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A. Introduction

One of the most salient features of the
replication strategy used by retroviruses
i1s the transcription of the retroviral
(RNA) genome into DNA followed by
integration of this DNA product into the
host cell genome. The integrated viral
DNA copy, termed ‘“‘provirus”, can then
serve as a template for the synthesis of
further infectious virus particles. Stably
integrated proviruses have been found to
also persist in the germ line of animal
cells. In this case, they have become an
endogenous constituent of their host
cell’s genome and are passed on as stable
Mendelian genes from one generation to
the next.

Endogenous retroviruses have been
detected in a number of vertebrate spe-
cies, including primates and birds. As a
rule, they persist as silent retroviral
copies in their host cell’s genome since
deletions and mutations in the provirus
genome have often led to the loss of their
pathogenic potential. There are excep-
tions, however, and activation of endoge-
nous retroviruses has been found to oc-
cur spontaneously, as in the case of the
leukemogenic ecotropic provirus of the
101 mouse [31]. Other factors, such as
treatment with carcinogens [24] and
chemicals such as IUdR (iododeoxyuri-
dine) and BrdU (bromodeoxyuridine)
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and irradiation can also lead to the pro-
duction of infectious viral particles from
endogenous proviruses [32, 55, 25]. Fur-
thermore, the synthesis of pathogenic
retroviruses as a result of recombination
events between different endogenous
proviral sequences has been shown for
the highly leukemogenic murine MCF
(mink cell focus-forming) virus [7, 13].

Besides delivering the basis for the in-
duction of potentially pathogenic viral
particles, the biological potential of en-
dogenous retroviruses can be found on at
least two additional levels. First, even
replication-defective proviruses can give
rise to products such as the p15E envel-
ope-related proteins, which have been
shown to possess immunosuppressive
and anti-inflammatory activity [59]. Sec-
ond, insertion of a proviral sequence can
take place within host cell genes, causing
changes in expression of the latter (inser-
tion mutagenesis). Furthermore, once
the provirus is installed it can influence
the expression of adjacent cellular se-
quences by virtue of its own transcription
control signals [reviewed in 40]. Some ex-
amples illustrating the mutagenic poten-
tial of tumor-associated proviral inser-
tion have been reported for intracisternal
A-type particles (IAP) in mouse plasma-
cytoma [6], MoMuLV-induced tumors
[56], and avian leukosis virus (ALV)-in-
duced erythroblastosis [14, 16, 17].

The fact that almost all vertebrate spe-
cies analyzed to date have been shown to
contain endogenous retroviruses makes
it highly conceivable that these are also
an integral component of the human ge-
nome. The evidence pointing to the exis-
tence of human endogenous retroviruses
runs in three lines. First, particles with



Table 1. Copy number and chromosomal localization of human endogenous retroviral se-

quences
Endogenous retroviral Length Copy no. Chromosomal Reference
sequence (kb) per haploid localization

genome
H51 related 4.4 35-50 dispersed to multiple  [61]
4-1 related 8.8 35-50 human chromosomes
ERV1 8.0 1 18q22-q23 [41, 52]
additional ERV1- n.d. 1 n.d. [2]
related sequences
ERV3 9.9 1 7 [42]
S71 6 1 18q21-q22 [3]
S71-related n.d. 35 n.d.
HuRRS-P 8.1 20—40 n.d. [29]
RTVL-H 5.8 800-1000 n.d. [34]
HLM 9.7 50 chromosomes 7, 8, [23]

11, 14, and 17

HM 6-8 30-40 n.d. [10]
HERV-K 9.5 50 n.d. [45]
THE1 repeats 2.3 10000 n.d. [11]
THE solitary LTRs 0.35 10000 n.d.

n.d., not determined.

retrovirus-like morphology have been vi-
sualized by electron microscopy of vari-
ous human tissues and cell lines, many of
which are of neoplastic origin [1, 28, 33,
38]. The second line of evidence is the
detection of proteins related to exoge-
nous animal retroviruses in human tis-
sues or body fluids [18, 21]. We previous-
ly reported that antibodies against struc-
tural components of the simian sarcoma-
associated virus (SSAV) recognize
proteins in leukemic sera. Proteins im-
munologically related to the p30 constit-
uent of the SSAV group-specific antigen
were detected only in sera from patients
with acute leukemia and CML blast cri-
sis, but not in nonleukemic controls [19].
Furthermore, proteins related to the
SSAV envelope gp70 protein seem to be
of diagnostic value for the prognosis of
patients with acute leukemias or CML
blast crisis [20].

The third line of evidence is the exis-
“tence of numerous retrovirus-like se-

quences which are indigenous to the hu-
man genome. These endogenous retrovi-
ral sequences constitute a complex vari-
ety of retroviral information in the hu-
man genome. A conservative estimate
based on the copy number of endoge-
nous retroviral sequences published to
date (Table 1) shows that at least 0.6% of
the human genome consists of retrovirus-
like elements. The actual percentage is
probably much higher, since new families
of retrovirus-related sequences are being
discovered continuously.

B. Identification and Isolation of Human
Endogenous Retroviral Sequences

A number of different strategies have
been employed to identify retrovirus-re-
lated sequences in the human genome
(Table 2). Human C-type retrovirus-re-
lated sequences were initially discovered
by utilizing probes from primate endoge-
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Table 2. Identification and isolation of human endogenous retroviral sequences

Source of DNA Hybridization probe  Strin- Identification Group of Refer-
for human used for screening gency of human endog- ence
library of human DNA enous retroviral

library sequences
Human fetal gag-pol-related frag-  low AHS1 C-type- [36]
liver ment from African related

green monkey endo-

genous retroviral

sequence

fragment from high/low ~ 30 additional [53, 58]

AHS51-pol-related retrovirus-re-

sequence lated sequences

* pol-related fragment low ERV1 [2]

from chimpanzee

endogenous retroviral

sequence

and Baev LTR probe low ERV3 [42]
Burkitt’s SSAV proviral DNA  low S71 [30]
lymphoma and various fragments

from different regions

of the SSAV genome

DNA fragment con-  high clones only

taining the retrovirus- from S71

related region in S71 genomic locus
Human male Synthetic oligonucleo- low and PAi1 [29]
blood cells tide complementary medium

to murine tRNAF™

LTR probe from P1 high HuRRS-P
- — - RTVL-H1 [34]
Human embry- Various RTVL-H1 stringent RTVL-H2 [35]
onic fibroblasts fragments
Human fetal MMTYV provirus low HLM-2 A-, B-, and [4]
liver gag-pol of MMTV low HM16 D-type- [10]

provirus related

pol region of Syrian  low HERV-K sequences [45]

hamster IAP
Human breast MMTYV provirus as low NMWV4 [37]
cancer cell line  well as gag-pol and

LTR region of

MMTYV provirus
n.s. Total human genomic n.s THEI1 repeats retroposons [62]

DNA and cloned Alu- with LTRs

family member

* ERV3 was isolated by employing the same chimpanzee endogenous retroviral fragment
together with the BaEV LTR probe.
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nous retroviral sequences for low-strin-
gency hybridization of human genomic
libraries. In 1981, Martin and co-workers
used a cloned segment of African green
monkey DNA which specifically hy-
bridized with C-type murine and primate
proviruses to identify related sequences
in the human genome [36]. One of these
sequences was isolated from a human
DNA library (clone A51-1). High-strin-
gency hybridization of the same library
with a retrovirus-related probe from 51-1
yielded over 30 additional type-C retro-
virus-related sequences [53]. One of these
(4-1) was also shown to contain a full-
length provirus [50, 54]. An additional
full-length provirus (NP-2) was cloned
by low-stringency hybridization using a
51-1 pol probe [58]. Another human C-
type retroviral sequence (ERV1) was iso-
lated by Bonner et al. [2] with the help of
a fragment from a cloned chimpanzee
retrovirus-like sequence homologous to
the polymerase genes of the baboon en-
dogenous virus (BaEV) and the Moloney
murine leukemia virus (MoMuLV).
Low-stringency screening of a human ge-
nomic library with the same cloned chim-
panzee fragment and a probe containing
the BaEV LTR led to the isolation of a
full-length human endogenous provirus
termed ERV3 [42].

Our initial interest in human endoge-
nous retroviral sequences arose from the
observation mentioned above that hu-
man sera contain proteins immunologi-
cally related to structural components of
SSV/SSAV and the closely related gib-
bon ape leukemia virus (GALV) [19].
Low-stringency Southern blot hybridiza-
tion of a number of human genomic
DNAs with various probes derived from
the SSAV genome showed multiple
SSAV-related sequences in the human ge-
nome [30]. Therefore, we decided to use a
direct approach and screen a human
DNA library with a probe containing the
complete SSAV provirus as well as
probes derived from various regions of
the SSAV genome under low-stringency
conditions. The initial hybridization
yielded quite a few positive plaques cor-

responding to at least 35 copies of SSAV-
related sequences per haploid genome.
Washing the filters under higher stringen-
cy conditions caused a number of the
positive signals to grow more or less
weaker or to disappear altogether, which
indicates that the retrovirus-related se-
quences detected during initial screening
were of varying homologies to SSAV.
One clone which gave a particularly
strong hybridization signal with an
SSAV pol-env probe was termed S71 and
chosen for further analysis. The region
containing the retrovirus-related se-
quences in S71 was used for renewed
screening of the human DNA library,
this time under high-stringency condi-
tions. All positive clones obtained over-
lapped with clone S71 to some extent,
comprising about 36 kb of the S71 ge-
nomic locus. Contrary to Repaske et al.
[53], we had not been able to isolate any
additional retrovirus related sequences
by high-stringency screening of a human
DNA library with S71 probes. This sug-
gests that the SSAV-related human en-
dogenous retroviral sequences are less
similar to each other than the members
of the 51-1/4-1 family.

A further family of C-type retrovirus-
related sequences was isolated by virtue
of the fact that retroviruses contain short
sequences complementary to tRNA
molecules, which are used as primers for
reverse transcription. Screening of a hu-
man DNA library with an oligonucle-
otide complementary to tRNAFP™ (mu-
rine) yielded a human LTR-like sequence
which could be utilized for renewed
screening and isolation of a retrovirus-
like sequence termed HuRRS-P [29]. Fi-
nally, one multicopy endogenous retro-
virus-like element termed “RTVL-H”
was discovered fortuitously during at-
tempts to clone a region of the human
B-globin gene cluster region [34]. Addi-
tional RTVL-H elements were isolated
by screening a human DNA library with
RTVL-H1 probes [35].

The strategy of direct screening of hu-
man DNA libraries with probes derived
from recombinant rodent proviruses was
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used to initially identify a second large
group of human endogenous retroviral
elements (Table 2). This group consists of
sequences related to the B-type mouse
mammary tumor virus (MMTYV) as well
as to the Syrian hamster IAP and to the
D-type squirrel monkey retrovirus
(SMRYV). Members of this group were
isolated by low-stringency hybridization
with DNA probes encompassing various
regions of the MMTYV genome [5, 10, 37]
or by employing a probe from the poly-
merase gene of the Syrian hamster IAP
[45].

The final group of human endogenous
retroviral sequences consists of elements
flanked by two sequences with the hall-
marks of retroviral long-terminal repeats
(LTRs); [48]. This group of elements, des-
ignated THE 1 repeats by Sun et al. [62],
was isolated from a human DNA library
as clones hybridizing to human genomic
DNA but not to an Alu family member.
Like the other endogenous retroviral se-
quences discussed here, these elements
possess features indicative of having been
generated by the reverse flow of genetic
information from RNA to DNA. Such
elements are known collectively as retro-
posons [67].

C. Chromosomal Localization

Some human retroviral elements occur
singly or in a few copies in the human
genome enabling their assignment to dis-
tinct chromosomes (Table 1). Hybridiza-
tion of DNA from rodent x human so-
matic cell hybrids revealed that the full-
length retroviral sequence ERV3 resides
at a single locus on human chromosome
7 [42]. The long arm of chromosome 18
carries two incomplete proviral se-
quences: S71 at band g21 [3] and ERV1
at bands q22—-q23 [41, 52]. The chromo-
somal location of these retroviral ele-
ments was determined by Southern blot
analysis of DNA from hybrid cell lines as
well as by in situ hybridization. The
members of the closely related 4-1 and
51-1 families were found to be widely dis-
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persed over the human genome, indicat-
ing that the 50-100 copies of these se-
quences may have been generated by am-
plification processes [61]. Clone ANP-2, a
full-length proviral sequence related to
4-1 and 51-1, was localized in two copies
on the Y chromosome. Conservation of
cellular flanking sequences suggests that
the second copy results from gene dupli-
cation, rather than from provirus inser-
tion [58]. Some members of the B-type-
related multicopy HLM-family were
mapped to chromosomes 1, 5, 7, 8, 11,
14, and 17 [23]. The RTLV-H elements
and the THE 1 repeats occur in much
higher copy numbers in the human ge-
nome than the other retroviral elements
(Table 1).

D. Organization of Human Endogenous
Retrovirus-like Sequences

Hybridization studies and nucleotide se-
quence analysis showed that each group
of human endogenous retroviral se-
quences has one or more members resem-
bling full-length proviruses; i.e., their
retroviral sequences are arranged 5S'LTR-
gag-pol-env-LTR3’ as in proviruses re-
sulting from infection with exogenous
viruses (Fig. 1, MoMuLV). In the group
of C-type-related retroviral sequences, 4-1
and ERV3 show a proviral organization
[54, 42], and in the group of B-type-relat-
ed sequences this holds true for the
HERV-K family [46] (Fig. 2). However,
4-1 and ERV3 both contain stop codons
and frame shifts in their nucleotide se-
quence, precluding the synthesis of infec-
tious virus particles. In 4-1, complete nu-
cleotide sequence analysis revealed these
mutations to be dispersed over the whole
genome inactivating all three retroviral
genes [54; see also 22]. It seems that these
sequences are of sufficient danger to the
human cell to warrant an efficient block-
ade of their expression.

A great proportion of human endoge-
nous retroviral elements consist of retro-
virus-related sequences organized in a
manner suggestive of truncated provirus-



Fig. 1. Genomic or-
ganization of C-
type-related human
endogenous retro-

VTR
41 ¢
viral sequences. The _

genomic organiza- -
tion of C-type-re- ERV3 a

lated human retrovi-
ral elements was
deduced primarily
from sequence com-
parison with the
MoMuLV genome
(depicted at botrom).
The gene assignment
of lightly shaded re-
gions was inferred
on the basis of their
location between se-
quenced regions or
from hybridization
data. LTR-like se-
quences are hatched.
Horizontal lines in
H51 and S71 deline-
ate deleted se-
quences. The left
(gray) box in the
S71 element marks
the gag region. The

HuRRS -P f/d '
ERV1
s71

H51

RTVL-H2 )

MoMulv 7/

right (white) box immediately adjacent to the S71 pol sequence shows the minimal extent of
nonretroviral sequences in S71. References: 4-1 [54, 60], ERV3 [42, 43], HuRRS-P [29], ERV1
(2], S71 [3, 30], H51 [53], RTVL-H2 [35], MoMuLV [57]

es. These elements may lack only a small
part of the retroviral genome, such as one
of the two LTRs at either end (ERV{;
Fig. 1), or they may be completely devoid
of sequences corresponding to one or
more proviral genes. We have found the
SSAV-related human retroviral element
S71 to provide a good example for such
a truncated endogenous provirus. By hy-
bridization of molecular clone S71 with
probes derived from various SSAV genes,
the S71 retroviral element was delineated
to a region of approximately 6 kb. Since
a full-length C-type provirus ranges from
8.5 t0 9.5 kb in length, the S71 retroviral
element is obviously lacking part of the
retroviral genome. Interestingly, the
retroviral region in S71 is surrounded by

Alu repeats, which, although nonviral,
are also retroposons. Other human C-
type-related retroviral elements have also
been reported to be associated with
retroposons, such as the Alu or the Kpn
I family of reiterated sequences [53, 60].

The retroviral region in S71 contains
sequences related to the gag and pol
genes of SSAV. In addition, hybridiza-
tion with an SSAV LTR probe suggested
the presence of an LTR-like sequence. To
obtain a better idea of the organization
of the pol-related sequences in S71 we
compared the sequence of the 3’ half of
the S71 retroviral element with the pol-
gene sequence of the Moloney murine
leukemia virus [57]. The pol-gene se-
quence of retroviruses codes for three ac-
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Fig. 2. Genomic or-
ganization of A-, B-,
and D-type-related
human endogenous
retroviral sequences.
The genomic organi-
zation of the human
retroviral elements
was deduced from
sequence compari-
son with the genome
of the Syrian ham-
ster IAP H18 and/or
the MMTYV provirus
(both shown at the
bottom) or from hy-
bridization data
(lightly shaded re-
gions of HLM-2 and
NMWV-4), The B-
type-related endoge-
nous element HM16
[10] was omitted
since, aside from the
presence of a 2.1-kb
pol sequence and re-
striction fragments
containing repeated
sequences, the data

available did not allow further deduction of the genomic organization of HM16. References:
HERVK-10 [46], HLM-2 [5], NMWV-4 [37], IAP-H18 [44], MMTV [39]

tivities: the RNA-directed DNA poly-
merase (reverse transcriptase), a ribonu-
clease H, responsible for degradation of
viral RNA in RNA-DNA hybrids, and
an endonuclease which is essential for in-
tegration of the viral information into
the host cell genome. In the polymerase
genes of C-type retroviruses these activi-
ties are arranged 5’ reverse transcriptase
— RNAse H - endonuclease 3’ [26]. We
found the polymerase-related sequences
in S71 to correspond to a region of the
MoMuLV pol gene beginning in the 3’
half of the reverse transcriptase domain
and extending through the RNase H
and most of the endonuclease domain
(Fig. 1). With the exception of a small
deletion at the 5’ terminus of the endonu-
clease domain (indicated by a horizontal
line in Fig. 1), the S71 pol sequence aligns
to the corresponding region of the Mo-
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MuLV pol gene in a colinear manner.
Thus, the S71 pol sequences show the
same structural organization as the cor-
responding sequences of infectious C-
type retroviruses. Translation of the S71
pol nucleotide sequence yields an amino
sequence which is 40% —-60% identical
with the MoMuLV pol sequence, de-
pending on the region of the polymerase
gene used for comparison. The S71 pol
amino acid sequence contains three stop
codons, one each in the deduced reverse
transcriptase and RNAse H domains and
one in the endonuclease sequence. There-
fore, the situation in S71 is similar to the
pol region in the C-type-related 4-1 [54]
and the B-type-related HM16 element
[10], in that numerous stop codons seem
to serve the purpose of preventing syn-
thesis of functional polymerase proteins
from these endogenous retroviral se-



quences. Indeed, the polymerase se-
quence of only one human endogenous
retroviral element, the B-type-related
HERV-K [46], has yet been reported to
constitute an open reading frame long
enough to allow synthesis of full-length
polymerase proteins.

In a biological sense, expression of se-
quences enabling random reverse flow of
genetic information from RNA to DNA
would pose a great threat for the evolu-
tionary stability of the human genome. A
prerequisite for the maintenance of such
sequences in the human genome is there-
fore a very rigid control mechanism pre-
cluding their random expression. The nu-
merous stop codons and frame shifts ob-
served in the pol sequences of C-type-re-
lated human endogenous retroviral ele-
ments may be a significant factor con-
tributing to this stringent control.

Replication of viral RNA in the host
cell leads to the duplication of sequences
specific for the 5" and 3’ ends of the viral
RNA. Therefore, the integrated provirus
is flanked by long terminal repeats
(LTRs) which in the case of mammalian
C-type retroviruses are typically 500—
600 bp in length [8]. It is still not clear
whether endogenous retroviral sequences
were generated via the same replication
mechanism essential for the spread of in-
fectious retroviruses. However, it is re-
markable that quite a few human en-
dogenous retroviral elements are also
flanked by LTRs (Figs. 1 and 2). Like the
LTRs of infectious proviruses, the en-
dogenous LTRs contain signal sequences
implicated in transcriptional control. In-
deed, the LTR of the C-type-related en-
dogenous retroviral sequence ERV3 was
recently demonstrated to drive transcrip-
tion of the retroviral and adjacent cellu-
lar sequences in a tissue-specific manner
[43, 27]. In some human retroviral ele-
ments, e.g., ERV1 (Fig. 1), LTR-like se-
quences were not discovered as duplicat-
ed sequences at both ends of the retrovi-
ral element. Rather, they were identified
as possessing the same sequence features
and structural organization as the LTRs
of infectious proviruses.

Figure 3 shows the LTR structure of a
typical mammalian C-type provirus. The
boundaries of retroviral LTRs are
formed by inverted repeats, beginning
with TG and ending with CA. The LTRs
consist of three entities: the U3, R, and
the U5 region. The U3 region contains
signal sequences necessary for transcrip-
tion initiation, including the CCAAT and
TATAA boxes, and an enhancer region,
which often contains directly repeated se-
quences. However, it should be pointed
out that at least three human endogenous
LTRs lack a CCAAT box (hsRTVL-H
[34]; O-LTR [48]; 4-1 [60].) The beginning
of the R region is marked by the cap site,
a G nucleotide. As a rule, the R region
also contains a poly A signal, although
this signal seems to be dispensable for
LTR function in some cases [64], and a
poly A addition site (CA) which marks
the end of the R region. The remaining
sequence, including the 3’ inverted repeat
counterpart, makes up the U5 region.

We determined the nucleotide se-
quence of a 535 bp region located at the
3’ terminus of the S71 retroviral element
directly adjacent to the pol-related se-
quences. By comparison of the S71 se-
quence with the aligned nucleotide se-
quences of 11 LTRs, six of which were
derived from human endogenous retrovi-
ral elements and four from infectious
proviruses [3], we were able to identify all
salient features characteristic for mam-
malian C-type proviral LTRs. In addi-
tion, alignment of the human endoge-
nous LTR sequences demonstrated a
common sequence motif, all or part of
which is reflected in five of the six human
endogenous LTRs analyzed. In the S71
LTR-like sequence this motif contains a
9-bp region with eight matches to the en-
hancer core consensus sequence present
in a number of viral enhancers [66]. Se-
quences with potential enhancer func-
tion, such as this common motif or direct
repeats, two of which are also contained
in the S71 LTR-like sequence, may en-
able human endogenous LTRs to influ-
ence the expression of adjacent cellular
genes in cis.

471



R s

- el W
/]
TG G AATf\AA CA\ CA
cap site polyA polyA
signal addition site
inverted initiation Lo inverted
repeat direct repeats of transcrlptlon start repeat

Fig. 3. Structure of mammalian C-type proviral LTRs

Hybridization analysis of a 3-kb re-
striction fragment directly bordering the
5" terminus of the S71 pol sequences
shows this region to contain sequences
related to the gene coding for the group-
specific antigen (gag) of SSAV. Prelimi-
nary sequence analysis disclosed the S71
gag-related region to encompass about
1 kb (H. Backhaus, personal communi-
cation; Fig. 1). Furthermore, the gag-
and pol-related sequences in S71 are sep-
arated from each other by a sequence
about 0.5-1kb in length. This part of
S71 discloses no similarity to any known
retroviral genes or control elements
(Fig. 1), and therefore is most likely of
cellular origin.

Overall, the structure of the S71 retro-
viral element shows remarkable parallels
to the genomic organization of the sis
oncogene-transducing retrovirus SSV
(simian sarcoma virus [12]). This acutely
transforming virus is thought to have
arisen by recombination of SSAV with
the cellular homologue of the v-sis se-
quence which codes for a component of
the platelet-derived growth factor. The
SSV genome lacks a substantial portion
of the pol gene, and most of the envelope
gene has been replaced by cellular se-
quences (sis). In analogy, the S71 retro-
viral element is likewise missing part of
the pol gene — although the pol deletion
is not as extensive as in SSV — as well as
envelope sequences. In addition, the S71
element also contains nonretroviral se-
quences embedded in retroviral se-
quences. These analogies imply that the
generation of the oncogene-transducing
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retrovirus SSV and the human endoge-
nous SSV/SSAV-related sequence in S71
may have involved similar mechanisms.

E. Expression of Human Endogenous
Retroviral Sequences

Although all human endogenous retrovi-
ral elements examined so far are replica-
tion defective, some of them have been
shown to be transcriptionally active in
human tissues and cell lines. Several dis-
crete mRNA species hybridizing to LTR
and env DNA probes derived from the
4-1 element were detected in human pla-
centa, spleen, normal colon mucosa, and
primary colon cancers, as well as in colon
cancer cell lines (SW1116, HCT, Caco2),
in a breast carcinoma cell line (T47D),
and in a T-cell acute lymphocytic cell line
(8402) [15, 50, 51}. In colon tumors an
increase of env-LTR-related 1.7- and 3.0-
kb transcripts was observed compared
with normal colon tissue, whereas a 3.6-
kb transcript abundant in normal colon
mucosa was decreased in tumor cells [15].
Partial cDNA clones of 4-1 env-related
mRNA transcripts were isolated from
human placenta. Sequence analysis of
two placental cDNA clones, however, re-
vealed in-frame termination codons, so
that neither of them could encode full-
length env proteins [51].

The env region of another C-type-re-
lated full-length retroviral element,
ERV3, contains a long open reading
frame corresponding to approximately



650 amino acids. This potential polypep-
tide was found to exhibit features charac-
teristic of retroviral glycoproteins, in-
cluding several potential glycosylation
sites and sequences indicative of
transmembrane proteins [9]. An ERV3
env-specific c-DNA of 2.85 kb was iso-
lated from a human fetal cDNA library
and found to be identical to ERV3 by
DNA  sequence  analysis. Three
polyadenylated RNAs of 9, 7.3, and
3.5 kb were identified in human placental
chorion and characterized by Northern
blotting and S1 nuclease mapping [27].
The RNAs were found to be spliced
mRNAs lacking the gag and most of the
pol gene. The two larger mRNAs ex-
tended through the polyadenylation site
in the 3’ LTR and contained adjacent cel-
lular sequences.

We have also identified S71-related
cDNA clones in a human osteosarcoma
and a placenta cDNA library, indicating
that S71-related sequences are expressed
in these tissues. Sequence analysis of the
cDNA inserts in these clones is current-
ly in progress (Leib-Mdsch et al. manu-
script in preparation).

The MMTV-related human proviral
sequence HERV-K was found to be ex-
pressed as an 8.8-kb full-length mRNA
transcript in cell lines from breast car-
cinoma (T47D), gastric carcinoma (Ka-
to-1II), malignant melanoma (HMT-2),
and epidermoid carcinoma (HEp-2,
Hela). Stimulation of HERV-K expres-
sion was observed in steroid-treated
T47D cells [47].

In spite of abundant transcription of
endogenous retroviral sequences in vari-
ous cells, the corresponding proteins
have not yet been identified. The only
case in which there is at least some indi-
rect evidence for expression at the
protein level is the truncated retroviral
element ERV1. Antibodies were raised
against a synthetic undecapeptide, the se-
quence of which was derived from the
gag-related region of ERV1. These anti-
bodies identified a 75 kD protein in renal
adenocarcinoma, placenta, and tropho-
blastic tumors [63, 65].

However, it should be pointed out
that mammalian C-type retroviral gag
proteins were recently shown to share an
antigenic determinant with the snRNP-
associated 70 kD protein [49]. This most
likely represents an example of molecular
mimicry resulting from convergent evo-
lution of otherwise unrelated proteins.
Although the sequence of the antigenic
determinant common to retroviral p30&*¢
and the 70 kD protein is not contained in
the ERV1 gag synthetic peptide, involve-
ment of a similar phenomenon cannot be
ruled out at this stage.

F. Concluding Remarks

To summarize briefly, endogenous retro-
viral elements are a substantial compo-
nent of the human genome. In structure,
they resemble either full-length or trun-
cated proviruses. Retrovirus-related se-
quences seem to be dispersed to all hu-
man chromosomes; however, single-copy
retroviral elements could be assigned to
distinct chromosomal loci. Although
their function is still unknown, RNA ex-
pression has been detected in various hu-
man materials, including tumor-derived
tissues and cell lines as well as placenta.
Human retroviral elements exhibit a
number of features giving them a poten-
tial for involvement in carcinogenesis.
One of them is their likelihood of being
transposed, thereby enabling them to act
as insertional mutagens. Other intrinsic
properties of retroviral elements relevant
for their tumorigenic potential reside in
their sequence information. These in-
clude the potential immunosuppressive
activity of p15E envelope-related pro-
teins and the ability of retroviral LTRs to
influence transcription of adjacent cellu-
lar genes. Besides the enlightenment of a
possible contribution of retroviral ele-
ments to the evolutionary versatility of
the human genome, the possible role of
human endogenous retroviral sequences
in pathogenesis is currently a subject of
great interest.
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