying probands with microdeletions in the Y chromosome;
none of the fathers displayed a Y chromosome microdeletion.

DISCUSSION

Several studies conducted over the past few years have investigated the possible
association between infertility and selected chromosomal polymorphic variants (Sahin et al.,
2008), following a typical development in the published literature. Recent studies have reported
higher frequencies of chromosomal polymorphic variants in infertile individuals, compared to the
population cytogenetic data (obtained mainly from fertile individual surveys). However, Brothman et
al. (2006) reported common cytogenetic variants to be heteromorphic and of no clinical significance.
Some studies have suggested that chromosomal polymorphic variants, including quantitative or
positional modifications of the constitutive heterochromatin, are associated with male infertility;
these variants have also been shown to affect male gamete formation and function (Antonelli et
al., 2000). However, polymorphic variants have not yet been proven to be responsible for clinical
disorders, such as infertility and behavioral problems.

In this study, the prevalence and proportion of chromosomal polymorphic variants were
not significantly different among the fertile and infertile individuals of the study and control | groups
(Table 1). However, a significantly greater proportion and higher frequency of chromosome Y
variants was observed in the study group, compared to control group | (51.5 vs 26.3; 2.01 vs
0.84%). This indicated that the heterochromatin of chromosome Y may play an as yet unknown,
significant role in spermatogenesis.

We have also compared the percentage of chromosome Y variants (Ygh+ and Ygh-) and
autosomal variants in different sperm counts. The frequency of the polymorphic variant Ygh- was
significantly higher in the group of azoospermic patients, while the occurrence of Ygh+ variant
did not differ significantly among infertile men and controls. Several studies have suggested that
heterochromatin plays an essential role in spindle attachment, chromosomal movement, meiotic
pairing, and sister chromatid cohesion (Karpen and Endow, 1998). Microdeletions in the euchromatic
region of the Y chromosome are associated with severe male factor infertility (Krausz et al., 2003).
The decreased size and occurrence of the Ygh- variant could be associated with the enhancer of
gene transcription, due to the enhancing effect on the gene promoter in close proximity. Advances
in human genetics, the availability of genetic maps of the Y chromosome, and the mapping of
various candidate fertility genes on the long arm of the Y chromosome have revealed that the
male-specific region of the human Y chromosome is a mosaic of polymorphic and euchromatic
sequences (Skaletsky et al., 2003). Therefore, polymorphic variants of the Y chromosome could
also be associated with severe male factor infertility by inducing epigenetic alterations.

The autosomal polymorphic variants were not (statistically) significantly increased in
infertile patients. This result was similar to the results obtained by Kalantari et al. (2000), where the
chromosomal and semen analysis of 70 infertile patients revealed that autosomal polymorphism
was not significantly associated with spermatogenesis. However, many studies have reported
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conflicting views on the clinical effect of chromosomal variants. Some have reported the presence
of variants undervarying clinical conditions, such as reproductive failure (Madon et al., 2005),
with higher frequencies of satellite variants having been observed in adults with reproductive
failure (Rosenmann et al., 1977). On the other hand, other studies have reported no association
between chromosome polymorphisms and recurrent spontaneous abortions (Blumberg et al.,
1982), and that variants of the chromosome did not influence the sperm count and fertility of men
(Kalantari et al., 2000).

The (statistically) significantly higher FSH and LH levels in the azoospermic and oligospermic
patients in our study revealed a possible association between the changes in LH and FSH and
spermatogenesis and sperm maturation dysfunction in patients with idiopathic azoospermia
and oligospermia (Table 4 and Table 5). Al-Daghistani and Abdel-Dayem (2002) reported similar
results to ours; that is, infertile patients displayed higher levels of FSH and LH compared to fertile
individuals, while the testosterone level did not differ significantly. However, a comparison of the
hormone levels between infertile patients with and without chromosomal polymorphisms revealed
no statistically significant differences. This suggested that the chromosomal polymorphic variants
were not associated with the regulation of reproductive hormones.

Very few studies have described the association between the variants of, and microdeletions
in the Y chromosome. In this study, the Y chromosome microdeletion analysis of 28 patients with
Yghz revealed the presence of microdeletions in 9 cases (Table 6). The genesin the AZF regions are
considered to be critical for spermatogenesis; Y chromosome microdeletions have been associated
with the severity of spermatogenic defects (Kato et al., 2001). These microdeletions may explain the
infertility of the 9 patients with polymorphisms in the Y chromosome, noted in our study.

In addition, the parents of the 35 individuals displaying probands with chromosomal
polymorphisms were subjected to chromosomal analysis and Y chromosome microdeletion
analysis, and surveyed their detailed reproductive history. The results revealed that 30 patients
acquired the polymorphisms from their parents; we observed a similarity in the karyotypes of
the parents with the respective probands in these 30 cases; however, this was not reflected
in a similar adverse reproductive history. The fathers of the patients with Y chromosome
microdeletions were subjected to a Y chromosome microdeletion analysis; the results indicated
that none of the Y chromosome microdeletions were inherited from the paternal side. The
infertility of the probands was suggested to be a result of Y chromosome microdeletions, and
not polymorphisms in the Y chromosome.

In conclusion, the results of this study indicated that the association between Ygh- and
Y chromosome microdeletions could be responsible for the significantly high frequency of Ygh- in
infertile patients; however,the mechanism of this association remains to be elucidated. This results
of this study also supported the opinions of previous studies regarding autosomal polymorphisms,
that the heterochromatin polymorphisms have no phenotypic or clinical adverse effects, or
any apparent association with infertility. We recommend that infertile patients with autosomal
polymorphic variants and a normal karyotype can be treated using appropriate reproductive
methods; on the other hand, patients with the Ygh+ karyotype should be diagnosed with a method
to detect Y chromosome microdeletions, and treated by choosing female embryos by PGD, in case
of the existence of microdeletions.
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