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Idiopathic male infertility is a puzzling indication because it often is

characterized by normal semen parameters, but inevitably by a poor

reproductive outcome.

RNA-Seq is a promising tool that is capable of classifying and

predicting the value of the contribution by the paternal gamete to the

embryonic epigenome. By quantifying vital sperm RNA transcripts, we

can predict their influence upon delivery to the oocyte and how they link

to embryonic development. The absence of key coding and non-coding

RNA found within the spermatozoon has been correlated to infertility (1).

In this study, we aim at assessing the proteins localized within the

human sperm cell compartments that may provide insight on the

specific function of these reproductive cells and gauge information on its

developmental competence.

Evaluation of the gene function whose protein is localized in various components of the sperm cell

may provide a novel approach to gene information on male gamete competence. Deep sequencing of

sperm RNA is a robust screening tool that can corroborate a standard semen analysis of the male

partner. Querying the RNA of specific gene function may actually elucidate specific sperm cell

component function and embryo developmental competence.
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In a 15 month period we queried gene transcripts that ordain

fundamental sperm function and we assessed their eventual impact on

ICSI outcome. Following RNA extraction from semen specimens of 25

consenting men undergoing infertility screening, specific proteins were

identified by a function annotation software related to structural

components of the spermatozoon, such as the acrosomal vesicle,

nucleus, and flagellum. Three men of proven fertility with natural

conception served as a control.

All these men had a compromised expression of the genes responsible for

nuclear compaction and centrosome development and although they were able

to achieve fertilization, they all failed to sustain embryo implantation. The fertile

control (n=3), on the other hand, had expression of all the studied genes in

check that invariably were able to establish a viable pregnancy (P=0.01).

A total of 25 consenting

men provided semen samples

and we were able to get

adequate nucleic acid that

was processed for RNA-Seq.

Participants had an average

age of 26 ± 5 years and

presented with a sperm

concentration of 27.3 ±
27x106/mL, a motility of 46.6

± 24%, and normal

morphology.

Table 2. Depiction of genes known to be linked to infertility localized to the spermatogenic and

spermiogeneic point in which they regulate.

After plotting the specific expression in FPKM of all above mention against the sperm function

parameters, AKAP4 had a strong inverse correlation with motility (P=0.01). In men with ICSI

reproductive outcome (n=8), ATP6V1E2 involved in the development and function of the

acrosomal vesicle had a strong correlation with fertilization rates (P=0.03).

Figure 3. Expression patterns in spermatozoa to identify the paternal transcriptome contribution with relation to genes involved

in spermatogenesis and spermiogenesis (a), preimplatation embryos between 1 cell and 4 cell (b), preimplatation embryos

between 4 cell and 8 cell (c).

No. of Fertile Infertile P

Patients 3 5

Female age (M yrs ± SD) 38.3 ± 5 34.8 ± 3 0.07

Male age (M yrs ± SD) 33.0 ± 7 37.6 ± 3 0.08

Flagellum 68.8 ± 96 30.2 ± 87 0.58

Acrosomal Vesicle 49.6 ± 36 3.6 ± 6 0.02

Head/Centrosome 509.8±304 22.7±68 0.01

Genes

ATP6V1E2

TSSK6

H1FNT

PLK4

AGPAT2

AKAP4

CATSPER

Participants

Infertile Men 25

Male age (M yrs ± SD) 39.6 ± 5

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

Motility (M% ± SD) 44.8 ± 14

NC ART

Couples 3 5

Female Age (M ± SD) 38.3 ± 5 34.8 ± 1

Male Age (M ± SD) 33.0 ± 7 37.6 ± 3

Cycles - 5

Fertilization (%) - 30/42 (71.4)

Clinical Pregnancy (+FHB) 3 0

Delivered 3 0

Table 1. Depiction of genes known to be linked to infertility localized to the

spermatogenic and spermiogeneic point in which they regulate.

Table 3. Depiction of genes known to be linked to infertility localized to the spermatogenic and spermiogeneic

point in which they regulate.

A range of 7 to 25x106/mL human spermatozoa was used to isolate

total RNA using a spin column commercial kit. Their spermatozoal

nucleic acid quality and concentration were measured. The RNA

samples were then made into 76bp paired-end libraries for RNA-

Sequencing (RNA-Seq) using an Illumina platform (NextSeq 500) and

expanded to 60M reads. Expression values were calculated in

fragments per kilobase of transcript per million mapped reads (FPKM).

Genes were analyzed via the Database for Annotation, Visualization

and Integrated Discovery (DAVID) for functional determination and

classified accordingly.

Aqueous phase: RNA

Interphase: DNA

Organic phase: proteins, lipids

Localization

Acrosomal Vesicle

Nucleus

Centrosome

Endoplasmic Reticulum

Flagellum

Sperm localization 

analysis evidenced 

ATP6V1E2 localized to 

the acrosomal vesicle, 

TSSK6 & H1FNT 

localized to the nucleus, 

PLK4 localized to the 

centrosome, AGPAT2 

localized to the 

endoplasmic reticulum, 

and AKAP4 & 

CATSPER1 localized to 

the flagellum.


