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Identification of a human endogenous LTR-like sequence
using HIV-1 LTR specific primers
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Using ‘consensus’ primers derived from the LTR region of 15 HIV-1 isolates, a fragment of 583 bp
was amplified from human DNA. Even though specificity was confirmed by Southern blot analysis
with a conserved LTR oligonucleotide probe, no significant homologies were detected to either
retroviral regions or human or non-human published sequences. Nevertheless, when used as a
probe, the 583-bp fragment identified a unique DNA sequence in the human genome on
chromosome 1, and cross-reactive sequences in monkey, but not mouse, DNA. This novel, unique
and conserved sequence of 583 bp was used to isolate a human HS-1 clone in which the structural
property of a viral LTR could be identified.  1996 Academic Press Limited
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INTRODUCTION

The human genome contains a complex variety of exogenous retroviruses using several different ap-
proaches, the most common of which is low-strin-endogenous retroviral sequences (HERSs).1,2 Genetic

events, such as chromosome rearrangements, trans- gency hybridization to regions of exogenous and
endogenous retroviruses.4–7 Other retroviral se-position, and amplification can affect the genomic

organization of HERSs, thereby generating either full- quences were identified by analysis of the flanking
regions of cellular genes,8 and by polymerase chainlength or truncated proviruses; such proviral se-

quences make up at least 1% of the human genome. reaction (PCR) amplification of conserved retroviral
segments.9–11As retrotransposons, these sequences might make

important contributions in shaping the human gen- The discovery of HIV-1-related human DNA se-
quences designated EHS-1 and EHS-212 suggests theome.3

Most of these sequences were isolated based on presence of a family of HIV-1-related sequences in
primate genomes. Since all the HERS families iden-their relationship to mammalian endogenous and
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tified thus far conserved at least one long terminal −405, while reverse primer NR 2 (5′-TCCG-
GATGCATCTCTCGG-3′) spans nucleotide positionsrepeat (LTR), the possible existence of human se-

quences with homology to the LTRs of HIV-1 was −158 to −141 in the LTR of HIV-114 and they are
highly conserved between 15 HIV-1 prototypes. Theinvestigated using PCR amplification.

The regulation of HIV-1 gene expression is modu- oligonucleotide probe NR 3 (5′-GCAGAA-
CTACACACCAGGGC-3′) is also well conservedlated by complex mechanisms that involve tran-

scriptional as well as post-transcriptional events.13 among different HIV-1 isolates and spans nucleotide
position −371 to −352 of the LTR of HIV-1.The genetic elements which control expression of the

integrated provirus have been identified within the 5′
LTR, which begins with the U3 region, followed by
R and U5. From a functional point of view, the LTR PCR and hybridization conditions
can be divided into three main domains: the basal
promoter region, which encompasses the tran- One lg of DNA was amplified in 100 ll of reaction

mixture containing 2·5 U of AmpliTaq DNA poly-scriptional start site and exerts a positive effect on
transcription; the enhancer region, which increases merase (Perkin-Elmer-Cetus, Norwalk, CT, USA),

0·2 m of each dNTP, 30 pmols of each primer,the effect of the downstream promoter; and the neg-
ative regulatory element (NRE), upstream of the en- 2 m MgCl2, 10 m Tris-HCl (pH 8·3), and 50 m

KCl. PCR conditions were as follows: denaturation athancer site, which contains several binding sites for
factors activating or repressing viral transcription.14,15 94°C for 3 min; 30 cycles of 95°C for 1 min 30 s,

56°C for 1 min 30 s and 72°C for 2 min; and a finalThe NRE region appears to be specific for the HIV-
1 LTR. In particular, this domain contains the following extension at 72°C for 7 min. Forty-five ll of the PCR

products were electrophoresed on 1·5% agarose gelcomponents: (1) two sequences containing AP-1 bind-
ing sites for Fos and Fos-related antigens;16 (2) two with 1×TAE (40 m Tris-acetate, pH 8; 2 m EDTA).

The gel was then soaked in 0·5  NaOH and 1·5 protein binding sites (A and B) recognized by human
T-cell factors, one of which is a member of the steroid/ NaCl for 30 min and neutralized for 30 min in a

solution containing 1·5  NaCl, 0·5  Tris-HCl (pHthyroid hormone receptor superfamily;17 (3) the bind-
ing site for NFAT-1, a nuclear factor involved in the 7·4), and 1 m EDTA, prior to Southern blotting onto
activation of LTRs by mitogens;18 and (4) the binding nylon membrane with 20×SSC (3 NaCl, 0·3  so-
site for a nuclear factor termed MLTF/USF, which dium-citrate). The membrane was hybridized to the
down-regulates transcription.15 NR 3 oligonucleotide probe in 30% formamide,

Using a PCR approach specific for the NRE region, 6×SSC, 1% sodium-dodecylsulphate (SDS), 1 mg sal-
a human DNA sequence with an HIV-1 LTR-related mon-sperm DNA, at 42°C. The probe was labelled
organization was identified. with [c32P]ATP using T4 polynucleotide kinase. The

blot was washed twice in 6×SSC containing 0·1%
SDS for 15 min at room temperature, and then twiceMATERIALS AND METHODS
for 30 min at 55°C in 2×SSC containing 0·1% SDS.
The filter was then exposed to an X-ray film forDNA sources
15–36 h.

High-molecular weight DNA was prepared by cell For nucleotide sequencing, the size-selected am-
lysis, proteinase K digestion, extraction with phenol/ plification product was eluted from the agarose and
chloroform, and precipitation with ethanol.19 Gen- ligated into plasmid pCR using the TA Cloning Kit
omic DNA was isolated from human peripheral blood (Invitrogen BV-Leek, The Netherlands), according to
lymphocytes and placental tissue from normal sub- the manufacturer’s instructions.
jects and from the following cell lines: er-
ythroleukaemic K562 cells; T-lymphoid Jurkat,
HUT78 and JM cells; and monocytoid U937 cells. Genomic DNA analysis
Mouse DNA was extracted from the tail of a C57BL
mouse, monkey DNA was extracted from the brain Human, monkey and mouse DNAs (10 lg) were di-
of a Macaca Fascicularis (Instituto Superiore di Sanità, gested with different restriction enzymes, fractionated
Rome, Italy). by 0·8% agarose gel electrophoresis, and transferred

to nylon membrane according to Southern. Filters
were hybridized to the 583-bp human amplified prod-Synthetic oligonucleotides
uct, under standard high-stringency conditions. The
amplified product probe was isolated from plasmidForward primer NR 1 (5′- GACAAGATATCCTTGA-

TCTGTG-3′) spans nucleotide positions –426 to pCR by EcoRI digestion and radioactively labelled
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with [32P]dCTP by the random-priming method (Amer- 2 specifically amplified a segment of 583 bp from
sham International, England). Blots were washed genomic DNA isolated from all human cell lines
twice in a solution of 6×SSC, 0·1% SDS for 30 min tested, which included K562 (erythroleukaemic); Jur-
at room temperature and twice in 0·1×SSC, 0·1% kat, HUT78, and JM (T-lymphoid); and U937 (mono-
SDS for 1 h at 65°C, and then exposed to X-ray film. cytoid). The same PCR product was amplified from

Chromosome 1 mapping was carried out using normal human placenta and peripheral blood lym-
human×rodent somatic cell hybrid DNA (mapping phocytes (PBL) (Fig. 1a). Moreover, Southern blot
panel No. 2, NIGMS Human Gentic Mutant Cell analysis demonstrated that, under high-stringency
Repository, Camden, NJ, USA). conditions, the human 583-bp fragment was re-

cognized by the LTR-specific probe NR 3 (Fig. 1b).
Sequence comparison of the amplified product with

Preparation and screening of a human genomic the NR 3 oligonucleotide probe revealed two regions
DNA library showing 60 and 55% homology. Computer-assisted

comparison of the human 583-bp sequence to Gen-
DNA was extracted from normal human placenta, Bank and EMBL databases did not detect significant
partially digested with Sau3A and ligated to BamHI- homologies to retroviral regions nor to other human
digested EMBL 3 phage arms using T4 DNA ligase, as and non-human sequences.
described by Sambrook.19 Ligated DNA was packaged This novel human DNA sequence appeared to be
using the Packagene System (Promega, Madison, WI) present as a single copy per human genome, as shown
and recombinant phages were plated on Escherichia by Southern blot hybridization (Fig. 2). Indeed, using
coli K802. Positive clones were identified by hy- high-stringency conditions, the 583-bp hybridized
bridization with the 583-bp human amplified product, with unique sequences in human and monkey DNA,
under the same high-stringency conditions described but not with sequences in mouse DNA. The different
for Southern blot analysis of genomic DNAs. fragment sizes of monkey and human DNA digested

by EcoRI, PvuII and MspI, and the lower intensity of
the monkey bands, likely reflect partial sequence

Sequence analysis homology of the two primate genomic regions. Thus,
the 583-bp fragment appeared to be a unique, well-

All sequencing reactions were performed using the conserved sequence in both primate species sug-
Fmol Sequencing System Kit (Promega, Madison, WI). gesting that it might be endowed with a biological
The 583-bp amplified product was sequenced both function.
directly and after cloning in plasmid pCR. M13 for-
ward and reverse primers were used for sequencing
of pCR. Sequence comparisons were made using the

Identification of flanking regions of thePC-GENE software package (IntelliGenetics).
amplified product

To characterize the structure of the regions flankingRESULTS
the 583-bp fragment, recombinant lambda clones
were isolated by screening a human genomic DNAIdentification of a human sequence by PCR
library under high-stringency conditions using thewith HIV-1 LTR specific primers
amplified 583-bp product as a probe. Two positive
clones (lambda HS-1 and lambda HS-2) wereThe PCR technique was used to identify human DNA
sequenced in both directions and shown to containsequences with homology to HIV-1. This approach
the 583-bp fragment; both clones disclosed the samewas chosen on the basis of its past use in detecting
sequence with few mismatches (5 out of 2400short HERSs with homology to exogenous re-
sequenced bases: position 505, A→G; 570, A→C;troviruses.9–11 Primers NR 1 and NR 2 were chosen
988, G→A; 1229, C→T; 1689, A→C) (Fig. 3). Tofrom a consensus sequence among LTRs of 15 HIV-
confirm that the lambda HS-1 clone contained the1 isolates (Los Alamos). These primers comprise an
genomic flanking regions of the 583-bp fragment, weHIV-1 region of 286 bp (from position −426 to
isolated a 1·6 kb PstI fragment, which hybridized toposition −141) that contains the negative regulatory
the same restriction fragments detected by the 583-element (NRE). In addition, the NR 3 oligonucleotide
bp probe in Figure 2, and mapped to human chro-probe used to assess specificity of the amplified prod-
mosome 1 using a human×rodent somatic cell hybriduct is well conserved among the 15 HIV-1 isolates.

Using high-stringency PCR conditions, NR 1 and NR mapping panel (data not shown).
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Fig. 1. Amplification of a human DNA fragment using HIV-1 LTR consensus primers. (a) Primers NR 1 and NR 2
amplified a 286-bp fragment in H9 IIIB (HIV-1 infected) cell DNA (positive control); the same primers amplify a 583-bp
fragment from human DNA of cell lines K562, Jurkat, HUT78, U937, and JM and from placenta and peripheral blood
lymphocytes (PBL). H9 IIIB cell DNA amplified with primers specific for the HIV-1 envelope region was used as a
control (negative control) for any cross-hybridization to the LTR-specific probe. Fragments were separated by
electrophoresis on agarose gel and stained with EtrBr. MW=molecular weight DNA; (b) Southern blot of the same
experiment demonstrating that an oligonucleotide probe specific for HIV-1 LTR recognizes the 286-bp and 583-bp PCR
products detected in HIV-infected and non-infected cells, respectively.

Sequence analysis particular, at 10 bases downstream from the 5′ in-
verted repeat, there was a 7-bp region with 71%
homology to the binding site for the inducible tran-Sequence analysis of lambda HS-1 identified two

regions, up- and downstream of the 583-bp amplified scription factor AP-1 found in U3 of HIV-116 (Table
1). This AP-1 like sequence in lambda HS-1 is fol-product, with 70 and 83% homology to NR 1 and

NR 2 primers, respectively (Fig. 3). Examination of lowed by a sequence of 18 bp showing 72% homo-
logy to the protein binding site A of HIV-1. Thisthe sequence disclosed several characteristic features

of LTR sequences found in mammalian retroviruses20,21 sequence has been reported to interact with the pro-
tein binding site B, which is related to steroid/thyroid(Fig. 4). These include a 5-base inverted repeat

bordering the LTR (TGCTG and CAGCA) and a pu- hormone response elements, and has a negative effect
on HIV-1 LTR-driven gene expression.17 HIV-1 proteintative TATA box (TATATA) followed by a transcriptional

start site which begins with GC, and defines the R binding site B contains another binding site for the
inducible transcription factor AP-1. Furthermore, thisregion containing a putative polyadenylation signal

AGAAAA. second AP-1 site of HIV-1 presents a 86% homology
to the 7-bp region of lambda HS-1. Between these twoLike the U3 region of HIV-1 LTR (Fig. 4a), the

upstream region of lambda HS-1 containing the TATA AP-1-related sequences, there are two other putative
protein binding sites with a good homology (86 andbox disclosed some genetic elements which could

control expression of adjacent genes (Fig. 4b). In 92%) to the corresponding sites in the U3-LTR of the
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Fig. 2. Southern blot analysis of human, monkey, and mouse DNA using the human 583-bp amplified product as
probe. DNA from the specified sources was digested with the indicated restriction enzymes, separated by agarose gel
electrophoresis, blotted, and hybridized to the P32-labelled 583-bp fragment. Single bands corresponding to single copy
genes could be detected in human and monkey DNA, but not in mouse DNA.

HIV-1 ELI isolate. One of these sites is homologous different hematopoietic cell lines including the Jurkat,
K562, Raji and U937 cell lines (data not shown).to the target element for nuclear factor USF/MLTF,

and the second element is related to the binding site
for the inducible transcription factor NF-kB, which
increases the rate of viral gene transcription in re- DISCUSSION
sponse to mitogenic signals.22

Therefore, based on sequence analysis, a region The human genome carries multiple copies of se-
quences related to endogenous retroviruses, including(from nucleotide 689 to nucleotide 1073) could be

identified in lambda HS-1 with the genomic or- LTRs and genes; in many cases, LTR-like sequences
contain potential transcriptional regulatory sequencesganization of the HIV U3-LTR region. In addition to

a U3-like region, lambda HS-1 also contained a which may control the expression of linked cellular
genes.23,24 In this study we investigated whether thesequence from nucleotide 1074 to nucleotide 1324

resembling elements specific to the R region of an human genome contains sequences related to the
HIV-1 LTR by means of PCR, which allows the ex-LTR, which could be involved as a transcription start

site and as a polyadenylation signal. Furthermore, the tension of primer pairs annealed to non-target but
homologous nucleic acid sequences (mis-priming).25region from nucleotide 1325 to nucleotide 1509 of

lambda HS-1 could represent a U5-like sequence. HIV-1 LTR consensus primers amplified a human 583-
bp fragment which enabled the identification of a newHowever, lambda HS-1 did not appear to contain

an open reading frame; indeed, no transcripts were sequence, designated HS-1, from a human genomic
DNA library. This sequence did not show significantdetected in Northern blot experiments using a 5-kb

HindIII fragment of HS-1 clone, including the entire homology to the HIV-1 LTR but did possess an LTR-
like organization. In particular, the presence of humanLTR-like fragment, as hybridization probe on RNA

from human placenta, freshly isolated PBMC, and elements related to protein binding sites present in
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Fig. 4 Schematic representation of the functional features of HIV-1 LTR and HS-1 clone. (a) HIV-1 LTR with binding
sites for: T-cell site A and B proteins; activator protein (AP) -1; nuclear factor of activated T cells (NFAT) -1; upstream
stimulatory factor (USF); nuclear factor (NF) -kB; SP1; and TATA binding protein. Transcriptional start site is indicated by
an arrow at the U3-R boundary. Upper negative numbers indicate nucleotide positions upstream of the transcription
start site. The negative regulatory element (NRE), enhancer (ENH) and promoter (PRO) regions are indicated at the
bottom. Primers NR 1 and NR 2 and the NR 3 probe are indicated. (b) HS-1 clone with HIV-1 homologous binding
sites. The amplified 583-bp product is indicated. IR=inverted repeats.

the U3 segment of the HIV-1 LTR indicates that this by a HERV-H promoter.29 Finally, endogenous re-
troviral LTRs might also provide poly(A) signals forsequence might regulate gene expression. Indeed,

an endogenous LTR can affect neighbouring gene cellular genes, as shown in the case of PLT, a new
gene which can be polyadenylated by a HERV-Hexpression in several ways (i.e. by promoter insertion,

enhancer or repressor insertion, or differential poly- LTR.30

On the other hand, a full proviral organization isadenylation). In the case of salivary amylase genes,
integration of an endogenous sequence (HERV-E ele- not always required for the regulation of surrounding

genes, as observed for the human cytochrome c1ment) upstream of the gene resulted in a parotid-
specific enhancer effect.26,27 Furthermore, transcripts gene, which carries regulatory sequences homo-

logous only to the HERV-I LTR.31 This might also befrom two other cellular genes have been found to be
driven by endogenous retroviral promoters: H-plk, a the case for HS-1, which is present as an isolated

LTR-like sequence on human chromosome 1. AsKruppel-related gene encoding a zinc-finger protein,
is driven by an HERV-R promoter in placental tissue,28 isolated LTRs are usually present as multicopies in

the host genome,32 the finding that HS-1 is a singlewhile PLA2L, a phospholipase A2-related gene
expressed in teratocarcinoma cell lines, can be driven copy sequence does not support its retroviral origin;

Fig. 3. Nucleotide sequence of the human HS-1 clone. The underlined regions indicate: the inverted repeats (IR)
which defined the putative LTR organization; the TATA-box and poly-A sequences; and the regions with their percentage
homology to the NR1 and NR2 primers, and NR3 probe. Lower-case letters indicate identical nucleotides between HS-1
and synthetic oligonucleotides.
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Table 1. Sequence homology of the binding site present in U3-HIV-1 and HS-1 clone

AP-1
U3-HIV-1 −336 CACTGAC −330 5/7
HS-1 clone 699 CAATGCC 705 71%

∗ ∗

Site A protein
U3-HIV-1 −383 CTTCCCTGATTAGCAGAA −366 13/18
HS-1 clone 714 CTTCCCTGCTATCTAGAA 731 72%

∗ ∗∗∗∗

USF
U3-HIV-1 −174 CATTTCATCACGTGG −160 11/15a

HS-1 clone 762 CATTTCAGCCCAAGG 776 73%
∗ ∗ ∗∗

NF-kB
U3-HIV-1 −106 AAGGGACTTTCC − 95 11/12
HS-1 clone 823 AAGGGACTATCC 834 92%

∗

AP-1
U3-HIV-1 −348 GAGTCAG −342 6/7
HS-1 clone 843 GAGACAG 849 86%

∗

a 13/15 (86%) between HS-1 clone and ELI isolate.
USF=upstream stimulatory factor, NF=nuclear factor.
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