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principles expressed in the Declaration of Helsinki and
- approved by the Institutional Review Board of Kyoto
University (844 and E-921). All patients provided written
informed consent for the collection of samples and sub-
sequent analysis.

Antibodies

The following antibodies were purchased from BD Phar-
Mingen; purified monoclonal antibody (mAb) for human
CD3 (UCHT1), CD4 (RPA-T4), CD8a (RPA-T8),
CD45RA (NI100) and CTLA-4 (BNI3). Purified mAbs
for human CD25 (BC96), GITR (eBio AITR) and FoxP3
(236A/E7) were purchased from eBioscience.

Flow cytometric analysis

PBMCs were isolated with Ficoll-Isopaque (GE Healthcare)
gradient centrifugation. Flow cytometric analyses were car-
ried out using a FACS Cantoll with Diva Software (BD
Pharmingen), and the data were analyzed by FlowJo soft-
ware (Treestar). To discriminate dead cells, we used LIVE/
DEAD Fixable Near-IR Dead Cell Stain Kit (Invitrogen).
For cell surface staining, 10° cells were incubated with
mAbs for 30 minutes at 4°C, and then analyzed. For intra-
cellular staining, we used a human FoxP3 staining kit
according to the manufacture’s protocol (eBioscience). To
distinguish FoxP3" and FoxP3~ cell population clearly, we
used isotype control according to the manufacture’s
recommendation. To detect the viral antigen Tax, we cul-
tured PBMCs from ACs or HAM/TSP patients for 12-18
hours and stained with monoclonal antibodies against
FoxP3 or Tax (MI-73) [54], and then analyzed by flow

cytometry.

Statistical analysis

To compare 2 groups when data were determined to
have a Gaussian distribution, the Student ¢ test was used.
If data did not have a Gaussian distribution, the Mann-
Whitney U test was used for unpaired data, and the Wil-
cox signed-ranks test was used for paired data. The AC
group and HD did not differ significantly in sex or age,
using chi-squared test and Mann—Whitney U test. Dif-
ferences with P < 0.05 were considered to be statistically
significant. Correlations were evaluated using Spear-
man’s rank correlation.

Additional files

rAdc:litional file 1: Figure S1. Absolute cell numbers of each CD4*T-cell
subset in HTLV-1 infected individuals. (A) Absolute cell numbers of CD4*
T cells in 4 distinct subjects. Data shown are gated on lymphocyte
fraction based on the dot plot pattern of SSC and FSC. (8 and C)
Absolute cell numbers of FoxP3 CD45RA* naive CD4™ T cells (B) or FoxP3
“CD45RA™ effector/memory CD4™ T cells (C). (D) Absolute cell numbers
of FoxP3™* cells in CO4™ T cells.

| Additional file 2: Figure S2. Effect of ex vivo cultivation on FoxP3 and
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CDA45RA expression. The percentages of FoxP3 and CD45RA expression in
CD4* T cells both before and after ex vivo culture are shown from 5
distinct ACs.

Additional file 3: Figure S3. Frequency of each CD4 T-cell subset in
Tax-expressing cell population in AC. Cumulative results from 23AC
individuals are shown in the graph.
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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.

Key words: Japanese subgroup, transcontinental subgroup, human migration, Kuroshio Current

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-
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3
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*Corresponding author:

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 pM (final conc.) of dNTP mixture, 0.25 uM (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 uM (final conc.) of ANTP
mixture, 0.25 pM (final conc.) of the primer sets, 4 yl 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

Tropical Medicine and Health Vol.40 No.2, 2012

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].

ROLE OF FUNDING SOURCE

This work was supported by Grants-in-Aid from the,
Ministry of Education, Culture, Sports, Science and Tech-
nology of Japan (20390186, 221S0001, 23659354,
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the Global Center of Excellence Program at Nagasaki Uni-
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Eguchi et al. [13], Yang et al. [7], Chen et al. [9] and Wang et al. [11], respectively.
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Abstract
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Background: Human T-cell leukemia virus type-1 (HTLV-1) carriers co-infected with and hepatitis C virus (HCV)
have been known to be at higher risk of their related diseases than mono-infected individuals. The recent studies
clarified that 1L-288 polymorphism 158099917 is associated with not only the HCV therapeutic response by IFN, but
also innate immunity and antiviral activity. The aim of our research was to clarify study whether IL-28B gene
polymorphism (rs8099917) is associated with HTLV-1/HCV co-infection.

Resuilts: The genotyping and viral-serological analysis for 340 individuals showed that IL-28B genotype distribution
of 1s8099917 SNP did not differ significantly by respective viral infection status. However, the IL-28B mRNA
expression level was 3.8 fold higher in HTLV-1 mono-infection than HTLV-1/HCV co-infection. The high expression
level was associated with TT (OR, 6.25), whiles the low expression was associated with co-infection of the two
viruses (OR, 9.5). However, there was nc association between down-regulation and ATL development (OR, 0.8).

Conclusion: HTLV-1 mono-infection up-regulates the expression of IL-28B transcripts in genotype-dependent
manner, whiles HTLV-1/HCV co-infection down-regulates regardless of ATL development.

Introduction
A retrovirus, human T-cell leukemia virus type-1
(HTLV-1), and a positive-strand RNA virus, hepatitis C
virus (HCV), are completely different in terms of virolo-
gic characteristics. Nevertheless, they play a similar role
in the pathogenesis of viral-induced malignant neo-
plasms, such as adult T-cell leukemia (ATL) in HTLV-
1- infected individuals, and hepatocellular carcinoma
(HCC) and B-cell lymphoma in HCV- infected indivi-
duals, during long-term chronic infections.

Furthermore, it is known that co-infection with HCV
and HTLV-1 is frequently observed in an area endemic
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'Department of Laboratory Medicine, Nagasaki University Graduate School of
Biomedical Sciences, Nagasaki, 852-8501, Japan
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for HTLV-1. HCV/HTLV-1 co-infected individuals have
been reported to be at higher risk for developing HCC
than those infected with HCV alone [1-3]. Although the
pathologic mechanism of the co-infection remains to be
elucidated, it is thought that the impaired immunity due
to HTLV-1 infection may contribute to HCV infection
and HCV-related disorders, which is suggested by pre-
vious reports. Kohno et al. reported that the severe
immunodeficiency and anergic state in patients with
ATL may be associated with a functional property of
leukemic cells originating from regulatory T-cells
expressing CD4, CD25, CCR4, GITR and Foxp3 [4].
Kishihara et al. also reported that impairment of the
immune response by HTLV-1 could explain the reduced
effectiveness of interferon (IFN) treatment in patients
co-infected with HTLV-1 and HCV [5].

© 2011 Kamnihira et al; licensee BioMed Central Ltd. This is an Open Access article distributed under the terms of the Creative
Commons Attribution License (http//creativecommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work is properly cited. :
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Recently, genome-wide association studies of patients
with HCV have made great advances in viral clearance
associated with IL-28B single nucleotide polymorphisms
(SNP) [6,7]. IL-28B is a type III Lambda interferon
(IFN-L) and a cytokine similar to IL-10 with IFN-like
activities [8]. This new IFN-A family includes IFN-A1
(IL-29), IFN-A2 (IL-28A) and IEN-A3 (IL-28B) [9].
Although the IFN-A genomic structure resembles that of
the IL-10 family [10], the amino acid and functional
level of IFN-As are more closely related to type I IFNs
than IL-10. The IFN-As are induced by stimulation with
several single-strand RNAs (ssRNA) and several kinds of
viruses. The IL-28B SNPs, such as rs8099917,
rs12979860, and 12980275, have been reported to be
associated with spontaneous clearance [10], innate HCV
immunity [9], HCV-related disease chronicity, and ther-
apeutic response to peglFN-a and ribavirin (RBV) [6,7].

From these observations, we hypothesized that IFN-A3
encoded from the IL-28B gene would be associated with
HTLV-1 infection. The aim of the present study was to
examine the mutual association between IL-28B poly-
morphism (rs8099917 SNP) and mono-infected-HTLV-1
and co-infected HTLV-1 with HCV subjects.

Materials and methods

Clinical subjects

All subjects were of Japanese origin living in Nagasaki
City, an endemic area for HTLV-1 in Japan. For geno-
mic specimens, 340 blood samples were randomly col-
lected from patients who visited a liver clinic and liver
transplantation center from April 2009 to March 2011
from the departments of Hepatology and a Hematology
Clinic. One hundred and twenty-four of the 340 samples
were also available for total RNA tests. Accordingly,
most patients had either chronic liver disease (CLD) or
adult T-cell leukemia (ATL). This study was done under
informed consent after the approval of the Nagasaki
University hospital IRB (IRB Approval No.10050). Since
the samples used here were un-linked materials, patient
information was restricted.

Cell lines

Eight HTLV-1-infected T-cell lines, Hut 102, MT-1,
MT-2, ST1, KK1, KOB, OMT, and LMY-1, were used
for IL-28B mRNA quantification. The first three were
purchased and latter five were established in our labora-

tory [11].

Serological and genetic tests for HCV and HTLV-1

HCV and HTLV-1 infections were mainly serologically
detected using commercially available kits, CLEIA-anti-
HTLV-1, Lumipulse-II Ortho HCV (Fujirebio-INC,
Tokyo, Japan). The confirming examination was geneti-
cally performed by the Cobas TagMan HCV test
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(TagMan HCV; Roche Tokyo INC, Tokyo, Japan) for
HCV and in-house HTLV-1 proviral real-time RT quan-
tifiable PCR [12]. Genomic DNA and total RNA were
extracted from peripheral blood mononuclear cells
(PBMC) using commercially available QuickGene DNA
Whole blood kits (FUJIFILM Corp., Tokyo, Japan) and
PureLink RNA Micro Kits (Invitrogen Corp., Carlsbad,
Ca, USA). The extraction protocol was performed
according to the manufacturer’s instructions.

Genotyping for SNPs

SNP genotyping was performed using multiplex PCR
amplification and Pyrosequencing technology. To
amplify target regions, newly designed biotinylated-pri-
mers were employed: sense and anti-sense for
rs8099917, 5°-TCCTCCTTTTGTTTTCCTTTCTG-3’
and 5-AAAAAGCCAGCTACCAAACTGT-3. Then,
the amplicon was sequenced according to the manufac-
turer’s instructions based on Pyrosequence technology
(Qiagen, Hilden, Germany). Biotin-labeled amplicons
from the 1st PCR were captured by binding to streptavi-
din-coated Sepharose beads, and DNA was denatured to
produce an ssDNA template for the Pyrosequencing
assay. The ssDNA was released and combined with the
sequencing primer, which was extended during the Pyr-
osequencing reaction to provide the sequence of the
template DNA. Pyrosequencing data were produced in
the form of Pyrograms, and genotypes were assigned by
the peak pattern presented in the Pyrogram.

Real-time reverse transcription (RT) quantifiable PCR for
IL-288 mRNA

mRNA for IL-28B transcribed into ¢cDNA by a
GoScript™ RT System (Promega, Madison, W1, USA)
was quantified by a LightCycler System (Rosche, Man-
nheim, Germany) using newly designed sense and anti-
sense primers, 5’-AAGGACTGCAAGTGCCGCT-3’ and
5-GCTGGTCCAAGACATCCC-3 (AY129149). A stan-
dard curve was generated using a tenfold dilution
method with a reference material derived from pTAC-
1.2735 inserted with 166 base fragments including the
target. The amplicon was assayed by the Cyber green
method. The raw data were normalized by abl mRNA
density and evaluated as the relative value for abl gene
expression calculated by IL-28B data/abl data x 10%
modified from our previous mRNA real time RT qPCR
method [12].

Statistical analysis

The minor-allele frequency (MiAF) was set as the less
frequent allele in a population for SNPs analyzed. Viral
infectious status was divided into 4 groups of HTLV-1
mono-infection, HCV mono-infection, HTLV-1/HCV-
co-infection, and non-infection (double negative; DN).
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Differences in the genotype distribution of IL-28B SNPs
among groups were compared using the Chi-square or
Fisher exact test. The level of mRNA expression was
compared using the Mann Whitney U test. Correlation
analysis was performed by the Nonparametric Spear-
man’s rank correlation method. The relationship
between a factor and an outcome was estimated the
magnitude of the association by the odds ratio with 95%
confidence intervals (95%CI). Statistical analysis was per-
formed using SAS 9.1. The statistical significance level
was set at 0.05.

Results

IL-28B genotypes and the sero-status

Three hundred and forty samples were genotyped on IL-
28B rs8099917 SNP and were serologically examined for
viral infection of HTLV-1 and HCV. As summarized in
Table 1. They consisted of 263 (77.4%) major TT homo-
zygotes, 171 (20.9%) minor TG heterozygotes, and 6
(1.8%) minor GG homozygotes. The virus tests revealed
that 59 were negative for both HTLV-1 and HCV, 73
were positive for HTLV-1 alone, 179 were positive for
HCYV alone and 29 were positive for both viruses. The
genotypic distributions, as well as minor allele frequency
(MAF) of the IL-28B gene, did not significantly differ
among each viral infection status as a control of no-
infection.

Since the HTLV-1 mono-infection group consisted of
47 ATL patients and 26 HTLV-1 carriers, we stratified
the two groups of ATL patients and carriers and the
minor allele frequencies of the two groups were com-
pared; the difference between that of ATL and carriers

Table 1 IL-28B genetic distribution and allele frequency
in stratification based on the combination of HTLV-1 and
HCV infection

Genotype r(rs8099917) Allele fequency

No TT TG GG T G
All cases 340 263 71 6 086 0.14
(774%) (209%) (1.8%)
1) non-Infection 59 45(76.3) 10 4(6.8) 084 0.15
(16.9)
2) HTLV-1 mono 73 55(753) 17 1(19) 087 013 P=
(23.3) 090
ATL patients 47 37(787) 10 0(0.0) 089 011 P=
carriers (21.3) 0.11
26 18(69.2) 7(269) 1(38) 082 018 P=
046
3) HCV-mmono 178 141 37 11.0) 089 011 P=
(78.7) (20.7) 0.68
4) co-infection 29 22(759) 7(24.1) 0(00) 088 014 P=
09

There was no significant difference in the genetic distribution and allele
frequency among respective infectious states
P values were compared with non infection
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was not statistically significant (p = 0.21). The preva-
lence of TT was not different statistically either (p =
495).

Next, the expression levels of 1L-28B were quantified
using 124 samples randomly collected during this study
period.

IL-23B mRNA expression level and HCV/HTLV-1 co-
infection
The expression levels of IL-28B mRNA were generally
low in most cases with a median value of 5.2 in no-
infection, 10.6 in HTLV-1 mono-infection, 3.9 in HCV
mono-infection, and 2.8 in HTLV-1/HCV co-infection
(Figure 1a). Notably, a small number of measurement
values shown as open circles was high, and they were
distributed only within the HTLV-1 mono-infected and
HCV mono-infected groups. Moreover, all of those who
had high values were exclusively TT homozygous, as
shown in Figure 1b (samples marked by ¥ were the
same in Figure 1(a) and Figure 1(b)). Surprisingly, the
median value was the highest in HTLV-1 mono-infec-
tion and the lowest in the co-infection group (10.6 ver-
sus 2.8; p = 0.013). Therefore, to clarify whether ATL
cells directly affect the expression of IL-28B mRNA, we
compared the mRNA expression levels in mainly
HTLV-1 carriers, ATL patients with ATL cells, and
ATL cell lines. As shown in Figure 2, the median values
were significantly higher in mono HTLV-1 carriers with
TT (17.9 vs 5.6, P < 0.05) and ATL patients with TT
having ATL cells than those of non-infected individuals
(13.4 vs 5.6, p < 0.05). No high expression level was
observed in two ATL or 16 carriers with HTLV-1/HCV
co-infection. Surprisingly, these data were lower rather
those from TG/GG. On the other hand, IL-28B mRNA
expression in 8 HTLV-1-infected T-cell lines was unde-
tectable in all but one (Hut 102). The genotype was TT
in all cell lines.

In addition, there was no correlation between the IL-
28B mRNA levels and HCV-RNA levels (non-parametric
Spearman’s rank correlation, R 2 = 0.0543, Figure 3).

Assessment by odds ratio analysis for an outcome if a
risk factor is present

As shown in Figure 2, HTLV-1 was revealed to have an
association similar to HCV and IL-28B mRNA. How-
ever, the up-regulated-action of HTLV-1 was nullified if
the virus was co-infected with HCV. The prevalence of
a major TT and minor TG/GG was similar among indi-
viduals infected with either HTLV-1 or HCV, as well as
the allele frequency, indicating that there is no specific
correlation between IL-28B and HTLV-1. Thus, to
approach a causative clue, assessment by odds ratio
(OR) analysis was performed (Table 2). Only the high
mRNA level besides 3 states of HTLV-1 mono-infection,
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(A) Sero-status and
IL-28B mRNA expression

(B)iL-28B genotype and
IL-28m RNA expression

IL28BmRNA with TT homozygotes.
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Figure 1 Relative individual IL-28B mRNA levels in peripheral blood mononuclear cells among viral infectious groups (a) and among
the TT and TG/GG genotypes (b). The median values were significantly different between * vs ** and *** vs **. Open circles; those with high

co-infection with HCV and ATL was associated with TT
genotype (OR = 6.25). On the other hand, down-regula-
tion of the mRNA density was defined as HTLV-1/HCV
co-infection (OR = 9.5 p = 0.004), but low expression
was not associated with ATL development (OR = 0.8, p
= 0.81).

Discussion

Although co-infection with HTLV-1 and HCV has been
shown to result in higher rates of cirrhosis and
increased death from liver diseases [1,2], the caustic
mechanism by which the co-infection affects HCV
pathogenesis remains to be elucidated. Some clue to the
mechanism may be found by studying the relation
between IL-28B genotypes and co-infection, because IL-

28B encoding IFN-As are categorized as type 3 IFNs and
are potent endogenous anti-viral cytokines. They signal
via JAK/STAT intracellular pathways and up-regulated
transcription of IFN-stimulated genes (ISGs) that are
required to control viral infection [13]. Here, we investi-
gated whether IL-28B polymorphism rs8099917 is asso-
ciated with co-infection status. :
The present study is the first to reveal that the IL-28B
genotype is not associated with stratification based on
the combination of HTLV-1 and HCV infection; no
infection for both (double negative; DN), HTLV-1
mono-infection, HCV mono-infection and HTLV-1/
HCV co-infection. Similarly, the frequency of the major
TT homozygotes was not associated among ATL
patients and HTLV-1 carriers (Table 2). These two
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carriers and 8 ATL cell lines samples.
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" Table 2 Assessment by odds ratio analysis for an outcome if a risk factor is present

factor

~ (A) Outcome dependent independent Odds ratio 95%ClI P
1) HTLV-T mono-infection TT vs TG/GG 11 0.62-1.99 072
2) Co-infection TT vs TG/GG 0.54 0.04-6.88 1.00
3) High mRNA Expression* TT vs TG/GG 6.25 1.16-33.75 0.04
4) ATL TT vs TG/GG 1.50 0.60-3.75 039
®

- 5) Low mRNA Expression HTLV-T mono vs DN 034 0.06-2.04 0.24

" 6) Low mRNA Expression HCV mono vs DN 0.29 0.07-2.23 0.15
7)) Low mRNA Expression Co-Inf** vs HTLV-1-mono** 95 2.06-43.76 0.004
8) ATL low expression or not 038 0.14-4.74 081

(A) Upper 4 lines; assessing the risk of 1) HTLV-1 persistent infection, 2) super-imposed HTLV-1 infection with HCV (co-infection), 3) high 1L-28B mRNA expression,
and 4) ATL development when the genotype is a risk factor (B) Lower 4 lines; assessing the risk factors described in the outcome, the iL-28B mRNA oxpression
level in peripheral blood (5, 6, and 7), and ATL development (8). Consequently, similarly to HCV, HTLV-1 is associated with up-regulation of IL-28B mRNA along
with the TT homozygote, and co-infection with HTLV-1 and HCV paradoxically down-regulates the mRNA level

*; |L-28B Expression level, Co-inf = co-infection with HTLV-1 and HCV, mono = mono-infection

findings suggest that the SNP rs8099917 is not asso-
ciated with susceptibility to HTLV-1 infection or the
development of ATL. On the other hand, all of ATL
cell- or HTLV-1-infected T-cell- lines examined were
exclusively TT homozygous, implying that HTLV-1-
infected cells carrying TT homozygotes may immortalize
easily in vitro.
Next, we found a strange phenomenon that the IL-
" 28B mRNA expression levels in peripheral blood were
lower in samples with HTLV-1/HCV co-infection than
_in samples with either HTLV-1 or HCV alone, especially
~ significantly for HTLV-1 mono-infection. In particular,
samples carrying TT homozygotes were strongly down-
regulated, more than the minor TG hetero- and GG-
" homozygotes. Why are the mRNA expression levels dif-
ferent in mono- and dual-infection? Although it is not
known how rs8099917 affects the action of IL-28B, pre-
sumably it alters the immune function to viruses. In
addition to a common anti-viral IFN-stimulating signal
pathway, HTLV-1 may use an alternative anti-viral path-
way like HBV [14], because the HTLV-1 provirus is
integrated into host genomic DNA and replicates in dis-
- tinctive life cycle kinetics. Moreover, ATL originates
from Treg cells, which play a central role in suppressing
immunity [15]. However, this cannot fully explain the
impairment in the HTLV-1 carrier’s immunity because
no ATL cells are present during the carrier period.
Thus, we noted IFN-A(IL-29, IL-28), which was recently
discovered as a type III IFNs with anti-virus ability, anti-
tumor and immune responses [16-18].

From our results, the IL-28B expression level was
higher in HTLV-1 mono-infected individuals including
ATL patients. IFN-Ais usually up-regulated through acti-
vation of the NF-kappaB pathway after viral infection.
Actually, the Sendai virus, an influenza A virus, and

- others have been demonstrated to activate the NF-kappa

B pathway, resulting in up-regulated IL-28B expression
[19,20]. Accordingly, the highest up-regulation of IFN-
A3 in HTLV-1 mono-infection may be explained by vir-
tue of a viral protein of HTLV-1 having strong NF-kB
activating ability. Moreover, it is instructive that IFN-
Ahas a potent function to expand Treg cells [21], which
are mainly infected with HTLV-1, predisposing develop-
ment of ATL. However, there has not yet been evidence
that co-infection with HCV damages Tax action.

Of 1L-28B producing cells in the literature, most cells
in the blood are described as having a weak or absent
expression under the steady state conditions. Li et al. [9]
reported that IL-28B mRNA is not always expressed in
virally infected cells. Actually, our findings in HTLV-1-
infected cases also showed that at least the main produ-
cing cells are likely to be cells other than ATL cells
because most cell lines from ATL and some blood sam-
ples containing ATL cells were expressed faintly. At pre-
sent, plasmacytoid dendritic cells are indicated to be the
most potent producers of IFN-As [19]. On the other
hand, IFN-A3 reportedly has the functions of proliferat-
ing Treg cells which are the origin of ATL cells, sug-
gesting that HTLV-1 is associated with up-regulation via
Treg cells infected with HTLV-1.

In conclusion, we found an unusual phenomenon in
that the expression of IL-28B mRNA was affected by
not only the IL-28B rs8099917 genotype, but also co-
infected HTLV-1 with HCV. This will contribute to a
better understanding the enigmatic impairment of
immunity in the HTLV-1 carrier state, including co-
infection with HTLV-1 and HCV..
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