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ABSTRACT

Human endogenous retroviruses (HERVS) represent
footprints of previous retroviral infections. They are
integrated within the human germ line and constitute
approximately 8% of our genome. They have the po-
tential to harm, given their capacity to alter the cel-
lular metabolism, and could be involved in various
pathological processes. This revision intends to high-
light the importance of HERVsin health and disease,
and the increasing interest of the scientific commu-
nity in their biology. In this overview, we will present
a brief summary of the structure and physiological
function of HERVs and an analysis of their role in
schizophrenia, a paradigm of mental illness, particu-
larly stressing the importance of HERV research to
explore the more basic mechanisms disrupted in this
psychiatric condition.
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1. INTRODUCTION TO ENDOGENOQUS
HUMAN RETROVIRUSES (HERVYS)

Retroviruses are enveloped viruses that contain two sin-
gle stranded ribonucleic acid (RNA) genomes. The virus
uses its own reverse transcriptase (RT) to convert its
RNA into linear double-stranded deoxyribonucleic acid
(DNA), which can then be integrated into the chromo-
somal DNA of the host cell and expressed. Retroviruses
maintain their genetic material in two ways, either as
viral RNA in viral particles or as a provirus integrated
into itshost’s DNA [1,2].

It is well know that retroviruses can not only exist as
exogenous pathogens but also as endogenous retroviruses,
and those that are integrated within the human genome are
caled human endogenous retroviruses (HERVS). These
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viruses were discovered during the eighties [3,4] and it is
commonly accepted that HERV's represent footprints of
previous retroviral infection. The accumulated infection
by different exogenous retroviruses (and their reinfection)
and the intracellular amplification of endogenous retro-
vira sequences, results in about 8% of the human ge-
nome being of retroviral origin [5,6].

Exogenous retroviruses usually infect somatic cells and
they cannot be transmitted to the host offspring. However,
on rare occasions, when the retroviruses overcome the
numerous restricting factors, germ cells can be infected
by exogenous retroviruses that integrate their genetic
material into the chromosomes of the germ cells. Thus, if
the germ cell survives, the integrated retroviruses can be
transmitted and inherited in a mendelian fashion, verti-
cally through the germ line over successive generations
[7]. The process of stable integration into a host ge-
nome's is called endogenization and this process is lim-
ited by several factors, such as the hosts immune system
[8], innate antiretroviral protein activity, eg. TRIM 5a
[9], APOBEC3G [10], miRNA [11], the presence of an
adequate viral receptor expressed in the germ line that
permits the entrance of the virus, etc. [12].

After endogenization, most HERVs are not infectious
as they are usualy inactivated by stop codons, frame
shift mutations or deletions [13]. However, despite the
apparent lack of infectious activity, HERVs have been
very important in the evolution and divergence of homi-
nids, as they may contribute to genomic plasticity [14].

1.1. HERYV Structure

The genomic organization of integrated HERVS is simi-
lar to that of exogenous retroviruses, with two identical
long terminal repeats (LTRs) flanking the coding se-
guences. LTRs are mainly responsible for the regulatory
potential of HERV's since they contain a promoter, en-
hancer and the repressor sequences for tissue-specific
expression, as well as the polyadenylation signal [7]. The
LTR activity essentially depends on the chromatin and
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CpG methylation status of the promoter and regulatory
regions [15]. Moreover, LTRs contain many regulatory
sequences such as transcription factor binding sites, e.g.,
for HRE, YYI, CBF/NF1, TBF, C/EBP, etc.[16].

Full length HERV's encode 3 main genes, pol, gag and
env, as well as the previoudly cited LTRs. These genes
are processed and expressed as polyproteins. The gag
(group specific antigen) gene encodes structural capsid
proteins while pol encodes the protease, the polymerase
and the reverse transcriptase that facilitates the synthesis
of DNA complementary to the viral RNA. Finaly, the
envelope protein, env, is needed for viral budding and
infection[7].

1.2. Physiological Function

Although we are still far from fully understanding the
physiological activity of HERVs and how they are regu-
lated, the information about HERVS is increasing con-
stantly. Indeed, it has been proposed that a HERV tran-
scriptome project will be necessary to comprehend the
transcriptional activity of HERVs [15]. Different studies
have indicated that HERV transcription can be modu-
lated and activated by a number of environmental and
physiological factors, such as UV light irradiation [17],
cell infection [18], steroid hormones [19], transcription
factors, cytokines [20], and also by genotoxic and cyto-
toxic xenobiotics such as 5-azacytidine [21], etc.

There is evidence that many HERV promoter se-
guences still display transcriptional activity after millions
of years in the genome. In fact, it was recently demon-
strated that there is virtually no human tissue that lacks
HERV transcripts, and transcripts from several HERV
families are usually found in al human tissue [15]. Under
normal conditions, the physiological activity of cells may
include the transcription and transduction of HERVS.
Moreover, their pattern of expression depends on the
type of cell and tissue, as well as on the developmental
stage, and hence, they are subjected to very precise tem-
poral and spatial regulation [22]. Indeed, cell type-de-
pendent expression was found to be due to specific regu-
latory sequences principally located in the U3 region of
the LTRs[23].

Since HERV's have been present in our genome for a
very long period of time, they constitute part of our mo-
lecular evolution [16]. Indeed, HERVs are thought to
have played an important role in the evolution of mam-
malian genomes, such that their presence may be benefi-
cia to the human host. In this respect, there are severa
examples of their participation in important and complex
biological processes, such as placental development and
embryogenesis [24]. On the other hand, like any other
genomic element, aberrant activity of HERvs could have
fatal conseguences, leading to the appearance of different
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pathologies [25].

1.3. Pathological M echanisms

Although it remains controversial as to whether HERV's
are markers or triggers of any human disease, there is no
doubt that HERV's have the potential to harm, given their
capacity to ater the cellular functions. In this respect
several mechanisms by which HERVs could produce
pathological effects have been proposed, some of which
are summarized below:

1) Generation of new variants of HERVs. Although
most HERVs cannot be transmitted horizontaly, it is
possible that pathogenic variants can be generated by
recombination with other endogenous or exogenous se-
guences. For example, the exchange of envelope protein
sequences could generate variants that mediate infection
via a different receptor, expanding the host range [25]. In
fact, it has already been possible to generate a replication
competent HERV-K [26].

2) Insertional mutagenesis. Since HERV's may poten-
tially undergo retrotransposition, gene activity could be
altered if the HERV integrates into or near to a coding or
regulatory sequence. Such retrotransposition may occur
either through a retroviral reverse transcriptase (RT) or
the RT encoded by Long Interspersed Nuclear Element
(LINE), anon-L TR retrotransposon family [27]. If HERV-
encoded components associate with, or otherwise modify,
cellular proteins or structures, it is possible to produce
new types of molecules that in some cases could be
autoantigenic [28]. Thus, these insertions have the poten-
tial to generate neo-antigens or candidate tumor- associ-
ated antigens similar to HERV-H Xp22.3 ORF or HERV-
K env, which has been described as trigger of specific
immune responses in gastrointerstinal and breast cancer
patients [29]. In this respect, HERV's could stimulate the
immune response because they are capable of producing
epitope spread and activation of innate immunity through
pattern recognition receptors, this being related with pro-
inflammatory cytokine secretion [28]. They could also
generate active splice sites and open reading frames that
could lead to aberrant splice variants and fusion proteins
with viral sequences [25]. It is also possible that HERV's
insertional activity may cause the appearance of superan-
tigens. Indeed, it has been proposed that some HERV's
could participate in the generation of molecules that by-
pass the normal route for the major histocompatibility
complex (MHC)-peptide-T cell receptor interaction in
the binding of a given T cell V£ chain and MHC |1 pro-
tein [20]. Insertional mutagenesis also contemplates the
effects of LTRs as cis-regulatory elements. Solitary LTRs
are potential modulators and their activity as a transcrip-
tional control region might extend to other genes, fulfill-
ling the function of a promoter or enhancer, or promoting
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polyadenylation, possibly in a tissue and development
stage specific manner [22]. Such LTR enhancer activity
could alter the transcriptional profiles of the pre-existing
neighboring genes and their polyadenylation sites may
cause abnorma termination of the read-through tran-
script [30].

3) Protein toxicity. ACCeSSOry protein expression may
affect cellular metabolism. HERV's could aso encode
retroviral proteins used by exogenous retroviruses, thereby
expanding their infection [31] and possibly causing cell
damage. Molecular mimicry could also cause cell dam-
age, and the expression of retroviral proteins that cross-
react with components of the MHC could disrupt the
idiotypic network that regulates the immune system, re-
sulting in autoimmunity [28].

These mechanisms may play arole in certain types of
cancer and autoimmune diseases, such as lupus erythe-
matosus, insulin-dependent diabetes mellitus, multiple
sclerosis, §ogren's syndrome, and rheumatoid arthritis,
among others [32]. With respect to severe mental ill-
nesses, modern psychiatric diagnosis systems are based
on the neo-Kragpelinian assumptions that have created
explicit diagnosis criteria for different clinical manifesta-
tions. These disorders are currently considered as unitary
cli- nica entities in Sydenham’s terms, although it has
not described a proper anatomopathology. The data ob-
tained in the different research fields are, in the great
majority of cases, debatable, determining that the huge
mass of evidence obtained is not perceived as an indica
tion of a continuing increase of knowledge, but it is seen
asasign of uncertainty and confusion, so we think that it
is important to explore new research proposals, such as
the role of HERVs in the pathophysiology of schizo-
phrenia

2. HUMAN ENDOGENOUS
RETROVIRUSES AND
SCHIZOPHRENIA

Adoption, family and twin studies have demonstrated the
contribution of genetic factors to the risk of developing
schizophrenia, a disease with a strong and complex ge-
netic component, evident through the increased incidence
of schizophreniain relatives, fraternal and identical twins
of patients. Likewise, a number of environmental factors
have been proposed to increase the risk for schizophrenia,
such as materna influenza during the second trimester of
pregnancy [33].

Although tremendous progress has been achieved in
this field, the main molecular determinants of the disease
remain unclear. Accordingly, more recent attention has
focused on the study of the role of HERVs in the patho-
genesis of schizophrenia[34,35], particularly centered on
two particular HERV families, HERV-W and HERV-K.

Copyright © 2012 SciRes.

2.1. HERV-W and Schizophrenia

HERV-W exists in multiple copies in the human genome
[36]. Although the majority of the HERV-W gag, po!
and env genes have lost their ability to encode viral pro-
teins, an element on chromosome 7¢g21 has been de-
scribed that contains an intact env gene. This gene en-
codes an envelope protein that has been ascribed arolein
placental biogenesis and the aberrant expression of this
protein is associated with preeclampsia and multiple
sclerosis [37]. Likewise, expression of this HERV gene
was recently described in several brain areas, such as the
cerebral cortex, brain stem or thalamus [38]. Moreover,
the HERV-W family has been implicated in schizophre-
nia following the analysis of this element in the patho-
genesis of the disease in post mortem materia, blood
samples and cerebrospinal fluid (CSF) (Table 1) [35,37,
39-43].

In this respect, abnormal expression of HERV genes
has been found in samples from patients diagnosed with
schizophrenia (both at first onset disorder and in later
stages of the disease), although there are some contra-
dictory aspects of such reports. In the majority of cases
described, the expression of HERV-W was abnormal in
patients diagnosed with schizophrenia in comparison with
general population [37,39-42], although in one study no
such relationship was found [43].

Nucleotide sequences homologous to those of known
retroviruses were detected in the CSFs of individuals
diagnosed with acute or chronic schizophrenia [39]. More-
over, particles that contain HERV-W RNA have been
identified in the plasma of patients with recent onset of
the disorder [40]. However, to date it is till not known
whether these results are the consequence of qualitative
or quantitative differences in the transcription of ge-
nomic regions that harbor HERV-W elements.

Along similar lines, elevated levels of gag transcripts
have been described in peripheral blood mononuclear
cells from patients after a first episode of schizophrenia.
It should be mentioned that this cell population could be
useful to identify markers of the disease [44] due to the
changes in gene expression described in these cells in
patients diagnosed with schizophrenia. Likewise, in cor-
relation with clinical aspects of the disease, elevated lev-
els of transcripts from the HERV-W gag found in the
11g13.5 chromosome region were only evident in those
individuals who are suffering the transition from suscep-
tibility to manifestation of symptoms [37].

By contrast and in relation with the trandation of
HERV-W transcripts, gag protein expression was re-
duced in post mortem tissue from several human brain
regions when compared with control samples [42]. Posi-
tive Antigens for env and gag have been described in the
serum of schizophrenic patients, confirming the previous
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Table 1. Summary of the principal findings of the relationships between schizophrenia and HERV-W.

Samplesize . . -

Year Author(s) (patientsicontrols) Material studied Findings (compared to controls)
Identified pol transcripts of some HERV familiesin

2001 Karlsson et al. 55/52* Cerebrospinal fluids individuals with acute onset of schizophreniaand
individuals with chronic schizophrenia.
HERV-W related RNA in the plasma of 16.6% of recently

2004 Karlsson et al. 54/46 Plasma hospitalized patients diagnosed of schizophrenia.
Characteristic brain-specific retroviral activity profile

2005 Frank et al. 77/39 Brain samples (members of the families HERV-E, HERV-F, ERV9 and
HERV-K).

. ] Reduced expression of HERV-W gag protein in

2007 Weiset al. 15/15 Brain samples schizophrenic patients
Elevated levels of HERV-W gag transcripts in peripheral

2008 Yao et al. 30/26 Peripheral blood mononuclear cells  blood mononuclear cells from patients with afirst episode
of schizophrenia.

2008 Perron et dl. 49/49 Serum Presence of HERV-W proteins in the serum of

schizophrenic patients.

Table 2. Summary of the principal findings of the relationships between schizophrenia and HERV-K.

Samplesize . . -

Year Author(s) (patientsicontrols) Material studied Findings (compared to controls)
Characteristic brain-specific retroviral activity profile

2005 Frank et al. 77/39 Brain samples (members of the families HERV-E, HERV-F, ERV9 and
HERV-K).
HERV-K 115 not associated with schizophreniain

2006 Otowaet al. 178/181 DNA samples Japanese population, but the frequency of this HERV
might be increased in patients with younger onset.
Strong association between the risk of type 2 diabetesin

2008 Dickerson et al. 229/165" DNA samples schizophrenic patients and genetic polymorphisms within

the envelope region of the HERV K-18.

reports of specific virion-associated HERV-W RNA in
CSF and at the protein level in plasma, as mentioned
above [41].

Finally, the env gene of HERV-W is thought to be
transcriptionally active, even though there is no signifi-
cant difference in env transcription between healthy con-
trols and schizophrenic patient samples [43].

2.2. HERV-K and Schizophrenia

The HERV-K family is that which most recently inte-
grated into the human genome, occurring approximately
5 million years ago. It has been associated with different
human diseases, as it is comprised of biologically active
retroelements that have undergone polymorphic integra-
tion events in the human population [45]. To date, it is
the only know retroviral family with open reading frames
encoding the different HERV proteins and that is capable
of producing intact viral particles [46]. HERV-K expres-
sion has been linked to different types of cancer and like
HERV-W, it has been associated with the non-patho-
logical human placenta [24]. In addition, it has been

Copyright © 2012 SciRes.

found in normal human brain, where it was identified at
the chromosome region 1g21-g22, retaining promoter/
enhancer activity.

Although the role of HERV-K in the pathogenesis of
schizophrenia has not been studied as extensively as that
of HERV-W, there is evidence from post mortem mate-
rial and DNA samples that the HERV-K family may be
implicated in this disease (Table 2) [44,47,48]. Indeed,
the potential association of HERV-K with schizophrenia
[43] was evident through the overrepresentation of po/
transcripts from this HERV in schizophrenic patients
when compared with unaffected individuals.

3. FUTURE DIRECTIONS

We believe that in the following years, studying the bi-
ology of HERVs will be at the forefront of molecular
neurobiological research into schizophrenia. Asindicated
above, there is important data that points to the involve-
ment of HERVSs in the pathogenesis of schizophrenia,
mainly with regardsto HERV-W.

Much progress has been made in the diagnosis, classi-
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fication and treatment of schizophrenia. However, since
the promoters of endogenous retroviruses contain bind-
ing sites for a variety of transcription factors [49], we
believe that their study, and that of the epigenetic status
of those HERVs related to the disease, could provide
important data regarding the molecular etiology of this
disease, a phenomenon that is till not completely under-
stood [34,50].

Along these lines, mMRNA expression of HERVs has
been seen to be stimulated by steroid hormone treatment,
providing evidence that enhanced expression of the
HERV genome by steroid hormones may be involved in
the etiology of a human disease [19]. With regards schi-
zophrenia, and focusing on the gender and age charac-
teristics of the disorder, the peak incidence for males and
females is between 15 - 24 years of age, females also
showing a second peak incidence at age 55 - 64 [51].
Bearing in mind that both periods coincide with mo-
ments of significant hormonal changes, it has been pro-
posed that these changes may produce an enhanced ex-
pression of the HERV families implicated in the etiopa-
thology of schizophrenia [34]. Thus, it will be necessary
to generate sufficient experimental data to help us better
understand the molecular etiology of schizophrenia. In
this respect, and as we said before transcriptome profil-
ing using deep-sequencing approaches such as RNA-Seq
[52,53] will be essential, alongside post mortem, genetic
linkage and mutation analysis, as well as in vitro ex-
perimental studies.
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