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ABSTRACT
Male-factor infertility affects millions of couples worldwide. Due to a lack of alternatives, many couples ultimately

resort to In Vitro fertilization (IVF) with Intracytoplasmic Sperm Injection (ICSI). This treatment puts most of the

infertility burden on the female partner and requires an invasive surgical procedure. The availability of IVF/ICSI has

inhibited progress into the understanding and treatment of male infertility and put the female at risk.

To overcome this negative impact on the female, there is a need to reinvest in the study of sperm biology. As recent

examples demonstrate, sperm have many unknown factors – the sperm dark matter-that can help resolve

undetermined male infertility. Directing research to uncover the sperm dark matter will ultimately lead to novel

treatments of male infertility focused on treating the underlying etiology and not merely focusing on the female

partner.

 In vitro  fertilization; Intra cytoplasmic; Sperm injection

INTRODUCTION

Paradoxically, when a male is diagnosed with infertility, it is his
female partner that undergoes extensive medical treatments to
conceive a child. For example, if a male is found to have
immotile sperm, there is generally no treatment or cure for him
to overcome his inability to reproduce. Without intervention,
this male would be unable to father children [1]. Dr. Gianpiero
Palermo developed a revolutionary treatment that allows many
such infertile (naturally sterile) men to have children-Intra
Cytoplasmic Sperm Injection (ICSI) [2]. Remarkably, rather than
treating the sterile men, the ICSI procedure requires the female
partner to undergo ovarian hyper stimulation, surgical oocyte
retrieval, and ultimately embryo transfer into the uterus. As a
result of ICSI’s successes in helping ~50% of the treated
couples, research on male infertility has often been overlooked
in the last 25 years, halting clinical progress [3-5].
Consequentially, we know very little about male infertility's
underlying causes and how to treat them effectively [6]. This lack
of progress resulted in minimal advances in treating male
infertility, and thus the majority of the treatment burden
remains on the female partner.

One of the main reasons women are treated for male infertility is
that we do not know the underlying etiology of most sperm
defects. While the semen analysis can identify visible sperm
defects, it does not provide information on this abnormality's
underlying cause. While there are genetic, hormonal, and
structural causes of male infertility, in a significant portion of
men, no cause can be identified – this is referred to as
unexplained male infertility. In other cases, testing fails to find
any abnormalities in either the male or female partner that can
explain their infertility. This is referred to as unexplained couple
infertility.

Approximately 1/3 of couples are diagnosed with unexplained
infertility (Pandruvada 2021). Since “known” infertility is
contributed evenly by males and females (1/3 of cases for each),
a significant portion of unexplained couple infertility is likely
due to undetermined male infertility. Indeed, the evidence
mounts that unexplained couple infertility analyzed by advanced
semen analysis can identify those with male infertility [7,8].

Developing more advanced semen analyses and, in particular,
intracellular sperm analyses will help identify additional male
factor infertility that is now categorized as unexplained.
Therefore, there is a need for vigorous reinvestment in basic
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research of male reproduction. A critical step forward would be
to identify the yet unknown essential components of sperm, a
problem we refer to as the sperm dark matter-the sperm matter
that accounts for undetermined male infertility. Revealing the
nature of sperm dark matter will fuel a wave of translational
research into diagnostic and therapeutics for male infertility that
spare the female unjust treatment burden.

THE FEMALE BURDEN

In approximately 20% of infertility cases (1.2 million American
couples), the male partner is infertile for an undetermined cause
[6]. In these cases, the medical treatment burden for the male’s
infertility falls on the female partner [5] (Figure 1).

Figure 1: Clinical treatments for male infertility.

Depending on the male-infertility severity, treatments may
include either Intra Uterine Insemination (IUI) or Assisted
Reproductive Technology (ART) such as IVF/ICSI. Both these
treatments involve invasive and time-consuming treatments to
the female partner.

In IVF/ICSI, the female undergoes a multistep treatment
known as controlled ovarian hyper stimulation followed by
transvaginal oocyte retrieval. This process involves the use of
daily injectable medications to induce ovarian hyper
stimulation. The response of the ovaries is measured by frequent
vaginal ultrasound and blood draws. After approximately two
weeks of injectable medications and monitoring, the female
patient must undergo a transvaginal oocyte retrieval procedure
(egg collection). This is an invasive procedure that involves
inserting a needle through the vaginal wall and into the ovarian
follicle under ultrasound guidance.

Finally, following embryo development in vitro, she undergoes
embryo transfer, which involves inserting a catheter loaded with
embryo(s) into her uterine cavity through the cervix. National
success rates for live birth per retrieval range from 3.2%-42.6%,
with a much poorer prognosis in women above 37; thus, many
couples may need to undergo multiple IVF/ICSI cycles to
obtain a healthy baby [9]. IVF/ICSI generally has a negligible
risk to the male (only an ejaculated sample is provided) unless a
testicular sample is required. However, IVF/ICSI risks to the
female include infection, bleeding, and Ovarian
Hyperstimulation Syndrome (OHSS) [10]. Moderate to severe
OHSS is estimated to occur in ~1%-5% of IVF/ICSI cycles and
can include a spectrum of clinical findings such as ovarian
enlargement, abdominal pain, ascites, pleural effusions,
electrolyte imbalances, hemoconcentration, and formation of
blood clots [11].

THE SPERM DARK MATTER

A significant reason for the lack of knowledge about the sperm
and its content is that the sperm is a highly specialized cell of all
the cell types in animals, the sperm is the most morphologically
diverse [12]. The sperm has transformed Golgi, highly reduced
cytoplasm, only residual ER, and no or inactive cytoplasmic
ribosomes [13-16]. Even the chromosomes are unique. For
example, in all our cells, DNA is packaged with the help of
proteins called histones. In contrast, the sperm DNA is
packaged to chromosomes with a sperm-specific protein,
protamine’s [17]. These proteins condense the DNA at least six
times more than in other cells during mitosis [18]. Because the
sperm structure and function are so unique, the study of
different cell types in our body does not sufficiently inform us
about it. Therefore, there is a need for dedicated research of
sperm basic biology, without which we would not know of the
opportunities to treat male infertility.

An extreme example of the lack of research is the recent
discovery of the sperm atypical centriole-a large structure
attached to the sperm tail [19]. Centrioles are structurally and
compositionally conserved microtubule-based organelle. They
form the centrosome, the cell's major microtubule organization
center, and cilium/flagellum, a subcellular compartment
involved in signaling and motility. The precise way that
centrioles are inherited during fertilization remained an
unresolved question for humans and other mammals until 2018.
A key reason for this lack of understanding is that many proteins
known in the 20 century, like gamma-tubulin, are only
transiently present in the sperm centriole due to a process
known as Centrosome Reduction [20].

As a result, until recently, the dogma held that in human sperm
structural degeneration and functional inactivation occur to one
of the centrioles (the distal centriole), resulting in a vestigial
remnant [21]. This dogma led to the belief that human
spermatozoa only have one functional centriole (the proximal
centriole). However, recent studies suggest that two centrioles
are present, although the distal centriole has an extremely
atypical structure and composition [22-24]. These findings led to
an alternative model: Centriole Remodeling, which states that
preexisting spermatid centrioles go through a structural and
compositional transformation during differentiation resulting in
an atypical centriole with novel functions [25]. In bovine zygotes,
this atypical distal centriole participates in orchestrating the
microtubule's cytoskeleton and is likely essential for embryonic
development [26-28].

CONCLUSION

Considering the deficiency in investment in male reproductive
research, it is very likely that many more significant missed
essential cellular components are waiting in the sperm. See, for
example, the new findings described in a recent paper applying
cryo-electron microscopy to study the sperm and recent papers
on sperm motility. Therefore, it is likely that an investment in
sperm research will correspond with exciting new biology that
most likely opens unexpected male infertility diagnostic and
treatment opportunities.
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