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Objective: Tocompare themicroRNA (miRNA) expression profile in spermatozoa fromthree infertile populations vs. a groupof fertilemen.
Design: Evaluation of the expression level of 736 miRNAs in human spermatozoa using TaqMan quantitative reverse transcription–
polymerase chain reaction.
Setting: University research facility.
Patient(s): Semen samples with a single seminal alteration were collected from infertile individuals: asthenozoospermic (n ¼ 10), ter-
atozoospermic (n ¼ 10), and oligozoospermic (n ¼ 10).
Intervention(s): None.
Main Outcome Measure(s): Correlation of the expression level of each miRNA with seminal parameters, age, and chromosome insta-
bility; clustering of the individuals according to their miRNA expression profiles and influence of the seminogram, age, chromosome
instability, and assisted reproductive technology outcome in the clustering; analysis of the differentially expressed miRNAs (DE-miR-
NAs) in each infertile population; genome annotation of these DE-miRNAs; and ontological analysis of their predicted targets.
Result(s): The hsa-miR-34b-3p correlated with age, the hsa-miR-629-3p with sperm motility, and the hsa-miR-335-5p, hsa-miR-885-
5p, and hsa-miR-152-3p with sperm concentration. The individuals clustered into two groups, and only the seminogram was
differentially distributed. We identified 32 DE-miRNAs in the asthenozoospermic group, 19 in the teratozoospermic group, and 18
in the oligozoospermic group. The up-regulated miRNAs presented an enriched localization in introns, affecting relevant genes for
spermatogenesis. The predicted targets of the DE-miRNAs contained critical genes associated to infertility, and their ontological
analysis revealed significantly associated functions related to the seminal alterations of each group.
Conclusion(s): Spermatozoa from patients with seminal alterations exhibit a differential
miRNA profile. This provides new evidence that miRNAs have an essential role in spermatogen-
esis, contributing to the mechanisms involved in human fertility. (Fertil Steril� 2015;104:
591–601. �2015 by American Society for Reproductive Medicine.)
Key Words: Infertility, microRNA, spermatozoa, seminal alterations, sperm biomarkers

Discuss: You can discuss this article with its authors and with other ASRM members at http://
fertstertforum.com/salashuetosa-altered-mirna-profile-infertility/

Use your smartphone
to scan this QR code
and connect to the
discussion forum for
this article now.*

* Download a free QR code scanner by searching for “QR
scanner” in your smartphone’s app store or app marketplace.

I nfertility is a disease defined by the
failure to achieve a successful preg-
nancy after 12 months or more of

regular unprotected intercourse (1).
Fertility problems are estimated to
affect 15% of couples worldwide, and
a male factor contributes in approxi-
mately 50% of cases (2). Reduced male
fertility can result from several reasons
(e.g., urogenital abnormalities, infec-
tions of male accessory glands,
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varicocele, endocrine disturbances, or immunologic factors),
but the only abnormality detected in 40%–60% of patients
is the presence of abnormal seminal parameters (3). Although
in some cases the origin of these abnormalities has been asso-
ciated with specific gene alterations (4), most of the time the
cause remains idiopathic. In fact, the classification of infertile
individuals mostly relies on the raw results derived from this
conventional seminal analysis. The seminogram categorizes a
semen sample only according the sperm physical status in
relation to predefined universal thresholds, which in addition
have been subjected to changes over time (1, 5). Nevertheless,
this classification does not always match with the fertile
potential of the individual, and several authors have
claimed the need for new, additional male fertility
indicators (6, 7). Because the ultimate factors that would
determine the fertility potential of spermatozoa would
depend on their genetic and epigenetic load, studies focused
on defining and understanding infertility at a molecular
level would be of great interest.

Spermatogenesis is a complex differentiation process
commonly divided into three main phases: self-renewal and
proliferation of spermatogonia, meiotic division of spermato-
cytes, and postmeiotic differentiation of spermatids into sper-
matozoa. These events are controlled by well-coordinated
transcriptional and posttranscriptional regulators. Several
studies have analyzed the role of noncodingRNAs as posttran-
scriptional regulators of spermatogenesis (8–10), including [1]
long noncoding RNAs, which mainly participate as
transcription repressors and chromatin modification factors,
[2] piwi-interacting RNAs, which are known to be responsible
for transposon silencing, and [3] microRNAs (miRNAs), which
regulate the expression of specific target messenger RNAs
(mRNAs) (11).

Focusing on this last group of regulators, miRNAs are
small molecules of 22–24 nucleotides that form partially
complementary structures to their mRNA targets. MicroRNAs
are transcribed into primary miRNA transcripts that are
further processed in the nucleus to form the hairpin-shaped
miRNA precursor (pre-miRNA). These pre-miRNAs can be
exported to the cytoplasm, where they will be processed
again, leading to the formation of the mature miRNAs. Their
assembly with Argonaute proteins will form the ribonucleo-
protein miRNA-induced silencing complex that will be
responsible for executing the functional translational repres-
sion associated with these molecules (12).

It has been estimated that miRNAs can regulate up to 60%
of protein-coding genes (13), and some studies have described
their implication in the gene expression regulation of many
biological processes, including spermatogenesis (14, 15).
Recently some authors have observed a dysregulated
expression of several miRNAs related to the particular
fertility conditions of the individuals analyzed (16–20).
Although all of these articles suggest a relationship between
miRNA sperm cargo and male fertility, there is great
variability among studies, either due to the types of
biological material analyzed (spermatozoa, testicular cells,
and seminal plasma) or regarding the origin of the reference
values used to identify the differentially expressed miRNA,
and also due to the way of interpreting the biological

consequences of the results (from simple revision of
previous published data to ontological analysis).

Additionally, the sperm miRNA profile has also been
described to affect both early embryo development and assis-
ted reproductive technology (ART) outcome (15). McCallie
et al. (21) detected differential miRNA profiles in embryos
from fertile and infertile individuals. In this study a signifi-
cant decrease in the expression of six miRNAs in
transferable-quality blastocysts was described in couples
with male factor infertility. Besides the association between
altered miRNA profiles and fertility, other authors have
described a differential miRNA profile in young and old indi-
viduals, pointing to a potential regulatory role of miRNAs in
the aging process (22). Furthermore, a differential expression
of specific miRNAs has been associated with chromosome
instability in tumoral processes (23–26). Because age (27)
and sperm chromosome instability (28) are two of the
factors related to male fertility, it would be interesting to
consider the influence of these parameters over the sperm
miRNA cargo in infertile patients.

In a recent study, we performed a comprehensive charac-
terization of the miRNA expression profile in spermatozoa
from 10 fertile individuals (29). Our results provided control
reference values for 736 miRNAs that can be useful for deter-
mining the contribution of miRNAs as a possible underlying
cause of idiopathic male infertility. We demonstrated that
human sperm contain a stable population of miRNAs poten-
tially related to embryogenesis and spermatogenesis.

The present study aimed to characterize the miRNA
expression profile in spermatozoa from three different human
infertile populations with a sole seminal parameter altered: a
group of individuals with reduced sperm motility (astheno-
zoospermia), another group with abnormal sperm
morphology (teratozoozpermia), and a third group with low
sperm count (oligozoospermia). The analysis has been ad-
dressed to [1] evaluate a possible correlation between the
expression level of every evaluated miRNA and the seminal
parameters, age, and chromosome instability of the individ-
uals analyzed; [2] cluster the individuals according to their
miRNA expression profiles and determine the influence of
the seminogram, age, chromosome instability, and ART
outcome in the classification obtained; [3] identify differen-
tially expressed miRNAs (DE-miRNAs) in each infertile popu-
lation when compared with a previously described fertile
control population (29); [4] evaluate the characteristics of
the hosting regions encoding the DE-miRNAs; and [5] define
the biological functions significantly associated with the pre-
dicted targets of these DE-miRNAs.

MATERIALS AND METHODS
Study Population and Sample Collection

Inclusion criteria for patient recruitment were directed
toward the selection of semen samples from infertile indi-
viduals of unknown etiology showing the alteration of a
single seminal parameter (i.e., reduced sperm motility, or
abnormal sperm morphology, or lower sperm count) (World
Health Organization 2010) (1, 30). Individuals presenting
more than one alteration were discarded. According to
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