
Age Effect on Male Gamete Performance Through 
Apoptotic and DNA Repair Gene Expression

ABSTRACT
Study question: We question the effect of age on the sperm’s ability to generate offspring by assessing DNA repair and

apoptosis regulating genes.

Summary answer: Transcriptome profiling utilizing RNA-Seq in human spermatozoa reveals that age sensitive genes related to

DNA repair and apoptosis is indicative of reproductive outcome.

What is known already: It has been known gametes produced by an aging male may suffer increased aneuploidy and

compromised chromatin integrity. Standard semen parameters, although useful in the diagnosis, are not predictive of male

fertility and are not very useful in cases of idiopathic infertility. Upon fertilization, the sperm provides a complete, highly

structured, and epigenetically marked genome that plays a distinct role in embryonic development. Characterization of sperm

RNAs by next generation sequencing through gene expression may be suited to better understand the effect of age on the

ability of the male gamete to generate offspring.

Study design, size, duration: In a 12-month period, we assessed the effect of age on male gamete integrity and its ability to

participate in embryo development. The analysis was carried out by measuring the expression of DNA repair (n=4) and

apoptotic modulating (n=3) genes. RNA extraction from 26 semen specimens was carried out on men undergoing infertility

screening, with 19 men in the study group and compared to 7 men acting as a control.

Participants/materials, setting, methods: An average of 25x106 human spermatozoa was used to isolate total RNA using a spin

column commercial kit. The nucleic acid quality and spermatozoal RNA concentration was assessed. The RNA samples were

then made into paired-end libraries. Pilot paired-end 76bp RNA-Sequencing (RNA-Seq) using an Illumina platform (NextSeq

500) was carried out and expanded to 60M reads. Expression values are calculated in FPKM (Fragments Per Kilobase Of Exon

Per Million Fragments Mapped) and normalized read counts.

Main results and the role of chance: A total of 7 men with an average age of 26 ± 5 years presented with a sperm

concentration of 27.3 ± 27, and motility of 46.6 ± 24, and morphology of 3.0 ± 2. Sperm RNA-Seq, and expressed as FPKM,

was carried out and after differential analysis patients were plotted in function of male age. We found that a DNA repair gene

cluster (APLF, CYB5R4, ERCC4 and TNRFSF21) and an apoptotic modulating gene cluster (MORC1, PIWIL1 and ZFAND6)

had a higher expression in younger patients (47.2± 15 FPKM) that progressively declined with advancing male age (9.5± 13

FPKM) (P=0.02). This evidenced a clear inverse correlation between gene expression (FPKM) and male age. Once the

reproductive potential as the ability to achieve a pregnancy was assessed, it clearly evidenced that the loss of expression of

these genes was accompanied by the inability to procreate. A conserved gene expression for the specific genes analyzed

confirmed the reproductive capacity and indicated a threshold at 30 years of age.

Limitations, reasons for caution: This study is part of an ongoing investigation to profile men undergoing male infertility

screening and must be confirmed in a larger cohort. Gene expression profiling of infertile men may serve as an assay to

measure the reproductive potential of the male gamete.

Wider implications of the findings: Sperm RNA-Seq is a reliable and reproducible technique that may aid in the diagnosis of

men undergoing infertility screening. DNA repair and apoptotic genes play a key role in body development and function. This

notion may clarify the cause of infertility that cannot be predicted solely by standard semen analysis.

Study funding/competing interest(s): Funding by University(ies), Reproductive Medicine, Weill Cornell Medical College

Trial registration number: N/A
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Gene Chr Description Fold Change P
APLF 2 Single-strand and double-strand DNA break repair -2.92 0.0002

MORC1 3 Affects entry into apoptosis -4.08 0.0003
CYB5R4 6 Protects the cell from reactive oxygen species (ROS) buildup -4.07 0.0001

TNFRSF21 6 Promotes apoptosis mediated by BAX -4.52 0.0002
PIWIL1 12 Represses transposable elements -4.44 0.0003
ZFAND6 15 Regulates TNF-alpha induced NF-kappa-B activation and apoptosis -2.91 0.0003

ERCC4 16 Regulates 5' incision made during nucleotide excision repair -3.16 0.0001

Participants

Infertile Men 26

Male age (M yrs ± SD) 39.6 ± 5

Semen Parameters

Concentration (M x106/ml ± SD) 46.3 ± 19

Motility (M% ± SD) 44.8 ± 14

Morphology (M% ± SD) 2.9 ± 2

Aqueous phase: RNA

Interphase: DNA

Organic phase: proteins, lipids

BACKGROUND

METHODS

CONCLUSIONS

It has been known gametes produced by an aging

male may suffer increased aneuploidy and

compromised chromatin integrity. Standard semen

parameters, although useful in the diagnosis, are not

predictive of male fertility and are not very useful in

cases of idiopathic infertility. Upon fertilization, the

sperm provides a complete, highly structured, and

epigenetically marked genome that plays a distinct role

in embryonic development. Characterization of sperm

RNAs by next generation sequencing through gene

expression may be suited to better understand the

effect of age on the ability of the male gamete to

generate offspring.

In a 12-month period, we assessed the effect of age

on male gamete integrity and its ability to participate in

embryo development. The analysis was carried out by

measuring the expression of DNA repair (n=4) and

apoptotic modulating (n=3) genes. RNA extraction

from 26 semen specimens was carried out on men

undergoing infertility screening, with 19 men in the

study group and compared to 7 men acting as a

control. An average of 25x106 human spermatozoa

was used to isolate total RNA using a spin column

commercial kit (Figure 1).

Figure 3. Gene expression of differentially expressed genes to identify under and 
overexpressed genes in relation to a control.  

Figure 1. RNA isolation using a hybrid protocol utilizing TRIzol®
Reagent and a commercially available spin column kit.

RESULTS
From the 26 semen specimen screened for this study (Table 1), a total of 7 men with an average age of 26 ± 5

years presented with a sperm concentration of 27.3 ± 27, and motility of 46.6 ± 24, and morphology of 3.0 ± 2

were included for RNA-Seq.
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Sperm RNA-Seq, expressed as FPKM, was

carried out. Gene expression of the study

group, as expressed as Log10 , were plotted

versus the control to determine the genes that

were over and underexpressed ±2 standard

deviations (Figure 2). After differential analysis

(Figure 3) patients were plotted in function of

male age. We found that a DNA repair gene

cluster (APLF, CYB5R4, ERCC4 and

TNRFSF21) and an apoptotic modulating

gene cluster (MORC1, PIWIL1 and ZFAND6)

had a higher expression in younger patients

(47.2 ± 15 FPKM) that progressively declined

with advancing male age (9.5 ± 13 FPKM)

(P=0.02) (Table 2). This evidenced a clear

inverse correlation between gene expression

(FPKM) and male age (Figure 4). Once the

reproductive potential as the ability to achieve

a pregnancy was assessed, it clearly

evidenced that the loss of expression of these

genes was accompanied by the inability to

procreate. A conserved gene expression for

the specific genes analyzed confirmed the

reproductive capacity and indicated a

threshold at 30 years of age.

This study is part of an ongoing investigation to profile men undergoing male infertility screening and must be confirmed in a larger cohort. Gene expression profiling of

infertile men may serve as an assay to measure the reproductive potential of the male gamete. Sperm RNA-Seq is a reliable and reproducible technique that may aid in

the diagnosis of men undergoing infertility screening. DNA repair and apoptotic genes play a key role in body development and function. This notion may clarify the cause

of infertility that cannot be predicted solely by standard semen analysis. Transcriptome profiling utilizing. RNA-Seq in human spermatozoa reveals that age sensitive

genes related to DNA repair and apoptosis is indicative of reproductive outcome.

Figure 2. Gene expression of differentially expressed genes to
identify under and overexpressed genes in relation to a control.
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The nucleic acid quality and spermatozoal RNA

concentration was assessed. The RNA samples were

then made into paired-end libraries. Pilot paired-end

76bp RNA-Sequencing (RNA-Seq) using an Illumina

platform (NextSeq 500) was carried out and

expanded to 60M reads. Expression values are

calculated in FPKM (Fragments Per Kilobase Of

Exon Per Million Fragments Mapped) and normalized

read counts.

Figure 4. DNA repair 
and apoptotic 
regulating gene 
expression (FPKM) in 
function of paternal 
age.

Table 

Table 1. Patient Characteristics

Table 2. Gene 
description of 
significantly 
underexpressed genes 
effected by age.


