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A microarray ‘analysis of the samples from the EVI1™8" AML
cells versus the EVIT"® AML cells confirmed upregulation of
CD52 in the EVITHE" AML cells (Supplementary Figure S1).
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Because a humanized anti;CD52 antibody, CAMPATH-1H, has
already been developed for immunosuppression before bone
marrow transplantation and for gene-targeted therapy for
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lymphoproliferative disorders, we further analyzed whether the
CD52 antigen is a novel target in EVI1HE" AML.

In the next experiment, CD52 expression was examined in 15
myeloid leukemia cell lines and primary leukemia cells from 12
patients with AML using RT-PCR. We included three additional
cell lines without chromosome 3¢26 abnormalities (U937, K562
and KG-1) in the ana&{sis. The CD52 expression levels in four
cell lines with EVIT™E" expression (UCSD/AML1, HNT-34,
Kasumi-3 and MOLM-1) were higher than that in the other 11
cell lines with EVI1*°" expression (Figure 1b, top). In primary
leukemia cells, EVIT and CD52 were more highly expressed in
nine patients with chromosome 3¢26 abnormalities than that in
three patients without chromosome 3¢26 abnormalities
(Figure 1b, bottom). Thus, CD52 may be a potential marker

“for EVI18" myeloid leukemia cells. ‘

CAMPATH-1H identifies the CD52 antigen on the
surface of EVI1™8" myeloid leukemia cells

Next, we determined the surface expression of the CD52 antigen
by FACS analysis using phycoerythrin-labeled CAMPATH-1H
(Figure 2a). We used control PB lymphocytes from a healthy
volunteer and two B lymphoid leukemia cell lines (BALL1 and
RAMOS) as positive controls and 63.6-89.7% of these cells
were labeled by CAMPATH-TH. In EVI1*®" myeloid leukemia
cell lines (U937, NH and K562) and primary AML cells from a
patient with EVIT-°Y (PT1), 2.4-10.4% of the cells were labeled
by CAMPATH-1H with a low signal intensity. In contrast,
56.4-98.7% of EVI1™8" myeloid leukemic cells (UCSD/AMLI,
HNT-34, Kasumi-3 and MOLMT) were robustly labeled by
CAMPATH-1H, yielding higher signal intensity than BALL1 and
RAMOS cells. Moreover, CAMPATH-1H bound to the majority
of leukemia cells from three AML patients with inv(3)(¢2126)
(PT8 and PT9) or with 1(3;21)(q26;q22) (PT11) at a high signal
intensity similar to EVI178" cell lines.

To determine whether the EVI1 transcription factor activates
CD52 gene expression, we introduced an EVIT expression
vector into an EVIT" leukemia cell line, U937, and an shRNA
targeting EVIT (shEVI1) into an EVIT™S" leukemia cell line,
UCSD/AMLI. After introducing the EVIT expression vector into

U937 cells, the expression of EVIT was clearly detected in

U937/EVIT cells by RT-PCR, and the level of CD52 mRNA was
also increased in U937/EVIT cells in comparison with parental
or mock vector-transfected cells (Figure 2b). FACS analysis
showed that the population of CD52-positive cells was
increased (61.1%) in U937/EVIT cells in comparison to U937/
mock cells (19.3%), with increased fluorescence intensity
(Figure 2c). Moreover, after the introduction of shEVIT or
shRNA against luciferase (shLuc) as a control into UCSD/AML1
cells, the expression level of CD52 mRNA was decreased in
UCSD/AML1/shEVIT cells, along with a decreased expression of
EVI1, when compared with parental or UCSD/AML1/shLuc cells
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(Figure 2d). FACS analysis showed that the percentage of CD52-
positive cells in AML1/shEVI1 cells was considerably lower
(24.0%) than that in AML1/shLuc (45.1%) cells with decreased
fluorescence (Figure 2e). Thus, the CD52 expression in myeloid
leukemic cells is partly dependent on the expression of EVI1,
and CD52 may be one of the downstream target genes regulated
directly or indirectly by EVI1.

CAMPATH-1TH induced a direct cytotoxic effect on
EVITTER AML cells

Because CAMPATH-1H was highly reactive with the surface of
EVITHEM AML cells, it may be a good therapeutic candidate for
EVIT-positive AML. We initially tested the growth inhibitory and
direct cytotoxic effects of CAMPATH-TH on an EVIT-" AML cell
line (K562) and two EVIT™E" AML cell lines (UCSD/AMLT and
HNT-34) with two B-ALL cell lines (BALLT and RAMQOS) as controls.
After the cells were incubated with various concentrations of
CAMPATH-TH for 48h, the cell viability was evaluated by Trypan
blue staining (Figure 3a). Cell growth was inhibited in the three AML

cell lines with EVI1™&" expression in a dose-dependent manner, and

51.5-78.9% of cells remained viable at 10 pg/ml CAMPATH-TH. In
contrast, over 90% of B-ALL cells were viable at this drug
concentration. In the next experiment, primary AML cells from a
patient with EVI1°" expression (PT1) and from three patients with
EVI1H€" expression (PT8, PT9 and PT11) were used to test the direct
cytotoxic effect of CAMPATH-TH. Over 90% of PT1 cells were
viable at all drug concentrations; however, only 52.5-57.5% of
EVITH" AML cells from patients (PT8, PT9 and PT11) survived the
maximal dose of 100 pg/ml, suggesting that CAMPATH-1H directly
suppressed the survival of EVIT™8" AML cells. '

To confirm whether the cytotoxic effect of CAMPATH-1H is
dependent on apoptotic cell death, we treated two EVI1™&"
AML cell lines (UCSD/AMLT and HNT-34) and primary EvI1Heh
AML cells (PT8) with 10 pg/ml of CAMPATH-1H for 4 days and
determined the cell viability and apoptosis. In all of the EvI1H8h
AML cells, the growth rate of CAMPATH-1H-treated cells was
slower than that of control immunoglobulin G (IgG)-treated cells
(Figures 3b, d and f) and 15.5-40.1% of EVI1"&" AML cells
underwent apoptosis 2 days after treatment (Figures 3¢, d and f).
Moreover, the amount of cleaved caspase-3 (18kDa) was
increased in the EVITHE" leukemic cells after 2 days of
CAMPATH-1H treatment (Figure 3h). Thus, our results indicate
that CAMPATH-1H effectively induces apoptosis in EVI1High
AML cells.

CAMPATH-1H-mediated CDC and ADCC against
EVITTE" AML cells

Because CAMPATH-1H exerts its antitumor effects on lympho-
cytes or lymphoid leukemia cells through immunological
mechanisms, such as CDC and/or ADCC, by virtue of its

<

Figure 3 Induction of direct cytotoxicity against EVI1™'8" AML cells by CAMPATH-1H treatment. (a) Viable cells after treatment with the
indicated concentration of CAMPATH-1H for 48 h were examined using Trypan blue dye exclusion and are shown as the percentages of the values
obtained from the untreated parental cells. The left panel shows the percent viability of cell lines with EVIT**" expression (K562, RAMOS and
BALLT; dot lines with open marks) and with EVI1"'8" expression (UCSD/AML1 and HNT34; solid lines with closed marks). The right panel shows
the percent viability of primary AML cells with EVI1"*" expression (PT1; dot lines with open marks) and with EVI1™8" expression (PT8, PT9 and
PT11; solid lines with closed marks). The experiments were performed in triplicate and repeated independently at least three times. (b, d, f) Viable
cell numbers of EVIT™E" AML cells (UCSD/AML1, HNT-34 and PT8) were shown at the indicated time points after treatment with 10 ug/ml of
CAMPATH-1H or with control IgG. Student’s t-test (P<0.05) was used for the statistical analysis between the control IgG- and CAMPATH-1H-
treated AML cells. (c, e, g CAMPATH-1H treatment induces the apoptosis of EVI1 High AML cells. Following treatment with CAMPATH-1H for 48 h,
cells were labeled with Annexin-V and propidium iodide, and the percent of apoptotic cells was determined using flow cytometry. The
experiments were performed in triplicate and repeated independently at least three times. (h) Identification of cleaved caspase-3 after the treatment
with CAMPATH-TH against EVITHiEN AML. EVITHEM AML cell lines (UCSD/AMLT and HNT-34) were treated with CAMPATH-TH (10 pg/ml) for
48h, and western blot analyses were performed by anti-caspase-3 antibody. Asterisks indicate nonspecific bands.
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IgG Fc region, we initially investigated the CDC activity of ~ death was observed in the PT1 and PT8 cells, but a moderate
CAMPATH-1H on EVITH&" AML cell lines (UCSD/AMLT and ~ CDC effect was observed using the PT-9 and PT11 cells
HNT-34) along with EVI1'*" AML (K562) and B-ALL cell lines (Figure 4a, right panel). Thus, CAMPATH-TH does not appear
(BALL1 and RAMOS) as controls. CAMPATH-TH treatment  to have a significant CDC effect on EVIT™8" AML cells.

induced a slight increase in cell death in the two B-ALL and two Next, the ADCC activity of CAMPATH-TH was examined
EVI1Hi8% AML cell lines, although it had no effect on the EVIT*®  against the same cell lines and primary AML cells as those in the
K562 cell line (Figure 4a, left panel). Next, primary AML cells ~ CDC. In the two B-ALL and two EVITHE" [eukemia cell lines,
from a patient with EVIT*® (PT1) and from three patients CAMPATH-1H significantly increased the percentages of cell
with EVI1™8" expression (PT8, PT9 and PT11) were used to test  death in a dose-dependent manner, whereas EVI1 Low K562 cells

the effect of CAMPATH-1H on CDC. Only a low level of cell showed almost no response (Figure 4b, left panel). Treatment
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Figure 4 The induction of CDC and ADCC activities by the treatment of CAMPATH-1H and in vivo antitumor activity against EVIT High AML cells
in mouse xeno%raft models. (@) CAMPATH-1H-mediated CDC activity in various leukemia cells. The left panel shows the percent viability of cell
lines with EVIT- expression (K562, RAMOS and BALL1; dot lines with open marks) and cell lines with EVI1ME" expression (UCSD/AMLT and
HNT34; solid lines with closed marks). The right panel shows the percent viability of primary AML cells with EVI1¥ expression (PT1; dot lines
with open marks) and AML cells with EVI1 High expression (PT8, PT9 and PT17; solid lines with closed marks). After the cells were incubated with
human serum complement and CAMPATH-TH at concentrations from 0.1 to 100 pg/ml, the extent of cell lysis was measured with an LDH-
releasing assay and is shown as the percentage of the value obtained from the untreated parental cells. The experiments were repeated
independently at least three times. (b) CAMPATH-1H-mediated ADCC activity in various leukemia cells. ADCC assays were performed with the
same series of cells used in (a). After incubation of the cells with PB mononuclear cells from a normal donor and 0.1-100 ug/ml of CAMPATH-1H,

" ADCC activity was measured by LDH release. The results are the mean and standard deviations for each sample, which was independently

repeated in triplicate. () CAMPATH-1H reduces tumor growth in NOG mice xenografted with EVITHigh AML cells. CAMPATH-TH was
administered at 4 mg/kg intravenously weekly for 4 weeks. Tumor growth was assessed by measuring the volume of each tumor at weekly intervals.
Each group contained five mice. The graphs depict the average tumor volume for the PBS control group and the CAMPATH-1H-treated
group % standard error (d) Kaplan-Meier survival plot of UCSD/AML1-bearing NOG mice. CAMPATH-TH was administered - at 4 mg/kg
intravenously weekly for 4 weeks. Kaplan-Meier survival curves are shown for PBS- and CAMPATH-1H-treated groups (n=>5 per group).
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with CAMPATH-1TH also resulted in a significant increase in cell
death in primary cells from three patients with EVI178" AML
(PT8, PT9 and PT11), and no response was observed in the case
of the EVIT'®Y PT1 cells (Figure 4b, right panel). These results
suggest that CAMPATH-TH exerts a significantly stronger ADCC
effect than a CDC effect against EVI178" AML.

In vivo antitumor effect of CAMPATH against EVI1'€"
AML in a xenograft model

To investigate the effects of CAMPATH-TH on EVI1™&" AML
in vivo, USCD/AML1 cells with EVIT"" expression were
subcutaneously inoculated into immunodeficient NOG mice.
After tumors reached a size of 50-100mm? 100pg of
CAMPATH-1H or PBS as a control was intravenously injected
once a week for 4 weeks, and tumor growth and mouse survival
were monitored (Figures 4c and d). CAMPATH-TH significantly
inhibited the tumor growth of UCSD/AMLT cells when
compared with the control (P<0.05) (Figure 4c). The median
survival time of control mice was 75 days, and all control mice
died within 100 days. In contrast, the median survival was
prolonged to 127 days in mice injected with CAMPATH-1H,
and four out of five mice were still alive more than 100 days
after inoculation. Taken together, these data suggest that
CAMPATH-1H is a promisin% candidate therapeutic antibody
for AML patients with EVI17€" expression.

Discussion

In this study, we found that CD52 was highly expressed in most
EVITHE" Jeukemia cells. Using the humanized anti-CD52
monoclonal antibody CAMPATH-1H, we showed that CAM-
PATH-TH inhibited cell growth and induced apoptosis of
EVIT"&" Jeukemia cells through direct cytotoxicity and/or
ADCC in vitro. Moreover, we showed the therapeutic efficacy
of CAMPATH-TH in an in vivo model of EVITHE" leukemia
using NOG mice. Although NOG mice lack functional T and
natural killer cells, murine neutrophils were considered to be
effector cells mediating ADCC as well as direct cytotoxicity in
our mouse model. Indeed, CAMPATH-1H efficiently inhibited
the growth of leukemia xenografts in an EVI18" AML xenograft
model. These data suggest that the use of CAMPATH-TH may be
effective in treating myeloid leukemia with EVITHig",

CD52 is a small glycosylphosphatidylinositol-linked protein
of unknown function. CAMPATH-1H (Alemtuzumab), a huma-
nized antibody against CD52, is used to deplete leukemia cells
from patients with relapsed/refractory chronic lymphocytic
leukemia.'® Recent studies have suggested the effectiveness of
CAMPATH-TH treatment in additional hematopoietic malig-
nancies, including peripheral T-cell lymphoma, T-cell prolym-
phocytic leukemia and cutaneous T-cell lymphoma.*®~*?
Although it has been reported that the majority of various
subtypes of AML are negative for CD52 expression, a subset of
acute myelomonocytic leukemias has been shown to exhibit
CD52 expression.'? This is consistent with our observation that
a case (no. 2) out of 10 EVIT*¥ AML cases has been diagnosed
with myelomonocytic leukemia with high CD52 expression
(Supplementary Figure S1). Recently, it was reported that 15
patients with CD52-positive, recurrent or refractory acute
leukemia (nine patients with AML and six patients with ALL)
received single-agent Alemtuzumab.'* Interestingly, the major-
ity of the CD52-positive AML cases had chromosome 7
abnormalities, and two cases with monosomy 7 exhibited
complete remission. In our study, five of nine AML patients with

CD52 is a molecular target of AML with EVI1™" expression
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EVIT™8" expression displayed chromosomal abnormalities
involving chromosome 7, such as t(3;7)(q26;q21), partial
deletion of chromosome 7 or monosomy 7. Patients with
EVIT™€" AML exhibit specific clinical features, including
elevated platelet counts, association with monosomy 7 or
chromosome 7 deletion, refractoriness to therapy and a poor
prognosis.*® It has been suggested that the genomic instability
and myelodysplasia with monosomy 7 occur as a consequence
of EVIT activation after gene therapy for chronic granulomatous
disease.** It seems likely that EVIT and gene(s) on chromosome
7 play a crucial role in regulating CD52 expression. We have
previously shown that EVI1 is expressed on bone marrow stem
and progenitor cells and has an important function in maintain-
ing hematopoietic stem cells.*> It is, therefore, tempting to
speculate that specific stem cell populations may express CD52
along with EVIT. Future studies should examine the expression
of CD52 on hematopoietic stem cells and its relevance to
leukemia development. It is also important to determine
whether EVIT directly activates the CD52 promoter.

Although the mechanism of cytotoxicity of CAMPATH-1H is
not well understood, CAMPATH-1H had minimal direct
cytotoxicity, but exhibited significant CDC against chronic
lymphocytic leukemia and acute lymphocytic leukemia
cells.”®™.In our experiments, CAMPATH-TH lysed EvI1™ieh
AML cells more efficiently through direct cytotoxicity or ADCC
than through CDC (Figures 3 and 4). CD52 is a 12-amino-acid
glycopolypeptide containing a large glucose moiety, and
CAMPATH-1H recognizes C-terminal amino acids and part of
the glycosylphosphatidylinositol anchor of CD52.4647 The
amount of protein and/or post-translational modifications, such
as glycosylation, may be involved in differential immune
responses to CAMPATH-1H.

We showed that EVI1™8" AML cells are good targets for the
cytolytic activity of CAMPATH-TH. In the standard schedule of
CAMPATH-1H for allogeneic stem cell transplantation, the
treatment is not always efficient because the antibody adsorbs
onto T lymphocytes. Therefore, combinations of CAMPATH-1H
with active chemotherapeutic agents such as daunorubicin,
etoposide and cytarabine need to be explored in future studies.
Finally, these studies provide support for a clinical trial of
CAMPATH-1H in patients with EVI1™8" AML and potentially in
patients with other AMLs that express CD52.
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Abstract Adult T-cell leukaemia (ATL) is caused by
human T-cell leukaemia virus type I (HTLV-I) infection
and is resistant to conventional chemotherapy. We evalu-
ated the inhibitory effects of agricultural plants on the
proliferation of seven ATL-related human leukaemia cells,
using three ATL cell lines (ED, Su9T01 and S1T), two
human T-cell lines transformed by HTLV-I infection
(HUT-102 and MT-2) and two HTLV-I-negative human
T-cell acute lymphoblastic leukaemia cell lines (Jurkat and
MOLT-4). A total of 52 samples of 80% ethanol extracts
obtained from 30 types of agricultural plants were exam-
ined. On the basis of ICsg values, we selected samples with
greater activity than genistein, which was used as a positive
control. The highest inhibitory effect was observed with
extracts from leaves of Vaccinium virgatum Aiton (blue-
berry) on four cell lines (ED, Su9T01, HUT-102 and Jur-
kat); seeds of Momordica charantia L. (bitter gourd)
exhibited the second highest activity. The bitter gourd
seeds suppressed the proliferation of three cell lines
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(Su9TO01, HUT-102 and Jurkat). The extracts from edible
parts of Ipomea batatas LAM. (sweet potato), edible parts
of Colocasia esculenta (L.) Schott (taro), skin of taro and
seeds of Prunus mume Sieb. et Zucc. (mume) showed
markedly greater inhibitory effects on Su9TOI than geni-
stein. These findings suggest that ATL-preventative bio-
active compounds may exist in these agricultural plants,
which are considered to be functional foods.

Keywords Screening - Agricultural plants - Adult T-cell
leukaemia (ATL) - Human T-lymphotropic virus type I
(HTLV-I).

Introduction

Adult T-cell leukaemia (ATL) occurs in a small population
of individuals infected with human T-cell leukaemia virus
type I (HTLV-I). After infection with HTLV-I, 2-5% of
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carriers are likely to develop ATL after a long latency period

(BQ—SO years) [1]. The affected patients are frequently from

certain areas of Japan, South America, the Caribbean Basin,
West Central Africa, northern Iran, southern India and other
isolated tropical regions [2]. In Japan, the prevalence rate has

reached 37% of the population in the southern and western-

parts of Kyushu (i.e. Miyazaki, Kagoshima and Nagasaki
Prefectures) [3]. ATL has a poor prognosis, with a mean
survival time of 13 months, being refractory to currently
available combination chemotherapy [4]. Therefore, it is
important to continue the search for an appropriate thera-
peutic method to prevent the development of ATL or to
prolong survival after its occurrence. Recent studies reported
that certain components of natural foods, such as curcumin
[5], capsaicin [6], soy-derived isoflavones [7], epigalloca-
techin-3-gallate [8], a derivative compound of imidazoqui-
noxaline [9] and brown algae fucoxanthin [10], have
inhibitory effects on ATL cell line growth. However, there
are no reports of large screening tests of ATL cell line growth
using a multitude of agricultural plants; such tests may
potentially reveal the existence of several kinds of active
compounds. In the present study, we screened 52 samples of
agricultural plants for their ability to inhibit proliferation in
seven leukaemia cell lines (three ATL cell lines, two human
T-cell lines transformed by HTLV-I infection and two
HTLV-I-negative human T-cell acute lymphoblastic leu-
kaemia cell lines) to identify useful drugs for the prevention
and/or treatment of ATL. '

Materials and methods
Agricultural plant extracts

All agricultural plants were cultivated at the Miyazaki Agri-
cultural Research Institute. The scientific names of all samples
were identified by Dr H. Kunitake (Miyazaki University,
Japan). The fresh agricultural plants were separated into their
" parts (i.e. bulb, core, edible parts, flesh, flower, fruits, hull,
leaves, peel, pericarp, placenta, roots, seeds, skin and stems),
freeze-dried and powdered. The freeze-dried powders (1 g)
were extracted with 30 ml of 80% ethanol. The extracts were
evaporated, dissolved in methanol or dimethyl sulfoxide and
- subjected to assay screening. Samples of the agricultural
plants used in these experiments were stored at the Miyazaki
Prefectural Food Research and Development Center (MFDC).
Voucher specimens were also deposited at MFDC. Collection
dates are shown in Table 1. :

Cell culture

ED cells were kindly provided by Dr M. Maeda (Kyoto
University, Japan) and Su9T01 and-S1T cells were kindly

_@_ Springer

provided by Dr N. Arima (Kagoshima University, Japan)
[11]. HUT-102, MT-2, Jurkat and MOLT-4 cells were’
obtained from the Fujisaki Cell Center, Hayashibara Bio-
chemical Laboratories (Okayama, Japan). All cells were
maintained in RPMI 1640 medium (Sigma, St. Louis, MO,
USA) supplemented with 10% fetal bovine serum (SAFC
Biosciences, Lenexa, KS, USA, lot no. 3M0469) contain-
ing 100 U/ml penicillin G and 100 pg/ml streptomycin’
(Sigma, St. Louis, MO, USA). Each cell line was sub-
cultured twice a week, and in the actual in vitro experi-
ment, the cell number was adjusted to 1 x 10° cells/ml.

Cell proliferation assay

Each cell line was seeded (1 x 10> cells/ml, 90 wl/well) into
a 96-well plate containing RPMI 1640 medium. After incu-
bation at 37°C for 24 h in an atmosphere of 5% CO,, the
samples were added (10 pl/well) and subsequently incubated
for an additional 72 h. The inhibition of cell proliferation was
determined using a 2-(2-methoxy-4-nitrophenyl)-3-(4-nitro-
phenyl)-5-(2,4-disulfophenyl)-2H-tetrazolium monosodium
salt (WST-8) assay kit (Df)jindo, Kumamoto, Japan). Each
cell line was incubated with individual extracts for 72 h and
the viable cells were detected using a WST-8 assay kit. The

- viable cells convert the tetrazolium salt in WST-8 to a highly

water soluble formazan. The cohcentration at which cell
proliferation is inhibited by 50% compared to an untreated
control is expressed as ICsq. Genistein (Wako, Osaka, Japan)
was used as a positive control [7].

Results

Table 1 shows the agricultural plants, parts and voucher
numbers of the 52 samples. All samples extracted with 80%
ethanol were screened for proliferation inhibitory activity in
ATL cell lines (ATL group: ED, Su9T01 and S1T), human
T-cell lines transformed by HTLV-I infection (HTLV-I
group: MT-2 and HUT-102) and HTLV-I-negative human
T-cell acute lymphoblastic leukaemia cell lines (non-HTLV-
I group: Jurkat and MOLT-4). Table 2 shows the samples
with the greatest inhibitory activity based on ICsq values
(ug/ml); genistein was used as a positive control [7].

In the ATL group, only blueberry leaves (no. 8:
ICso = 10.5 pg/ml) had a greater inhibitory effect than
genistein (JCsp = 19.8 pg/ml) on ED cells. In Su9TO1
cells, bitter gourd seeds, blueberry leaves, edible parts of
sweet potato, edible parts of taro, taro skin and mume seeds
(nos. 4, 8, 42, 47, 48 and 51: ICsy = 0.3, 5.4, 6.0, 26.2,
45.0 and 45.9 pg/ml, respectively) had greater inhibitory
effects than genistein (ICso = 58.1 pg/ml). However, no

‘samples exhibited greater inhibitory activity than genistein .

(ICsq = 11.3 pg/ml) on SIT cells.
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Table 1 List of agricultural plants, parts, voucher numbers and collection dates

No. Scientific name Common name Parts - Voucher Cpllection .
: number date
1 Capsicum annuum L. Bell pepper Edible parts Mi-CREATE-0! March 2003
(green colour)
2 Placenta Mi-CREATE-02 March 2003
3 Capsicum annuum L. Bell pepper Fruits Mi-CREATE-03 April 2003
i (orange colour) )
4 Momordica charantia L. Bitter gourd Seeds Mi-CREATE-04 August 2003
5 Pericarp Mi-CREATE-05 August 2003
6 Placenta Mi-CREATE-06 August 2003
7 Oryza sativa L. Black rice Edible parts Mi-CREATE-07 September 2003
8 Vaccinium virgatum Aiton Blueberry Leaves Mi-CREATE-08 August 2004
9 Arctium lappa L. ‘ Edible burdock Root with skin Mi-CREATE-09 October 2004
10 Daucas carota L. Carrot Root with skin Mi-CREATE-10 January 2004
11 Leaves Mi-CREATE-11 January 2004
12 Chamaemelum nobile (L.) All. Chamoniile Flower : Mi-CREATE-12 May 2003
13 Capsicum chinense L. Chilli pepper Pericarp Mi-CREATE-13 April 2004
14 - i Placenta, seeds Mi-CREATE-14  April 2004
15 Citrus spp. Citrus (Soyomizu) Seeds Mi-CREATE-15 May 2003
16 Peel Mi-CREATE-16 May 2003
17 Segments, albedo Mi-CREATE-17  May 2003
18 Solanum melongena L. Eggplant Fruits Mi-CREATE-18 August 2003
19 Petroselinum crispum (Mill.) Italian parsley Leaves Mi-CREATE-19  July 2003
* var. neapolitanum .
20 Raphanus sativus (L.) var. longipinnatus Japanese radish Root with skin Mi-CREATE-20.  January 2004
21 Leaves Mi-CREATE-21 January 2004
22 ‘Fortunella crassifolia Swingle Kumquat Edible parts (ripe) Mi-CREATE-22 March 2004
23 Seeds (ripe) Mi-CREATE-23 March 2004
24 Edible parts (immature) Mi-CREATE-24  October 2003
25 Seeds (immature) Mi-CREATE-25 October 2003
26 Lactuca sativa L. Capitata Group Head lettuce Edible parts Mi-CREATE-26 March 2004
27 Mangifera indica L. Mango Flesh Mi-CREATE-27 July 2003
28 , Skin Mi-CREATE-28 July 2003
29 Cucumis melo L. var. reticulatus Naud. Netted melon Fruits Mi-CREATE-29 December 2003
30 Placenta, seeds Mi-CREATE-30 December 2003
31 Allium cepa L. Onion Bulb Mi-CREATE-31 March 2004
32 Leaves Mi-CREATE-32 March 2004
33 Elatostema involucratum Franch. & Sar. Potherb mustard . . Leaves ‘Mi-CREATE-33 April 2004
34 Glycine max Merrill Soybean - Whole beans Mi-CREATE-34 May 2004:
35 Pisum sativum L. Pea Hull Mi-CREATE-35 April 2004
36 ‘ Leaves, stem Mi-CREATE-36 April 2004
37 Whole beans Mi-CREATE-37 April 2004
38 Cucurbita spp. Cushaw Edible parts Mi-CREATE-38  February 2004
39 Seeds, placenta Mi-CREATE-39 February 2004
40 Stevia rebaudiana Bertoni Stevia Leaves Mi-CREATE-40 July 2003
41 Fragaria x ananassa Duchesne Strawberry Fruits Mi-CREATE-41 April 2003
42 Ipomea batatas LAM. Sweet potato Edible parts - Mi-CREATE-42 October 2003
43 Stems Mi-CREATE-43 October 2003
44 Leaves Mi-CREATE-44 October 2003
45 Sweet corn Immature kernels Mi-CREATE-45 May 2003

Zea mays L.
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Table 1 : continued

No. Scientific name Common name Parts ’ Voucher Collection
) number date

46 . ) Core Mi-CREATE-46 = May 2003

47 Colocasia esculenta (L.) Schott - Taro Edible parts Mi-CREATE-47 October 2003
48 Skin ' Mi:CREATE-48  October 2003
49 Lycopersicum esculentum Mill. var. Tomato " Fruits Mi-CREATE-49 April 2003

cerasiforme '

50 Prunus mume Sieb. et Zucc. Mume Flesh Mi-CREATE-50 May 2003

51 ) Seeds Mi-CREATE-51 May 2003

52 Cucurbita pepo L. Zucchini Fruits Mi-CREATE-52 February 2003

In the HTLV-I group, bitter gourd seeds and blueberry
leaves (nos. 4 and 8: ICs50 = 24.0 and 17.3 pg/ml,
respectively) had greater inhibitory effects than genistein
(ICso = 28.2 pg/ml) on HUT-102 cells. However, ‘there
were no samples with greater activity than genistein
(ICsp = 14.1 pg/ml) on MT-2 cells.

In the non-HTLV-I group, bitter gourd and blueberry
leaves (nos. 4 and 8: ICsp = 32.7 and 15.7 ug/ml,
respectively) had greater inhibitory effects than genistein
(ICsg = 33.1 pg/ml) on Jurkat cells. However, there were
no samples with greater inhibitory activity than genistein
(ICsp == 31.5 pg/ml) on MOLT-4 cells. -

Overall, these results show that bitter gourd seeds (no. 4)
and blueberry leaves (no. 8) had significant inhibitory
effects in these seven leukaemia cell lines. Other samples
showed weak inhibition in these seven leukaemia cell lines,
with most of the ICs, values being greater than 100 pg/ml
(data not shown).

Discussion

‘We examined the inhibitory effects of 52 agricultural plant
extracts  on. the proliferation of seven ATL-related cell

lines. The results were compared with the inhibitory effect
of genistein (positive control). Genistein is a soy-derived
isoflavone and is known to have ,sevell‘al bioactivities [12];
we confirmed that genistein inhibits the proliferation of
seven ATL-related cell lines. In particular, the extracts
from blueberry leaves and bitter gourd seeds exhibited
greater inhibitory potencies than the control towards
Su9T01, HUT-102 and Jurkat cells. In addition; blueberry
leaves also exhibited potent inhibitory effects on ED cell
proliferation (Table 2).

Matsuo et al. [13] reported that the polyphenols of
rabbiteye blueberry leaves were mainly composed of pro-
anthocyanidins, followed by caffeoylquinic acids and fla-
vonol glycosides. Li et al. [8] reported that
epigallocatechin-3-gallate inhibits proliferation of ATL, as”
well as HTLV-I infected cells, by suppressing HTLV-I pX
gene expression and inducing apoptotic cell death. From
these reports, proanthocyanidins may have contributed to
the inhibitory effect on cell proliferation in ATL and
HTLV-I infected cells. ‘ : ‘

Kobari et al. [14] reported that (9Z,11E,13E)-9,11,13-.
octadecatrienoic acid (¢-eleostearic acid), which is one of
the major fatty acids in bitter gourd seeds, as well as its
dihydroxy derivative, inhibited the proliferation of HL60

Table 2 Inhibitbry activity of 80% EtOH extracts from agricultural plants on cell proliferation in ATL-related leukaemia cell lines

No. Scientific name Common name Parts

ICsp value (pg/ml)

ATL HTLV-1 non-HTLV-I
ED Su9T0l SIT HUT-102 MT-2  Jurkat MOLT-4
} Momordica charalgria L. Bitter gourd - Seeds 24.5 0.3 85.8 24.0 41.7 32.7 87.7
8 Vaccinium virganuh Aiton Blueberry Leaves 10.5 54 138 17.3 16.0 15.7 71.0
42 Ipomea batatas LAM. Sweet potato Edible parts >5000  6.0° >500.0 >500.0  >500.0 >500.0 295.2
47  Colocasia esculenta (L.) Schott Taro Edible parts 312 262 25.0 835 647 59.8 1069
48  Colocasia esculenta (L.) Schott Taro Skin 622- 450 66.6 - 189.9 141.2 2004 >500.0
'S Prunus mume Sieb. et Zucc. Mume Seeds 422 459 114.1  263.6 320.1  252.0° >500.0
Genistein (pug/ml) 19.8 58.1 11.3 28.2 14.1 33.1 315
Genistein (uM) 733 2153 42.0 1043 524 1226 1167
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leukaemia cells, HT29 colorectal carcinoma and other
cancer and fibroblast cells. HL60 leukaemia cells, which
“are uninfected HTLV-I cells, have been used as a bioactive
screening test to evaluate medicinal plants and functional
food for a long time. In this screening test result, the bitter
gourd seeds suppressed proliferation of Su9T01, HUT-102
and Jurkat cells. In these cells, it is possible that «-eleo-
stearic acid may have contributed to the inhibitory’ effect
on cell proliferation.

The extracts from edible parts of sweet potato, edible
parts of taro, taro skin and mume seeds showed markedly
greater inhibitory effects than genistein only in Su9TO1
cells. These products could be useful in the search for new
anti-leukaemia therapeutic agents, specific for Su9TOl
cells. This result indicates that the constituents of these
agricultural plants might affect a molecular mechanism
unique to Su9T01 cells.

In this experiment, we found that several products
showed potent inhibitory effects on ATL-leukaemia cell
lines and we intend to identify the active compounds from
these materials.
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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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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-
l-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 1.1
The nucleotide position number of HTLV-1 provirus was
according to Seiki et al. (accession no. J02029).2

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 pal 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 '

Int. J. Cancer: 128, 1335-1343 (2011) © 2010 UICC
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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: 5LTR(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 ef 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 5LTR-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 andipX regions and polymorphism found in the pol region
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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.

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-l) 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). Therefore, 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

Int. J. Cancer: 128, 1335-1343 (2011) © 2010 UICC

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-l1was 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
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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-l-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. J. 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, SO4, which was digested with Eco RI; MW: molecular weight marker.

of HTLV-I-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

Int. J. Cancer: 128, 1335-1343 (2011) © 2010 UICC

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 s‘uggesting 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 showr to promote the prolif-
eration of infected cells.’>** On the other hand, Tax is also
reported to be a good tdrget 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-
1-infected cells with “defective provirus, which does not
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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 wusing 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-
I-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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