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Abstract. The genomes of vertebrates contain sequen-
ces that are similar to present-day exogenous retro-
viruses. Such sequences, called endogenous retrovi-
ruses (ERVs), have resulted from ancestral germ line
infections by exogenous retroviruses which have
thereafter been transmitted in a Mendelian fashion.
By analogy to exogenous tumorigenic retroviruses,
ERVs have been implicated in the pathogenesis of
cancer. Cumulative evidence from animal models
indicates that ERVs may participate in the process of

malignant transformation or promote tumor growth,
e.g. through insertional mutagenesis or via counter-
acting tumor immunosurveillance. Here, we review
the role of ERVs in tumorigenesis with focus on
human ERVs (HERVs) in human cancer. Although
available data suggest a potential role of HERVs in
human cancers, in particular germ cell tumors, the
contributions of HERVs to human tumorigenesis
warrant further elucidation. (Part of a Multi-author
Review)
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Introduction

The development of cancer is a complex multistep
process. Accumulation of mutations in oncogenes and
tumor suppressor genes, resulting in malignant trans-
formation of cells, as well as escape of malignant cells
from immunological control mechanisms that nor-
mally protect from deregulated growth contribute to
tumorigenesis [1, 2]. Inherited and environmental
factors have been involved in the etiology of cancer,
the relative importance of each depending on the type
of malignancy. Evidence for a tumorigenic capacity
presently exists for three broad categories of environ-
mental agents: radiation, chemical carcinogens, and
viruses. Among the tumorigenic viruses, the retrovirus
family has been of exceptional importance for the
shaping of the prevailing concepts of tumorigenesis.
Much of what is known today about normal and
aberrant cellular growth and its control has in fact

originated from studies of regulatory genes first
identified in tumorigenic animal retroviruses [3].
The hallmark of the retroviral replication cycle is
reverse transcription of retroviral genomic RNA into
a double-stranded DNA copy which is stably inte-
grated into chromosomal DNA of the host cell to form
a provirus. Notably, the genomes of all vertebrate
species analyzed so far contain proviral sequences
closely related to those of exogenous retroviruses.
Such sequences, termed endogenous retroviruses
(ERV), have arisen from infections of germ-line
cells by exogenous retroviruses during the evolution-
ary past, followed by fixation of some of those
retroviruses in the host�s genome and subsequent
vertical transmission from parent to offspring in a
Mendelian fashion [4– 6]. By analogy to exogenous
retroviruses, ERVs have been implicated in the
pathogenesis of diseases, in particular cancer and
autoimmunity [7 – 9]. ERVs are of interest as potential
disease-inducing agents since, on one hand, they are
endogenous inherited factors, whereas on the other
hand they may have retained potentially pathologic* Corresponding author.
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properties of their exogenous infectious retroviral
ancestors. Here, we review the subject of ERVs and
cancer, with a special emphasis on the role of human
endogenous retroviruses (HERVs) in human cancers.

Background: exogenous retroviruses and cancer

Historically, the initial detection of ERVs in chicken in
the late 1960 s [4] and the discovery of ERV elements
in humans in the early 1980 s [10, 11] originated from
precedent extensive studies on exogenous retrovirus-
es causing cancer in animals. Indeed, retroviruses were
originally identified as the causative agents of trans-
missable tumors of chicken [12, 13] and mice [14],
which led to their designation as �RNA tumor viruses�
[15]. Oncogenic animal retroviruses induce cancer by
two main mechanisms: oncogene capture and inser-
tional mutagenesis [16]. Oncogene capture applies to
acute transforming retroviruses that upon infection
rapidly cause tumors in their host. These retroviruses
carry a viral oncogene (v-onc) whose expression
results in aberrant growth of infected cells. The v-
onc gene often disrupts the viral genome, necessitating
co-infection with an undisrupted (wild-type) helper
virus for transmission. The finding that v-onc genes
are derived from cellular genes which became inserted
into the retroviral genome by recombination during
reverse transcription (hence the term oncogene cap-
ture) has had a profound impact on the general
understanding of cancer [3]. Indeed, the cellular
homologues of v-onc genes, termed c-onc or proto-
oncogenes, frequently play pivotal roles in the control
of cellular growth and differentiation. It is these proto-
oncogenes that in many types of cancer are also
common targets for chemical carcinogens, radiation,
and genetic alterations.
Insertional mutagenesis is a pathogenic mechanism of
nonacute retroviruses which do not carry a v-onc and
induce tumors considerably slower than acutely trans-
forming viruses. Integration of proviral genomes at a
site close to cellular proto-oncogenes can activate
their expression via regulatory sequences within the
viral long terminal repeat (LTR), while integration in
tumor-suppressor genes may disrupt and thereby
inactivate them. Viruses that cause tumors by such
insertional mutagenesis are called cis-activating vi-
ruses and are replication-competent.
The finding of oncogenic retroviruses in higher
mammals stimulated intensive searches for exogenous
retroviruses causing tumors in humans in the 1960 s
and 1970 s. While inititial high hopes were not
fulfilled, the first infectious human retrovirus, human
T cell leukemia virus 1 (HTLV-1), was described in
1980 [17] and shown to be the etiologic agent of adult

T cell lymphoma/leukemia (ATL) and also of a
neurological disease called HTLV-1-associated myel-
opathy/tropical spastic paraparesis (HAM/TSP) [18,
19]. Induction of ATL by HTLV-1 does not seem to
result from oncogene capture or insertional muta-
genesis. Rather, the nonstructural regulatory protein
Tax acts as an oncoprotein and is currently regarded
the primary HTLV-1-encoded factor responsible for
malignant transformation [20]. Tax is able to trans-
form and immortalize rodent fibroblasts and human T
lymphocytes and has been shown to transactivate
cytokines and cytokine receptors through interaction
with several different cellular pathways (e.g. NF-kB,
CREB). Tax may also stimulate cell growth by binding
to cyclin-dependent kinase holoenzymes or inactiva-
tion of tumor suppressors (e.g. p53, DLG) [21]. Also,
transgenic expression of Tax in developing thymo-
cytes of mice results in T cell malignancies with
features characteristic of ATL [22].
Infection with human immunodeficiency virus type 1
(HIV-1) is associated with an increased incidence of
�opportunistic tumors�, thought mainly to result from
deficient immunological control of neoplastic cells.
Beside this indirect mechanism, HIV-1 has been
suggested to promote oncogene activation in non-
Hodgkin lymphomas by insertional mutagenesis [23].
However, such mechanism probably contributes to
malignant transformation in only a small subset of
HIV-associated non-Hodgkin lymphomas [24]. A
number of �novel� retroviruses that have previously
been associated with human cancers presently remain
under scrutiny (for review, see [25]). Nevertheless, as
yet unidentified retroviruses of potential relevance for
human tumors may still await their discovery. A
xenotropic MLV-related retrovirus (XMRV) was
recently identified in prostate cancers from patients
with a genetic susceptibility to prostate cancer related
to mutations that impair RNase L, an enzyme
involved in the innate antiviral immune response
[26]. Cloning of XMRV integration sites from prostate
cancer tissue has provided strong evidence for bona
fide infections of human cells by XMRV [27]. It
remains unclear though whether XMRV plays any
causal role in human prostate cancer.
With respect to potential tumorigenic properties of
HERVs, it is noteworthy that, to date, HTLV-1
represents the only firmly established example of an
exogenous retrovirus directly causing human cancer.
Moreover, ATL is a rare outcome of HTLV-1 infec-
tions, observed in only ~1 –3 % of HTLV-1 sero-
positive individuals and usually after a long period of
latency, indicating that HTLV-1 may be a necessary
but not sufficient cause for this disease and that co-
factors or host genetic factors may also be required
[3]. It may be speculated that the relative paucity of
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exogenous tumorigenic retroviruses in humans and
the overall low frequency of ATL in HTLV-1 infected
individuals could at least in part be due to a number of
restricting factors, such as the APOBEC (apolipopro-
tein B mRNA-editing enzyme catalytic polypetide-
like) cytidine deaminases enzyme family and the
tripartite motif (TRIM)5a protein, which both can
actively inhibit retrovirus replication in human cells
(for review, see [28]). Of note, these factors also target
ERVs, as demonstrated by the inhibition of murine
retroelements by APOBEC3G [29] and the inhibition
of a HERV-K(HML-2) consensus element by APO-
BEC3F [30]. Such defense mechanisms may thus
likely contribute to the control of potential pathogenic
effects of ERVs in humans.

Endogenous retroviruses and cancer: lessons from
animal models

Despite millions of years of residence in their host
genomes, many ERVs still show clear similarities, e.g.
in terms of their internal genome organization (gag,
pro, pol, and env) and the presence of flanking control
elements (LTRs) with exogenous infectious retrovi-
ruses. It is therefore not surprising that they have been
suspected to be involved in human cancer and other
human diseases [7– 9]. However, unambiguous evi-
dence for a causal role of ERVs in tumorigenesis has
so far only been obtained from a few inbred murine
systems [4]. Two classical examples are leukemias
induced by endogenous murine leukemia virus (MLV)
in AKR mice, and mammary tumors caused by
endogenous mouse mammary tumor virus (MMTV)
in GR mice. Notably, in both cases there exist well-
studied exogenous variants of the respective viruses
that likewise induce tumors. Leukemogenesis in AKR
is a multistep process depending on the generation of
leukemogenic recombinant viruses (known as mink
cell focus forming [MCF] viruses) from at least three
endogenous MLV proviruses. De novo integration of
MCF recombinant viruses may subsequently activate
proto-oncogenes, eventually resulting in leukemia [4,
31]. Likewise, expression of endogenous MMTV-
related proviruses in lactating mammary glands may
lead to the release of infectious virus, followed by
reinfection, novel proviral insertions, and activation of
cellular proto-oncogenes [4].
Two more recent studies using either a murine
melanoma or a murine neuroblastoma model have
provided additional evidence for mobility and ampli-
fication of ERVs in murine tumor cells [32, 33].
Murine B16 melanomas from C57BL/6 mice sponta-
neously produce an ERV, termed melanoma-associ-
ated retrovirus (MelARV). Analysis of the provirus

content and insertion sites of MelARV in B16
melanoma cells, and a subline of these cells with
enhanced metastatic activity (B16F10), indicated that
this element can give rise to novel proviral insertions.
Importantly, MelARV insertions in B16F10 cells
targeted and altered the transcriptional profiles of
genes potentially involved in metastatic spread [33].
Likewise, a cell line (Neuro-2a) derived from a
spontaneous A/J mouse neuroblastoma produced an
infectious ERV, dubbed Neuro-2a-associated retro-
virus (NeRV). Southern blot analyses showed that
NeRV was strongly amplified in Neuro-2a cells, in
accord with retrotransposition or reinfection of NeRV
in Neuro-2a cells [32]. Interestingly, both MelARV
and NeRV were most likely generated by recombina-
tion events between N-tropic endogenous MLV
proviruses and parts of gag sequences from B-tropic
endogenous MLV. Since A/J and C57BL/6 mice are
only permissive for retroviruses with B-tropic, but not
with N-tropic Gag proteins, these recombination
events likely conferred the ability to replicate in A/J
and C57BL/6 mice cells [32, 33]. Evidence suggesting
that MelARV and NeRV may also promote tumor
growth at the level of host immunosuppression will be
discussed below.
Overall, a common pathogenetic characteristic of the
discussed animal models is the presence of replica-
tion-competent ERVs which are able to form novel
proviral insertions that induce tumors by insertional
mutagenesis, or that promote tumor growth by host
immunosuppression. In the case of MMTV in GR
mice, such a replication-competent ERV is apparently
inherited, whereas in the other instances replication-
competency of ERVs relies on recombination events
between different endogenous proviral loci.

HERVs and cancer: evolutionary perspective

The association of ERVs with some forms of cancer in
animals was without doubt one of the driving forces
for identifying ERVs in humans [6]. Still, current
knowledge on the role of HERVs in human cancers
remains rather limited and, as of yet, conclusive
evidence for a causative function of HERVs in human
cancer – and other human diseases – could not be
produced [5, 6, 25]. To estimate the pathogenic
potential of HERVs in humans it appears helpful to
look at them from an evolutionary perspective.
In a broad sense, HERVs can be considered to be part
human gene and part virus [7]. As far as HERVs are
genes, they are subject to the same evolutionary forces
as any other gene in the human genome. Accordingly,
any overtly pathogenic HERVs would undergo neg-
ative selection, prohibiting fixation of such HERVs in
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the population. HERVelements in the human genome
can thus be viewed as the domesticated and tamed
remnants of once active elements and would be
expected to be neutral at least [34]. However, if a
pathogenic effect of a HERV element would only
become relevant after the reproductive phase, pres-
ervation of such an element might be more likely.
Similarly, if HERVs would provide some evolutionary
advantages at the population level, occasional collat-
eral pathogenic effects of HERVs might be outbal-
anced by those advantages [7]. Several beneficial
effects of HERVs have been proposed. First, HERVs
may contribute to modelling and plasticity of the
genome. For instance, HERVs constitute sequences
that are substrates for genomic rearrangements.
Furthermore, regulatory elements located in the
HERV LTRs can provide tissue-specific enhancers,
alternative promotors, or alternative polyadenylation
signals for nearby genes [5]. It has been found that
more than one-third of the binding sites in the human
genome for the transcription factor and tumor sup-
pressor p53 are accounted for by HERV LTR regions.
These HERV LTR p53 sites are likely part of the p53
transcriptional program and regulate p53 target genes
[35]. Second, the presence of ERVs may protect from
infections by related exogenous retroviruses, for
instance by receptor interference, a mechanism well
documented in animal models [28, 36]. Third, func-
tional properties of ERVs – such as the fusogenic
activity of retroviral Env proteins – may have been
diverted by the host organism to its benefit. Indeed,
the env sequence of a HERV-W provirus on chromo-
some 7q21.2 appears to have turned into a bona fide
gene whose protein product, termed Syncytin-1, is
highly expressed in the placenta, where it may
participate in the fusion of the cytotrophoblast into
the syncytiotrophoblast [37, 38]. Another retroviral
Env protein, dubbed Syncytin-2 and belonging to the
HERV-FRD family, may similarly take part in pla-
centa formation and has furthermore been hypothe-
sized to be involved in fetomaternal tolerance by
means of a immunosupressive domain located in its
transmembrane (TM) subunit [39, 40].
Interestingly, expression of Syncytin-1 has also been
detected in a proportion of human breast cancers as
well as in endometrial carcinomas. Cell culture experi-
ments suggest that this expression may result in breast
cancer-endothelial fusions or endometrial carcinoma
cell-cell fusions [41, 42]. Such cell fusions may modify
the biological behavior of tumor cells and promote
tumor growth [43]. The fusogenic properties of
Syncytin-1, which serve a physiological goal when
active in the placenta, may therefore foster a patho-
logical process in the case of a possibly dysregulated
expression of Syncytin-1 in tumor cells. Similarly, an

aberrant expression of Syncytin-1 in glial cells may
contribute to the pathogenesis of multiple sclerosis, a
chronic inflammatory demyelinating CNS disease, by
induction of proinflammatory cytokines and redox
reactant-mediated oligodendrocyte damage [44].
These ambivalent features of Syncytin-1 appear to
be in accord with the idea that occasional unfavorable
effects associated with a dysregulated HERV expres-
sion in human diseases may be the toll for the
potentially favorable effects of HERVs at the pop-
ulation level. In this respect, HERV genes may
mimick cellular proto-oncogenes.

HERV expression in human cancers: cause or
coincidence?

A large and constantly growing number of reports
have described detection of RNA transcripts from
various HERV families in many different types of
human cancers or tumor cell lines, e.g. [45 – 58].
Nevertheless, even when HERV RNA expression
was found to differ from non-diseased control tissue, it
remains in many cases unknown whether this merely
represents an epiphenomenon or indicates a genuine
role in the process of tumorigenesis. Furthermore, the
repetitive nature of most HERVs poses additional
considerable challenges in terms of differentiating
between potentially disease-relevant and irrelevant
RNA transcripts. In fact, there are about 30 distinct
HERV families present in the human genome, with
each family containing few to several hundred similar
elements [59]. The vast majority of HERVs have
accumulated mutations, deletions, or truncations, and
thus do not contain uninterrupted open reading
frames (ORFs) for full lengths retroviral proteins.
For instance, out of ~4000 endogenous retroviral env
loci in the human genome, only 16 encompass an intact
full-length ORF that may potentially encode a func-
tional Env protein [60]. The ratio between full-length
and interrupted ORFs is even lower for HERV gag (17
vs. 9500) and pol (13 vs. 20 900) genes [61]. Under the
premise that putative pathological functions of
HERVs may rely on their capacity to encode intact
full-lengths proteins, only very few elements thus
appear to have the capacity to exert such functions. It
should also be stressed that HERV transcripts have
been found in every tissue and cell type analyzed so far
[62, 63]. As outlined above, the large majority of
transcribed HERV sequences are not expected to
contain uninterupted ORFs. Although a role of RNA
transcripts from such defective elements cannot be
ruled out [64], they are often considered non-func-
tional and their biological relevance is largely elusive.
Since methods applied for the detection of HERV
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RNA frequently do not allow to differentiate from
which loci within a given HERV family the detected
RNA transcripts are derived, the biological signifi-
cance of HERV RNA expression in diseased tissues
often remains obscure. Future studies may thus
concentrate on the identification of individual tran-
scriptionally active proviral loci from which HERV
RNA transcripts in different types of cancers origi-
nate. This strategy might downsize the complexity
inherent in analyses of repetitive elements and enable
to focus further characterizations, such as genetic or
functional studies, to apparently relevant HERV loci.
In some cases, HERV-encoded proteins have been
detected by immunohistochemistry or immunoblot in
different human cancers (see Table 1). While expres-
sion of HERV proteins in tumor tissue provides an
argument for some functional significance, a crucial
question remains whether such expression is just a
chance event, perhaps resulting from deregulated
gene expression in tumor cells, or directly contributes
to human tumorigenesis.

HERVs and cancer: potential mechanisms

So, how might HERVs be active in tumorigenesis?
Below we discuss possible mechanisms by which
HERVs could contribute to the development of
human cancer. An outline of potential mechanisms
of HERVs in human tumorigenesis is provided in
Figure 2.

Insertional mutagenesis
As detailed above, tumorigenic properties of ERVs in
animal models frequently depend on retroviral move-
ment, i.e. de novo formations of proviral copies in

somatic cells of the host organism [4]. However, it
must be emphasized that to date no replication-
competent HERV has been identified in the human
genome, and evidence for novel proviral HERV
formations in present-day human beings is as yet
lacking. The value of the findings originally obtained
in animal models for human tumorigenesis has con-
sequently been questioned [65]. While the issue of
whether there are replication-competent HERV se-
quences in present-day human individuals remains
unresolved, it continues to be of considerable interest
in the context of a potential pathogenic role of HERVs
in human disease.
Among all currently known HERV families, HERV-
K(HML-2) (see also Fig. 1) is regarded to be the most
probable candidate for replication-competent ele-
ments [6]. For that and other reasons, the HERV-
K(HML-2) family has been the subject of numerous
studies (for review, see [6, 66]). HERV-K(HML-2) has
been dubbed the most �active� HERV family, with new
proviral integrations having occurred after the diver-
gence of humans from chimpanzees, approximately 6
million years ago [34, 67, 68]. Some HERV-K(HML-
2) insertions are only present in a proportion of human
individuals, indicating that they are not yet fixed in the
human population, and some of these elements
appear to have invaded the human lineage quite
recently in evolutionary terms (less than 200 000 years
ago) [69, 70]. Remarkably, several proviral HERV-K
insertions are almost or completely intact, i.e. they
contain full-length intact ORFs for retroviral Gag,
Pro, Pol, and Env proteins [69, 71 –73]. Furthermore,
HERV-K(HML-2) is currently the only HERV family
that has conclusively been demonstrated to be capable
of producing retrovirus-like particles [74 –76]. Based
on analyses of insertional polymorphism within the

Table 1. HERV-encoded proteins previously detected in human tumors and tumor cell lines.

Tumor type HERV protein* References

Germ cell tumor tissue HERV-K(HML-2) Gag [106]

Germ cell tumor cell lines
(GH, Tera-1, NCCIT, 2102Ep)

HERV-K(HML-2) Gag
HERV-K (HML-2) Env
HERV-K(HML-2) Rec
HERV-K(HML-2) Np9

[106]
[120]
[121, 131]
[126]

Melanoma tissue, melanoma cell lines
(SK-Mel-28, Mel-Juso)

HERV-K (HML-2) Env (TM)
HERV-K(HML-2) Gag
HERV-K(HML-2) Rec

[110]
[130]
[131]

Breast cancer tissue, breast cancer cell lines (MCF-7, MDA-MB-231) HERV-W Env [41]

Ovarian cancer tissue HERV-K Env [135]

Endometrial carcinoma tissue HERV-W Env [42]

Astrocytoma tissue HERV-W Env [136]

Neuroblastoma cell line (IMR32) HERV-W Gag
HERV-W Env

[137]

* HERV-encoded proteins were detected by immunohistochemistry and/or Western blot.
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HERV-K(HML-2) family and the ratio of nonsynon-
ymous to synonymous nucleotide changes as well as
the acquisition of stop codons in HERV-K(HML-2)
genes, HERV-K(HML-2) has been suggested to be
still active in present-day humans and to most likely
proliferate via re-infection, i.e. extracellular move-
ment from one cell to another [34, 77]. However, while
engineered HERV-K(HML-2) consensus sequences,
or a chimeric construct of three recombined HERV-
K(HML-2) proviruses, have indeed been shown to be
infectious and to form new proviruses, a replication-
competent �natural� HERV-K(HML-2) allele could
not be identified so far [30, 78]. Even the most
complete HERV-K(HML-2) provirus known to date,
HERV-K113 (which harbors full-length ORFs for all
retroviral genes), appears to be replication-incompe-
tent [79]. Nevertheless, absence of infectious HERVs
in the published human genome sequences does not
rule out that such elements exist. Indeed, Belshaw

et al. proposed that there is a pool of HERV-K(HML-
2) elements in the human germ line that is still active
and infectious until today and that such elements may
cause disease in individuals carrying them. Because
these HERV-K(HML-2) elements may be deleterious
to their hosts, they are unlikely to reach high allele
frequencies in the human population as a whole. Only
if an infectious HERV-K(HML-2) element acquires
inactivating mutations it may, in its neutral state, reach
high allele frequencies and eventually become fixed
[34].
In conclusion, while indirect evidence seems sugges-
tive of the existence of functional HERV-K(HML-2)
alleles in humans [30, 34, 77, 80], direct experimental
prove in support of that hypothesis is lacking. A search
for such functional HERV-K(HML-2) elements might
possibly concentrate on tumors in which HERV-
K(HML-2) proteins and particles have been detected
(e.g. germ cell tumors [GCT] or melanomas, see

Figure 1. Schematic representation of full-length HERV-K(HML-2) type 1 and 2 proviruses and their respective mRNA transcripts.
Location of 5’ and 3’LTRs, gag, pro, pol, and env genes, and splice donor (SD) and splice acceptor (SA) sites are shown. There are two types
of HERV-K (HML-2) proviruses in the human genome differing by the presence (type 2; black rectangle) or absence (type 1; D292-bp) of a
292-bp sequence at the pol-env boundary [119]. HERV-K(HML-2.HOM) is an example of a type 2 provirus, HERV-K101 an example of a
type 1 provirus. The 292-bp sequence harbors a splice donor site (SD2b) involved in the generation of doubly spliced transcripts coding for
the two exons (light grey and dark grey boxes) of the accessory~15 kDa protein Rec by some type 2 proviruses [138, 139]. Rec is a functional
homologue of the RNA-binding lentiviral nuclear export proteins Rev (HIV-1) and Rex (HTLV-1) [140]. In type 1 proviruses, an
alternative splice donor (SD2a) located upstream of the 292-bp stretch is used to generate mRNAs coding for Np9 [54]. Np9 is an ~9 kDa,
74-amino acid protein that shares its 14 N-terminal amino acids (exon 1, light grey box) with Rec and Env, whereas the 60 C-terminal amino
acids (exon 2, dark grey box) are derived from the third (non-Rec, non-Env) ORF. Numbers on top of rec and np9 transcripts indicate the
reading frames.
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below). No doubt, demonstration of novel integra-
tions of HERV elements, such as HERV-K(HML-2),
in genomic DNA of distinct malign somatic cells along
with corresponding empty pre-integration sites in
genomic DNA of other somatic cells in the same
human individual would provide strong evidence for a
lingering mobility of some HERVs and possible
ensuing pathogenic functions. Although the clonality
of tumor cells may facilitate the detection of de novo
proviral HERV integrations in the genome of tumor
cells, this will certainly be no easy task, given the large
number of highly similar elements within each HERV
family already present in the human genome.

Oncogenic proteins encoded by HERVs
Among pathogenic mechanisms that do not necessi-
tate HERV movement, direct oncogenic effects of
HERV-encoded proteins have to be considered. In-
deed, expression of the oncogenic protein Tax cur-
rently represents the most firmly established mecha-
nism by which an exogenous retrovirus (HTLV-1)
can induce cancer in humans [20, 21]. As for
potentially oncogenic HERV proteins, two proteins
from the HERV-K(HML-2) family, termed Rec and
Np9, have been studied in more detail and will be
discussed in the context of HERV-K(HML-2) in
GCTs (see below).
As outlined above, recent work also suggests that
retroviral Env proteins with fusogenic properties (e.g.
Syncytin-1) might contribute to cell fusion events in

Figure 2. Possible mechanisms by which HERVs could be involved in tumorigenesis. A simplified scheme of tumorigenesis and potential
fates of malignant cells is depicted to indicate steps in tumorigenesis in which HERVs may play a role. The process by which a normal cell
(green nucleus) turns into a cancer cell (red nucleus) is referred to as malignant transformation. Possible mechanisms by which HERVs
contribute to malignant transformation are listed. Malignant cells are normally controlled by the immune system (�tumor
immunosurveillance�). Expression of HERV antigens (HERV-Ags, green squares) on tumor cells may elicit an antitumor immune
response involving, among others, antibodies (Ab) and CD8+ cytotoxic T cells (CTL). Ideally, antitumor immune responses result in the
elimination of cancer cells. Expression of immunosuppressive endogenous retroviral envelope (Env, yellow triangle) proteins on tumor
cells may lead to a CD4+CD25+ regulatory T cell (Treg)-mediated suppression of antitumor CTL, leading to escape of tumor cells from
immunosurveillance (�tumor escape�) and consecutive invasive cancer growth. The level of evidence of the outlined mechanisms for human
cancers is indicated. * Some evidence for potential relevance in human cancer (germ cell tumors). ** Evidence in animal models, so far no
evidence in humans. *** Hypothetical mechanism. **** Some evidence for anti-HERV immune responses in certain human cancers; very
limited data concerning their functional relevance.
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tumors [41, 42]. While it is conceivable that retroviral
Env proteins may thus modulate the biological
behaviour of cancer cells, phenotypical consequences
of such cell fusions need to be further determined.
The Env protein of Jaagsiekte sheep retrovirus
(JSRV), the etiologic agent of pulmonary adenocar-
cinoma, a contagious lung cancer of sheep, is an active
oncogene whose expression is sufficient to transform
cell lines in vitro and to induce lung cancer in sheep
and mice in vivo [81, 82]. Intriguingly, a subtype of
human pulmonary adenocarcinoma, called bron-
choalveolar carcinoma (BAC), resembles lung cancers
induced by JSRV in sheep. Such similarities provoked
speculations that JSRV, or a related betaretrovirus,
may play a role in human lung cancer [82]. While
immunohistochemical studies revealed reactivity with
an antiserum directed against the JSRV Gag protein in
about 30 % of human BAC and lung adenocarcinoma
samples [83], studies of JSRV DNA or RNA expres-
sion in human lung cancers generally do not support
an association with JSRV [82]. This may indicate that
the observed immunoreactivity with an antiserum
against a betaretroviral Gag results from a cross-
reactive human endogenous betaretrovirus, e.g.
HERV-K (presumably HML-2) [84]. Of note, JSRV
and HERV-K share a conserved motif in the N-
terminal region of the surface (SU) domain of their
Env proteins, which may suggest that these proteins
use the same receptor, i.e. the putative tumor sup-
pressor Hyal2 [7]. Since malignant transformation of
human bronchial epithelial cells by JSRV Env appears
to involve Hyal2 [85], it has been proposed that
endogenous betaretroviral Env proteins could have
oncogenic properties as well [7]. Nevertheless, these
issues have not been addressed experimentally so far,
and it is unknown whether endogenous betaretroviral
Env proteins are expressed in human lung cancers.

Tumor immune escape mediated by
immunosuppressive endogenous retroviral Env
proteins
In the immunocompetent host, development of cancer
is controlled by the immune system, a phenomenon
known as cancer immunosurveillance. Consequently,
the evasion from such immunological control mech-
anisms (termed tumor escape) very likely is an
important step towards uncontrolled growth of trans-
formed cells, eventually resulting in clinically detect-
able tumors [2].
Early studies established that the envelope trans-
membrane (TM) protein p15E of feline leukemia
virus (FeLV) has immunosuppressive properties (for
review, see [86]). Within the TM domain, a ~20-amino
acid region is highly conserved among different
retroviruses and a synthetic 17-amino-acid peptide

(CKS-17) derived from this region has been shown to
have immunosuppressive effects in vitro [87]. This
suggests that the immunosuppressive portion of
retroviral TM resides, at least partially, within this
17-amino acid sequence, also referred to as the
immunosuppressive domain (ISD). ISDs are present
in animal ERVs as well. They have also been identified
in 10 out of 16 HERV elements containing complete
env genes in the human genome, with only the putative
6 full-length Env proteins from the HERV-K(HML-
2) family not harboring an ISD [60]. Immunosuppres-
sive functions of animal and human endogenous
retroviral Env proteins have essentially been impli-
cated in two processes: induction of immune tolerance
at the materno-fetal barrier via a physiological
expression in the placenta [88] and suppression of an
antitumoral immune response through aberrant ex-
pression in cancers. Somewhat reminiscent of the
possibly context-dependent physiological and non-
physiological consequences of cell fusions mediated
by Syncytin-1, the immunosuppressive effects of ERV
Env proteins, which might possibly serve an important
physiological goal by induction of fetomaternal toler-
ance, could have deleterious consequences when
active in tumors.
Indeed, in a series of pivotal studies, it has been
elegantly shown that murine tumor cells that stably
express transduced Env proteins of a Moloney murine
leukemia virus (MoMLV), the simian retrovirus
Mason-Pfizer monkey virus (MPMV), and a HERV
(HERV-H), when injected into immunocompetent
recipient mice, escape from rejection by the immune
system, resulting in tumor growth in vivo. In contrast,
in tumor cells transduced with irrelevant transmem-
brane proteins or empty vector, no enhanced tumor
growth could be observed [89 – 91]. Using this in vivo
tumor-rejection assay, it was also demonstrated that
Syncytin-2, but not Syncytin-1, has immunosuppres-
sive functions. Furthermore, the minimal ISD active in
vivo could be delineated to a 20-amino acid stretch in
the TM domain of MoMLV, which comprises the
CKS-17 sequence. Comparison of those 20 amino
acids in immunosuppressive and non-immunosup-
pressive Env proteins enabled identification of key
amino acid residues responsible for the absence or
presence of immunosuppressive activity in Syncytin-1
and Syncytin-2 [40]. The relevance of expressed ERVs
in cancer cells for promotion of tumor growth via
subversion of cancer immunosurveillance is also
suggested by a study using B16 murine melanoma
cells of C57Bl/6 origin, which spontaneously produce
the endogenous melanoma-associated retrovirus
(MelARV) [92]. Knocking down expression of Mel-
ARV in B16 melanoma cells by RNA interference led
to rejection of these cells in immunocompetent mice,
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while control cells developed into lethal tumors. This
effect could be partially reverted by re-expressing the
MelARV env gene in MelARV knockdown B16
melanoma cells, again indicating that tumor escape
is mediated by Env [93]. In this model, tumor escape
appears to depend on regulatory CD4+CD25+ T cells
(Tregs), since adoptive transfer of Tregs from mice
engrafted with B16 wild-type cells to mice engrafted
with B16 MelARV knockdown cells enhanced the
growth of B16 MelARV knockdown cells to levels of
B16 wild-type cells [93]. Such Tregs likely contribute
to tumor growth through suppression of cellular
antitumor immune reponses [94]. However, it will be
interesting to further clarify the molecular mecha-
nisms involved in the interaction of retroviral Env
proteins with Tregs. In addition, immunosuppressive
properties of endogenous retroviral Env proteins may
also inhibit humoral immune responses: mice injected
with recombinant ectodomains of Syncytin-1 and
Syncytin-2 revealed 10- to 30-fold higher IgG titers
against the non-immunosuppressive than against the
immunosuppressive variant of each ectodomain [40].
Remarkably, results strikingly similar to those from
the B16 murine melanoma line could also be obtained
with the Neuro-2a cell line derived from a sponta-
neous A/J mouse neuoblastoma which produces a
functional ERV (NeRV) [32]. Knockdown of NeRV
in Neuro-2a cells likewise resulted in reduced tumor
growth in A/J immunocompetent mice. This effect was
again mediated by the immune system, as NeRV
knockdown Neuro-2a cells showed growth rates
similar to Neuro-2a control cells in X-irradiated mice.
Altogether, these examples from animal models
provide rather compelling evidence that ERVs, even
if they do not participate in the process of malignant
transformation proper, may directly promote tumor
progression by subverting tumor immunosurveillance
via expression of immunosuppressive Env proteins.
Obviously, an important question is whether such
mechanisms may also be active in human cancer.
Surprisingly little is known so far about the expression
of endogenous retroviral Env proteins containing
ISDs in human tumors (see Table 1). In contrast, a
growing body of evidence indicates that Tregs can
impair antitumor immunity in human cancers and thus
promote tumor growth (for review, see [95]). Future
studies may therefore clarify whether immunosup-
pressive HERV Env proteins are expressed in human
cancers and whether such expression may, by analogy
to the murine B16 melanoma model [93], be mecha-
nistically linked to Treg-mediated tumor immune
escape. This could open the possibility for novel
therapeutic strategies directed not only against Tregs
[96, 97] but also against immunosuppressive HERV
Env proteins.

A role for polymorphic HERVs?
Even if tumorigenic effects of HERV proteins should
eventually be corroborated in human malignancies, a
conceptual problem might be posed by the fact that
integration sites of HERVs are largely identical in all
human individuals [65, 98]. In other words, if all
humans harbor the same HERVs, why should proteins
encoded by those elements contribute to tumorigen-
esis only in the proportion of humans that actually
develop cancers? However, pitfalls of that argument
are underlined by many examples of proto-oncogenes
and tumor suppressor genes that are present in the
human genome and yet contribute to tumorigenesis
only in specific instances. In addition, it has been
proposed that polymorphic HERVs (HERV inser-
tions present in the genome of only a proportion of
human individuals) may explain a more selective
association of HERVs with certain diseases [98].
Insertional polymorphisms have so far essentially
been described in the HERV-K(HML-2) family, with
currently more than 15 polymorphic loci known [34,
69, 70, 99]. In an investigation of two polymorphic
HERV-K(HML-2) loci, HERV-K113 and HERV-
K115, in 102 patients with breast cancer and 102
controls, no significant difference in the frequency of
HERV-K113 and HERV-K115 was observed between
the two groups [100]. We have determined the
frequencies of HERV-K113 and HERV-K115 in
patients with seminomas (n = 27) and healthy male
controls (n = 80). HERV-K113 was present in 3/27
patients and 15/80 controls (p = 0.4; two-tailed Fish-
er�s exact test) and HERV-K115 was present in 2/27
patients and 6/80 controls (p = 1; two-tailed Fisher�s
exact test) [J. Klatt and M. Sauter, unpublished].
These data similarly refute an association of HERV-
K113 or HERV-K115 with seminomas. Of further
note, an initial report on an association of HERV-
K113 with multiple sclerosis [101] could not be
confirmed in a subsequent larger study [102], pointing
towards the need for larger studies to clarify associ-
ations of polymorphic HERVs with disease. Given the
fact that, depending on ethnicity, certain polymorphic
elements may be present in up to 30 % of human
individuals [69], any overt pathogenic effects of these
polymorphic insertions overall appear rather unlikely.
A typical human cancer contains about 80 mutations
leading to amino acid exchanges in protein encoding
genes. Whereas only ~ 15 of these mutations, called
�drivers�, are likely to be responsible for tumor
initiation, maintenance, and progression, the remain-
ing ~ 65 mutations represent harmless �passengers� [1].
In theory, there might be mutated HERVs in tumor
cells that could possibly function as drivers. However,
no experimental data concerning this issue are avail-
able to date. Also, several single-nucleotide poly-
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morphisms (SNPs) have been described in HERVs,
and some of them are located in protein-encoding
HERV genes [37, 103]. Nevertheless, whether these
SNPs are of any functional significance in a pathologic
context is as yet unknown.

HERV-encoded tumor antigens: potential targets of
tumor immunosurveillance
HERVs may be involved in human cancer as targets of
an antitumor immune response. Indeed, the de-differ-
entiated status of tumor cells may lead to the
production of endogenous retroviral proteins or
epitopes that are normally not expressed in healthy
human tissues. A dysregulated expression of HERVs
may, for instance, be related to hypomethylation of
HERV genes in tumor cells [104, 105]. Such tumor-
associated aberrantly expressed HERV epitopes
could elicit an antitumor immune response when
exposed to the immune system. In accord with this
notion, antibodies against HERV-K(HML-2) Gag
and Env have been detected in ~50 – 80% of patients
with GCTs [106 – 108]. Interestingly, the proportion of
antibody-positive patients declined considerably
(~10 %) after tumor removal [107] and antibody titers
also appear to decrease upon tumor remission under
chemotherapy [108, 109]. Antibodies against HERV-
K(HML-2) Gag and Env are also present in less than
5 % of healthy individuals, but such individuals did not
produce antibodies against the TM portion of HERV-
K(HML-2) Env, whereas anti-TM antibodies were
universally found in GCT patients [109]. This may
indicate that an HERV-K(HML-2) Env protein con-
taining an immunogenic TM domain is aberrantly
expressed in GCTs. Interestingly, antibodies against
the TM portion of HERV-K(HML-2) Env are also
produced in a proportion of patients with melanomas
[110]. Nevertheless, the functional significance of
these findings, i.e. whether the production of anti-
HERV-K(HML-2) antibodies may contribute to the
immunological control of tumor growth, currently
remains elusive.
We have searched for antibodies against Syncytin-1 in
sera from patients with different types of cancer
(including breast cancer) and autoimmune diseases
[M. Sauter and N. Mueller-Lantzsch, in preparation]
[111]. Antibodies against Syncytin-1 were detected in
less than 1 % of individuals studied, and no associa-
tions with specific diseases could be observed. This
suggests that Syncytin-1, which can be regarded as a
physiologically expressed placental self-antigen,
might be immunologically tolerated, whereas other
HERV proteins (e.g. HERV-K[HML-2] Env when
expressed in GCTs) are not. The mechanisms under-
lying immunological tolerance, a potential loss-of-
tolerance, and the immunogenicity of different HERV

proteins are only incompletely understood and de-
serve further study.
The first evidence that HERV-encoded peptides ex-
pressed in human tumor cells can also be targets for
antitumor cytotoxic CD8+ T cell (CTL) responses
came from a study that identified a HERV-K(HML-
6)-encoded HLA-A2-restricted peptide (termed
HERV-K-Mel) which was recognized in autologous
melanoma cells by CTLs from two patients with
melanomas [64]. This peptide is encoded by a very
short ORF within an otherwise highly defective HML-
6 provirus on chromosome 16. This is of interest as it
indicates that also truncated proteins produced from
short HERV ORFs may in specific circumstances
exert a biologically significant function. HERV-K-
MEL RNA is not expressed in normal tissues with the
exception of testis and some skin samples, but was
found in a majority of cutaneous and ocular melanoma
samples, suggesting that it might be a possible target
for immunotherapeutic approaches. Second, CTLs
against HERV-K Gag-derived peptides have been
detected in a proportion of patients with a history of
seminoma and a minority of healthy individuals [112].
Finally, a third study has recently characterized a
HLA-A11-restricted 10-mer peptide (termed CT-
RCC-1) which appears to be targeted by donor
lymphocytes in patients undergoing nonmyeloabla-
tive hematopoietic stem cell transplantation for
metastatic renal cell carcinoma, consistent with a
graft-versus-tumor reaction [113]. The CT-RCC-1
peptide is encoded by an HERV-E locus on chromo-
some 6q whose RNA is expressed in renal cell
carcinomas, but not in normal kidney and other
normal human tissues. Expansion of CTLs recogniz-
ing CT-RCC-1 in a patient with prolonged regression
of the metastatic renal cell carcinoma seems compat-
ible with a possible involvement of such CTLs in
tumor regression [113].
In summary, current evidence suggests that HERV
proteins may function as tumor antigens, which
implies that by eliciting an antitumoral immune
response HERVs could presumably participate in
tumor biology also in a beneficial way. Additionally,
such immune responses may have the potential to
serve as tumor markers. Further studies are needed to
clarify the functional consequences of HERV-directed
immune responses in terms of tumor growth control
and the clinical usefulness of such immune responses
as tumor markers.

Specific examples of HERVs in tumorigenesis

Although HERVs have tentatively been involved in
quite a number of specific tumor entities, research has
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especially focussed on two types of human cancers,
GCTs and melanomas, which are discussed in more
detail below.

HERV-K (HML-2) and testicular germ cell tumors
Testicular GCTs represent the most common solid
tumors among young men in western industrialized
countries and are thought to be derived from cells in
the germ-cell lineage that are blocked in maturation.
GCT in adults may initiate already in primordial germ
cells during fetal development. Histologically, GCTs
are classified into two main subtypes: seminomas and
a group collectively referred to as non-seminomas.
Both types progress through a non-invasive precursor
lesion, called carcinoma in situ [114]. Early electron
microscopical studies which had revealed the pres-
ence of particles with retroviral morphology budding
from human placental trophoblasts [115] prompted
investigations on retrovirus production in human
tumors that contain embryonal or placental tissues
[116]. This resulted in the detection of retrovirus-like
particles in several cell lines derived from human
GCTs [117, 118]. Consequently, such particles were
designated human teratocarcinoma-derived virus
(HTDV) particles, but re-named HTDV/HERV-K
after they were found to be encoded by HERV-
K(HML-2) [74, 119] (for review see [66]). HTDV/
HERV-K particles from all different GCT lines
analyzed so far seem to be defective, displaying either
an immature morphology and/or lacking surface
spikes [75, 120]. Accordingly, attempts to prove their
infectivity have failed up to now [116]. Almost 30
years after their initial discovery, the significance, if
any, of these particles for the development of GCTs
remains unknown. Still, an association of HERV-
K(HML-2) with GCTs was further supported by the
detection of HERV-K(HML-2) mRNA and proteins
(see Table 1) in GCT tissue and cell lines and by a
specific immune response against HERV-K(HML-2)
Gag and Env proteins in GCT patients (see above)
[57, 74, 106 – 110, 120, 121]. Subsequent investigations
on the functional relevance of HERV-K(HML-2) for
GCT tumorigenesis especially concentrated on two
accessory HERV-K(HML-2) proteins, Rec and Np9
(Fig. 1). As of yet, HERV-K(HML-2) is the only
HERV family that has been shown to code for such
accessory proteins [6].
An oncogenic potential of Rec was first suggested by
experiments demonstrating that HERV-K(HML-2)
rec- (but not gag-, env-, or empty vector-) transduced
Rat-1 cells grew into tumors following injection in
nude mice [122]. In contrast, Rat-1 fibroblasts trans-
duced with HERV-K(HML-2) rec, gag, env, or an
empty vector showed similar growth chracteristics in
vitro. The mechanisms underlying altered prolifera-

tion of rec-transduced cells in vivo but not in vitro are
not clear, but likely rely on the interaction with host
factors. Strong evidence that the expression of Rec
may directly contribute to the development of GCT in
vivo was provided by a study on transgenic mice that
inducibly express Rec. Such mice show disturbed
germ cell development and exhibit, by 19 months of
age, changes reminiscent of carcinoma in situ, the
predecessor lesion of GCTs in humans [121]. To begin
to unravel the molecular mechanisms underlying
these oncogenic effects, proteins interacting with
Rec were searched for. This led to the identification
of the promyelocytic leukemia zinc finger protein
(PLZF) as a protein interaction partner of Rec [122] as
well as of Np9 [123]. PLZF is a tumor suppressor and
transcriptional repressor of the c-myc proto-oncogene
and, intriguingly, also plays an essential role in the
regulation of spermatogonial stem cell maintenance in
mice [124, 125]. Co-expression of Rec and Np9 with
PLZF abrogated the transcriptional repression of the
c-myc gene promotor by PLZF and resulted in c-Myc
overproduction, leading to upregulation of c-Myc
regulated genes like p53, PCNA and IkBa. Accord-
ingly, cells stably transfected with PLZF and Rec
showed increased cell proliferation and a reduced
apoptosis rate compared to cells stably transfected
with PLZF alone (Fig. 3) [123].
In a survey of normal and malignant cells, np9
transcripts were exclusively detected among malig-
nant cells [54]. Regarding possible functional conse-
quences of Np9 expression in tumors, Np9 (but not
Rec) was found to bind to and functionally interfere
with the ligand of Numb protein X (LNX), a RING-
Type E3 ubiquitin ligase that regulates the tran-
scription factor Notch via degradation of the Notch-
antagonist Numb [126]. The Numb/Notch pathway is
an essential part of proproliferative Ras signalling and
has also been suggested to be involved in GCTs by
causing dysfunction of the mitotic/meiotic switch and
subsequent genetic instability [127].
In summary, these data are compatible with the idea
that Rec and Np9 may act as oncoproteins in GCTs via
inhibition of the tumor suppressor and spermatogo-
nial stem cell regulator PLZF, and possibly also, in the
case of Np9, through interference with the Numb/
Notch pathway. Although the studies on Rec and Np9
provide strong hints for a contribution of HERVs in
GCT development, it is unknown whether Rec and
Np9 are causally involved in GCTs in humans and
which factors induce or regulate the expression of
these HERV-K(HML-2) accessory proteins in GCTs.

HERV-K and melanoma
Melanoma is the most malignant type of skin cancer in
humans and arises from pigment-producing melano-
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cytes in the epidermis. Reports dating back to the
1970 s have described retrovirus-like particles in
human melanomas [128, 129]. Several more recent
studies have detected HERV-K(HML-2) mRNA and
proteins in human primary melanomas, lymph node
metastases from melanomas, and melanoma cell lines
(Table 1), but not in melanocytes or normal lymph
nodes [110, 130, 131]. Furthermore, antibodies against
HERV-K(HML-2) Env protein could be detected by
Western blot [110] and ELISA [132] in a proportion of
melanoma patients. As discussed above, a peptide
encoded by a different HERV-K subfamily, HML-6,
was recognized on melanoma cells by CTL [64]. In
addition, retroviral particles purified from the mela-
noma cell line SK-Mel28 were identified by electron
microscopy and shown to contain HERV-K(HML-2)
Env and partially processed Gag proteins [130]. This
indicates that, similar to GCT cell lines, melanoma cell
lines may produce HERV-K-encoded particles. More-
over, particles derived from the melanoma cell line
518A2 were reported to infect bovine MDBK cells,
suggesting that 518A2 cells might harbor an infectious
variant of HERV-K (termed melanoma ERV
[MERV]) [130]. Retroviral particles from melanoma
cells contain a variety of different HERV-K RNA
sequences [133]; however, a distinct MERV clone

capable of infecting cell cultures in vitro has so far not
been described. Also, retroviral particles derived from
SK-MEL28 melanoma cells did not infect MDBK
cells [110]. The issue of an infectious HERV-K variant
in human melanomas therefore appears to require
further scrutiny.
While studies of murine melanomas clearly suggest a
role of ERVs in this type of cancer in mice (see above)
[33, 93], recent work also argues for an oncogenic
function of HERV-K(HML-2) in human melanomas
[134]. A-375 human melanoma cells that were stably
transduced with a construct expressing an siRNA
sequence targeted against HERV-K(HML-2) gag did
not show a change of proliferation and differentiation
compared to wild-type or control-transduced A-375
cells in vitro. However, upon injection in nude mice,
tumor growth of HERV-K(HML-2) knock-down A-
375 cells was reduced compared to wild-type A-375
cells or to control-transduced A-375 cells. It will be
interesting to analyze in more detail the mechanisms
underlying this reduced tumor growth in vivo.

Conclusion

In summary, cumulative evidence from animal mod-
els clearly indicates that ERVs may be involved in the
process of tumorigenesis at various levels. The
potential role of HERVs in human cancer, however,
appears more complex. To date, evidence for a role of
HERVs in human cancers (and other diseases)
mediated by insertional mutagenesis is lacking. In
contrast, and as exemplified by oncogenic properties
of HERV-K(HML-2) accessory proteins Rec and
Np9, available data are compatible with the idea that
HERVs may contribute to human cancers, in partic-
ular GCTs and melanomas, by virtue of HERV-
encoded oncoproteins. Much remains to be learnt,
though, about the regulation and effector pathways
of suspected HERV-encoded oncoproteins. Given
the strong evidence for growth promotion of tumors
by immmunosuppressive endogenous retroviral Env
proteins in animals, it is tempting to speculate that
similar mechanisms may also operate in human
cancers. Future studies should clarify this issue.
Whereas a causative role sensu strictu of HERVs in
human tumors has not been demonstrated up to now,
it seems plausible that certain HERVs may act as
distinct co-factors in the complex multi-step proc-
esses leading to human cancers. Further unravelling
of these contributions may provide important new
insights not only into the biology of human cancer
but also into the peculiar evolutionary interplay
between HERVs and their human hosts.

Figure 3. Oncogenic effects of Rec or Np9 may be mediated by
interaction with the promyelocytic leukemia zinc finger protein
(PLZF). PLZF is a stem cell regulator and tumor suppressor
that represses transcription of the c-myc proto-oncogene (left
side) [124, 125] . The HERV-K(HML-2) accessory proteins Rec
and Np9 can both bind to PLZF [122, 123] . This binding
abrogates the transcriptional repression of the c-myc gene
promotor by PLZF, resulting in c-Myc overproduction, which in
turn leads to upregulation of c-Myc-regulated genes, like p53,
PCNA and IkBa. Phenotypically, this is associated with
increased proliferation and reduced apoptosis of cells stably
co-expressing Rec and PLZF compared to cells stably express-
ing PLZF alone [123] .
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