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Abstract In a previous study, we reported that an iden-
tical defective provirus had integrated into multiple sites
of the genome of a representative human T-lymphotropic
virus type 1 (HTLV-1) cell line, MT-2. A possible
explanation for this may be the repeated infection of this
defective provirus to a cell. Therefore, we attempted to
determine whether a defective provirus could transmit
during the co-culture of HTLV-1 uninfected human T-cell
line, Jurkat, with MT-2 cells treated with mitomycin C.
As a result, we established not only a cell line with the
integration of one complete provirus, but also a cell line
with the integration of one defective provirus. The rear-
rangement of the T-cell receptor -y gene of these cell lines
showed them to be derived from Jurkat cells. Both HTLV-
1 Tax/Rex and HBZ RNA were detected in the cell line,
which harbors a complete provirus. On the other hand,
HBZ RNA and transcriptional product specific for the
defective provirus were detected in the cell line, which
harbors a defective HTLV-1 provirus only. These results
suggested that a defective HTLV-1 provirus with large
depletion of internal sequence could transmit to other
cells. Moreover, the defective provirus can be transcrip-
tionally active. This suggested the possibility that the
defective HTLV-1 provirus found in the lymphocytes of
HTLV-1 carriers and patients with adult T-cell leukemia
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may transmit to other T-cells in vivo. The results also
suggested that defective provirus in HTLV-1 carriers
could be functional and may play a role in
leukemogenesis.
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Introduction

We analyzed human T-lymphotropic virus type 1 (HTLV-
1) provirus integrated into a reference MT-2 cell line, and
reported that five types of HTLV-1 proviral sequences were
detected in 11 different sites of the genome [1]. The five
types of HTLV-1 proviral sequences were one complete
proviral genome, two types of proviruses with deletions of
large internal viral sequences (5.3 and 3.9 kB), one pro-
virus with a large deletion (6.2 kB) from 5'LTR to position
6257, and one provirus of LTR only. The provirus with
identical deletion of large internal viral sequence (5.3 kB)
was found to be integrated into six different sites (chro-
mosomes). Efficient infection of HTLV-1 requires cell-to-
cell contact of HTLV-1 infected cells and uninfected cells
[2—4], followed by the reverse transcription of HTLV-1
RNA and integration of proviral DNA into the host gen-
ome. One explanation for the integration of a provirus with
identical deletion into multiple sites of the MT-2 genome
may be the repeated infection of the defective provirus to
cells. To test this hypothesis, we investigated whether a cell
line with the integration of a defective provirus could be
established after the co-culture of HTLV-1 uninfected
human T-cell line, Jurkat, with MT-2 cells treated with
mitomycin C, which prevents cell proliferation of MT-2

[5].
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Materials and methods
Cell lines

Human T-cell line Jurkat (Cat No. RCB3052) was pur-
chased from RIKEN BioResource Center (Tsukuba,
Japan). An HTLV-1 positive cell line, MT-2, has been
passaged at University of Nagasaki. Integration of com-
plete and defective proviruses in this cell line was identi-
fied previously [1].

Establishment of the HTLV-1 positive Jurkat cell
line

MT-2 cells (1 x 10°/ml) processed with mitomycin C
(Kyowa Hakko Kirin, Tokyo, Japan) in a concentration of
100 pg/ml for 1 h were washed twice with PBS and were
co-cultured with Jurkat cells (1 x 105/m1). In the prelimi-
nary experiment before the co-culture, it was confirmed
that MT-2 cells processed with mitomycin C did not pro-
liferate and were not alive on day 20 (data not shown). Co-
cultured cells were passaged twice per week. In each
passage, the cells were reduced to the number to 1/10.
These passages were repeated 8 times and limiting dilution
of the cultured cells was performed on day 30 of culture.
Mouse Embryonic Fibroblasts (MEF, COSMO BIO,
Tokyo, Japan), which was pre-treated with mitomycin C,
were cultured for 24 h in 96 well-Falcon Tissue Culture
Plate (Corning, NY, USA) as the concentration of 7500
cells per well. This was for the purpose of supporting single
cell culture [6]. Before this experiment, it was confirmed
that single cell of Jurkat can proliferate, when MEF cells
were used as feeder cells (data not shown). Co-cultured
cells were diluted as 7.5 cells/ml and 0.1 ml of them was
added in each 96 wells. Culture medium consisted of
RPMI1640 (Nacalai Tesque, Kyoto, Japan), 10% fetal
bovine serum (Sigma-Aldrich Japan, Tokyo, Japan) and
PSN (Life Technologies Japan, Tokyo, Japan). All 96 wells
were checked by the microscope for cell proliferation every
day. On day 14, the cell proliferation from a single colony
was observed in 45 wells and 90% of cells in each well
were harvested. Genomic DNA was isolated from the
harvested cells using a QlAamp® DNA Mini kit (QIAGEN,
Hilden, Germany) according to the instructions provided in
the kit. Genomic DNA was used as the template for
polymerase chain reaction (PCR). The nucleotide position
number of HTLV-1 provirus was according to Seiki et al.
(accession No. J02029) [7]. To detect new HTLV-1 pro-
virus integration to Jurkat cells, the pX region was ampli-
fied by nested PCR as reported by Umeki et al. [8]. The
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primers for HTLV-1 pX region for primary PCR of nested
PCR were as follows: the forward primer HTLV-7180F (5'-
CTTCCTCCTCCTCCTTGTCC-3'), the reverse primer
HTLV-7518 (5-TGAGCCGATAACGCGTCCATC-3").
The primers for secondary PCR were as follows: the for-
ward primer HTLV-7220F (5'-AATAGCCCGTCCAC
CAATTCC-3'), the reverse primer HTLV-7491R (5'-GT
CCCAGGTGATCTGATGCTC-3'). The PCR products
were electrophoresed on 0.8% agarose gel, and visualized
by ethidium bromide staining.

The copy number of HTLV-1 provirus (5'LTR-gag, gag,
and pX coding regions) in the cultured cells was then
measured by the real-time PCR based on the method
described by Ueno et al. [9]. The gene for albumin was
used as an internal control. In addition, the copy number of
HTLV-1 proviral LTR was measured. The primers of PCR
for HTLV-1 LTR region were as follows: forward primer
HTLV-421F (5'-CCATCCACGCCGGTTGAG-3'), reverse
primer HTLV-561R (5-CTGAGTCTAGGTAGGCTCCA
AG-3'), The FAM-labeled probe HTLV-456P (5'-CCGC
CTGTGGTGCCTCCTGAACTG-3'). The copy numbers of
HTLV-1 provirus for 5LTR-gag, gag, pX coding regions
and LTR per one cell (two albumin genomes) were mea-
sured [10].

Analysis of the rearranged T-cell receptor-y gene

To confirm the newly HTLV-1 infected cell lines derived
from the Jurkat cells, the rearrangement of T-cell receptor-
v (TCR-y) gene of the cell lines was amplified by PCR
based on the report by Benhattar et al. [11], using forward
primer (TVG 5-AGGGTTGTGTTGGAATCAGG-3') and
reverse primer (TJG 5'-CGTCGACAACAAGTGTTGTTC
CAC-3'). DNA sequences of the PCR products were ana-
lyzed using Big Dye Terminator ver3.1 Cycle Sequencing
Kit (Thermo Fisher Scientific, Waltham, MA, USA) and
3500/3500xL Genetic Analyzer (Thermo Fisher Scientific),
according to the instructions provided with the assay Kkits.

Confirmation of defective HTLV-1 provirus
integrated into Jurkat cells by long PCR

To identify the large defective provirus in the newly
HTLV-1 infected cells, long PCR was performed based on
the report by Takenouchi et al. [12], using primers for
forward primer HTLV-647F (5-GTTCCACCCCTTTCCC
TTTCATTCACGACTGACTGC- 3') and reverse primer
HTLV-8345R (5-GGCTCTAAGCCCCCGGGGGATATT
TGGGGCTCATGG-3').
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Identification of the structure and integration site
of the HTLV-1 provirus in the newly HTLV-1
infected cell lines using inverse-long-PCR

To detect the sites of HTLV-1 provirus integration,
inverse-long-PCR (IL-PCR) was first performed using a
method described previously [13]. Briefly, genomic DNA
was digested with Eco RI and self-ligated by T4 ligase.
This was followed by digestion with Mlu I. The primers
used in this analysis were a forward primer in the U5
region of the LTR (HTLV-8856F 5'-TGCCTGACCCTGC
TTGCTCAACTCTACGTCTTTG-3’) and a reverse primer
in the U3 region of the LTR, (HTLV-123R 5-AGTCTGG
GCCCTGACC TTTTCAGACTTCTGTTTC-3'). PCR was
performed using LA Taq DNA polymerase (TAKARA
BIO, Ozu, Japan). Yeast RNA (Thermo Fisher Scientific)
was added to PCR reaction mixture at a final concentration
of 100 ng/pL to increase amplification efficiency. PCR
products were subjected to sequencing assay as described
above. The DNA sequence of the provirus and adjacent
human genome was referenced using BLAT search (http://
genome.ucsc.edu/cgi-bin/hgBlat). Based on the genome
DNA sequence adjacent to each provirus, we then per-
formed integration-site-specific PCR to identify the whole
structure of the HTLV-1 provirus. The primer, which was
specific to the new cell line genome adjacent to the inte-
gration site of each provirus, was synthesized. Two primers
for the HTLV-1 proviral sequence were used for the inte-
gration-site-specific PCR (HTLV-7002R: 5'-AGTATTTG
AAAAGGAAGGAAGAGGAGAAGGCA-3’' and HTLV-
1206TF: 5-AA GTCCTTCCAGTCATGCATCCACATG
GTG-3'). The resultant PCR products were subjected to
sequencing assay as described above.

Detection of transcriptional products derived
from HTLV-1 provirus

RNAs were purified from the newly HTLV-1 infected cell
lines, Jurkat cells, and MT-2 cells using TRIzol® Reagent
(Life Technology Japan, Tokyo, Japan) according to the
instructions provided. Resultant RNA was reverse tran-
scribed to complementary DNA (cDNA) using an M-MLV
Reverse Transcriptase (Invitrogen, Carlsbad, USA) with
random primer (TAKARA BIO) according to the instruc-
tions. The primers of PCR for Tax/Rex cDNA were as
follows: forward primer (Tax-F: 5'-CCCGCCGATCCCA
AAGAAA-3"), reverse primer (Tax-R: 5-GGGTATCC
GAAAAGAAGACTCTG-3'). The primers of PCR for
HBZ ¢DNA were as follows: forward primer (HBZ-F: 5'-G
GCAGAACGCGACTCAACC-3'), reverse primer (HBZ -
R: 5-CGGGCATGACACAGGCAAG-3'). Specific pri-
mers for both adjunctive sites of the deficient provirus
(positions 1333-6658) were prepared as follows: forward

primer (MT-2 def-F 5'-AGCAAGAAGTCTCCCAAGCA
G-3'), reverse primer (MT-2 def-R 5'-GGAGGCGATGT
GGTTGCA-3'). GAPDH RNA was used as an internal
control. The primers for the PCR of GAPDH cDNA were
as follows: forward primer (GAPDH-F 5-GATGCTGGC
GCTGAGTACG-3'), reverse primer (GAPDH-R 5'-GCAG
AGATGATGACCCTTTTGG-3'). Based on the amount of
PCR products, the cycles of PCR were adjusted to 37, 37,
25 and 25 for Tax/Rex, HBZ, a defective provirus and
GAPDH cDNA, respectively [1].

Results

Establishment of Jurkat cell lines harboring
a complete and a defective provirus

Twelve of 45 clones obtained after the co-culture of Jurkat
and MT-2 cells processed with mitomycin C tested positive
for HTLV-1 genome of the pX region by PCR. Then, the
copy numbers of HTLV-1 provirus for 5LTR-gag, gag, pX
coding regions and LTR per one cell (two albumin gen-
omes) in these 12 clones were measured. Finally, one clone
(MBJ24) showed the copy number of HTLV-1 provirus for
5'LTR-gag, gag, pX coding regions and LTR to be 0.9, 1,
0.9, and 1.8, respectively. Therefore, MBJ24 was assumed
to harbor only one complete HTLV-1 genome per cell.
Another clone (MBJ46) showed the copy number of
HTLV-1 provirus for 5LTR-gag, gag, pX coding regions
and LTR to be 1, 0, 0.9, and 2.1, respectively. These data
suggested MBJ46 harbors only one HTLV-1 genome with
deficiency of gag region per cell.

To confirm that MBJ24 and MBJ46 were derived from
Jurkat and not MT-2 cells, the rearrangement of TCR-y
gene of these cell lines was identified by PCR followed by
DNA sequencing. Twenty-three of 181 nucleic acids
sequenced differed between Jurkat and MT-2. The DNA
sequences of MBJ24 and MBJ46 matched those of Jurkat
(Fig. 1), suggesting that MBJ24 and MBJ46 cells were
derived from Jurkat cells.

Analysis of HTLV-1 provirus in MBJ24 and MBJ46
cells

HTLV-1 provirus in MBJ24 and MBJ46 cells amplified by
long PCR showed single bands measuring approximately 8
and 2.4 kB, respectively (Fig. 2). The sizes of these PCR
products were the same as the complete HTLV-1 provirus
and defective HTLV-1 provirus with 5.3 kB deletion
detected in MT-2 cells. To identify the sites of HTLV-1
provirus integration and the DNA sequence of MBJ24 and
MBJ46, IL-PCR using EcoRI digestion followed by DNA
sequencing was performed. The HTLV-1 provirus in
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Fig. 1 The sequence alignment
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Fig. 2 Long PCR for human T-lymphotropic virus type 1 (HTLV-1)
provirus of newly established HTLV-1 infected cell lines (MBJ24 and
MBJ46), Jurkat, and MT-2. PCR products were electrophoresed on
0.8% agarose gel. M DNA marker

MBJ24 was found to be integrated into the satellite region;
however, the chromosome could not be confirmed. We
confirmed that the HTLV-1 provirus in MBJ46 was inte-
grated into chromosome 8 (pl12). Then, to identify the
whole structure of provirus at each integration site, inte-
gration-site-specific PCR was performed. Based on the
information from the MBJ24 and MBJ46 genomic DNA
sequence adjacent to each HTLV-1 provirus, primers that
anneal to the expected genomic DNAs on the upstream or
the downstream of the HTLV-1 provirus of each integra-
tion site were synthesized. PCR was then performed using
these primers in combination with primers that anneal to
the HTLV-1 proviral genome. The DNA sequence of
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integration-site-specific PCR products was analyzed, and
the whole structure of HTLV-1 provirus was identified.
The structure and integration sites of HTLV-1 proviruses in
newly established cell lines are summarized in Fig. 3. Only
one complete HTLV-1 provirus and a defective provirus
with 5.3 kB deficiency from the gag to env region were
integrated into MBJ24 and MBJ46, respectively. The
deficiency seen in MBJ46 was the same as that most fre-
quently found in MT-2 cells [1].

Detection of transcriptional products of HTLV-1
Tax/Rex,HBZ and a defective provirus in MBJ24
and MBJ46

To determine whether RNA specific for proviruses is tran-
scribed from provirus in MBJ24 and MBJ46 cells, we per-
formed RT-PCR to detect HTLV-1 Tax/Rex and HBZRNA. In
addition, we also investigated whether the specific RNA for
defective HTLV-1 provirus (with 5.3 kB deletion) was tran-
scribed. As shown in Fig. 4, Tax/Rex and HBZ RNA was
detected in MBJ24 cell line, which harbors a complete provirus.
A higher level of HBZ RNA than Tax/Rex RNA was observed
in MBJ24. HBZ RNA, but not Tax/Rex RNA, was detected in
MBJ46 cells, which harbors a defective HTL V-1 provirus (with
5.3 kB deletion). Transcriptional product specific for the
defective provirus was detectable only in MBJ46 cells.

Discussion

Miyoshi et al. established an HTLV-1 positive cell line,
MT-2, from human cord leukocytes co-cultured with ATL
cells [14-16]. MT-2 cells have been utilized in numerous
studies to investigate HTLV-1 infection and the
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Fig. 3 Structure of human T-lymphotropic virus type 1 (HTLV-1)
provirus and their integration sites (chromosomes) in MBJ24 and
MBJ46 cells was shown. Positions of deletion or truncated provirus
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Fig. 4 Identification of RNA transcribed from genes of HTLV-1 Tax/
Rex, HBZ, a defective provirus and GAPDH in MBJ24 and MBJ46
cells with or without reverse transcription was shown. PCR products

were electrophoresed on 0.8% agarose gel and visualized by ethidium
bromide staining. M 100 bp ladder marker

RT(+)

RT(-)

mechanism of leukemogenesis. In a previous report, we
demonstrated that MT-2 cell harbors five types of HTLV-1
proviral sequences, including one complete proviral gen-
ome and several types of defective provirus [1]. A provirus
of identical 5.3 kB deletion (positions 1333-6658) of
internal sequence was found to be integrated into 6 dif-
ferent sites. Repeated sequences consisting of six bases
derived from the host genome, which is characteristic of
the integrated form of retrovirus [17], were found at both
ends of this provirus. In general, it is thought that a com-
plete virus integrates into the host genome and that the
internal sequence is deleted by a mechanism that results in
a defective provirus [18]. However, the identical 5.3 kB
deletion (positions 1333-6658) was found in the defective
provirus at 6 different sites of MT-2. It is unlikely that this
identical 5.3 kB deletion occurred accidentally in the
complete proviruses, which were already integrated into 6
different sites of the MT-2 genome.

[ FETACAT  Unknown
6655 o 22T chr 8(p12)

were indicated as HTLV-1 provirus base numbers. Six bases repeat
sequences derived from host genome DNA were shown at the both
end of provirus

One possible explanation is that a virus with identical
5.3 kB deletion of internal sequence integrated into several
sites of the MT-2 genome [1]. Therefore, we investigated
whether this virus could integrate into the HTLV-1 nega-
tive cells when MT-2 cells were co-cultured. As a result, a
cell line, MBJ46, with the integration of provirus with
identical 5.3 kB deletion of internal sequence into the
Jurkat genome was established. No other complete or
defective provirus was detected in MBJ46. The defective
provirus integrated into MBJ46 could not produce proteins
for core, envelope, reverse transcriptase and integrase due
to the 5.3 kB deletion of internal sequence. Therefore, it
was assumed that infection of this defective virus occurred
with the assistance of proteins derived from complete
provirus in MT-2 cells. In fact, it has been reported that
HTLV-1 particles including defective viral RNA are pro-
duced by MT-2 cells [19, 20]. Morozov et al. reported that
light particles released from MT-2 cells are composed
primarily of p28 protein corded by 5.3 kB deleted HTLV-1
provirus DNA, but also includes a smaller amount of p19
(MA), Pr53%€ gp21(TM), and gp46 (SU). The viral
products (transcriptional products and functional proteins)
provided by a complete provirus may help the infection of
defective provirus.

Next, we wondered whether transcriptional product of
HTLV-1 provirus was detectable in the MBJ46 cell line.
We tested to determine whether Tax/Rex RNA and HBZ
RNA were detectable. As a control, we used another cell
line, MBJ24, which was also established by the co-culture
of MT-2 and Jurkat cells. MBJ24 was shown to harbor only
one complete HTLV-1 provirus without defective provirus.
Both Tax/Rex RNA and HBZ RNA were detected in
MBIJ24, although the signal of Tax/Rex RNA appeared
weaker than that of HBZ RNA. Testing of the MBJ46 cell
line showed HBZ RNA, but no Tax/Rex RNA. Tax/Rex
RNA signal was not expected because Tax/Rex RNA
cannot be transcribed due to the 5.3 kB deletion of internal
sequence. It was important to show that HBZ RNA could
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be transcribed even from this defective provirus, which was
infected to Jurkat cells. In addition, a transcriptional pro-
duct specific for the defective provirus with deletion of
internal viral sequence (5.3 kB) was also detectable in
MBJ46 cells. This RNA transcript was supposed to be the
same as the 24S (3.4 kB) RNA transcript, which was pre-
viously reported to translate into p28 and to work as a
protein kinase [21]. Taken together, these results suggested
the possibility that the defective provirus in MBJ46 is
transcriptionally active.

The leukemic cells in patients with ATL have been
reported to frequently harbor defective provirus [22-26].
Both Tax/Rex RNA and HBZ RNA have been thought to
play an important role in leukemogenesis; however, while
HBZ RNA is always detected in ATL cells, Tax/Rex RNA
is not [18, 27]. Because Tax protein is a good target for
immune surveillance, pre-leukemic cells, which lose the
expression of Tax, are considered more likely to survive
[28]. Therefore, HTLV-1 infected cells such as MBJ46,
which harbor a defective provirus to express HBZ RNA,
but not Tax/Rex RNA, may serve as a good model for
further experiments to investigate the role of defective
provirus in leukemogenesis.

Moreover, in the current study, it was shown that a
defective viral sequence with deletion of internal viral
sequence (5.3 kB) can transmit alone to T-cells such as
Jurkat cells. It was shown that HTLV-1 asymptomatic
carriers frequently have HTLV-1 infected cells with
defective provirus of the gag region [9]. One mechanism
for the deficiency of internal sequence in provirus involves
non-homologous recombination between two sites, which
was reported in human immunodeficiency virus type 1
genetic recombination [29]. Alternatively, the results of the
current study suggest the possibility of a direct transmis-
sion of defective provirus in cell-to-cell contact. It is
assumed that products from a complete HTLV-1 genome
are essential to this process because HTLV-1 infected cells
with the integration of defective provirus cannot produce
the components necessary for the transmission of a virus. It
is still unclear whether this can occur in vivo (in HTLV-1
carriers).

There are several limitations to the current study. We
attempted to test whether translation to viral products from
proviruses existed in MBJ24 and MBJ46 cell lines; how-
ever, our attempt was unsuccessful. It was not clear whe-
ther this was due to the lack of translation from provirus or
because of technical problems. It has also not yet been
confirmed whether the change of Jurkat cell phenotype
occurred after the infection of complete or defective pro-
virus. It is also important to show that MBJ 46 cells, which
harbor only a defective provirus, alone cannot transmit
HTLV-1 virus to the other T-cells. Further study is
necessary.
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In conclusion, we demonstrated that a defective HTLV-
1 provirus with large depletion of internal sequence derived
from MT-2 could transmit to a T-cell line, Jurkat. More-
over, transcription of HTLV-1 HBZ, not Tax, was
detectable in the established MBJ46 cell line harboring
only one copy of defective provirus per cell. These results
suggested the possibility that the defective HTLV-1 pro-
virus found in the lymphocytes of HTLV-1 carriers can
transmit to other T-cells in vivo. It also suggested that
defective provirus in the HTLV-1 carriers can be functional
and may play a role in leukemogenesis. Further study to
clarify the mechanism of the transmission of defective
HTLV-1 provirus is necessary.
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