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Abstract

Human Endogenous retroviruses (HERVs) occupy nearly 8% of human genome. They are thought to be remnants of retroviruses.
These integrated elements have gag, pol and env coding regions. The genome order of 5 'LTR-gag-pro-pol-env-LTR 3’ is completely
conserved among known retroviruses and endogenous retroviruses. A complete LTRs consists of untranslated 5’ (U5), repeat (R)
and untranslated 3’ (U3) regions. ERVs have the potential to proliferate within a genome. Due to the nonsense mutations,
methylations and deletions, most families of HERV lost their coding regions and therefore could not produce functional proteins.
Most of HERVs are structurally incomplete with deletions and insertions. Although human genome have many protective
mechanisms, there are many transcriptionally active transposons and endogenous retroviruses in the human genome. Given their
nature within the genome, HERVs have potential for genetic disorders, cancer, autoimmunity and neurological diseases. There are
many studies investigating the association of HERVs with diseases. In this review, we give a short summary from a few of these

studies.
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INTRODUCTION

Human Endogenous retroviruses (HERVs) occupy nearly 8% of human genome. They are thought
to be remnants of retroviruses (Belshaw, 2004; Buzdin, 2007). These integrated elements have gag, pol
(coding for reverse transcriptase and protease) and env (coding for transmembrane and surface proteins)
coding regions. Due to the nonsense mutations, methylations and deletions, most families of HERV’s
lost their coding regions and therefore could not produce functional proteins. Despite this, there are
several reports implicating HERV expression in cancer, neurological and autoimmune diseases. HERVS
might be able to express proteins with pathological and physiological functions. Thus, expression and
activation of HERVs draw great interest (Downey and Sullivan, 2015; Gonzalez—Cao et al., 2016;
Volkman and Stetson, 2014).

HERYV Biology

When a retrovirus integrates into a germline, it has the potential to become an endogenous
retrovirus (ERV). When a retrovirus has endogenised it is subject to selection, mutation and genetic drift
and can spread through the host population to fixation, or be eliminated from the population entirely.
ERVs have the potential to proliferate within a genome, through reinfection, retrotransposition in cis
and complementation in trans (Jern and Coffin, 2008). Genome structure of HERVS is similar to
retroviruses. The genome order 5 "LTR-gag-pro-pol-env-LTR 3’ is completely conserved among known
retroviruses and endogenous retroviruses. A complete LTRs consists of untranslated 5° (U5), repeat (R)
and untranslated 3’ (U3) regions. Many transcription regulating elements including transcription
initiating and terminating signals are located in LTR sequences. The LTR serves as enhancers (Suntsova
etal., 2013), promoters (Buzdin et al., 2006), polyadenylation signals (Suntsova et al., 2015) and binding
sites for several nuclear proteins (Schulman et al., 2010). These structures are comparatively frequent
in the human genome and it is assumed that they influenced evolution of the primate genome via

transposition, translocation and recombination (Paces et al., 2013).

The lack of a present nomenclature for ERV elements has caused confusion within the literature.
Although various classification systems have been used, ERVs have been classified into groups. For
example, some research groups described by molecular genetics means, others by primer binding site
sequences and others by sequence similarity. Because of these various classification systems, different
names have been used for the same ERV group (Mayer et al., 2011). In the past, HERVs separated from
other endogenous retroviruses; but this approach was clearly incorrect as HERVs have also been
detected in apes and Old World monkeys and in other mammalian species (Hayward et al., 2015; Jern
et al., 2008; Mariani-Costantini et al., 1989). Therefore, Mayer et al (2011) reported that nomenclature
of endogenous retroviruses should be as “ERV” because the term “HERV” represents humans only.
However simplicity in referring to previous publications, researchers use the term ‘HERV’ to designate

endogenous retroviruses originally found in humans (Mayer et al., 2011).
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Function of HERVs

Because most of HERVs had lost their structural genes such as gag, env and RT with deletions
and insertions of the human genome, they lost their movement ability and become inactive. However,
some of them may remain functional. Transcription of these elements controlled by their LTR
sequences. A complete LTR element contains primer binding site, transcription initiating and
terminating signals (Jern et al., 2005). These elements are relatively frequent in the human genome, so
it is presumed that they influenced the evolution of primate genome via transposition, translocation and
recombination (Paces et al., 2013). Because of the ubiquity of transposons and endogenous retroviruses,
host should have some defensive mechanisms in order to keep its own transcriptions under control.
Mutations and methylations were proposed as such mechanisms. Higher organisms developed genomic
hypermethylations of non-coding DNA to prevent unwanted transcription from retrotransposons
(Blikstad et al., 2008; Stoye et al., 2001). Although human genome have many protective mechanisms,
there are many transcriptionally active transposons and endogenous retroviruses in the human genome,
still. For instance, HERV-K elements are known as the most active endogenous retroviruses in the
human genome. Another function for HERVs is determining the resistance to viral infection. In mice,
resistance to MLV infection is controlled by a gag-like protein encoded by HERV-L (Best et al., 1996;
Griffiths, 2001). According to the other researchers, HERV-H is expressed in human embryonic stem
cells and they are the primary mediators of cell fate reprogramming by overexpressing OCT3/4, SOX2,
and KLF4 proteins (Buzdin et al., 2017; Ohniki et al., 2014). Hence, these data suggest that endogenous

retroviruses may play an important role in shaping genomes and affecting specific transcription features.
Insertional Polymorphisms of HERVs

Insertion polymorphism of retroelements has attracted considerable attention because they could
be used as molecular marker for human genetics studies. HERVs are also a potential source of genetic
diversity in the human genome due to insertion polymorphism. There are many studies associated with
HERV polymorphisms. One of these studies conducted by Guliyev et al. reported that HERV-H
polymorphism ratios of subjects with different ethnic origins (Turkey, Azerbaijan, Indonesia, China and
Somalia) are 0-86%. Another study conducted by Mamedov et al stated that new HERV-K insertion
polymorphism was observed with a recent retrovirus insertion. Insertion polymorphism studies
performed with the mammalian genomes have showed that plant specific retrotransposons are also
located in the human genome and they could cause insertion polymorphisms. Elkina et al have showed
BARE-1 and SIRE-1 plant retrotransposons are located in horse and sheep genomes. They also reported
that the fragments of mobile elements in mammals are also found in the genomes of crop plants. Another
plant specific retrotransposon study with the human genome conducted by Cakmak et al. In this study,
Sukkula plant retrotransposon which was detected in the human genome caused 8-100% insertion

polymorphism ratios.
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HERVs in Health and Diseases

Given their nature within the genome, HERVs have potential for genetic disorders, cancer,
autoimmunity and neurological diseases. On the other hand, there are few direct evidence to support this
claim. There are many HERV elements are noise of defective elements. Thus, it is difficult to select
active HERV elements (Griffiths et al., 2001). There are many studies investigating the association of
HERVSs with diseases. For instance, non-allelic homologous recombination between HERV elements
on the Y chromosome causes deletion of the long arm of the human Y chromosome, which could result
in male infertility (Blanco et al., 2002). Another example, HERV-W was first retroelement associated
with multiple sclerosis (MS) (Perron et al., 1997). After many years, it was proved that HERV-W RNA
and proteins have been ubiquitously found in active MS lesions (van Horssen et al., 2016). Furthermore,
HERV-W positivity is directly correlated with rapid diagnosis of MS (Sotgiu et al., 2010). Morever, it
is reported that HERV-W expression is increased bipolar disorders and schizophrenia (Kremer et al.,
2017). Another disease that is related to HERV is HERV-K. Different reports indicated that HERV-K
encoded proteins (gag, pol, env) are upregulated in Amyotrophic Lateral Sclerosis (ALS) brains as
compared with control groups (Douville et al., 2011; Li et al., 2015). HERVs also may trigger
autoimmune diseases. HERVs and autoimmune diseases association appeared by increased proviral
transcript levels and finding anti-HERV protein antibodies from patient having autoimmune disorders
(Bannert and Kurth, 2004). In systemic lupus erythematosus (SLE) HERV-E mRNA expression was
higher in lupus CD4+ T cells when compared to the healthy controls (Suntsova et al., 2015). In patients
with rheumatoid arthritis, there is a significant increase in IgG antibody against to HERV-K10 gag
protein as compared to control group (Nelson et al., 2014). HERVs and its relationship with cancer is
the most debated issue. A number of papers report lack of association with cancer and HERVs while
others stated correlation between cancer and HERVs (Hurst and Magiorkinis, 2017). One of the common
features of cancer is global hypomethylation of the genome. Hypomethylation was observed in HERV -
W and the LINE-1 retroelements in ovarian cancers and hypomethylation was observed in HERV-K50
LTRs in melanomas and germ cell tumors (Hohn et al., 2013; Menendez et al., 2004; Stengel et al.,
2010). Another cause of cancer is abnormal overexpression of HERV elements. A study conducted by
Reis et al reported that overexpression of HERV-K was detected in prostate cancer. Thus, HERV-K
encoded proteins are considered as possible biomarkers of malignancy for the patients with poor
prognosis (Reis et al., 2013). In a study including patients with renal cell carcinoma and bone marrow
transplantation reported that tumor regression could occurred due to a graft-versus-tumor effect.
According to the same study, HERV-E encoded epitope was targeted by antitumor cytotoxic
lymphocytes thus demonstrating the importance of anti-HERV immune response in the progression or
regression of human diseases (Takahashi et al., 2008; Suntsova et al., 2015). According to the studies
some of HERVs promote formation of the placenta. HERV-W env protein serves as a fusion protein

called syncytin-1. This protein has critical role for formation of the syncytiotrophoblast. Another env
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gene belonging to HERV-FRD encodes syncytin-2, which contributes to syncytiotrophoblast formation
and has a role in immune tolerance of the foetus. Reduced expression of both syncytin-1 and -2 was
associated higher risk of pre-eclampsia (Hurst and Magiorkinis, 2017; Lerat and Semon 2007; Yi et al.,
2004). On the other hand, aberrant expression of syncytin-2 was associated with gestational diabetes
(Denner, 2016). In brief, HERVs and its association with diseases is considerably complicated and

remains still unclear.
Conclusion

Human endogenous retroviruses have drawn the attention of the researchers due to their effects
on health and diseases. They could shape the human genome, could play molecular evolution and
progression of many neurological, oncological and autoimmune diseases. Although all these effects of

HERVs are known, many of them not could analysed yet.
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