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Chromosomal aneuploidy is widely considered to be a significant contributing cause of

infertility. Cytogenetic analysis using fluorescence in situ hybridization (FISH) is the standard

technique used to evaluate the cause of recurrent pregnancy loss or recurrent IVF failure by

measuring the incidence of autosomal and gonosomal aneuploidies in spermatozoa.

However, due to FISH limitations in chromosomes number and accuracy, the assessment of

the karyotype by copy number variants (CNVs) through Next Generation Sequencing (NGS)

has been gaining popularity. CNVs, which are deletions and duplications on individual

chromosomes, can contribute to the genome variability of spermatozoa.

The purpose of this study is to amplify extracted DNA from sperm cells and use NGS to

assess the DNA copy number variations and occurrence of spermatogenetic meiotic errors

between fertile and infertile cohorts.

In couples with normal semen parameters treated by ART, sperm aneuploidy assessment may be beneficial. While FISH has its limitations, NGS allows for a comprehensive

screening for all chromosomes with a more sensitive and accurate assay. Moreover, the assessment of CNV provides information on chromosome duplications and deletions and

prompts the analysis of specific genes to profile the paternal genome. This assay may help in identifying specific genes to provide insight into the etiology of unexplained male

fertility and guide toward the appropriate treatment.
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Aneuploidy assessment on spermatozoa was carried out by FISH for 79 consenting male

partners of couples who underwent at least one ICSI cycle and, according to their ART

outcome, were categorized into fertile or infertile subgroups. At least 1000 cells are assessed

by FISH for each of these patients as well as 2 anonymous donor controls with a threshold of

>1.6% (euploid). A 2-3% FISH error was maintained. DNA from as few as 500 spermatozoa

per sample for some of these men as well as the two fertile donors was extracted and

amplified with the use of a commercially available kit (REPLI-g; Qiagen) that utilizes PCR-

based random hexamer amplification. Decondensation on the sperm cells was carried out by

Proteinase K and Dithiothreitol (DTT). Alkaline incubation was used to lyse cells and

denature DNA without the risk of fragmentation, resulting in amplified DNA at a concentration

of 447.8±198ng/ul with high quality of 1.7±0.1nm. A whole chromosome analysis was then

carried out by NGS on these specimens to calculate the aneuploidy using CNVs obtained by

CASAVA and VarScan2 software.

In total, 79 men with an average age of 38.0±7yrs and normal semen analysis underwent

ICSI treatment with their female partners aged 35.5±4yrs. A total of 22 couples in 69 cycles

achieved a fertilization of 71.9% as well as a clinical pregnancy rate of 40.6%, defining the

fertile group (Table 1). The remaining 57 couples with a maternal age of 35.6±4yrs were

treated in 153 cycles achieving a fertilization rate of 59.3%. This cohort had a clinical

pregnancy rate of 6.5% that resulted in pregnancy losses, defining the infertile group. When

assessed by FISH, the average aneuploidy did not significantly differ among the donor

(1.4±0.1%), the fertile (2.7±2.1%) and the infertile cohorts (3.9±4.3%) (Figure 2).

Figure 2. Comparison of FISH and NGS.
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Figure 3. Comparing FISH and NGS assessment on the same individuals according to 
reproductive potential.
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We were able to detect a total of 14 prevalent genes (Table 2) with high CNV that were

present in our study group. A few of these genes, ADAM3A, NXF2, RBMY1F, and

DPY19L2, appear to be functionally sperm-related (Figure 1). Whole chromosome

analysis by NGS evidenced an overall aneuploidy of 2.9±2.3% for the donor,

5.4±2.1% for the fertile and 8.3±0.8% for the infertile cohort (P=0.01). When we

compared the two procedures, NGS confirmed for all chromosomes a higher sperm

aneuploidy than FISH, in the fertile (P<0.05) as well as the infertile cohort (P<0.01)

(Figure 3).

Figure 1. Venn diagram of 14 

prevalent genes grouped according 

to insemination method

Control Fertile Infertile

Couples 2 22 57

Female Age (M ± SD) 42.0 ± 1 35.5 ± 5 35.6 ± 4

Male Age (M ± SD) 40.5 ± 2 39.9 ± 10 38.9 ± 6

Cycles 2 69 153

Clinical Pregnancy (+FHB) 2 (100) 28 (40.6) 10 (6.5)

Pregnancy Loss (%) - - 10 (100)

Fertile
Infertile   P < 0.00001

Control

Table 2. Prevalent genes with high CNV

Objective: 

The growing interest in evaluating the reproductive competence of the male gamete requires the assessment of the karyotype to gain information on the health and the ability of the germinal epithelium to properly complete meiosis. This is currently carried out by

FISH, with its limitations in chromosomes number and accuracy. We aim to confirm, by copy number variants (CNVs) through Next Generation Sequencing, the actual karyotype and provide information on the fertility potential of the male gamete.

Design: 

Aneuploidy assessment on spermatozoa was carried out by FISH in 79 consenting men that according to their ART outcome, were subdivided in fertile and infertile. Two anonymous donors with proven fertility served as control. In some of these men, a whole

chromosome analysis was carried out by NGS to identify the accuracy of the procedure and the ability to estimate the reproductive competence of the male gamete.

Materials and Methods:

A total of 79 ejaculated specimens were obtained from consenting male partners of couples who underwent at least one ICSI cycle. FISH was performed on at least 1000 spermatozoa for each of these patients as well as 2 anonymous donor controls, with a

threshold of >1.6% (euploid) while maintaining a 2-3% FISH error. DNA was extracted and amplified from as few as 500 spermatozoa per sample for some of the men, as well as the 2 fertile donors, by using a commercially available kit followed by PCR-based

random hexamer amplification. After achieving a DNA concentration of 447.8±198ng/ul and quality of 1.7±0.1nm, aneuploidy was calculated using CNVs obtained by CASAVA and VarScan2 software.

Results: 

In total, 79 men with an average age of 38.0±7yrs and normal semen analysis underwent ICSI treatment with their female partners aged 35.5±4yrs. A total of 22 couples in 69 cycles achieved a fertilization of 71.9% and a clinical pregnancy rate of 40.6%,

defining the fertile group. The remaining 57 couples with a maternal age of 35.6±4yrs were treated in 153 cycles achieving a fertilization rate of 59.3%. This cohort had a clinical pregnancy rate of 6.5% that resulted in pregnancy losses, defining the infertile

group. The average aneuploidy assessed by FISH did not significantly differ among donor (1.4±0.1%), the fertile (2.7±2.1%) and infertile cohorts (3.9±4.3%). Whole chromosome analysis by NGS evidenced an overall aneuploidy of 2.9±2.3% for the donors,

5.4±2.1% for the fertile and 8.3±0.8% for the infertile cohort (P=0.01). When we compared the two procedures, NGS confirmed for all chromosomes a higher sperm aneuploidy than FISH, in the fertile (P<0.05) as well as the infertile cohort (P<0.01).

Conclusions: 

In couples with normal semen parameters treated by ART, sperm aneuploidy assessment may be beneficial. While FISH has its limitations, NGS allows for a comprehensive screening for all chromosomes with a more sensitive and accurate assay. Moreover, the

assessment of CNV provides information on chromosome duplications and deletions and prompts the analysis of specific genes to profile the paternal genome.

Support: None
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