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The prion-gene family comprises four members named PRNP (PRPc), PRND (Doppel),
PRNT (PRT), and SPRN (Shadoo). According to species, PRND is located 16–52 kb
downstream from the PRNP locus, whereas SPRN is located on another chromosome.
The fourth prion-family gene, PRNT, belongs to the same genomic cluster as PRNP and
PRND in humans and bovidae. PRNT and PRND possibly resulted from a duplication
event of PRND and PRNP, respectively, that occurred early during eutherian species
divergence. Although most of the studies concerning the prion-family has been done on
PRPc and its involvement in transmissible neurodegenerative disorders, different works
report some potential roles of these proteins in the reproductive function of both sexes.
Among them, a clear role of PRND, that encodes for the Doppel protein, in male fertility
has been demonstrated through gene targeting studies in mice. In other species, Doppel
seems to play a role in testis and ovary development but its cellular localization is variable
according to the gonadal developmental stage and to the mammalian species considered.
For the other three genes, their roles in reproductive function appear ill-defined and/or
controversial. The present review aimed to synthesize all the available data on these
prion-family members and their relations with reproductive processes, mainly in the gonad
of both sexes.
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INTRODUCTION
In Eutherian mammals, the reproductive system is composed by
gonads (testes and ovaries) and the genital tract (male: penis,
prostate, seminal vesicle, vas deferens, epididymis; female: vulva,
vagina, uterus, and oviduct). Gonads produce sex hormones and
gametes (sperms and oocytes), whereas the genital tract pro-
vides a suitable environment for the maturation and transport of
gametes, the fertilization and implantation of the eggs. The dif-
ferentiation of reproductive organs follows a specific and variable
chronology according to species. In every case, the sex deter-
mination occurs immediately at fertilization with the addition
of male and female gamete genomes. This step determines the
genetic sex of the embryo and induces latter on the differentia-
tion of gonads (arising from mesonephros, a transient embryonic
kidney) toward a testicular (XY) or an ovarian (XX) differenti-
ating pathway (DeFalco and Capel, 2009; for review; Figure 1).
The undifferentiated gonad is composed by a germinal and two
somatic cell-lineages. Each somatic line presents a double poten-
tiality and will be turned toward a specific gonadal fate depending
of the genes involved in sex determination, with SRY (Sex-
determining Region of Y) being at the top of them (Kashimada
and Koopman, 2010; for review). In somatic cell populations,
we distinguish: (1) the supporting cells, which will differentiate
into Sertoli cells in males and into follicular (also called granu-
losa) cells in females (these cells are responsible for the growth
and the maturation of the germ line); (2) the steroidogenic cells,
which will differentiate in Leydig cells in male and theca cells
in female (Figure 1). The phenotypic sex, which depends on the
gonadal sex and its hormonal production, is set up in many

successive steps during development from early gonad differ-
entiation until adulthood. Testes produce androgens and AMH
(Anti-Müllerian Hormone) which are responsible for the differ-
entiation of the genital tract toward the male pathway. Without
these hormones the genital tract will differentiate into the female
pathway.

Most of the major genes involved in gonad differentiation
have been discovered through human genetic studies of DSD
(Disorders of Sex Differentiation) cases, but many other genes
were found to be expressed in gonads following high through-
put mRNA sequencing or other expressional studies. Most of the
genes of this last category could putatively be involved in gonadal
processes but their role remains to be defined. Among these genes
are those of the prion-family. Notably, PRND has been shown
to be essential for testicular function in several species (Behrens
et al., 2002; Paisley et al., 2004; Kocer et al., 2007). The most
studied gene in the prion family is PRNP which encodes a cell
surface glycoprotein, the prion protein (PRPc). An infectious iso-
form of PRPc (PRPsc) has been shown to be the major component
of “Prion,” the etiological agent of transmissible spongiform
encephalopathies (TSEs). These fatal neurodegenerative disor-
ders include Creutzfelt-Jacob disease (CJD) in humans, bovine
spongiform encephalopathy and scrapie in bovidae (Prusiner,
1998).

THE PRION GENE FAMILY COMPRISES FOUR MEMBERS
The “prion gene complex” encompasses four members named
PRNP, PRND (downstream prion protein-like gene), PRNT
(prion protein testis-specific gene), and SPRN (shadow of the
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FIGURE 1 | Schematic representation of mammalian gonad

differentiation. The genetic sex directs the development of the bipotential
gonad toward a male or female gonadal fate. Three cellular types are present
in differentiating gonad: somatic supporting cells, somatic steroid-producing
cells, and germinal cells. Male and female somatic supporting cells have a
common origin and differentiate respectively in Sertoli and granulosa cells.
Steroidogenic cells will differentiate in Leydig cells in testis and theca cells in
ovary. Testicular-specific features include the formation of the coelomic

arterial vessel and of the seminiferous tubules formed by germ and Sertoli
cells. Ovarian-specific features are in a chronological order: (i) entry of germ
cells into meiosis, (ii) establishment of cortical and medullar compartments,
and (iii) formation of follicles, which contain oocytes surrounded by granulosa
cells. In agreement with the genetic sex, the development of the phenotypic
sex is achieved with the differentiation of the genital tract: epididymis, vas
deferens, seminal vesicle, prostate, and penis in males; oviduct, uterus and
vagina in female (Adapted from DeFalco and Capel, 2009; for review).

prion protein gene). In mouse, sheep, cattle, and rat, the PRNP
gene is composed of three exons, whereas only two are present in
humans (Yoshimoto et al., 1992; Saeki et al., 1996; Lee et al., 1998;
Figure 2). Depending on the studied species, PRND is located
16–52 kb downstream of PRNP and PRNT 3 and 6 kb down-
stream of human and cattle PRND, respectively (Moore et al.,
1999; Comincini et al., 2001; Essalmani et al., 2002; Makrinou
et al., 2002; Kocer et al., 2007). PRND and PRNT share with
PRNP the same genomic cluster and possibly result from a dupli-
cation, that occurred early during eutherian species divergence,
of PRNP and PRND, respectively. As PRNP, PRND structure can
vary from two to three exons between species, whereas PRNT has
two exons in humans (Comincini et al., 2001; Makrinou et al.,
2002; Figure 2). The same organization of PRNT was predicted

in cow, sheep, horse, dog and primates whereas this gene seems
to be absent in rodents (Premzl et al., 2004; Harrison et al., 2010;
Figure 2). SPRN is not part of the PRNP genomic locus, and is
located on another chromosome. SPRN comprises two exons and
its structure is conserved in fishes and mammals (Premzl et al.,
2003; Figure 2). Some of the prion-family genes produce differ-
ent transcripts of variable compositions and numbers according
to the species.

The mammalian PRNP encodes the PRP protein (PRPc)
that contains several distinct domains, including an N-terminal
signal peptide, an octapeptide repeat domain, a highly con-
served hydrophobic segment and a C-terminal hydropho-
bic region which contains a glycosylphosphatidylinisitol (GPI)
anchor (Figure 3A). This glycoprotein possesses two N-linked
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FIGURE 2 | Schematic structural representation of prion genes family

members. PRNP, PRND, and PRNT are clustered on the same genomic
locus. The distance between PRNP, PRND, and PRNT are given in kilobases
(kb); according to species, the number of exons could be variable. SPRN

consist of two exons and is located on another chromosome in all studied
species. Arrows indicate the relative orientation of the genes. Chromosomes
carrying these genes are annotated near each species symbols. For each
gene, the open reading frame (ORF) is indicated on relevant exons.

glycosylation sites and exists in bi-, mono-, and un-glycosylated
forms (Figure 3A). Its secondary structure is defined by the
presence of three α-helices and two β-strands (Harris, 1999;
for review; Figures 3A,B). The mature Doppel protein (DPL)
encoded by PRND is a protein which resembles a N-terminally
truncated PRPc protein lacking the octamer repeats (Figure 3).
In contrast, SPRN encodes the Shadoo protein (SHO) which
shares with PRPc a similar N-terminal region with a basic repeat
region and a hydrophobic domain (Watts and Westaway, 2007;
for review; Figure 3). Few data are available concerning the struc-
ture of PRT, the PRNT-encoded protein (Makrinou et al., 2002).
No signal peptide was predicted for the 94 aa PRT protein, sug-
gesting it could be an intracellular protein (Premzl and Gamulin,
2007). In bovine, PRNT encodes for an N-terminally truncated
protein of 55 aa in length, sharing 55% identity with its human
counterpart (Kocer et al., 2007).

Although PRPc and SHO are mainly expressed in the central
nervous system (CNS), these two proteins were also detected in
male and female gonads (Bendheim et al., 1992; Tanji et al., 1995;
Young et al., 2011). DPL and PRT are described as testis-specific
proteins (Moore et al., 1999; Tranulis et al., 2001; Makrinou et al.,
2002; Kocer et al., 2007). Nevertheless, a transient expression of
DPL has been observed in brain of neonatal mice, but this protein
is absent in the CNS of adult healthy animals (Li et al., 2000).

Many studies have been conducted on the role of DPL in testis
differentiation but the implication of the other prion proteins in
reproduction still remains subjective.

TESTIS-SPECIFIC PRION PROTEINS
In order to comment on the role of a testis-specific protein, it is
necessary to introduce the spermatogenesis process allowing the
production of male germ cells, spermatozoa (spz). Three differ-
ent generations of germ cells are visible at any given time among
the epithelial cells of the seminiferous tubule: spermatogonia
(sg), spermatocytes (spc), and spermatids (std; Figure 4). During
spermatogenesis, developing germ cells undergo several mitotic
divisions and two meiotic divisions after translocation through
the blood-testis barrier, to the luminal side of the epithelium,
that is defined by tight junctions between non-dividing Sertoli
cells. The final stage of spermatogenesis, known as spermiogen-
esis, consists of the complex differentiation of round spermatids
into spermatozoa (cell elongation, nucleus condensation, acro-
some formation, cytoplasm reduction; Figure 4). Throughout
spermatogenesis each cluster of germ cells, derived from a single
spermatogonium, is interconnected by cytoplasmic bridges that
are important for synchronizing the developing process. Thus, the
germ cells can be considered as being isolated cells only after they
are released as spermatozoa into the lumen of the seminiferous
tubule. Upon release, spermatozoa leave behind excess cytoplasm,
in the form of interconnected syncytial chains called cytoplas-
mic lobes (Sprando and Russell, 1987; Weber and Russell, 1987),
which are subsequently engulfed and degraded as residual bodies
by the Sertoli cells (Espenes et al., 2006). Then spermatozoa are
stored in epididymis and undergo maturation processes necessary
to acquire motility and capacity to fertilize. Final maturation is

www.frontiersin.org October 2014 | Volume 2 | Article 56 | 3

http://www.frontiersin.org
http://www.frontiersin.org/Cell_Death_and_Survival/archive


Allais-Bonnet and Pailhoux Prion-protein family in gonads

FIGURE 3 | Predicted structural features of Prion (PRPc), Doppel (DPL),

and Shadoo (SHO) proteins. (A): Schematic description of these
glycophosphatidylinositol (GPI)-anchored glycoproteins structure includes
signal peptide, octarepeat or basic repeat region (OrR or rR), hydrophobic
domain (HD), alpha (α)-helices, beta (β)-strands, N-glycosylation sites (CHO).
The size of the full-length proteins in amino acids (aa) is annotated near
each species symbols. (B): Schematic representation of prion family
proteins anchored in a membrane. (Adapted from Schmitt-Ulms et al., 2009;
Daude and Westaway, 2011; for review).

completed in the female reproductive tract where spermatozoa
acquire the capacities to fertilize oocytes. This last step called
capacitation ended with acrosome reaction which consists on
the fusion of the acrosome and oocyte membranes, allowing
fertilization.

Two members of the prion-gene family could be considered
as testis-specific proteins, PRND and PRNT. PRND/DPL expres-
sion has been studied mainly during spermatogenesis in many
species. The first common observation is that DPL is expressed
in Sertoli cells at various concentrations according to the species
(Westaway, 2004; Rondena et al., 2005; Serres et al., 2006; Kocer
et al., 2007; Figure 5). Nevertheless, in germ cells, the localiza-
tion of DPL is less comparable between animals. For example in
bovidae, DPL is present early in primordial germ cells in goat
fetal gonads (Kocer et al., 2007) and in bovine, this protein is
expressed in all stages of male germ cell development during sper-
matogenesis (spermatogones to ejaculated spermatozoa, Rondena
et al., 2005; Figure 5). In contrast, DPL is only detected in sper-
matids at final stages of spermiogenesis in ovine, human and
mice, (Behrens et al., 2002; Espenes et al., 2006; Serres et al.,
2006; Figure 5). Interestingly in ram, DPL is observed in sper-
matids during the elongation process, in Sertoli cells after sperm
release and is completely absent in spermatozoa (Espenes et al.,

2006). Authors suggest that DPL is present in cytoplasmic lobes
of maturing spermatids that culminate in DPL concentration in
residual bodies which are subsequently released by spermatids
then engulfed by Sertoli cells. DPL seems not to be detected in
spermatozoa. However, sperm supplementation with recombi-
nant ovine DPL protein during in vitro capacitation, significantly
improves spermatozoa motility, vigor, viability and fertilization
rate (Pimenta et al., 2012a). At this step we can proposed that DPL
expression in ovine ejaculated sperm may be under the thresh-
old of the detection limit of the method and the antibodies used.
Otherwise, DPL could be produced by another cell type in the
genital tract thus influencing the behavior of spermatozoa. This
hypothesis was also suggested in human by Peoc’h and collab-
orators which completed previous studies by the localization of
DPL on the flagella of epididymal and mature spermatozoa, and
in seminal plasma (Peoc’h et al., 2002). As DPL seems to be
transiently expressed in spermatids but is not detected in dif-
ferentiated testicular spermatozoa, these authors considered that
DPL could be acquired during the maturation of spermatozoa
through the epididymis, as it has been described for other GPI-
anchored proteins on spermatozoa (Peoc’h et al., 2002). Serres
and collaborators reinforced this hypothesis by the observation
of a DPL-staining in epithelial cells of the boar epididymis, sug-
gesting a possible epididymal origin of DPL and a potential role
during spermatozoa maturation (Serres et al., 2006). The tran-
sient presence of DPL in the final stages of spermiogenesis points
an important role of this protein in the final remodeling of
spermatids prior to their release into the testicular seminiferous
lumen. The role of DPL in this spermiogenesis process was com-
pletely demonstrated by the analysis of mouse Prnd knock-out
lines. Indeed, ablation of Prnd (Prnd−/−) in two different mouse
lines lead to infertile males with different sperm phenotypes.

The Prnd−/− mouse line with a 129/Ola genetic background
produced low numbers of spermatozoa with poor motility and
abnormal nuclei and acrosomes, greatly affecting the fertilization
process. Indeed, sperm from DPL-deficient mice appears to be
unable to undergo the normal acrosome reaction that is necessary
to penetrate the zona pellucida of the ovum and Prnd−/− males
are completely sterile (Behrens et al., 2002).

The second Prnd−/− mouse line produced on a mixed
C57BL6/CBA genetic background produced a normal number of
motile spermatozoa but these spermatozoa had an altered chro-
matin structure and DNA damages that induce an early arrest of
embryo development (Paisley et al., 2004). A common phenotype
between both Prnd−/− mice is a loss of sperm head integrity.

In conclusion, the localization of DPL on both somatic (Sertoli
cells) and germinal cells strongly suggests that this protein plays
a major role in male fertility. In most species, its expression in
testicular germ cells was detected at late stage of spemiogenesis,
principally in spermatids with a transient presence in acrosome.
These data show that DPL is implicated in normal acrosome gene-
sis and thus in spermatozoa fertilizing ability. Supplemental roles
could be attributing to DPL by its presence at earliest stages of
testis development in bovine and goats, suggesting an involve-
ment in germinal cell ontogeny. Moreover, DPL has also been
detected in goat fetal Leydig cells (steroidogenic cells) where its
role remains to be defined (Kocer et al., 2007). Finally some roles
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FIGURE 4 | Illustration of spermatogenesis. Spermatogenesis occurs within
the seminiferous tubules of the testes of a post pubescent male. Diploid
primordial germ cells (also called spermatogonia; sg) near the basal lamina of
the seminiferous tubules undergo an initial mitotic division to produce diploid
primary spermatocytes (spc I). Nearly half the primary spermatocytes
produced remain near the basal lamina to continue to divide mitotically, thus
allowing spermatogenesis to be continuous during male’s reproductive
lifespan. Other primary spermatocytes migrate toward the lumen of the
seminiferous tubules and begin to undergo meiosis I, resulting in haploid
secondary spermatocytes (spc II). These secondary spermatocytes further

divide through meiosis II, producing haploid spermatids (std). Mature sperm
cells (spermatozoa; spz) capable of fertilizing an egg develop from spermatids
through the final stage called spermiogenesis. In this stage specific regions of
the spermatid differentiate into the head, mid-piece, and the tail of the sperm
cell. Within the head, an acrosomal space is developed which houses specific
enzymes required for fertilization. Specialized acrosomal membranes that are
pertinent for fertilization also differentiate in the head of the sperm. A
flagellum develops as a means of motility near the posterior aspect which is
fuelled by the abundance of mitochondria in the mid-piece of the sperm cell.
(Adapted from buffonescience9.wikispaces website).

of DPL in ovarian differentiation couldn’t be discarded since DPL
has been detected in female germ cells of goat fetuses and in gran-
ulosa cells and follicular fluid in bovine (Rondena et al., 2005;
Kocer et al., 2007). This last observation reinforces the idea that
DPL may contribute to regulate fertility, since follicular fluid has
been shown to influence sperm mobility and fertility (Rodriguez
et al., 2001).

In order to pinpoint putative other reproductive roles of DPL,
it will be of great interest to engineer PRND mutant animals in
mammalian species other than mice. For the sex-differentiating
process, it is know that the mouse species remains less sensible to
gene dosage and haplo-insufficiency than humans. Furthermore,
PRND expression profiles suggest additional roles for DPL in
goat testis differentiation compare to mice (Kocer et al., 2007).
Accordingly, PRND gene ablation in goats is currently under
investigation in our laboratory that has recently succeeded in such
technologies (Boulanger et al., 2014).

Three isoforms of human PRNT have been described and are
exclusively expressed in the adult testis, thus absent in fetal tissues
including testis (Makrinou et al., 2002). In goats, PRNT is weakly
and stochastically expressed in both testes and ovaries at various
developmental stages, suggesting that the expression pattern of
this gene differs between ruminant and human or, most probably,

that ruminant PRNT is a pseudogene (Kocer et al., 2007). By
contrast, recent results demonstrate that PRT is found in the ram
germinal cells. Notably, PRT expression is localized in the nuclei
of spermatogonia, spermatocytes, spermatids and in the sperm
acrosome. These observations suggest that ovine PRNT could be
a translated protein-coding gene, pointing to a role for PRT in
the ram spermatogenesis, throughout spermatogenic cell prolif-
eration and sperm maturation (Pimenta et al., 2012b). However,
it is difficult to conclude on a real role of PRT during spermato-
genesis. The lack of PRT detection in others species, supports the
hypothesis that PRT could be a pseudogene.

PRPc AND ITS SHADOW
In the CNS, PRPc, and SHO present a partially reciprocal pat-
tern of expression, suggesting a common function of these two
proteins in neuronal cells. This overlapping expression leads to
Shadoo protein designation (Shadoo is the Japanese word for
shadow) and this protein was considered as the putative host-
encoded protein that compensates for the lack of PRPc. Although
PRPc and SHO are present in gonads, their single and/or common
roles are not established in reproductive biology.

PRPc has been more studied and was detected on sperma-
tozoa of different species including human, cattle and mouse
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FIGURE 5 | Table summarizing the cellular localization of Dopple (DPL) in gonads of various species.

(Shaked et al., 1999) but the nature of PRPc isoforms on sper-
matozoa is debated and appears different according to antibodies.
A first study showed the presence of PRPc on epididymal sperm
extracts from epididymis of mouse and bovine and from ejac-
ulated spermatozoa from bovine and human (Figure 6). The
molecular weight of PRPc in epididymal sperm cells was simi-
lar to that of the brain (control tissue) whereas in mature sperm
cells, the PRPc isoform detected is smaller and C-terminally-
truncated. Authors suggested that the C-terminal portion of the
PRPc is removed during the process of sperm maturation in epi-
didymis and that the protein is inserted via its N-terminal part in
the membrane of ejaculated sperm (Shaked et al., 1999). In con-
trast, Peoc’h group demonstrated that PRPc was recognized on
sperm membranes by antibodies binding to the C-terminus part
of the protein, suggesting that only N-terminally truncated frag-
ments of PRPc are present in these cells in the human species.
In addition in human testes, 3 isoforms of PRPc, an unglycosy-
lated full-length and two N-terminally truncated proteins, are also
detected in spermatocytes and spermatids (Peoc’h et al., 2002;
Figure 6). Differences in the nature of PRPc truncated (C- or N-
term) could be due to differences in the protocol for preparing
spermatozoa extracts that could affect proteolysis differentially,
or to the antibodies used. Studies in ram supports the work of
Shaked and collaborators by demonstrating that one major gly-
cosylated C-terminally truncated PRPc isoform is associated with
sperm from testis, cauda epididymis and semen and also in sperm

cytoplasmic droplets that are released during maturation (Ecroyd
et al., 2004; Figure 6). Other PRPc isoforms were compartmen-
talized within cauda epididymal fluid and semina plasma (Ecroyd
et al., 2004). Indeed, Gatti and colleagues demonstrated the syn-
thesis and secretion of soluble PRPc by the epithelial cells lining
the ram epididymis (Figure 6). These cells produce large quan-
tities of a specific isoform of PRPc that seems to be processed
post-secretion in different ways during epididymal transit. In
ovine spermatozoa, different forms of PRPc have been found, as
reported previously for others species (Shaked et al., 1999), that
seem to be inserted into the sperm membrane mainly during ejac-
ulation (Gatti et al., 2002). In summary, both glycosylated and
proteolytic isoforms of PRPc are present in the male reproductive
tract. However, the main isoforms differ between the sperm and
the reproductive fluid, suggesting only a low extend of exchange
between these two compartments. By studying Prnp deficient
mice, a protective role of PRPc against copper toxicity has been
proposed since sperm cells originating from Prnp−/− mice were
significantly more susceptible to high copper concentrations than
sperm from wild-type mice (Shaked et al., 1999). The presence
of an anti-oxidant defense in the sperm-surrounding media is
highly important, especially during passage and storage in the
epididymis, since these germinal cells lack the molecular machin-
ery to regenerate damaged lipids and proteins. Nevertheless, Prnp
null mice are fully fertile and the ablation of Prnp in Prnd−/−
mice has no additional effect on the phenotype described for
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FIGURE 6 | Table summarizing the cellular localization of Prion protein (PRPc) in gonads of various species.

Prnd−/− males, suggesting that PRPc is not involved in fertiliz-
ing capacity of mice spermatozoa, at least under normal breeding
conditions (Büeler et al., 1992; Manson et al., 1994; Paisley et al.,
2004).

PRPc is also present in the female reproductive tract. This
protein has been detected in the ovary, oviduct and uterus of
pregnant and cyclic ewes (Moudjou et al., 2001; Tuo et al.,
2001; Figure 6). In bovine, PRNP is expressed in both theca and
granulosa cells of ovarian follicles notably in developing follicles
suggesting that it could promote the growth of dominant follicles
(Forde et al., 2008; Figure 6). Again, invalidation of this gene did
not induce any noticeable fertility defect in the studied females.
However, these animals were kept under control breeding condi-
tions and not challenged, through induction of oxidative stresses
for example. Such challenges revealed yet undiscovered function
of PrP in other organs, such as placenta (Alfaidy et al., 2013),
and such experiments would be of interest to further assess the
function of PrP in the gonads.

Although no biological role of SHO has been defined in repro-
duction, few data are available in mice. Generation of transgenic
reporter mice for the gene encoding SHO protein (Sprn) has per-
mitted to show a Sprn-LacZ expression in the male and female
gonads. In both cases, staining was cell-specific, in the intersti-
tial Leydig cells in testis and in granulosa cells of ovarian follicle
(Young et al., 2011). Leydig cells are the site of testosterone

biosynthesis that is required for the development of the male
reproductive system, and the initiation and maintenance of sper-
matogenesis. Deregulation of some genes expressed in Leydig cells
such as proliferin-related protein (PRP) result in decreased testos-
terone production and has an impact on development of male
reproductive system and fertility (Zhao et al., 2011). If we con-
sider the testicular SHO localization, could this protein have the
same function in male fertility? Another way to determine the
function of a protein is to study the ablation of its coding gene.
The lack of Sprn in mice has no effect on fertility, as judged by
the measurement of the litter size (Daude et al., 2012). Given
that DPL is implicated in spermiogenesis and PRPc is present
on spermatozoa, one can imagine that these close proteins can
compensate each other. Sprn invalidation in Prnd−/− mice does
not increase the testicular phenotype associated with single Prnd
knockout (our unpublished data). In the same way, mice defi-
cient for both SHO and PRPc were also found to be viable and
fertile (Daude et al., 2012). By contrast, the Sprn knockdown
in Prnp−/− mice presents an embryonic lethal phenotype at
developmental stage E7.5 (Passet et al., 2012). Discordant results
between SprnKO/PrnpKO and SprnKD/PrnpKO could be due to dif-
ferent mice genetic backgrounds used in these studies or to a
genetic adaptation of the double knockout animals. Nevertheless,
gene-targeting experiments in mice do not allow yet defining a
putative role of SHO in reproduction.
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CONCLUSION
Among the prion-gene family members, PRND is yet the sole
to have been clearly linked to reproductive biology with a cru-
cial function during the late steps of spermatogenesis. Indeed its
gene ablation in mice leads to male infertility. Although expres-
sion of the other three members PRNP, PRNT, and SPRN has
been demonstrated at mRNA and protein levels in gonads and/or
reproductive tracts, their specific reproductive functions, if any,
remain to be elucidated. The fact that these putative functions
haven’t been pointed on by human genetics or gene-targeting
in other mammalian species may suggest that these proteins by
alone have no critical reproductive functions or that their func-
tions aren’t hugely affected by mutational events. Indeed, even
if the physiological role of PRPc remains unclear in the central
nervous system, according to the fact that Prnp−/− mice or goats
seem to be unaffected and well-being, it is a mis-folding of PRPc

(PRPsc) that remains highly detrimental for the central nervous
system physiology (a sort of gain-of-function mutation). This
means that we cannot exclude some detrimental reproductive
effects of these proteins without any mutational changes, but with
post-translational and/or conformational changes remaining very
difficult to pin-point.
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