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Abstract: Endemic areas of human T-lymphotropic virus type 1 (HTLV-1) have been reported in Japan as well
as tropical Africa, Central and South America and Melanesia. The existence of two subgroups, i.e., the transcon-
tinental and Japanese subgroups, was reported in Japan. In the present study, we provide data on the ratio of the
two subgroups in each endemic area and infection foci and examine the distribution of HTLV-1 in Japan and
neighboring areas. A 657 bp fragment of env region of HTLV-1 proviral genome was successfully amplified for
183 HTLV-1 positive DNA samples. The subgroup determination was done by RFLP reactions using endonu-
cleases Hpal and Hinfl. The northern part of mainland Kyushu, represented by Hirado and Kumamoto, was
monopolized by the Japanese subgroup, while the transcontinental subgroup ranged from 20 to 35% in the Pacific
coast areas of Shikoku (Kochi), the Ryukyu Archipelago (Kakeroma and Okinawa) and Taiwan. An interesting
finding in the present study is the presence of the transcontinental subgroup in Kochi, suggesting the endemicity
of the transcontinental subgroup along the Kuroshio Current.
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INTRODUCTION

Human T-lymphotropic virus type 1 (HTLV-1) was
first isolated in 1980 [1] and has been identified as a caus-
ative agent of adult T cell leukemia (ATL) and HTLV-1 as-
sociated myelopathy/tropical spastic paraparesis (HAM/
TSP). HTLV-1 has three major transmission routes: from
mother to infant through breast milk, from male to female
through semen, and to blood recipients through the lympho-
cytes of HTLV-1 carriers. These transmission routes, espe-
cially mother-to-child transmission, allow HTLV-1 to pass
from generation to generation and localize within family,
community and ethnic groups. Thus, the elucidation of the
geographical distribution of HTLV-1 has important ethno-
epidemiological implications [2].

In view of this unique fact, a large number of phylo-
geographycal and epidemiological studies have been con-
ducted within and beyond the borders of Japan, and valu-

able results have been obtained. Firstly, endemic areas were
reported in tropical Africa, the Caribbean basin, Central and
South America, Papua New Guinea and other islands of
Melanesia, as well as Japan [3, 4]. Secondly, there are three
major lineages existing worldwide: the Melanesian subtype,
the Central African subtype, and the cosmopolitan subtype,
ubiquitous in endemic areas around the world [5, 6].
Thirdly, the cosmopolitan subtype is further divided into
three major subgroups: A, B, and C, which correspond to
the transcontinental subgroup, the Japanese subgroup, and
the West African subgroup, respectively [7, 8]. Fourthly,
within Japan, endemicity is found in Kyushu and Okinawa,
and small infection foci are seen in coastal islands of the Ja-
pan Sea and the Pacific side of Shikoku, Kii and Tohoku,
while most of Honshu is HTLV-1-free [3]. Furthermore, a
few endemic areas have been found in areas neighboring
Japan: Nogliki of Sakhalin, Kinmen, Fujian and Taiwan [7,
9-11]. Fifthly, the existence of two different subgroups of
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HTLV-1, i.e., the transcontinental and Japanese subgroups,
in Japan and clusters of the former subgroup in Kyushu and
the Ryukyu islands were reported [12].

In the present study, we provide data on the ratio of the
two subgroups in each endemic area and infection foci
within Japan and use that data to elucidate the distribution
of HTLV-1 in Japan and neighboring area.

MATERIALS AND METHODS

DNA samples from a total of 197 anonymous HTLV-1
positive donors were obtained from the Joint Study on Pre-
disposing Factors of ATL Development (JSPFAD) and used
in the present study. Of the 197 samples, 40 were gathered
in Hokkaido (Hokkaido University Hospital), four in Iwate
(Iwate Medical University), 30 in Kochi (Kochi Medical
School Hospital), 50 in Hirado (Nagasaki University
Hospital), 23 in Kumamoto (Kumamoto University
Hospital) and 50 in Okinawa (Okinawa Kyodo Hospital).

Furthermore, DNA was extracted from peripheral
blood donated by five anonymous HTLV-1 carriers on
Ishigaki Island, Japan (Yaeyama County, Ishigaki City,
Okinawa Prefecture). The analysis of samples donated by
the Yaeyama residents was approved by the ethics commit-
tee of the Institute of Tropical Medicine, Nagasaki Univer-
sity, Japan (Approval No. 10012147).

A 657 bp fragment of env region was amplified by
nested PCR. The first reactions were performed in 20 pl
volumes containing 1 pl (ca. 50 ng) of the extracted DNA,
200 puM (final conc.) of dNTP mixture, 0.25 puM (final
conc.) of the primer sets, 2 pl of 10 x Ex Taq Buffer and
0.5U TaKaRa Ex Taq HS (TAKARA BIO Inc., Shiga, Japan).
The external primers were TAATAGCCGCCAGTGGAA
AG (nucleotide positions according to the J02029 sequence:
5027-5046) and AGTCCTTGGAGGCTGAACG (6786~
6768). The thermal conditions were as follows: 5-min dena-
ture at 94°C, 40 cycles of 40 sec at 94°C, 30 sec at 61°C and
40 sec at 72°C, and 10-min final extention at 72°C. The sec-
ond reactions were performed in 40 pl volumes containing
2 ul of the first PCR product, 200 M (final conc.) of ANTP
mixture, 0.25 uM (final conc.) of the primer sets, 4 ul of
10 x Ex Taq Buffer and 1U TaKaRa Ex Taq HS. The inter-
nal primers were CTCCCTTCTAGTCGACGCTCCAGG
(5685-5708) and CGTCTGTTCTGGGCAGCATA (6341-
6322). The thermal conditions were as follows: 2-min dena-
ture at 95°C, 35 cycles of 20 sec at 95°C, 20 sec at 58°C and
30 sec at 72°C, and 2-min final extention at 72°C.

All of the 35 samples from Hokkaido, all of the four
from Iwate, 28 of 30 from Kochi, 44 of 50 from Hirado, 21
of 23 from Kumamoto, 46 of 50 from Okinawa and all of
the five from Yaeyama were well amplified. RFLP reactions
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were performed using endonucleases Hpal and Hinfl as de-
signed by Yang et al. [7]. The digested DNA fragments
were electrophoresed on 2% agarose gel pre-stained with
ethidium bromide and visualized.

RESULTS AND DISCUSSION

All except one of the HTLV-1 isolates from Iwate,
Hirado and Kumamoto were determined as the Japanese
subgroup, while 20-35% of the isolates from Hokkaido,
Kochi, Okinawa and Yaeyama were determined as the
transcontinental subgroup (Fig. 1). The electrophoresis pro-
file of two isolates (Hokkaido and Kochi) was consistent
with neither the Japanese nor the transcontinental subgroup
but similar to the West African/Caribbean subgroup shown
by Yang et al. [7]. Thus, these were tentatively treated as
“undetermined” in the present paper.

The uneven distribution of the transcontinental and
Japanese subgroups in the endemic areas of Japan was clar-
ified in the present study, whereas only the transcontinental
subgroup was reported from neighboring areas such as
Nogliki of Sakhalin, Kinmen, and Fujian [9-11].

The northern part of mainland Kyushu, represented by
Hirado and Kumamoto, seems to be monopolized by the
Japanese subgroup. On the other hand, the presence of the
transcontinental subgroup ranges from 20 to 35% in the
Pacific coast areas of Shikoku (Kochi), the Ryukyu
Archipelago (Kakeroma [13] and Okinawa) and Taiwan [7].
An interesting finding in the present study is the presence of
the transcontinental subgroup in Kochi, suggesting the
endemicity of the transcontinental subgroup along the
Kuroshio Current.

A north-flowing ocean current on the west side of the
Pacific Ocean, the Kuroshio Current has played the role of
an aorta for migration and transportation along the Pacific
coast of southwestern Japan since prehistoric times. The
endemicity of the transcontinental subgroup along the
Kuroshio Current might reflect this human movement. If so,
we need to pay more attention to the date and mode of local
human movements which may have implications in the epi-
demiology of HTLV-1 and other infectious agents such as
hepatitis B virus [14].
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Fig. 1. Ratio of the transcontinental subgroup (grey) to the Japanese subgroup (white) of HTLV-1 cosmopolitan subtype in various
localities of East Asia. The data of Nogliki, Kakeroma, Taiwan, Kinmen and Fujian were cited from Syrtsev et al. [10],
Eguchi et al. [13], Yang et al. [7], Chen et al. [9] and Wang et al. [11], respectively.
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Proviral loads of human T-lymphotropic virus Type 1 in
asymptomatic carriers with different infection routes

Shiro Ueno?, Kazumi Umeki*, Ichiro Takajo?, Yasuhiro Nagatomo?, Norio Kusumoto®, Kunihiko Umekital,

Kazuhiro Morishita® and Akihiko Okayama’®

*Department of Rheumatology, Infectious Diseases and Laboratory Medicine, Faculty of Medicine, University of Miyazaki, Miyazaki, Japan
2 Division of Tumor and Cellular Biochemistry, Department of Medical Sciences, University of Miyazaki, Miyazaki, Japan

High human T-lymphotropic virus Type 1 (HTLV-1) proviral DNA load (PVL) has been reporied to be one risk factor for the

development of adult T-cell leukemia/lymphoma (ATL). ATL is also believed to develop in HTLV-1 carriers who acquire infection
perinatally. ATL cells have been reported to frequently harbor defective provirus. In our study, PVLs for three different regions
of HTLV-1 provirus (5'LTR-gag, gag and pX) were measured in 309 asymptomatic carriers with different infection routes. PVLs

for the pX region in 21 asymptomatic carriers with maternal inféction,was significantly higher than in 24 carri‘er‘s with spousal

infection. Among 161 carriers with relatively high pX PVLs (equal to or greater than 1 copy per 100 peripheral blood
mononuclear cells), 26 carriers (16%) had low gag PVL/pX PVL (less than.0.5) and four (2%) had low 5'LTR-gag PVL/pX PVL
(tess than 0.5). Low gag PVL/pX PVL ratm, Wthh reflects deficiency and/or polymorphism of HTLV-1 proviral DNA sequences
for the gag region, was also assocxated with maternal infection. These data suggest that HTLV-1 carriers with maternal
infection tend to have high PVLs, which may be related to. provirus with deficiency and/or the polymorphism of proviral DNA
sequences. In addition, there is'a possibility that this ratio may be used as a tool to differentiate the infection routes of
asymptomatic HTLV-1 carriers, which supports the need for a large scale study.

Human T-lymphotropic virus Type 1 (HTLV-1) is the caus-
ative agent of adult T-cell leukemia/lymphoma (ATL) and a
progressive neurological disease known as HTLV-1-associ-
ated myelopathy/tropical spastic paraparesis (HAM/TSP)."™
Major routes of HTLV-1 infection have been reported as
mother to child infection at infancy, sexual contact between
spouses and blood transfusion.”” The majority of HTLV-1
carriers are asymptomatic, and only a fraction of carriers
develop ATL after a long latent period®’ It has been
reported that approximately 4% of HTLV-1 carriers develop
ATL eventually.'® Studies of the mothers of patients with
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ATL have reported most of them to be HTLV-1 car-
riers.''? Therefore, ATL is believed to develop in HTLV-1
carriers who acquire infection perinatally. However, there
has been no method of identifying the infection route of
HTLV-1 positive individuals without information on family
HTLV-1 status.

When an individual is infected by HTLV-1, the virus ran-
domly integrates into the genome of affected T-cells in the
form of provirus.”> HTLV-1 infection drives the proliferation
of T-cells, leading to the clonal expansion of HTLV-1
infected cells."*'® Recently, it was reported that HTLV-1 clo-
nal expansion in vivo is favored by orientation of the provi-
rus in the same sense as the nearest host gene.'” We have
reported that the clonality of HTLV-1 infected cells in adult
seroconverters who were newly infected from HTLV-1 carrier
spouses is more heterogeneous and less stable than that of
long-term carriers who acquired infection from their mothers
at infancy.'® The selective maintenance of certain clones is
supposed in the latter. Recently, we reported that clonal
expansion of HTLV-1 infected cells was found in a certain
population of asymptomatic carriers and that these carriers
had high proviral DNA loads (PVLs)."” High PVLs have
been reported to be a risk factor for developing ATL*** In
another study, we analyzed the PVLs of 13 pairs of HTLV-1
seroconverters and their spouses.”> Although seroconverters
and their spouses shared the same HTLV-1, PVLs in both
individuals in a couple were not always equivalent. These
findings suggested that host-related factors play an important
role to determining the PVL in each carrier. However, it was
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not clear in that study whether HTLV-1 carriers who
acquired infection from their mothers at infancy have more
PVLs than the carriers who acquired infection from their
spouses in adulthood.

Defective provirus has frequently been detectable in
patients with ATL.>*"*" The complete HTLV-1 provirus is
approximately 9 kb and contains the coding regions for
core protein (gag), protease (pro), polymerase (pol), enve-
lope protein (env), regulatory proteins, such as Tax and
Rex, and some accessory molecules between 5 and 3’ long-
terminal repeats (LTRs).>*® Tamiya et al®® reported two
types of genome deletion in defective provirus. One form
retains both LTRs and lacks internal sequences, such as the
gag and pol regions. The other form has the 3’ LTR, and the
5" LTR and its flanking internal sequences are preferentially
deleted. HTLV-1 infected cells harboring the latter defective
virus were frequently found in patients with ATL.*® Both
types of defective provirus were suspected of being harbored
by the clonally expanded HTLV-1 infected cells in asymp-
tomatic carriers.”” The polymorphism of the proviral ge-
nome was also found in asymptomatic carriers in that
study; however, we could not show how commonly the defi-
ciency or polymorphism of the proviral genome was
detectable.

These questions prompted us to investigate HTLV-1
PVLs in asymptomatic carriers with different infection
routes. In addition, to clarify whether the defective provirus
and/or polymorphism of the proviral genome affected PVLs,
we tested PVLs for three different regions (5'LTR-gag, gag
and pX) of provirus in each individual and compared them
among the carriers with different infection routes in our
study.

Material and Methods

Samples

Samples of peripheral blood mononuclear cells (PBMCs)
were obtained from 309 HTLV-1 carriers (103 men and 206
women, median age: 67 years), who had no symptoms or
laboratory data suggesting HTLV-1 related disease, in the
Miyazaki Cohort Study.”® Infection routes were investigated
by family HTLV-1 status and history of HTLV-1 seroconver-
sion."®** An HTLV-1 carrier with HTLV-1 positive mother/
HTLV-1 negative spouse or with HTLV-1 positive siblings/
HTLV-1 negative spouse or with HTLV-1 seroconverter was
defined as infected by his/her mother. An HTLV-1 carrier
who was a HTLV-1 seroconverter with HTLV-1 positive
spouse or with HTLV-1 negative mother/HTLV-1 positive
spouse was defined as infected by his/her spouse. Carriers
with history of blood transfusion were excluded from the
analysis of family status. As a result, 21 and 24 carriers were
defined as infected by their mothers and by their spouses,
respectively. Infection routes could not be determined in 264
carriers. Informed consent was obtained from the study par-
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ticipants and the study protocol was approved by the institu-
tional review board at University of Miyazaki.

Real-time polymerase chain reaction

PVLs for three different proviral regions (5LTR-gag, gag and
pX) were determined by real-time polymerase chain reaction
(PCR) using Light Cycler 2.0 (Roche Diagnostics, Mannheim,
Germany). Genomic DNA was isolated from PBMCs of
asymptomatic HTLV-1 carriers by sodium dodecyl sulfate-pro-
teinase K digestion, followed by phenol-chloroform extraction
and ethanol precipitation. Approximately 100 ng genomic
DNA was used as the template. The nucleotide position num-
ber of HTLV-1 provirus was according to Seiki ef al.”® (acces-
sion no. J02029). The primers and probes for real-time PCR
were designed to minimize the differences of the melting
points 5'LTR-gag, gag and pX and were as follows: 5'LTR-gag:
the forward primer (5LTR-SDS-F 5-AAGTACCGGC-
GACTCCGTTG-3": positions 700-719), the reverse primer
(HTLV-gag-LTR-R2  5-GGCTAGCGCTACGGGAAAAG-3"
positions 854-835) and the FAM-labeled probe (5-FAM-
CGTCCGGGATACGAGCGCCCCTT-TAMRA-3":  positions
788-810); gag: the forward primer (HTLV-gag-F5 5'-
ACCCTTCCTGGGCCTCTATC-3': positions 1,602~1,621), the
reverse primer (HTLV-gag-R5 5-TCTGGCAGCCCATTGT-
CAAG-3": positions 1,695-1,676) and the FAM-labeled probe
(HTLV-gag-P5 5-FAM-ACCACGCCTTCGTAGAACGCCT-
CAAC-TAMRA-3": positions 1,644-1,669); pX: the forward
primer (HTLV-pX2-S 5-CGGATACCCAGTCTACGTGTT-3":
positions 7,359-7,379), the reverse primer (HTLV-pX2-AS 5'-
CAGTAGGGCGTGACGATGTA-3":  positions  7,458-7,439)
and the FAM-labeled probe (HTLV-pX2-Probe 5'-FAM-
CTGTGTACAAGGCGACTGGTGCC-TAMRA-3":  positions
7,386-7,408)."%%° A coding region for albumin (Alb) was used
to measure the copy number of human genome. The primers
and the probe for the Alb were as follows: The forward primer
(Alb-S2  5'-TGTCATCTCTTGTGGGCTGT-3'), the reverse
primer (Alb-AS2 5-GGTTCTCTTTCACTGACATCTGC-3')
and the FAM-labeled probe (Alb-probe 5'-FAM-
CCTGTCATGCCCACACAAATCTCTCC-TAMRA-3'). A
plasmid containing PCR products for HTLV-1 5'LTR-gag, gag,
pX regions and Alb was constructed using pGEM T-Easy Vec-
tor (Promega Corporation, Madison, WI) and was used as a
control template for real-time PCR. PVLs of each region of
HTLV-1 provirus were measured in a duplicate manner and
were shown as copies per 100 PBMCs.

Detection of provirus with deletion of HTLV-1 internal
sequence by long PCR

To detect the provirus with large deletion of HTLV-1 internal
sequence, long PCR, which amplifies provirus maintaining
both 5 and 3’ LTR, was performed as described previously.'®
The primers were as follows: 5LTR (HTLV-0647F
5-GTTCCACCCCTTTCCCTTTCATTCACGACTGACTGC-3";
positions 647-682) and 3'LTR (HTLV-8345R 5-GGCTCT
AAGCCCCCGGGGGATATTTGGGGCTCATGG-3": positions
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8,345-8,310).° Long PCR was performed using LA Taq Hot
start version (Takara Bio, Shiga, Japan). Genomic DNA contain-
ing 200 copies of HTLV-1 provirus for the pX region was used
for this assay. To ensure that the same amount of provirus was
used in each reaction, PCR for the pX region was performed as
an internal control. Primers for this PCR were as follows: the
forward primer (HTLV-7396F 5-GGCGACTGGTGCCC-
CATCTCTGGGGGACTATGTTCG-3': positions 7,396-7,431)
and the reverse primer described above (HTLV-8345R). The
PCR products were electrophoresed on 0.8% agarose gel and
visualized by ethidium bromide staining,

Detection of provirus with deletion of 5'LTR and its

flanking internal sequence by inverse long PCR

As described in results, both gag PVL/pX PVL ratio and
5'LTR-gag PVL/pX PVL ratio were low at less than 0.5 in
two carriers (C20 and 21) and they were suspected of having
provirus with deletion of 5LTR and its flanking internal
sequence. Inverse long PCR (IL-PCR) was used to amplify
the genomic DNA adjacent to the 3’LTR of HTLV-1 provirus
according to the method described previously with slight
modifications.’® In brief, the genomic DNA was digested
with Kpn I, Hind 111, Sal T or Spe I, and then self-ligated by
T4 ligase following digestion with Mlu 1. Amplification of
the resultant DNA was performed using the LA Taq
Hot start version. The primers used in this analysis were as
follows; a forward primer in the U5 region of the LTR
(5'-TGCCTGACCCTGCTTGCTCAACTCTACGTCTTTG-3":
positions 8,856-8,889) and a reverse primer, HTLV-7002R
(5-AGTATTTGAAAAGGAAGGAAGAGGAGAAGGCA-3":
positions 7,002-6,971). Subcloning of the amplified frag-
ments of IL-PCR were subjected to sequencing assay
according to the protocol of the Big Dye Terminator vl1.1
Cycle Sequencing Kit (Applied Biosystems, Foster City,
CA) using ABI Prism 310 DNA Sequencer (Applied Biosys-
tems) and the human genomic sequence downstream of the
HTLV-1 provirus was obtained. The human genomic
sequence upstream of the provirus was assumed based on
this information by BLAT search (http://genome.ucsc.edu/
cgi-bin/hgBlat).”* The primers for human genomic
sequence upstream of the provirus were designed and long
PCR was performed using a forward primer (5-GTGATC-
CATGGTGTTTGTCCACCTGAAAGC-3') and a reverse
primer HTLV-7002R in C20, and a forward primer (5'-
TCCAAGTGGGATGTCACGGCCACTTCTC-3') and a
reverse primer HTLV-7002R in C21. To determine the
upstream junction sequence between host genome and pro-
virus, the PCR products were subjected to direct sequencing
using the Big Dye Terminator v1.1 Cycle Sequencing Kit.

Statistical Analysis

Mann-Whitney’s U test was used to compare pX PVLs, gag
PVL/pX PVL or 5LTR-gag/pX PVL ratios among the groups
of asymptomatic HTLV-1 carriers with different infection
routes. Spearman’s correlation coefficient by rank was used

HTLV-1 proviral load and infection routes
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Figure 1. PX PVLs in HTLV-1 carriers with different infection routes
M: Carriers with infection from mothers; S: Carriers with infection
from spouses; U: Carriers with undetermined infection routes.

to determine the relationship between pX PVL and gag PVL/
pX PVL or 5’LTR-gag PVL/pX PVL ratio.

Resulis

pX PVLs in HTLV-1 carriers with different infectious routes
PVLs for the 5LTR-gag, gag and pX regions in each indi-
vidual were measured in 309 asymptomatic HTLV-1 car-
riers. Because the pX region has been reported to be con-
served in the HTLV-1 provirus, pX PVL was considered to
represent total PVLs.*>*® As shown in Figure 1, median pX
PVL (2.49 copies/100 PBMCs) in 21 asymptomatic carriers,
who were infected by their mothers, was significantly higher
than that (0.34 copies/100 PBMCs) in 24 carriers who were
infected by their spouses (p = 0.026). Median pX PVL in
264 asymptomatic carriers, whose infection routes were
undetermined, was between these values (1.24 copies/100
PBMCs).

PVLs for 3 different proviral regions (5'LTR-gag, gag and

pX) of HTLV-1

To determine whether PVLs for three different proviral
regions (5'LTR-gag, gag and pX) of HTLV-1 were equal in
asymptomatic carriers, PVLs for the 5LTR-gag and gag
regions were measured and compared to PVLs for the pX
region. Because 100 ng of genomic DNA, which is derived
approximately 15,000 PBMCs, was used for the template for
real time-PCR, 148 carriers with pX PVL, which was less
than 1 copy/100 PBMCs, were not provided for further anal-
ysis to avoid unstable result due to the small number of pro-
viral copies in each reaction. The results of our study were

Int. J. Cancer: 130, 2318-2326 (2012) © 2011 UICC
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shown as the ratio of PVLs for the 5'LTR-gag or gag regions
to PVL for the pX region in each individual (Fig. 2). The me-
dian 5'LTR-gag PVL/pX PVL ratio of 161 HTLV-1 carriers
tested was 0.97. Therefore, HTLV-1 proviral sequence for
5'LTR-gag PVL was considered to be conserved in the major-
ity of asymptomatic carriers. The median gag PVL/pX PVL
ratio, however, was 0.61.
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Figure 2. The ratios of PVLs for the 5'LTR-gag or gag regions to
PVL for the pX region in 161 asymptomatic HTLV-1 carriers, whose
pX PVLs were equal to or greater than 1 copy/100 PBMCs.
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Detection of provirus with deletion of HTLV-1 internal
sequence by long PCR

To determine whether the provirus with deletion of HTLV-1
internal sequence accounted for low gag PVL/pX PVL ratio,
long PCR was performed. For this analysis, we chose 26 car-
riers with low gag PVL/pX PVL ratios of less than 0.5; how-
ever, adequate DNA sample for long PCR was available in
only 17 of the 26 subjects. All subjects except C1 showed a
band of 7.7 kb, which was considered to be derived from
complete provirus, and some additional smaller bands sug-
gesting defective provirus (Fig. 3a). C1 showed only a dense
band of 4.5 kb. C1 was analyzed in our previous study and a
large deficiency (3.2 kb, positions 1,203-4,368) of internal
sequence was shown.'” Additional four carriers (C3, 4, 11
and 13) showed dense bands equal to or stronger than the
band for complete provirus (arrows in Fig. 3a). Cloning and
DNA sequencing of these dense bands showed large deficien-
cies of internal sequences (4.9 kb, positions 1,368-6,286 in
C3; 0.9 kb, positions 1,413-2,284 in C4; 4.8 kb, positions
1,009-5,763 in Cl11 and 4.8 kb, positions 1,133-5,974
in C13).

Four carriers (C18-21) had low 5LTR-gag PVL/pX PVL
ratios of less than 0.5. Long PCR of C18 and 19 showed
dense bands of 7.7 kb, which were considered to be derived
from complete provirus, and some additional smaller bands
(Fig. 3b). Polymorphism of proviral DNA sequence of the
sites for primers and/or probe for 5'LTR-gag PVL was sus-
pected in these two cases, and cloning and DNA sequencing
of the PCR products were performed. The polymorphisms of
DNA sequence for the annealing site of the forward primer
(708 G > A and 709 C > G in C18; 712 C > T in C19)
were consistently found, and these polymorphisms were
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Figure 3. Detection of defective provirus by long PCR. (@) Asymptomatic HTLV-1 carriers with low gag PVL/pX PVL ratios less than 0.5.
(b) Asymptomatic HTLV-1 carriers with low 5’LTR-gag PVL/pX PVL ratios less than 0.5. Arrows indicate PCR products for HTLV-1 provirus
lacking large internal sequence. M: Molecular weight marker; N: HTLV-1-negative subject; P: HTLV-1-positive cell line, ED-40515(-).
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considered to account for the decreased efficacy of real time-
PCR for 5LTR-gag PVL.

Detection of provirus with deletion of 5'LTR and its

flanking internal sequence by IL-PCR

Both gag PVL/pX PVL ratio and 5LTR-gag PVL/pX PVL ratio
were low at less than 0.5 in the additional two carriers (C20
and 21). Long PCR showed a weak band of 7.7 kb for complete
provirus and a stronger band of 2.9 kb in C20 (Fig. 3b). In the
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Figure &. Detection of provirus with deletion of 5’LTR and its
internal flanking sequence by IL-PCR. (a-1) Long PCR products from
an asymptomatic HTLV-1 carrier, C20, with or without Kpn |
digestion. (a-2) Scheme of the structure of defective provirus in
C20. (b-1) Long PCR products from an asymptomatic HTLV-1
carrier, C21, with or without Hind IIl digestion. (b-2) Scheme of the
structure of defective provirus in C21.
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case of C21, only a weak band for complete band was observed
(Fig 3b). These data suggested defective provirus, which had
not been detected by long PCR, existed in C20 and C21.
Because these proviruses were suspected of lacking 5LTR and
its flanking internal sequence, we attempted to identify them by
IL-PCR. First, the genomic DNA of C20 and C21 were digested
with Kpn 1, Hind 111, Sal T or Spe I, and resultant DNA was
provided for IL-PCR as a template. In C20, approximately 1.1
kb of PCR product was obtained in digestion with Kpn I alone
(Fig. 4a-1). No IL-PCR product was obtained using other
restriction enzymes (data not shown). When this PCR product
was digested with Kpn I, two major bands appeared, as
expected (Fig. 4a-1). Cloning and sequencing revealed that this
product consisted of HTLV-1 provirus (Kpn I site at position:
6,141 to the end of 3LTR) and its flanking genomic DNA of
human chromosome 2 (2q13). Based on the information
obtained, a forward primer to anneal the upstream human ge-
nome adjuncted to the provirus was prepared and clone-specific
PCR was performed. Cloning and sequencing of this clone-spe-
cific PCR product revealed that it lacked 5LTR and its internal
flanking sequence (until position 5,999; Fig. 4a-2). In the case
of C21, IL-PCR product was obtained in digestion with Hind
I alone. Following the same procedure as in C20, it was
revealed that a provirus integrated in human chromosome 18
(18p11.32), and that it lacked 5LTR and its internal flanking
sequence (until position 4,976) (Figs. 4b-1 and 4b-2).

Relationship between pX PVL and gag PVL/pX PVL or
5'LTR-gag/pX PVL ratios

To determine whether the HTLV-1 PVLs correlated with the
number of provirus with deficiency and/or polymorphism of
the gag or 5'LTR-gag regions, the relationship between pX
PVL and gag PVL/pX PVL or 5LTR-gag/pX PVL ratios was
analyzed. As shown in Figure 54, there was a negative
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Figure 5. Relations of pX PVL and gag PVL/pX PVL or 5'LTR-gag PVL/pX PVL ratios in 161 asymptomatic carriers. (a) Relation of pX PVL and

gag PVL/pX PVL. (b) Relation of pX PVL and 5’LTR-gag PVL/pX PVL.
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infection from spouses; U: Carriers with undetermined infection routes.

correlation between pX PVL and the gag PVL/pX PVL ratio
(r = —0.46, p = 0.02). Therefore, HTLV-1 infected cells har-
boring provirus with deficiency and/or polymorphism of the
gag region were considered to be more prevalent in asymp-
tomatic carriers with high PVL. In the case of 5LTR-gag/pX
PVL ratio, the trend was not obvious (Fig. 5b) (r = —0.20, p
= 0.94). However, variability of the 5LTR-gag/pX PVL ratio
was greater than that of gag PVL/pX PVL ratio. This may
have been the result of technical inadequacies in the mea-
surement of 5’LTR-gag PVL.

The ratios of gag PVL/pX PVL and 5'LTR-gag PVL/pX PVL in
HTLV-1 carriers with different infection routes

Next, the relationships between infection routes and the gag
PVL/pX PVL or 5'LTR-gag/pX PVL ratios were analyzed. The
median ratio of gag PVL/pX PVL in 12 HTLV-1 carriers with
maternal infection (0.50) was significantly lower than that in
six carriers with spousal infection (0.74) (p = 0.028) (Fig. 6a).
The median gag PVL/pX PVL ratio of 143 carriers with unde-
termined infection route (0.62) was between these. The 5'LTR-
gag PVL/pX PVL ratio did not reveal a significant difference
between the carriers with maternal infection and spousal infec-
tion (Fig. 6b). Therefore, the carriers with maternal infection
were considered to have a greater number of HTLV-1 infected
cells harboring provirus with deficiency and/or polymorphism
of the gag region. In addition, when a gag PVL/pX PVL ratio
of 0.65 was used as cut-off value, 11 of 12 (92%) carriers with
maternal infection, against only one of six (17%) carriers with
spousal infection, showed lower values.

Int. J. Cancer: 130, 2318-2326 (2012) © 2011 UICC

Discussion

First, HTLV-1 PVLs in asymptomatic carriers with different
infection routes were analyzed. PX PVL in 21 asymptomatic
carriers with maternal infection was significantly higher than
that in 24 carriers with spousal infection. These results agreed
with data reported by Roucoux et al.** showing that PVLs in
index HTLV-1 positive carriers were higher than those of
their newly infected partners. Asymptomatic carriers whose
infection routes were undetermined showed values between
these. Previously, we analyzed the PVLs of HTLV-1 sero-
converters and their spouses and showed that PVLs were not
equivalent between them.”* Because HTLV-1 in a sero-
converter and in his/her spouse is identical, the host factor
was considered important in the determination of HTLV-1
PVL. The results of our study suggest that infection route
and/or time of infection are factors in the determination of
PVL in HTLV-1 carriers. We also reported that HTLV-1 car-
riers who developed ATL had high PVLs even before they
developed the disease.”® Recently, Iwanaga et al*' also tested
the PVLs of 1,218 HTLV-1 carriers and found that HTLV-1
carriers that developed ATL had high PVLs. These data sug-
gest that high HTLV-1 PVL is a risk factor for developing
ATL. In our study, HTLV-1 carriers with maternal infection
tended to have high PVLs. This may account for why perina-
tal infection is a risk factor of ATL at least in part.

Because the frequent detection of defective provirus in
patients with ATL has been reported, we examined provirus
with deficiencies and/or polymorphism of proviral sequence
in asymptomatic HTLV-1 carriers. The pX region has been
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reported to be conserved in HTLV-1 provirus, and PCR for
this region was used to measure total PVL**** Ohshima et
al® reported that variation of DNA sequence is frequently
detected in the gag region of HTLV-1 provirus in patients
with ATL. Kamihira et al** also reported that most of defi-
cient provirus in patients with ATL lacked part of the gag
region in the proviral regions of HTLV-1 tested. HTLV-1
provirus with deletion of the 5'LTR, and its flanking internal
sequences was also found in patients with ATL® In our
study, therefore, we tried to find provirus with deficiencies
and/or polymorphism of DNA sequence in the asymptomatic
carriers by measuring PVLs for the gag and 5'LTR-gag
regions as ratios to pX region PVLs. As a result, median
5'LTR-gag PVL/pX PVL and gag PVL/pX PVL ratios of 161
HTLV-1 carriers with relatively high pX PVL (equal to or
greater than one copy per 100 PBMCs) were 0.97 and 0.61,
respectively. Our interpretation of this result was that many
HTLV-1 infected cells in asymptomatic carriers harbor provi-
rus with deficiency and/or polymorphism of DNA sequences
for the sites of primers and/or probe for gag real time-PCR.

Long PCR analysis was performed on 17 carriers with low
gag PVL/pX PVL ratios. Five of 17 carriers (29%) were
shown to have the provirus with large deletions of internal
DNA sequence including the gag region. The clonal expan-
sion of HTLV-1 infected cells harboring defective provirus in
these five carriers was most likely. In fact, clonal expansion
of HTLV-1 infected cells in Cl was already shown in our
previous study.'” The reason for the low gag PVL/pX PVL
ratios in the other 12 carriers was not clear. Contribution of
the sum total of HTLV-1 infected cells with defective provi-
rus, which did not reveal dense bands, was possible. Alterna-
tively, polymorphism of the proviral DNA sequence for the
gag region may have decreased the efficiency of real time-
PCR for gag PVL. However, cloning and DNA sequencing of
the sites for primers and probes for real time-PCR for gag
PVL in these carriers did not show consistent polymorphism
of the proviral DNA (data not shown). This may be because
there is high diversity of proviral DNA sequence in the gag
region of HTLV-1 and it was not possible to prepare cloning
primers to work for all of them.

The other two (C20 and 21) showed low ratios not only
of 5'LTR-gag PVL/pX PVL but also of gag PVL/pX PVL. Our
previous study showed that they had high PVLs and clonal
expansion of HTLV-1 infected cells with defective provirus."”
We could not identify the type of defective provirus in the
previous study. In our study, however, we found provirus
lacking 5’LTR and its internal flanking region existed in these
carriers.

In our study, the provirus with deficiency and/or poly-
morphism of the gag region was commonly found in asymp-
tomatic HTLV-1 carriers. Few carriers had provirus lacking
5'LTR and its flanking sequence. Carriers with provirus with
deficiency and/or polymorphism of the gag region were
found frequently among asymptomatic carriers with high
PVLs. These infected cells may not express certain HTLV-1

HTLV-1 proviral load and infection routes

proteins. This change may make it possible for the HTLV-1
infected cells to avoid attack by cytotoxic T-lymphocytes.*®
Therefore, there is a possibility that provirus with deficiency
and/or polymorphism of HTLV-1 provirus contributes to the
survival of HTLV-1 infected cells. Indeed, our previous study
showed that C1, 20 and 21 had clonal expansion of HTLV-1
infected cells."

Low gag PVL/pX PVL ratio was found to be associated
with maternal infection. The reason carriers with maternal
infection have a greater number of HTLV-1 infected cells
harboring provirus with deficiency and/or polymorphism of
the gag region was not clear in our study. The replication of
HTLV-1 infected cells in long-term infected carriers may
account for this. Alternatively, a low level of new cell to cell
infection in vivo can contribute to the creation of deficiency
and/or polymorphism in proviral genome.

Maternal infection has been considered to be a risk factor
for the development of ATL in asymptomatic carriers. How-
ever, there has been no method to identify infection route in
the absence of information on family HTLV-1 status. The
results of our study suggest the possibility that gag PVL/pX
PVL ratio can be used as a tool to differentiate the infection
routes of asymptomatic HTLV-1 carriers. Due to the fact
that only a small number of HTLV-1 carriers with known in-
fectious routes were analyzed in our study, further study with
a larger number of subjects is necessary.

A major limitation of our study is that the subjects were
elderly individuals, whose median age was 67 years old. The
average age at onset of ATL was reported as 60 years.34
Therefore, it is not clear whether the same result would be
obtained from an analysis of younger HTLV-1 asymptomatic
carriers. In addition, carriers with low pX PVL (less than 1
copy/100 PBMCs) were not provided for the analysis of defi-
ciency and/or polymorphism of HTLV-1 proviral sequence
because of technical limitations. Further analysis of carriers
with low PVLs using improved methodology is necessary.

In conclusion, our study showed that pX PVL in carriers
with maternal infection was significantly higher than that in
carriers with spousal infection. Low gag PVL/pX PVL ratio
reflecting deficiency and/or polymorphism in proviral ge-
nome was associated with high PVLs and maternal infection.
These data suggest that development of ATL in carriers with
maternal infection may be due in part to high PVL, which
can be related to provirus with deficiency and/or polymor-
phism in proviral genome. In addition, gag PVL/pX PVL ra-
tio has potential for use as a tool to differentiate infection
routes of asymptomatic HTLV-1 carriers. Further study is
necessary to clarify the mechanism of deficiency and/or poly-
morphism in HTLV-1 proviral genome and its implications
in ATL development.
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