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“Abstract

Integration sites for HTLV-1 and HIV-1proviruses were detected by FISH on the chromosomes of HTHIV27 cells
persistently infected by HIV-1 (strain IIIB). HTLV-1 signals were found on 9 loci of chromosomes 4, 6, 9, 15 and
16. Integration sites of GC-rich HTLV-1 provirus are located in GC-rich isochores, confirming an ‘isopycnic’
integration, namely an integration in which the GC level of the host sequences around the integration site match
the GC level of the provirus. This conclusion is not only derived from the compositional map of human
chromosomes, but also from HTLV-1 hybridization on compositional fractions of human DNA. Integration of
GC-poor HIV-1 provirus was found on 4 loci of chromosomes 2, 7, 17 and 19. One copy of a complete HIV-1
provirus, which is active, was integrated in HI isochores, whereas other defective copies were located in GC-
poor L isochores. These results are discussed in terms of regional integration of retroviral sequences.

Introduction

HIV-1 infection is characterized by a variable clinical
course and the prognosis of HIV infection can be
predicted from the amount of virus in plasma, a
persistent high rate of virus production, measured as
HIV-1 RNA, indicating a poorer prognosis (Mellors
et al. 1996). The factors that influence virus produc-
tion are not clear. One of them certainly is the
efficient transcription of viral DNA (Coffin 1990,
Sakai et al. 1993), which in turn is dependent on the

“sites of integration (Zerial 1986, Rynditch et al.

1991, Zoubak et al. 1994, Rynditch et al. 1998).
Integration sites can be studied by using a composi-
tional approach to the localization of proviral se-
quences in the host genome (reviewed in Bernardi
1995). Such an investigation is possible for two rea-
sons: (1) The genomes of warm-blooded vertebrates
are mosaics of isochores, long DNA segments, which
are homogeneous in base composition, but belong to
different families characterized by different CG le-
vels. In the human genome, two GC-poor isochore
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families, L1 and L2, form 63% of the genome, and
three GC-rich isochore families, H1, H2 and H3, make
up 24%, 7.5% and 4—-5% of the genome, respectively,
the rest being represented by satellite and ribosomal
DNA. Gene concentration is low in GC-poor iso-
chores and increasingly higher in GC-rich isochores
(Bernardi 1995; Zoubak et al. 1996).

(2) The large DNA fragments, 50—100 kb in size,
which form routine DNA preparations and reflect the
base. composition of the isochores from which they
are derived, can be fractionated by preparative equili-
brium centrifugation in Cs;S04 density gradients in
the presence of sequence-specific DNA ligands. Hy-
‘bridization with appropriate probes of the integrated
viral sequences in compositional fractions of host cell
DNA has shown that, in all cases investigated so far,
integration of expressed viral sequences is ‘compart-
mentalized’ and ‘isopycnic’, i.e. takes place in iso-
chore families that show a compositional match with
the viral sequences. This compartmentalized integra-
tion was found for the GC-rich sequences from
bovine leukaemia virus (BLV), hepatitis B virus
(HBV), Rous sarcoma virus (RSV), and human T-cell
leukaemia virus (HTLV-1), which all integrate in GC-
rich regions of the host genome, and for the GC-poor
sequences from mouse mammary tumour virus
(MMTV), which integrate in GC-poor regions
(Kettmann et al. 1979, Zerial et al. 1986, Salinas et
al. 1987, Rynditch et al. 1991, Zoubak et al. 1994).
Moreover, it has been shown for GC-rich viral
sequences that transcribed copies appear to be lo-
cated in compartments characterized by GC levels
closer to those of proviruses compared to untran-
scribed sequences (Zerial et al. 1986, Rynditch et al.
1991, Zoubak et al. 1994).

On the other hand, in-situ hybridization of compo-
sitional DNA fractions corresponding to different
isochore families provided a classification of chromo-
somal bands that is related to GC level and to gene
distribution in chromosomes (Saccone et al. 1993,
1996). Therefore, in-situ localization of integrated
viral sequences parallels their distribution in compo-
sitional DNA fractions.

In the present work, we assessed the localization of
HIV-1 sequences on human chromosomes and com-
positional DNA fractions using the T-lymphoblastoid
cell line HTHIV27 persistently infected with HIV1/
IIB. HTHIV27 cells were obtained from the MT4
line, which contains poorly expressed HTLV-1 provi-
ral copies, and were selected as cells characterized by
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a high growth rate, active production and long-term
stable expression of HIV-1 in 100% cells (Miller et
al. 1992, Kushch et al. 1995).

Materials and methods
Cells

The MT4 line, obtained by cocultivating lymphocytes
from the umbilical cord with the cells of a T-cell
leukaemia patient (Miyoshi ez al. 1981) was infected
with HIV-1/IIB. The HTHIV-27 cell line was estab-
lished by selection of these infected cells according
to their resistance to the cytolytic activity of HIV-1
(Miller et al 1992, Kushch et al. 1995). The cells
were grown in RPMI-1640 medium (Serva) with
10% FCS (Flow), glutamine and gentamycin, recul-
tured every 4—5 days for 8 years.

Chromosome preparation and in-situ hybridization

pBHI10-R3, containing a HIV-1 provirus lacking
190 bp in 5'LTR and leader sequences (Fisher e? al.
1985) and pMT-2, containing HTLV-I provirus with a
single LTR (Clarke et al. 1983) were used as probes
for in-situ hybridization on the metaphase spreads.
Probes obtained from Biotech Research Laboratories,
Inc., Rockville, MD, were labelled by nick-trans-
lation according to established procedures using bio-
tin-16-dUTP (Singer et al. 1989). Hybridization in
situ was performed as described (Lawrence et al
1990), with some modifications. For each slide, 80—
130 ng of labelled probes were applied in 20 ul of
hybridization buffer. Probes were detected using avi-
din conjugated to fluorescein isothiocyanate, FITC
(Vector). The signal was amplified by two series of
incubation with avidin conjugated to FITC and bio-
tinylated goat anti-avidin antibodies (Vector). Chro-
mosomes were counterstained with propidium iodide.
The same methaphase spreads were then rinsed and
stained by G-banding and rephotographed.

The precise location of the fluorescent signals on
the chromosomes was limited by three factors: (1)
differences in intensity of some spots in each meta-
phase spread; (2) different number of signals per
metaphase; (3) difficulties in obtaining high resolu-
tion of G-banding after in-situ hybridization. For
these reasons, the integrations of the two viral se-
quences are presented using pairs of chromosomes
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after FISH and G-banding from different metaphases.
In spite of this, we unequivocally visualized integra-
tion loci for HIV-1 and HTLV-1 proviruses analysing
103 metaphase spreads.

Localization of HIV-1/HTLV-1 sequences in
compositional DNA fractions

High-molecular-weight DNA in 0.1 mol/L Na,SO,/
1 mol/L borate pH 9.4 from HTHIV27 cells was frac-
tionated by Cs;SO4/BAMD density gradient centrifu-
gation (Cortadas et al. 1977, Salinas et al. 1987). The
average sizes of DNA fragments were higher than
50 kb as estimated by gel electrophoresis. After dialysis
to eliminate Cs;SO4 and BAMD, total DNA and ali-
quots of DNA from fractions were digested with Xbal,
which does not cut inside HIV proviral sequences, and
investigated by Southern blot hybridization with pMT-
2 and pBH10-R3 under stringent conditions.

Results and discussion

Localization of HTLV-1 sequences

The localization of HTLV-1 sequences in composi-
tional DNA fractions (Figure 1A) is characterized by
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the fact that different hybridization bands having the
same size may be present in a different number of
fractions and exhibit different intensities. The reasons
for the broad and variable band distribution have
been discussed elsewhere (Zoubak et al. 1994). In
order to identify the maxima of viral sequence dis-
tribution, band intensities have been compared, the
strongest band corresponding, on a first approxima-
tion, to such a maximum. It should be stressed, how-
ever, that since in the present work, equal amounts of
DNA were loaded for each fraction, loads were pro-
portionally larger for the fractions containing less
DNA, namely, for the GC-rich fractions (above 39—
40% GC which is the modal GC level of human
DNA). Assessments of hybridization maxima should,
therefore, take into account the overestimation of
hybridization intensities in GC-rich fractions. Then,
for example, among the two apparently equally
strong bands of 19 kb, the left one (fraction 4) cor-

responds to the largest amount of proviral sequences.

Eleven bands of hybridization with HTLV-1 probe

‘were detected in compositional DNA fractions in

HTHIV27 cells. The number of hybridization bands
may not, however, correspond to the number of viral
copies because of the possible loss of Xbal site in
defective proviruses (Saggioro et al. 1990).

HTLV-1 sequences were distributed in the 41-46%

GC%
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Figure 1. Localization of HTLV-1 (A) and HIV-1 (B) proviral copies in DNA compositional fractions from HTHIV-27 cell line. Total DNA
(8 pg) and equal amounts (3 ug) of DNA from each fraction were digested with Xbal, electrophoresed on 0.8% agarose gels and hybridized

under stringent conditions with the insert of pMT-2 or pBH10-R3.
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GC range of the host genome. The peaks of distribu-
tion of the most intense bands (19 kb, 8 kb) and of
the less intense bands (11.4 kb, 8.8 kb, 5.2 kb) were
localized in 42-44% GC isochores (see above),
where both transcriptionally active and transcription-
ally inactive HTLV-1 sequences were previously
found (Zoubak er al. 1994). Other bands, which
could correspond to a small population of the cells
that diverged from the main one because of viral or
cellular DNA rearrangements, were located at 41%
GC which is the localization of transcriptionally
inactive HTLV-1 sequences in the human genome.
This means that HTLV-1 sequences were integrated
either in regions where transcriptionally inactive
HTLV-1 sequences were previously found or in the
borderline regions where both transcriptionally active
and inactive proviruses are located. HTLV-1 se-
quences were not observed in the regions where only
transcriptionally active proviruses integrate.

The analysis of metaphase chromsomes showed

that HTLV-1 integration sites were distributed in 9

chromosomal loci (Figure 2A, B, C). Most freqeuntly,
HTLV-1 sequences integrated into 6 chromosomal
loci: 4p15(16), 16q22, 6p21, 9q21, 16pl13 and
15q24(25) (Table 1). In all clear-cut cases, HTLV-1
integration sites were observed in R(everse) bands,
except for one, localized in 921, a G(iemsa) band. R
bands are non-uniform in GC levels and comprise
three distinct subsets of bands at a 400-band resolu-
tion level: H3t, H3* and H3~, which harbour large
amounts, moderate amounts and no H3 isochores,
respectively (Saccone ef al. 1996). H3* bands largely

Table 1. Characteristics of proviral HTLV-I DNA integration sites
in the chromosomes of persistentty HIV-1 infected HTHIV-27
cells.

No. Chromosome Frequency per  Cytogenetic/ .

locus popuiation (cell compositional
number, %) band®

1 4p15(16) 85 G/R(H3*)

2 4ql2 25 R(H3")

3 6p21 55 R(H3*)

4 6p23 20 R(H37)

5 6q12(13) 10 G/R(H37)

6 9q21 55 G

7 15q24(25) 325 R(H3*)/G

8 16p13 50 R(H3*)

9 1622 - 72.5 R(H3*)

2At 400-band resolution.
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coincide with the T(elomere) bands of Dutrillaux

" (1973). The integration sites in the main cell popula-

tion were located in H3* bands. These bands may
comprise isochores from all families. 9921 corre-
sponded to one of the G bands, which consist mainly -
of GC-poor L isochores and, to a lesser extent, Hl
isochores (Saccone et al. 1996). Expectedly, when
moving from the standard 400-bands to the 850-
bands resolution, this band was shown to be hetero-
geneous (Francke et al. 1994) and to comprise both
H3~ R bands and G bands (Saccone et al., unpub-
lished data). Two other integration sites, 4p15(16)
and 15q24(25), could be localized with equal prob-
ability in G or R bands. The 850-bands resolution
showed that the 4p15 band consisted of H3*, H3~
and G bands and that the 4p16 band consisted mainly
of G bands and of one H3~ R band. Another band,
15q24(25), corresponded to H3* and H3~ chromoso-
mal bands (Saccone et al., unpublished data). The
comparison of the data on the chromosomal localiza-
tion of the most frequently observed HTLV-1 integra-
tion sites with the results on the determination of the
peaks of the most intense hybridization with HTLV-1
probe at 42—44% GC suggest that the highest prob-
ability of localization of HTLV-1 sequences is in H1
isochores. Two less frequently observed sites of
HTLV-1 integration, 6p23 and 6q12(13), are H3
bands (in the latter case, a possible alternative is a G
band).

The present data revealed that HTLV-1 are not
localized in the GC-richest H3 isochores and are not
observed in the regions where only transcriptionally
active proviruses are integrated. This is consistent
with the characteristics of HTLV-1 in the MT4 cell
line (which was used to obtain the HTHIV27 cell
line) and shows a low level of expression of HTLV-1
RNA and proteins due to heavy methylation of
HTLV-1 proviruses (Saggioro et al. 1990). Defective
non-infective subviral HTLV-1 particles have been
observed in MT4 cells (Susloparov et al. 1996). The
presence of HTLV-1 viral particles has been con-
firmed in HTHIV27 cell line by electron microscopy
where they were found in an approximately 1:100
ratio to HIV virions (Kushch ez al. 1995). These data
on the low level of HTLV-1 proviral expression are
consistent with the results on the localization of
HTLV-1 around 41-43% GC sequences where non-
expressed HTLV-1 sequences are located and which
comprise the borderline region between non-ex-
pressed and expressed proviruses.
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Figure 2. Fluorescent in-situ hybridization (FISH) with the pMT-2 and pBH10-R3 probes to metaphases of HTHIV27 cell line. A, B. Two
metaphase spreads after FISH with pMT-2 probe. C. Pairs of chromosomes after FISH and G-banding from different metaphases (see
Materials and methods) showing integration of HTLV-1 provirus in 9 loci. l) E.'Two metaphases after FISH with pBHlO-tRS probe. F. Pairs

of chromosomes showing integration of HIV-1 provirus in'4 loci.
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Compositonal distribtuion of HIV-1

The analysis of 103 metaphase spreads revealed HIV-
1 proviruses in only four sites of integration (Figure
2D, E, F). Of the HTHIV27 cells, 90—70% contained
HIV proviruses in bands 2p21 and 7p13. HIV-1
integration was less frequent in chromosomes 17 and
19 (Table 2). G-staining of chromsomes revealed that
all integration sites are located in H3* R bands.
HIV-1 sequences were observed in compositional
fractions corresponding to 40—-46% GC (Figure 1B).
The integration sites of individual proviruses are
characterized by different Xbal fragments containing
HIV-1. Since Xbal does not cut into the HIV-1
genome, four proviruses are indicated by Southern
blot hybridization, which exactly corresponded to the
number of HIV-1 integration sites estimated by in-
situ hybridization. The peaks of distribution of the
most intense bands were centred at 44% GC (15 kb)
and 40% GC (7.4 kb). In contrast, the 2,5-kb HIV-

specific fragments were found at 41% GC and the -

4 kb at 46% GC. Integration sites could therefore be
located in H1 isochore in the case of the 15-kb band
or in L isochore in the case of the 7.4-kb band. The
integration sites which were seen less frequently
could be localized in L or H2 isochore families,
respectively. The size of the bands representing HIV-
1 proviral sequences indicated that only one, the 15-
kb band, could correspond to the complete provirus.
The HTHIV27 cell line is characterized by a long-
term stable production of non-defective HIV-1 parti-
cles and therefore at least one complete HIV-1 pro-
virus should be transcribed. This suggests that the
15-kb integrant is the only possible candidate for it.
Cytogenetically, this integration site as the most
strongly hybridized could be positioned at 2p2l
chromosomal locus.

In conclusion, the localization of HIV-1 on chro-
mosomal bands and in compositional DNA fractions

Table 2. Localization of HIV-1 proviral integration sites in human
chromosomes and compositional DNA fractions.

Chromosome  Frequency per Bands Fragment GC
locus population size (kb) (%)
2p21 89 RH3*) 15 44
7p13 70 RH3*) 74 40
17q21 23 R(H3*) 25 41
19p13 15 RMH3*) 4 46

*
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revealed four integrated proviruses in the HTHIV27
cell line. The localization of the complete HEV-1
provirus which should be transcriptionally active as
suggested by the production of complete HIV-1 viral
particles is most likely in the H1 isochore family.
Two other HIV-1 defective proviruses are distributed
most probably in L isochores. While the latter corre-
spond to an isopycnic location, the former is in a GC-
rich environment. This situation was already found in
some MMTYV integrates and may be associated with
the infection of HTHIV27 cells. Indeed, a similar
situation has been observed for another GC-poor
retrovirus MMTV (43.3% GC). MMTYV proviral se-
quences have been localized in the compositional
fractions of host genome with matching base compo-
sition (Salinas et al. 1987). Among integrated pro-
viruses, endogenous sequences have been centred at
40% GC whereas exogenous sequences showed a
broader distribution of sequences centred at 43% GC
which possibly corresponds to more recent integra-
tion events (see Rynditch e al. 1998).
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