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ABSTRACT

Objectives: Toreview the research findings on the expression of endogenous retroviruses and
retroviral-related particles in male mammalian reproductive tissues, and to discuss their
possible role in normal cellular events and association with disease conditions in male
reproductive tissues.

Data sources: Published findings on endogenous retrovirus (ERV) expression in vertebrate
reproductive tissues.

Study selection: Relevant citations on ERVs and male reproduction by research groups
worldwide.

Data extraction: Literature search on Medline and Pubmed upto the year 2000, and retrieval
of relevant articles cited from international and local journals.

Data synthesis: Most of the studies demonstrated integrated retroviruses and retroviral-
related sequences in human and mouse testis, epididymis and vas deferens. Endogenous
retroviruses in human and mice may be associated with normal cellular differentiation and
development, and carcinogenesis. In humans, one ERV family, human endogenous retrovirus-
K (HERV-K)is abundantly expressed, and is associated with germ cell tumours, while ERV3
eny is expressed in normal human testis.

Conclusion: The expression of ERVs in male reproductive tissues suggests a possible role in
normal and disease conditions involving the testis and epididymis. These speculative
functions may include among others spermatogenesis and or sperm maturation or tumour
formation. However, further studies need to be carried out to investigate specific roles of

ERYVs in male reproductive events.

INTRODUCTION

Endogenous retroviral (ERV) sequences comprise a
significant proportion of the genome in most vertebrates
and have been demonstrated in mice and primate
reproductive tissues(1-5). Their presence in vertebrate
genome dates back more than 30 million years(6). The
origin of ERVs is not very clear, but most probably they
are remnants of ancient germ line infections of exogenous
retroviruses which subsequently got inserted in the host
genome and have been transmitted as stable genetic
traits(6,7). In principle ERVs have the same genomic
organisation as exogenousretroviruses. Other investigators
suggest that ERVs may have evolved from retroelements
through transcription, retrotransposition and recombination
events including addition of env genes(8). These
retroelements may later become compatible and beneficial
to the host. Approximately one to twelve per cent of the
human genome consists of ERV elements(9). Their
biological role is largely unknown despite the existence of
many different families detected in the vertebrate genome.
The majority of these viral sequences are defective due to
presence of multiple termination codons and/or deletions,
preventing translation to functional proteins(10,11). This
may eventually result in either full-length or truncated

proviruses, which are unable to code for infectious virus
particles, with only a few of them coding for functional
proteins(9). Although the genomic presence of most ERVs
is presumed to be without a major effect, it is possible that
some could be involved in normal or pathogenic
processes(12). This is supported by studies in mice where
a non-defective endogenous retrovirus has been
demonstrated, which may induce tumours and/or
immunological disorders(13,14).

The human retroviral elements analysed so far show
sequence similarities to type A, B, C, and D murine and
non-human primate retroviruses, as well as to human
exogenous retroviruses(11,15). Since these retroviruses
cover a range of structural variations that have been
detected in infectious retroviruses such as HIV and
SIV(10,16), they may contain a lot of viral information in
the human genome. Because of such hypotheses, in this
communication, we discuss the findings of various studies
that have demonstrated expression of endogenous
retrovirus-like particles in male mammalian reproductive
tissues. In addition, we discuss the biological implications
of the presence of these retroelements in these tissues.
Because ERVshave been part of the genome of vertebrates
for millions of years, it is likely that some of these
sequences have acquired biological functions in the cell.
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ENDOGENOUS RETROVIRAL GENOME
ORGANISATION AND EXPRESSION

Endogenous retroviral sequences have the same
fundamental structure as the integrated (proviral) form of
an exogenous retrovirus in the host chromosomal DNA.
Full-length ERVs possess three common retroviral genes,
gag, pol/prt and env(7), which are located between two
long terminal repeats (LTRs)(15). These genes code for
the proteins essential for virus assembly, genome
replication and integration, and enzymes essential for
processing of viral proteins. Furthermore, the LTRs contain
important signals needed for initiation, regulation, and
termination of transcription(10). Solitary LTRs also accur
in some cases(9,17). This probably originates from excision
of the retroviral genome(17,18).

Innormal cells the flow of genetic information usually
involves transcription of DNA into RNA, which is later
translated to specific proteins(19). As an exception to this
flow of genetic information, in retroviruses RNA is copied
into DNA(20). The viral RNA is first inserted into the
cytoplasm of the host cell where it is utilised as a template
in the synthesis of a proviral DNA catalysed by the
enzyme reverse transcriptase (RNA-dependent DNA
polymerase). Subsequently, this proviral DNA enters the
nucleus where it integrates into the host DNA(12,21,22).
In this way, retroviruses can colonise the host germline
and inherited as endogenous retroviruses(23).

It has been suggested that deletions in retroviral
genomes may occur at the RNA level by the reverse
transcriptase skipping templates asymmetrically during
virus replication(24). In turn, such deletion result in
mutations that activate protooncogenes into transforming
cellular genes(25).

ENDOGENOUS RETROVIRUS EXPRESSION IN
MAMMALIAN MALE REPRODUCTIVE TISSUES

The human endogenous retrovirus-K (HERV-K) is
the only known human endogenous virus genome that
contains an open reading frame large enough to allow
synthesis of full-length provirus, and is localised on
chromosome-7(7,11). In line with this observation,
complete open reading frames for all viral genes (gag, pol,
env) have been observed(26). This retrovirus is present in
about 30 to 50 copies in the human genome(18) with an
estimated 10,000 solitary LTRs(17). In recent studies,
sequence analysis of expressed HERV-K genomesrevealed
non-defective gag genes, a pre-requisite for particle
formation. Open reading frames were also observed in pol
and env genes. Antisera raised against recombinant gag
proteins of HERV-K have been shown to stain human
teratocarcinoma derived virus (HTDV) particles, linking
them to the HERV-K family(27). Studies done in patients
with gonadoblastomas and testicular biopsies, displayed
HERV-K transcripts in neeplastic germ cells, and among
the gonadoblastomas, an invasive seminoma was noted in
two cases coupled with formation of additional germ cell

tumour components(28). More so, expression of long
terminal repeats has recently been demonstrated in both
human and murine germ cell tumours(29), and these LTRs
were shown to have dropped drastically after cellular
differentiation(29). In another study, testicular germ cell
tumours (TGCTs) of both adolescents and adults were
investigated using reverse transcription-polymerase chain
reaction. The gag and prt genes were expressed in all
samples tested while env transcripts were detected in most
normal testicular parenchyma samples. Simultaneous
expression of multiple gag sequences was found both in
normal parenchyma and TGCTs, and it was demonstrated
thatexpression of gag sequences with anextraG, necessary
to generate a functional protein, was not limited to
TGCTs(4). Although the specific role of HERV-K
expression remains unknown, such findings place HERV-
K expression in an appropriate position for it to have arole
in the pathogenesis of germ cell tumours. Similarly,
differentiated human teratocarcinoma cell lines have been
shown to produce the HTDV particles encoded by the
human endogenous retroviral sequence HERV-K.
According to Herbst and co-workers(28), among 2000
human sera samples screened against this endogenous
human retrovirus, 60% of male patients with germ cell
tumours demonstrated high titres. On the other hand, in
healthy controls, anti-HTDV reactivity was only at low
titres in a small percentage (3.9%) of the individuals
tested. Additionally, HERV-K has been shown to carry
responsive domains homologous to those of complex
disease causing retroviruses suchas HIV (Rev) and HTLV
(Rex)(7,9). Rev viral element is a regulator of expression
of viral proteins in HIV while Rex is it’s equivalent in
HTLV- 1. This has since strengthened the fact that it could
be a biologically active ERV.

In a related study, 85% of patients with germ cell
tumours were shown to produce antibodies against env
protein of HERVs. From these individuals, those that
received anti-tumour treatment showed a decrease in their
antibody titre(30). HERV-K transcripts have been detected
in all testicular germ cell tumours with the exception of
teratomas and spermatocytic seminomas. More so, HERV-
K expression has also been detected in testicular carcinomas
in situ as well as gonocytes of dysgenetic gonad(3).
Immunoblot analysis revealed an 80kDa HERV-K gag
precursor and a90kDa viral env protein(31). The expression
of HERV-K in human teratocarcinoma cell lines was
related to higher levels of B-human chorionic gonadotropin
(B-HCG) synthesis(32).

In other studies HERV-K like expression has also
been demonstrated in disease-free adult mice testes, and
was foundrestricted to undifferentiated spermatocytes(31).
Another ERV family expressed in male reproductive
tissues is ERV3 (HERV-R). ERV3 env mRNA has been
highly demonstrated in spermatogenic cells in human
testes during early phases of spermatogenesis but could
not be identified in sertoli or leydig cells(33). In addition,
sperm adsorbed with retrovirus-like particles have been
detected in mice epididymal spermatozoa(2). Viral
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aggregates evident in the epididymal lumen leads to the
hypothesis that the lumen of the epididymis is the principal
site of endogenous virus synthesis(2). In a related study,
retroviral reverse transcriptase activity was detected in
epididymal fluids from several strains of mice(34)
signifying the expression of pol genes. Similarly, Kiessling
and co-workers(34) have indirectly shown the presence of
proteins from the retrovirus gag gene product (p30) and
env gene product (gp70) through immunoblot analysis of
epididymal fluids from four mouse strains. The expression
was found to be consistent for several groups of males
tested over a period of fifteen months indicating that the
viral expression was not due to exogenous infection.
These results suggest that the presence of epididymal
viruses may represent specific transcription of endogenous
retroviral genes in the reproductive tract. In addition, it
gave evidence that reverse transcriptase activity is
ubiquitous in the male reproductive tract of mice and may
or may not be associated with virus particles(1). A high
incidence of spontanous virus expression has also been
demonstrated in New Zealand Black mice, where the
reproductive tract of males were shown to contain C-type
retrovirus(35). Alsoendogenous mouse mammary tumour
virus (MMTV) proteins (p28 and gp47) have been identified
in the epididymis and seminal vesicles of adult Swiss
Albino mice devoid of exogenous virus(13).

It is also important to note that the expression of
ERVs seems to be steroid-dependent. This is demonstrated
by the presence of ERV mRNA in normal and pathological
conditions that result in steroid hormone synthesis. For
instance, a report from studies done on normal human skin
and dermoid cysts of the ovary, ERV3 env mRNA
expression was demonstrated in sebaceous glands by in
situhybridisation(36). Since it is known that the regulation
of sebaceous glands is primarily via steroid hormones,
particularly androgens, it is possible that expression of
ERVsishormone dependent. This hypothesis is backed by
specific expression of ERVs in reproductive tissues, these
are active sites for steroid hormones synthesis and action.
Our own work have demonstrated ERV3 env-like particles
in adult male baboon testes and also on spermatozoa
within the caput epididymis. In addition, the epithelia of
cauda epididymis showed the expression of the same
antigen, and reverse transcriptase activity was detected in
semen and spermatozoa from ejaculum and epididymis
(Sichangi et al, manuscript in preparation). This work was
the first of its kind to be studied in male non-human
primates.

POTENTIAL ROLES OF ENDOGENOUS
RETROVIRUSES IN MALE REPRODUCTIVE
TISSUES

The origin of virus-like particles {(endogenous) as
well as theirrole in normal and in the pathogenesis of germ
cell tumours in the male is not known as yet. Itis proposed
that their presence in reproductive tissues may induce a
variety of interactions with the host cells and exogenous

factors that may lead to multiple consequences on the host.
Due to such possible interactions, several roles have been
postulated for ERVs both in normal and disease conditions
involving male reproductive tissues. The elevation of 8-
hCG synthesis and HERV-K serum antibody reactivity in
teratocarcinoma patients have been demonstrated(32).
This association may implicatec HERV-K in the
pathogenesis of teratocarcinomas and other germ cell
tumours. The association of HERV-Kreverse transcriptase
with germ cell tumours may suggest a role in the
pathogenesis of such tumour(29). These may produce
germ line mutations(37) resulting in loss of gene function
that may be important, including tumour suppresser
genes(38). Loss of such genes lead to germ cell tumour
formation. Endogenous retroviruses have been implicated
to act as somatic-to-germ line genetic vectors, whereby
somatically expressed genes can be returned to the germ
line. The mechanism so far described proposes that these
interactions occur in the epididymis of the male
reproductive tract and are restricted to memory
lymphocytes(39).

The presence of endogenous virus inmale reproductive
tract as well as developing spermatogenic cells(33,34) is
consistent with the suggestion that the viruses have a
normal biological role. Such circumstantial evidence does
not, however, indicate whether viral expression only
accompanies, or does influence, cell differentiation. But
the fact that retroviral-like particles have been sustained
within the germline, and the way they have been distributed
among species strongly suggests a possible role in the
biology of their hosts. The expression of ERV 3 env
elements in human(33) and baboon (Sichangi ef al,
unpublished data) undifferentiated spermatogenic cells
indicates a possible role in germ cell development(29,33).
Endogenous retrovirus 3 env protein has been shown to
carry a domain that shares homology with p15E. Protein
15E has been demonstrated to exhibit both
immunosuppressive and fusogenic properties(40). This
fusogenic property is further supported by recent studies
in which HERV-W, a new family of human endogenous
retrovirus was localised in human testis, and subsequently
found to express syncytin, a protein demonstrating
fusogenic properties(5). This property may be of relevance
inenhancing fusion of spermatozoa expressing thisprotein
with the zona pellucida and/or cocyte membrane during
fertilisation. However, this is a speculation that cannot be
concluded atthislevel of discussion. Endogenous retroviral
association with germ cells may also resuit in genomic
plasticity throughrearrangements caused by recombination
events(8).

CONCLUSION

Additional information on the presence of virus
particles expressed in male reproductive tract, and the site
of synthesis of the reverse transcriptase-like enzyme activity -
in semen and epididymal fluid is.necessary to understand
theirrole in male reproductive activities. There is accruing
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evidence that some ERVs families could be having a
biological role associated with spermatogenesis. This is
based on the demonstration of ERV3 env mRNA inhuman
testes, and intracisternal A- type particles in mice. All
these were localised in early phases of spermatogenesis.
Our studies have shown ERV3 env proteins in early phases
of spermatogenic cells of mature baboon testes and in
epididymides. A pathological role in germ cell tumour
formation has also been postulated, and more strength on
this is added by the association of HERV-K family with
such tumours. The level of action seems to be at cellular
differentiation since ERV expression is high in actively
differentiating cells. However, there is still need for further
studies into this interesting phenomena associated with
these foreign agents that have become part of human
genome.
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