Ocular manifestations of systemic disease

uveitis with mild degree of ocular inflammation can
be managed by topical noncorticosteroid or cortico-
steroid drug. The sub-Tenon'’s injection of cortico-
steroids is used when the patients have moderate
inflammatory activities in the vitreous cavity. If the
vitreous inflammatory activity and the retinal vas-
culitis are severe, oral corticosteroids are given, but a
long-term administration of systemic corticosteroid
should be avoided [13]. Recent report indicates that
tacrolimus [36] and 5-azacitidine [37] are useful for
the resolution of autoimmune manifestations in
HTLV-1-related overlap syndrome (deratomyositis/
Sjogren’s syndrome) and HTLV-1-related myelodys-
plastic syndrome, which might be potential alterna-
tive drugs to apply HTLV-1 uveitis complication in
the future.

Despite advances of novel treatment agents, the
prognosis for ATL remains poor. A variety of thera-
peutic approaches have been examined and effec-
tiveness of them has been gradually improved. A
combination of arsenic trioxide, zidovudine and IFN
a achieved a significant remission rate with moder-
ate toxicity [38]. Allogeneic hematopoietic stem cell
transplantation (HSCT) is considered to be one of
the best curative therapies [39-41], and a significant
improvement of eye complications were observed in
accordance with a decrease in the HTLV-1 proviral
load after allogeneic HSCT. Recently, alternative
treatments were reported, which showed that dacli-
zumab (monoclonal antibody directed against the a
chain of the IL-2R and denileukin diftitox (immu-
notoxin fusion protein that targets the IL-2R)
improve ocular complications such as sclerotitis in
patients with underlying ATL [42].

In cases of KCS, the first and most important
mediation is lubricating for patients with mild and
moderate severity. Lubricating drops are used to
reduce tear film disorders and to prevent ocular
complications such as superficial punctate keratitis
and corneal ulcers [43].

The recent basic researches have shown new insights
of HTLV-1 infection and pathogenesis by pursuing
molecular functions of HTLV-1 Tax HTLV-1 basic
leucine zipper factor (HBZ) [44"]. Transgenic mice
expressing HTLV-1 Tax develop an inflammatory
arthropathy [45], and transgenic rats expressing
HTLV-1 env-pX develop Sjogren’s syndrome,
arthropathy, vasculitis and polymyositis [46]. Regu-
latory T cells in HBZ transgenic mice were function-
ally impaired [47]. This implies that HTLV-1-
induced regulatory T-cell dysfunction may be one
of the mechanisms that induce immune activation
by HTLV-1-infected T cells. Taken together, HTLV-1
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Tax and HBZ are thought to be responsible for
immune dysregulation and are potential target
molecules for targeted therapies.

HTLV-1 infection causes sight-threatening problems
not only in local endemic area but also metropolitan
area. HTLV-1-related ocular manifestations are fre-
quently associated with inflammation such as
HTLV-1 uveitis. That is caused by the alternation
of immune status the cytokine production from
HTLV-1-infected nonmalignant cells. Therefore,
corticosteroid is the first choice for treating these
inflammatory diseases. Effectiveness of other drugs
such as tacrolimus and S-azacytidine on HTLV-1-
related inflammatory disease has been reported, but
careful attention should be paid.

ATL-related ocular manifestation is caused by
HTLV-1-infected malignant cells, which infiltrate
into ocular tissues and cause various ocular mani-
festations. The treatment is still difficult for these
ATL patients. HSCT is considered to be the only
curative therapy, but IL-2R treatment might be an
alternative treatment in this ocular disorder.

Recent basic researches showed that HTLV-1 Tax
and HBZ are responsible for immune disturbances so
that they are one of the best candidates for future
HTLV-1 therapy. Further endeavor is needed to
investigate more detailed molecular mechanism to
provide specific treatment of HTLV-1-related ocular
diseases.
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Few studies have specifically examined defective provirus in asymptomatic human T-lymphotropic virus Type 1 (HTLV-1)
carriers and its relation to proviral DNA loads (PVLs). To assess the significance of defective provirus in asymptomatic
carriers, we examined PVLs in peripheral blood mononuclear cells of 208 asymptomatic HTLV-1 carriers. The mean PVLs
determined using primers for the pol region were less than that for the pX region in these carriers. Analysis of seven carriers
with high PVLs for the pX region but lower PVLs for the pol region showed that four had single nucleotide polymorphisms of
proviral genomes for the pol region and three had HTLV-1-infected cells with defective provirus. Three carriers with defective
provirus showed high PVLs at their initial screens, and PVLs increased after a 10- to 12-year interval in two carriers. Southern
blot assay showed clonal expansion of HTLV-1-infected cells, and the predominant clones changed during the observation
period. These data suggest that although HTLV-1-infected cells with defective provirus may have a growth advantage, the
predominant clones of HTLV-1-infected cells do not always survive for many years in asymptomatic carriers.

Human T-lymphotropic virus Type 1 (HTLV-1) is the causa-
tive agent of adult T-cell leukemia/lymphoma (ATL) and a
progressive neurological disease known as HTLV-1-associated
myelopathy/tropical ~ spastic ~paraparesis (HAM/TSP).'™*
When an individual is infected by HTLV-1, the virus ran-
domly integrates into the genome of affected T-cells in the
form of a provirus.’ The majority of HTLV-1 carriers are
asymptomatic, and only a fraction of the number of carriers
develops ATL after a long latent period.®” It is thought that
HTLV-1 infection drives the proliferation of T-cells, leading
to the clonal expansion of HTLV-1-infected cells.*"' A high
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chain reaction; PVLs: proviral DNA loads
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level of HTLV-1-infected cells is considered a risk factor for
developing ATL."?

The complete HTLV-1 provirus is ~9 kb and contains the
coding regions for core protein (gag), protease (pro), poly-
merase (pol), envelope protein (env), regulatory proteins,
such as Tax and Rex, and some accessory molecules between
5 and 3' long-terminal repeats (LTRs).>® It has been
reported that defective provirus was detectable in approxi-
mately half of patients with ATL.'*"'® Tamiya et al. reported
two types of genome deletion in defective provirus.'® One
form (ie, Type 1) retains both LTRs and lacks internal
sequences, such as the gag and pol regions. The other form
(i.e., Type 2) has only the 3' LTR, and the 5 LTR and its
flanking internal sequences are preferentially deleted. HTLV-
1-infected cells harboring Type 2 defective virus were fre-
quently found in patients with ATL.’® Defective provirus has
also been reported to be detectable in asymptomatic HTLV-1
carriers. Morozov et al. reported that defective provirus,
which lacked large internal sequences, was detectable in 18 of
20 HTLV-1 carriers.'” However, it has not yet been deter-
mined whether the HTLV-1-infected cells with defective pro-
virus are maintained for a long time in asymptomatic carriers
and whether the defective provirus is associated with the de-
velopment of ATL.

In our study, to clarify the significance of defective provi-
rus in asymptomatic carriers, the peripheral mononuclear
cells (PBMCs) of 208 HTLV-1 carriers were screened for the
presence of defective provirus. Long polymerase chain reac-
tion (PCR) and Southern blot analysis were performed to
determine the changes in clonality of HTLV-1-infected cells
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Figure 1. Schemas of structure of complete, Type 1 defective and Type 2 defective HTLV-1 (human T-lymphotropic virus Type 1) provirus.
Dotted lines represent the defective regions of HTLV-1 provirus. Locations of primers for polymerase chain reactions in our study are

revealed.

harboring defective provirus. Time-sequential samples of
greater than 10 years obtained from asymptomatic carriers
with large numbers of HTLV-1-positive cells with defective
provirus were analyzed.

Material and Methods

Samples

Samples of PBMCs were obtained from 208 asymptomatic
HTLV-1 carriers in the Miyazaki Cohort Study.”* Informed
consent was obtained from the study participants, and the
study protocol was approved by the institutional review
board at the University of Miyazaki. Genomic DNA was iso-
lated from the PBMCs of HTLV-1 carriers by sodium
dodecyl sulfate-proteinase K digestion, followed by phenol-
chloroform extraction and ethanol precipitation.

Quantification of HTLV-1 provirus in PBMCs

Schemas of the structure of complete, Type 1 defective and
Type 2 defective HTLV-1 provirus are shown in Figure 1.'°
The nucleotide position number of HTLV-1 provirus was
according to Seiki et al. (accession no. ]02029).%!

Proviral DNA loads (PVLs) for the pol (positions 3735-
3877) and pX (positions 7359-7458) regions were measured
by real-time PCR using a Light Cycler DX 400 (Roche
Diagnostics, Mannheim, Germany). When multiple time-
sequential samples were available from one subject, the most
recent sample was used for the first screening. The primers
and the probe for the pol region of HTLV-1 provirus were as

follows: the forward primer (HTLV-pol-F 5-AACCAATT
CATTCAAACATCTGACC-3": positions 3735-3759), the
reverse primer (HTLV-pol-R 5'-GCTTTCACAGGAGCCAA
TGG-3': positions 3877-3858) and the FAM-labeled probe
(5'-FAM-TGTTCCTATCTTACTCCACCACAGTCACCGA-TA
MRA-3': positions 3767-3797).” The primers and the probe for
the pX region of HTLV-1 provirus were as follows: the forward
primer (pX2-S 5'-CGGATACCCAGTCTACGTGTT-3": posi-
tions 7359-7379), the reverse primer (pX2-AS 5'-CAGTAGGG
CGTGACGATGTA-3": positions 7458-7439) and the FAM-
labeled probe (5'-FAM-CTGTGTACAAGGCGACTGGTGCC-
TAM RA-3)."' RNase P control Reagent (Applied Biosystems,
Foster City, CA) was used for the primers and the probe for
human RNase P DNA as internal control. PVLs were shown by
the copy number of HTLV-1 provirus in 100 PBMCs.

Determination of DNA polymorphism in the

pol primer region

To determine whether the lower PVLs for the pol region
compared to that for the pX region in a same subject was
due to the polymorphism of the DNA sequence of primers
for the pol region, DNA sequence of PCR products of the
pol region was identified in the cases described below. Pri-
mers used for PCR for this purpose were as follows: the for-
ward primer (HTLV-3693F 5'-CTCTGCCAAACCATAC-3"
positions 3693-3711) and the reverse primer (HTLV-4061R
5'-ATGCAAAAGTCCGAGAAG-3": positions 4061-4044).
PCR products were supplied for direct sequencing using an
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ABI PRISM Genetic Analyzer 310 (Applied Biosystems).
To verify whether the polymorphism found affected the
amplification efficiency of real-time PCR for measuring
PVLs for the pol region, PCR products were subcloned by
pGEM-T Easy vector system (Promega, Madison, WI). The
amplification efficiency of real-time PCR for the pol region
was compared between the DNA sequences with and with-
out this polymorphism.

Detection of Type 1 defective provirus by long PCR

To assess whether the Type 1 defective provirus exists in the
HTLV-1 carriers with lower PVLs for the pol region com-
pared to those for the pX region, long PCR, which amplifies
the complete provirus and the Type 1 defective provirus with
5" LTR conserved, was performed. The primers were as fol-
lows: 5'LTR(HTLV-0647F 5'-GTTCCACCCCTTTCCCTTTC
ATTCACGACTGACTGC-3": positions 647-682) and 3'LTR
(HTLV-8345R 5'-GGCTCTAAGCCCCCGGGGGATATTTG
GGGCTCATGG-3": positions 8345-8319).'"® Long PCR was
performed using LA Taq DNA polymerase (Takara Bio,
Shiga, Japan). Cycles for long PCR were as follows: one cycle
of 98°C for 20 sec, 35 cycles of denaturation at 98°C for
10 sec, annealing at 65°C for 20 sec and extension at 72°C
for 7 min. Genomic DNA containing 100 copies of HTLV-1
provirus for the pX region from each subject was used. To
ensure that same amount of provirus was used for each reac-
tion, PCR for the pX region was performed as an internal
control. Primers used for this PCR were as follows: the for-
ward primer (HTLV-7396F 5'-GGCGACTGGTGCCCCATCT
CTGGGGGACTATGTTCG-3'": positions 7396-7431) and the
reverse primer described above (HTLV-8345R).

DNA sequence analysis for Type 1 defective provirus

Long PCR products from subjects suspected of having
defective provirus were subcloned by pGEM-T Easy vector
system (Promega). The resulting plasmid DNA was puri-
fied by GenElute Plasmid Miniprep Kit (Sigma-Aldrich,
St. Louis, MO). The DNA sequence of long PCR product
was identified using an ABI PRISM Genetic Analyzer 310
(Applied Biosystems).

Southern blot hybridization analysis

To analyze the clonality of HTLV-1-infected cells, Southern
blot analysis for HTLV-1 provirus was performed based on
the method previously described by Kamihira et al. with
slight modification.”” Genomic DNA samples (10 pg) from
cases were digested with restriction enzyme EcoRI (Fermen-
tas, Barlington, Canada), electrophoresed on 0.7% agarose gel
and transferred to nylon membrane (Roche). The filter was
hybridized with DIG-PCR-labeled HTLV-1 DNA probe mix,
which was prepared by a mixture of PCR products to cover
the genome of 5'LTR-gag (positions 655-1624), pro (posi-
tions 2109-2619), pol (positions 3410-4059), env (positions
5464-6114) and pX (positions 7461-8646) and by incorporat-
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ing DIG-11-dUTP (Roche). Finally, the band patterns were
visualized with a CDP-star (Roche).

Results

PVLs of 208 asymptomatic HTLV-1 carriers based on the
real-time PCR for the pol and pX regions

PVLs of 208 asymptomatic HTLV-1 carriers were determined
by real-time PCR using primers for the pol and pX regions.
The mean PVLs determined using primers for the pol region
(2.3 copies per 100 PBMCs) were lower than that for the pX
region (3.6 copies per 100 PBMCs). Because the pX region
has been reported to be conserved in the HTLV-1 provi-
rus,'*'® the carriers, whose PVLs for the pol region were
much lower than those for the pX region, were assumed to
have many PBMCs harboring defective HTLV-1 provirus.
Therefore, to characterize the carriers with defective HTLV-1
provirus, the subjects with relatively high PVLs for the pX
region, which were equal to or greater than 1.0 copy per
100 PBMCs, and with PVLs for the pol region, which were
less than half of those for the pX region, were supplied for
further analysis. Seven carriers (Cases A-G) among 111 car-
riers with PVLs for the pX region, which were equal to or
greater than 1.0 copy per 100 PBMCs, met this condition
(Table 1).

DNA polymorphism analysis for the pol primer region
Although these seven carriers were potential carriers with rel-
atively high PVLs and defective provirus, there was a possi-
bility that the low PVLs for the pol region were due to the
polymorphism of the DNA sequence of primers and probe
for the pol region. Therefore, DNA sequences of the pol
regions for PCR in Cases A-G were determined by the direct
sequencing of PCR products. In Cases A-G, the polymor-
phism was not detected in the forward primer and probe
annealing sequences. However, as shown in Table 1, the
polymorphism of the DNA sequence was identified in two
positions (3860 A>C and 3876 G>A) of the genome of pro-
virus for the reverse primer for the pol region in four of
seven cases (Cases D-G, Table 1). This DNA sequence was
cloned into the plasmid, and the amplification efficacy of
real-time PCR for the pol region was assessed. As expected,
the amplification efficacy of real-time PCR in the plasmid
with two nucleotide substitutions was ~3-4% of that in the
plasmid without nucleotide substitutions (data not shown).
These results accounted for the low PVLs for the pol region
in Cases D-G shown in Table 1. Therefore, only Cases A-C
were thought to potentially have many PBMCs with defective
HTLV-1 provirus.

Sequential change of PVLs determined by real-time PCR

for the pol and pX regions

All of three cases (Cases A, B and C) were followed-up for
10 or more years, and the samples from several screens were
available (Fig. 2). None of these cases showed any signs or
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Table 1. Proviral DNA loads for the pol and pX regions and polymorphism found in the pol region

Polymorphism of pol

PVLs (copies/100 PBMCs) region
Cases Sex Age (years) pX pol pX/pol 3860" 3876"
A Male 61 57.5 2.8 21.7 A G
B Female 73 31.7 0.5 59.2 A G
C Female 84 17.3 3.8 4.6 A G
D Male 82 12.6 0.4 525 (& A
E Male 45 3.7 0.1 30.6 € A
F Male 75 2.5 0.1 27.2 (@ A
G Male 83 1.9 0.1 24.5 € A
PVLs: proviral DNA loads; PBMCs: peripheral blood mononuclear cells.
Iposition of proviral genome sequence.
Case A Case B Case C
60 57.5
W pXPVL
50 Opol PVL
@
S
n 40
A~
(=3
=
% 30
=
% 236
L
- A0
E

10
0
Age S50y 6ly 6ly 65y 68y
WBCs(uL) 6700 NA 4000 4900 7500
NA NA 1926 1673

Lymphocyte
(fﬁ)l’ ocyte NA

0y 72y 73y 73y 83y 84y
5780 6480 7730 7600 9030  NA
2017 2657 NA NA 4361  NA

Figure 2. Proviral DNA loads for pol and pX regions at different ages of Cases A, B and C. WBCs: white blood cells; NA: not available.

symptoms suggesting ATL- and HTLV-1-associated diseases.
The numbers of white blood cells and lymphocytes in their
peripheral blood were within normal limits with no abnormal
cells observed during the follow-up period. Cases A, B and C
had high PVLs for the pX region, which were greater than 15
copies per 100 PBMCs at the most recent screens, when the
cases were 61, 73 and 84 years old, respectively. PVLs for
both the pol and pX regions were measured in previous time-
sequential samples from these cases (Fig. 2). PVLs for the pX
region in Cases A and B showed a marked increase during
the 11- and 12-year follow-up, and those for the pol region
showed either no change or decreased.

71

Sequencing and analysis for defective provirus

in three cases

Long PCR to amplify the HTLV-1 provirus using primers for
5 LTR and for the pX region was performed in the time-
sequential samples from Cases A, B and C (Fig. 3). This long
PCR amplifies the complete provirus and the Type 1 defective
provirus with 5' LTR conserved. In other words, Type 2 defec-
tive provirus, which does not conserve 5'LTR, is not amplified
by this long PCR. If the subject had a complete proviral
genome, the size of PCR product would be expected to be
7.7 kb. If the PCR products were smaller than 7.7 kb, they were
judged to be derived from Type 1 defective provirus.

Int. J. Cancer: 128, 1335-1343 (2011) © 2010 UICC
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Figure 3. Detection of defective provirus by long polymerase chain reaction at different ages of Cases A, B and C. MW: molecular weight
marker; N: human T-lymphotropic virus Type 1 (HTLV-1) negative subject; P: HTLV-1-positive cell line, ED-40515.

In Case A, a strong band of 4.5 kb and a weak band of
2.7 kb were detected in addition to a band of 7.7 kb at age of
50 years. When Case A was 61 years old, the strong 4.5 kb
band increased its intensity. In contrast, the weak band of 2.7
kb was not detectable, and the band for the complete proviral
genome decreased its intensity. The DNA sequence of the
strong band of 4.5 kb showed that this band represented a
Type 1 defective provirus with a 3.2-kb deficiency (positions
1203-4368, Fig. 4).

In Case B, a strong band of 2.9 kb was detected in addi-
tion to a weak band of 7.7 kb at age of 61 years. The DNA
sequence of this 2.9 kb band showed that this band
also represented a Type 1 defective provirus with 4.8 kb
deficiency (positions 1173-5958, Fig. 4). When Case B was
73 years old, the intensity of the 2.9 kb band decreased
markedly (Fig. 3). However, PVLs in Case B gradually
increased as time passed (Fig. 2). HTLV-1-
infected cells harboring 2.9-kb Type 1 defective provirus
were assumed not to be responsible for the increase of
PVLs in Case B. In other words, HTLV-1-infected cells har-
boring provirus, which was not detected by long PCR used
in our study, increased in number.

In Case C, several bands smaller in size than 7.7 kb,
which might represent different Type 1 defective provirus,
were detected. However, they were not consistently detecta-
ble at the ages of 73, 83 and 84. The 7.7-kb band of the

Therefore,

Int. ). Cancer: 128, 1335-1343 (2011) © 2010 UICC
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complete proviral genome also decreased its intensity at the
age of 84 years. The PCR product at age of 83 years was
subcloned, and the DNA sequence was identified (Fig. 4).
Thirteen Type 1 defective proviruses were detected in the
33 colonies derived from PCR products except for provirus
with complete genome. Four of these were found to have
insertions of nonviral sequences (clone cc-1,-3,-4 and -6, in
Fig. 4).

Analysis of clonality of HTLV-1-infected cells

by Southern blotting

To examine the clonal expansion of HTLV-1-infected cells,
samples of genomic DNA (10 pg) from Cases A, B and C
were analyzed by Southern blotting (Fig. 5). In Case A, a 17-
kb band (a-1) was detected both at 50 and 61 years of age.
The intensity of a-1 increased markedly at age 61. The
increased intensity of clone a-lwas consistent with the find-
ing of increased PVLs for the pX region (Fig. 2) and with the
increased intensity of the 4.5-kb band of Type 1 defective
provirus by long PCR (Fig. 3). In addition, another weak
band (a-2) was detected at age 61. Because the size of a-2
was ~7 kb, which was smaller than the size of complete
HTLV-1 provirus (9 kb), a-2 was considered to be a clone
with defective provirus, which was not detected by long PCR.
In Case B, two clones (b-1 and b-2) were detected both at

E)
w
1]
=
-]
Q
e
=]
w
L7
L7
=]
=
©)
o
=]
=]
-
e
9
<
=
(=1




]
u
J
=
<
Q
i
=]
W
Y
7l
=
)
Q
W
=
=]
o
b
3
S
f=
o

1340

Case A (Age 61)
Case B (Age 61)
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Clone No.
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Figure 4. The schema of Type 1 defective provirus in Cases A, B and C. Dotted lines represent the defective regions of provirus. Splicing
patterns of tax and HBZ genes are revealed. The nucleotide position numbers of human T-lymphotropic virus Type 1 (HTLV-1) provirus are

same as those of Figure 1.

ages 61 and 70. The intensity of b-2 did not change during 9
years; however, that of b-1 increased at the age of 70. PVLs
for the pX region increased (Fig. 2); however, the intensity of
2.9-kb Type 1 defective provirus by long PCR showed no
change or decreased at age 70 (Fig. 3). Therefore, it was pos-
sible that clone b-2 represented the HTLV-1-infected cells
with 2.9-kb Type 1 defective provirus detected by long PCR,
and that another clone (b-1) of HTLV-1-infected cells with
provirus, which was not detectable by long PCR, contributed
to the increase of the PVLs in Case B. In Case C, one clone
(c-1) was detected both at ages 73 and 84, and the other
clone (c-2) was detected only at age 84. The intensity of c-1
was somewhat increased at the age of 84. The size of c-2 was
~7 kb and was considered to be a clone with defective provi-
rus. However, clones c-1 and c-2 were not considered to be
harboring Type 1 defective provirus because no band was
observed to be increased in intensity at age 84 by long PCR
(Fig. 3).

Discussion
To identify asymptomatic carriers, who have PBMCs harbor-
ing defective provirus with large deletions, PVLs of 208

asymptomatic HTLV-1 carriers were determined by real-time
PCR using primers for the pol and pX regions. HTLV-1 pX
region has been reported to be well conserved in the proviral
genome.'*'® Therefore, as expected, PVLs for the pol region
were lower than those for the pX region. The carriers show-
ing PVLs for the pol region, which were lower than those for
the pX region, were considered to be candidates who have
many PBMCs harboring defective provirus with large dele-
tions of internal sequences. One hundred and eleven asymp-
tomatic carriers showed relatively high PVLs (equal to or
greater than 1.0 copy per 100 PBMCs). Seven showed low
PVLs for the pol region (less than half of those for the pX
region) among these 111 carriers. Four cases were excluded
from further analysis because their low PVLs for the pol
region were due to polymorphism of the proviral genome at
the site of primer annealing. Three (Cases A, B and C) were
considered as candidates for asymptomatic carriers, who have
many HTLV-1-infected cells harboring defective provirus
with large deletions. PVLs for the pX region increased in
Cases A and B during follow-up for equal to or greater than
10 years. In contrast, PVLs for the pol region showed no
change or decreased. These data suggested that the number

Int. ). Cancer: 128, 1335-1343 (2011) © 2010 UICC
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Figure 5. Southern blot analysis for human T-lymphotropic virus Type 1 (HTLV-1) provirus at different ages of Cases A, B and C. Arrows
indicate predominant clones of HTLV-1-infected cells. PC1: DNA sample from HTLV-1-positive cell line, ST-1, which was digested with Pst I;
PC2: DNA sample from HTLV-1-positive cell line, SO, which was digested with Eco RI; MW: molecular weight marker.

of HTLV-l-infected cells
increased in Cases A and B.

Then, the defective provirus and the clonality of HTLV-
1-infected cells were analyzed for the time-sequential samples
from each subject. In Case A, a Type 1 defective provirus
with a deletion of internal sequence of 3.2 kb was evident at
the age of 50, and its intensity increased at age 61 (Fig. 3).
Therefore, the increase of PVLs for the pX region, not for
the pol region, was considered because of the clonal expan-
sion of the HTLV-1-infected cells with this Type 1 defective
provirus. Southern blot analysis showing the increased inten-
sity of clone a-1 at age 61 supported this hypothesis. In Case
B, a Type 1 defective provirus with the deletion of internal
sequence of 4.8 kb was evident at age 61 (Fig. 3). The
increase of PVLs for the pX region was not explained by the
expansion of the HTLV-1-infected cells with this Type 1
defective provirus because the intensity of the PCR product
for this defective provirus decreased at ages 72 and 73.
Southern blot analysis showed two clones at the age of 61.
Clone b-2 showed the same intensity at ages 61 and 70;
however, clone b-1 increased in intensity at age 70. There-
fore, the HTLV-1-infected cells harboring the Type 1 defec-
tive provirus in this case were more likely to belong to clone
b-2. The increased PVLs at ages 70-73 were considered to
be due to an increased number of HTLV-l-infected cells,
which belonged to clone b-1. Clone b-1 was assumed to har-
bor the defective provirus because only a very weak band for

harboring defective provirus
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complete provirus was detectable by long PCR in Case B.
However, the defective provirus accounting for clone b-1 was
not detectable by long PCR and could be a Type 2 defective
provirus. Alternatively, a polymorphism of the DNA
sequence in the site of primers of long PCR in 5-LTR for
clone b-1 may explain the absence of the band for defective
provirus by long PCR. Therefore, it was considered that two
major clones with defective provirus existed in Case B at age
61, and only clone b-1 survived as time passed. In Case C,
several bands, which may have represented different Type 1
defective provirus, were detected by long PCR in addition to
the band for the complete provirus at age 73. These defective
proviruses were not consistently detectable at ages 73, 83
and 84. The intensity of the band for the HTLV-1-infected
cells with complete provirus was also decreased as time
passed. Therefore, maintenance of high PVLs at the age of
84 was not explained by these Type 1 defective proviruses
alone. HTLV-1-infected cells with defective provirus, which
was not detectable by long PCR in our study, might exist in
Case C. In fact, Southern blot analysis showed increased in-
tensity of clone c-1 and the appearance of new clone c-2 at
age 84 (Fig. 5). The data from Cases A, B and C in our
study suggested that HTLV-1-infected cells with certain types
of defective provirus could be the predominant clones and
persist for several years; however, the clones of HTLV-1-
infected cells do not always survive for a long time in
asymptomatic carriers.
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Furukawa et al. reported that clonally proliferated cells
infected with HTLV-1 were detected and were stable for
from 4 months to 3 years in patients with HAM/TSP and
their seropositive family members without showing any sig-
nificant indication of ATL.** None of Cases A, B and C in
our study showed any symptoms and data suggesting ATL-
or HTLV-1-associated diseases, even at the end of the follow-
up. Therefore, these carriers were judged not to have devel-
oped clinical ATL although they had high PVLs and clonal
expansion of HTLV-1-infected cells with defective provirus.
HTLV-1 Tax protein has been shown to promote the prolif-
eration of infected cells."*** On the other hand, Tax is also
reported to be a good target for the host cellular immune
response to HTLV-1.>* HBZ protein was also reported to be
important for the proliferation of HTLV-1-infected cells.”*"**
The proviral genome for HBZ gene, which is transcribed
from 3'LTR, can be conserved even in the Type 2 defective
provirus.'®'® The Type 1 defective provirus found in Case A
possessed internal deletion (positions 1203-4368). Theoreti-
cally, the expression of Tax and HBZ protein is not pre-
vented by this internal deletion. Therefore, Tax and HBZ
may have promoted the proliferation of HTLV-1-infected
cells harboring this defective provirus although this prolifera-
tion might have been controlled by cytotoxic T-lymphocytes
(CTL) through the recognition of Tax. At the same time, this
defective provirus cannot express envelope and core proteins,
which were also reported as the targets for CTL in HTLV-1
carriers.” Therefore, HTLV-1-infected cells harboring this
defective provirus may be able to avoid attack from CTL
more efficiently. In Case B, Type 1 defective provirus
detected by long PCR possessed larger internal deletion (posi-
tions 1173-5958). Theoretically, the expression of Tax was
prevented because of the deletion of the second exon of the
tax gene in this defective provirus. It is not clear whether
the loss of the expression of Tax protein was related to the
decreased intensity of this clone at age 73. Theoretically, this
Type 1 defective provirus was able to express HBZ protein
because the provirus genome of HBZ gene was conserved. In
Case C, 13 Type 1 defective proviruses were found at age 83.
Twelve among these 13 clones (except clone cc-3 in Fig. 4)
had large internal deletions, which theoretically prevent the
expression of Tax. Moreover, 4 of 12 clones had the dele-
tions, which theoretically prevent the expression of HBZ pro-
tein because of either the deficiencies of the coding regions of
HBZ and/or deficiencies of two poly A signals (clone cc-1,
—2, —6 and —13 in Fig. 4). These large deletions of defective
provirus might account for clones not being consistently de-
tectable during a long period in Case C.

In Cases B and C, the increase of PVLs in the time-se-
quential samples could not be explained by the existence of
HTLV-1-infected cells with Type 1 defective provirus. The
different clones of HTLV-1-infected cells with defective pro-
virus, which was not detectable by the long-PCR used in our
study, might exist in these cases. Clonal expansion of HTLV-
l-infected cells with defective provirus, which does not

75

Defective HTLV-1 provirus in carriers

express Tax protein and may not be recognized by the CTL,
but which does promote the proliferation of HTLV-1-infected
cells under the expression of HBZ protein, was possible.
Indeed, HTLV-1-infected cells harboring Type 2 defective
provirus were found more frequently in patients with ATL,
suggesting a greater potential for leukemogenesis.'”'®

In Case C, 4 of 13 Type 1 defective proviruses were found
to have insertions of nonviral sequences (clone cc-1, —3, —4
and —6 in Fig. 4). Tamiya et al. also reported that insertion of
a nonviral sequence (35 bp), which was derived from human
proline transfer RNA, between the primer binding site and env
region of HTLV-1 provirus in a patient with ATL.'® They
assumed that this nonviral sequence was inserted into the de-
fective provirus during reverse transcription because human
proline transfer RNA had the 16-bp homologous sequence
with the 5'-region of HTLV-1. In our study, the DNA sequen-
ces of the inserted nonviral sequences in clone cc-1 and —3
were compared to the sequence of the 5'-region of HTLV-1.
However, the homologous sequence was not found, and we
could not clarify the mechanism of insertions of nonviral
sequences in the defective provirus in Case C.

A major limitation of our study is that we were unable to
identify genome sequences of Type 2 defective provirus,
which possibly existed in Cases B and C, because of technical
limitations. Further study to identify Type 2 defective provi-
rus in asymptomatic carriers through improved methodology
is necessary. In addition, the number of cases in which defec-
tive provirus was analyzed was small in our study. The analy-
sis of more cases may clarify whether the HTLV-1-infected
cells harboring the defective provirus have a growth
advantage.

In our study, PVLs measured using primers for the pol
region were less than those for the pX region in 208 asymp-
tomatic HTLV-1 carriers. Analysis of seven carriers, who had
relatively high PVLs for the pX region but much lower PVLs
for the pol region, showed that they had HTLV-1-infected
cells with polymorphism of proviral genome for the pol
region or with defective provirus. All three asymptomatic
HTLV-1 carriers, who had many HTLV-1-infected cells with
defective provirus, showed high PVLs. The PVLs in two of
the carriers increased markedly after a 10- to 12-year interval.
This increase was considered to be due to the expansion of
HTLV-1-infected cells with defective provirus. Accordingly, it
is suggested that HTLV-1-infected cells with certain types of
defective provirus can be predominant clones; however, not
all predominant clones of HTLV-1-infected cells survive for a
long time. Therefore, the detection of major clones of HTLV-
1-infected cells may not always predict the development of
ATL. Further study is necessary to clarify whether certain
types of defective provirus are related to disease outcome
such as ATL.
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