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Table 3. Cox analysis of eruption type and T stage for clinical factors and OS

Multivariate (eruption type Multivariate (T stage and
Univariate and clinical factors) clinical factors)
Clinical factor HR (95% CI) P HR (95% CI) P HR (95% Cl) P

Clinical subtype

8)
0.1 (03-1.1)

1.0 (0.6-1.7)

Complications at diagnos
Absent )
- Present.

0.6 (0.2-2.0)
.4 (0.2-1.2)
1.8 (0.4-7.3)

Hypertension
Stroke

~ Opportunistic infection
Hematologic factors
- WBC count, X 10%/L

3.5 (0.6-19.4)

3.7 (2.0-6.5) 1.1 (0.5-2.6)

3.0 (1.8-4.9)

1.2(0.6-2.2)
.~ Caloium
= NI
CoENL
Eruption type

Plaque
- Nodulotumoral
Erythrodermic

2.2(0.5-10.9) 321 1.4 (0.3-8.0) 680

68.4 (11.5-405.9) 21.2 (3.0-150.3) 002

Purpuric
Tstage
™
T2
T3
T4
Multipapular type
- Purpurictype.

6.8 (0.9-53.7) 071

15.1)

15.3 (4.4-52.8)
(17,8-394.6

5.8 (1.6-20.9)

11.3 (2.8-46.0)

8.1 (1.4-47.1)

Clindicates confidence interval; and NI, normal index.

types were significantly higher than that of the patch type, and that It has been reported that the smoldering type of ATLL with skin

skin eruption is an independent prognostic factor for ATLL. eruptions, especially those of the nodulotumoral type, has a poorer
prognosis than ATTL without skin involvement.!® Another group of
Table 4. Univariate analyses of T stage compared with patients investigators reported that the MSTs of the nodulotumoral and

having no skin eruptions maculopapular types were 26 and 80 months, respectively, which

are significantly shorter than those in ATLL without cutaneous
Clinical factor HR (95% CI) P eruptions.? Our findings are in agreement with these observations,
stag and further clarify the relationship between type of skin lesion and
prognosis. Skin-targeted therapy using topical steroids, psoralen
photochemotherapy, or narrow-band UVB therapy!® may improve
the prognosis of ATLL for patients with skin eruptions.

The purpuric type of ATLL is one of the rarest skin eruptions of
ATLL,? and has been reported to occur in 1.6% of ATLL patients with

Univariate

1
(350013
16.4 (4.9-55.1) < .001
| 127.4(26.2:618) <001

1.3 (0.3-4.8) 670

No eruption
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Table 5. Cox multivariate analyses of clinical factors and OS
compared with patients having no eruption

Multivariate
HR (95% CI) P

Clinical factor

Clinical subtype

Acute type )
~ Lymphomatype 2.4 (0:8-7.2) .
Chronic type 0.3 (0.1-0.9) .036

Patient-related factors

Complications at diagnosis
Absence
| Presence

Diabetes mellitus
* Hypenensio
Stroke

_ Opportunistic nfection
Hematologic factors
- WBG count, X 10°1L

2.0 (0.7-5.9)

1.2 (0.7-2.1)

4 (0.6-9.7)

Clindicates confidence interval; and Ni, normal index.

skin lesions.!” However, its incidence is higher than was previously
thought, because we documented a 4.2% frequency in this study. The
production of granzyme B by ATLL cells may lead to the destruction of
vessels and the development of purpuric eruptions in these patients.*
The prognosis for the purpuric type of skin lesion has not been
investigated because of the rarity of this type. There have been 9 cases of
the purpuric type reported in the literature.2*3! When these are divided
into the punctate and macular subtypes, the prognosis of the punctate
purpuric subtype might be better than the macular purpuric subtype.?*3!
In our 5 purpuric cases, 2 cases of the punctuate purpuric subtype
survived, with a 73.4-month mean survival time (the MST was not
estimable), whereas 3 cases of the macular purpuric subtype died with
2.1 months of the MST. This suggests that the punctuate subtype has a
good clinical prognosis, and the poor prognosis of the total purpuric type
is derived from the macular subtype.

In addition to the purpuric type, the erythrodermic type is a rare skin
manifestation in ATLL patients, with a prevalence of 3.5% reported in a
previous study'® and 4.2% in the present study. The majority of ATLL

BLOOD, 14 APRIL 2011 - VOLUME 117, NUMBER 15

cases associated with the erythrodermic type of skin lesion are aggres-
sive. In our study, all patients with erythrodermic lesions also belonged
to the acute type and had the poorest prognosis among all skin eruption
types. In patients with cutaneous T-cell lymphoma (CTCL), the erythro-
dermic type is typically termed SS and also has a poor prognosis.'® In
some erythrodermic CTCL patients, the decreased expression of intercel-
Tular adhesion molecule-1 by keratinocytes may lead to an inability of
malignant T cells to enter the epidermis and infiltrate the blood and other
organs.3? This pathomechanism in erythrodermic CTCL can also be
applied to ATLL, resulting in poor prognosis. Skin biopsy specimens of
the erythrodermic type of ATLL revealed scant tumor cell infiltration
into the epidermis. 333

We applied MF/SS classification T stages to ATLL assessment, and
demonstrated that the OS was worse as the T stage became more
advanced. The results shown in Table 3 indicated that the prognosis of
T1 stage was better than that for T2, suggesting that the difference in the
body surface area of skin lesions is associated with the prognosis of
ATLL. Moreover, the prognosis of T3 patients was poorer than those of
T1 and T2, indicating that the depth of tumor-cell infiltration is
associated with survival rate. T-stage classification accurately reflects
the prognosis of ATLL and MF/SS. However, the multipapular and
purpuric types are not applicable to T stage. We found that the
multipapular type and T2 had similar outcomes, and that the purpuric
type had a significantly poorer prognosis than T1. This may provide
clinically useful information for patient management and choice of
therapy. Moreover, our present study demonstrated that skin eruption is
an independent prognostic factor for ATLL patients: the presence of skin
eruptions may indicate poorer outcome compared with no eruptions.
Therefore, evaluation of skin lesions and treatments targeting the skin
may be important for improving clinical outcome.
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Adult T-cell leukemia/lymphoma (ATLL) is a T-cell malignancy asso-
ciated with HTLV-1. The HTLV-1 provirus genome has the pX
region that encodes tax and HTLV-1 basic leucine zipper factor
(HBZ). Previous studies have reported that the tax gene is
expressed in few ATLL cases, but the HBZ gene in all ATLL cases. In
this study, we used HBZ gene in situ hybridization (HBZ-ISH) for
detection of the HBZ gene in formalin-fixed paraffin-embedded
tissues. This method showed that all cases (n = 19) were positive
for the ATLL cell line (MT-1, MT-2, and MT-4) and ATLL mouse
model (HBZ-Tg mice and NOD/SCID/2-microglobulin™" mice with
ATLL transplanted), and the HBZ gene was also detected in all
human ATLL cases (n = 16). The percentage of positive cells in HBZ-
ISH was 5-70%. Immunochistochemical staining for Tax protein
showed positivity in seven of 11 cases in NOD/SCID/§2-microglob-
ulin™" mice with ATLL transplanted and in six of eight human
ATLL cases, but the percentage of positive cells was very low
(range, 1-5%). Although HBZ-ISH is unsuitable to detect HTLV-1
clonality, this method is convenient and can be useful for the his-
tological diagnosis of ATLL in HTLV-1 sero-indeterminate patients.
(Cancer Sci 2011; 102: 1432-1436)

A dult T-cell leukemia/lymphoma (ATLL) is a human T-
; cell malignancy derived from CD4+ T-cells and induced
by HTLV-1 infection." The HTLV-1 genome encodes com-
mon structural and enzymatic proteins (Gag, Pol, and Env) and
the regulatory and accessory proteins (Tax, Rex, p12, pl13, p21,
and p30). Among these viral proteins, the Tax protein, encoded
by pX in a double splicing manner, is thought to be mainly
implicated in the oncogenesis of ATLL through indjrect and
direct interactions between Tax and cellular molecules. How-
ever, ATLL cells often contain genctic and epigenetic altera-
tions of the 5"-LTR of the HTLV-1 provirus, resulting in the loss
of Tax expression, as Tax expression js the major target of cyto-
toxic T lymphocytes. Takeda et al.**
scripts were detected in only 40% of all ATLL cases.

Recent studies of the minus strand viral gene, HTLV-1 basic
leucine zipper factor (HBZ) found that it is expressed in leuke-
mic cells of all ATLL cases and plays a role in ATLL oncogene-
sis.>® Satou et al.'® generated transgenic mice containing the
HBZ gene ‘under control of a . nwrine CD4-specific - pro-
motet/enhancer/silencer (HBZ-Tg mice). HBZ-Tg mice sponta-
mneously - developed  systemic:  dermatitis; alveolitis, and
lymphoma as they aged. and expressed.the HBZ gene in all
murine CD4” cells.: Moreover, Kawano er al.”’ developed a
novel xenogeneic engraftment model in which primary adult
T-cell leukemia (ATL) cells. are transplanted i.v. into neonatal
NOD/SCID/B2-microglobulin™ (NOD/SCID/B2m™™) mice.
Engrafted ATL cells were. dually positive, for human .CD4 and

Cancer Sci | July 2011 | vol.102 | no.7 | 1432-1436

reported that tax tran- -

CD25, and displayed patterns of HTLV-1 integration identical
to those of donors. When NOD/SCID/B2m™" newboms were
used as recipients, clonal expansion of primary ATL cells was
evidently achieved in a xenogencic transplantation setfing.
Engrafted mice showed monoclonal or polyclonal proliferation
of ATL cells in blood and lymph nodes, evidenced by clinical
features specific to cach subtype of transplanted ATL. = - .

In situ hybridization (ISH) is one of the most important tech-
niques for visualization of gene expression at the cellularlevel
in varions tissues. For use with this technique, ?gptide nucleic
acid (PNA) probes have recently been developed.™ Theseanole-
cules are DNA mimics in which the negatively charged sugar-
phosphate backbone is replaced by an achiral, neutral polyamide
backbone formed by repetitive units of N-(2-aminoethyl). gly-
cine. Peptide nucleic acid can hybridize with complementary
nucleic acid targets according to the Watson-Crick base-pairing
rules. Compared with traditional DNA probes and due to the
uncharged backbone, PNA probes have superior hybridization
characteristics, showing rapid and stronger binding to c\oxr(n)ylm
mentary targets and an absence of electrostatic repulsion, ™!

Although the diagnosis of HTLV-1 infection is based on the
initial specific antibody detection by particle agglutination assay
or ELISA and subsequent confirmation by Western blot analysis
or indirect immunofluorescent assay, these methods for detec-
tion of HTLVY-1 usually require fresh or frozen specimens. In
HTLV-1 sero-indeterminate cases, diagnosis of ATLL needs to
establish histological detection of HTLV-1. However, because
expression of the HTLV-1 gene and protein is uncertain, itds dif-
ficult to detect the HTLV-1 gene and proteins with conventional
methods such as. immunohistological staining or ISH.!'"'? Ag
the aim of our study was to detect HTLV-1 in formalin-fixed
and paraffin-embedded lymph node tissues of ATLL patients,
we used the ISH-targeted HBZ gene and a PNA probe.

Materials and Methods

" Tissue samples. The characteristics of the formalin-fixed and
paraffin-embedded biopsy fissues selected for this study are

~summarized in-Table 1. The following cell lines:were used: (i)
MT-1, MT-2, and:MT-4, with HTLV-1¥infécted cell lines used
as a positive control;"'>'™ and (ii) Jurkat, T-cell acute lympho-

blastic leukemia (T-ALL) cell-line, with the uninfected cell line
used as a negative conirol. These cultured cell lines:were fixed
with formalin and agar, then embedded in-paraffin: Patients with
ATLL (n = 16) and. diffuse large B-cell lymphoma (DLBCL)

" 5To whom correspondence should be addressed.
-+ E-mail: ohshima_kouichi@med.kurume-u.acjp

doi: 10.11114.1349-7006.2011.01946.x
& 2011 lapanese Cancer Association
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Table 1. Summary of samples and results of immunohistochemistry and HBZ gene in situ hybridization (HBZ-ISH)
Case Tissue cD20 D3 CcD4 Cb25 HBZ-ISH (%) Tax (%)
Cell line
MT-1 (ATLL) NA - + + + 70 90
MT-2 (ATLL) NA - + + + 40 90
MT-4 (ATLL) NA - + + + 80 90
Jurkat (T-ALL) NA - + - + 0 0
HBZ-Tg mice
T1 Spleen - + + ND 30 0
T2 Spleen - + + ND 40 0
T3 LN - + + ND 35 0
T4 LN - + + ND 30 0
T5 LN - + + ND 30 4]
T6 LN - + + ND 60 0
T7 LN - + + ND 20 0
T8 Spleen - + + ND 50 0
NOD/SCID/B2m™ " mice with ATLL transplanted
N1 Liver - + + + 50 5
N2 LN - + + + 30 1
N3 Lung - - + + 10 0
N4 Lung - - + + 10 0
N5 Lung - + + + 10 1
N6 Lung - - + + 10 1
N7 LN - + + + 30 5
N8 Liver - + + + 40 1
N9 LN - + + + 30 0
N10 Spleen - + + + 15 0
N11 Spleen - + + + 60 1
Human ATLL
H1 LN - + + + 20 1
H2 LN - + + + 10 1
H3 LN - + + + 40 1
H4 LN - + + + 30 1
H5 LN - + + + 15 ND
H6 LN - - + + 20 1
H7 LN - + + + 30 0
H8 LN - + - + 40 1
H9 LN - + + - 5 0
H10 LN - - + + 20 ND
H11 LN - + - - 5 ND
H12 LN - + ND ND 60 ND
H13 LN - + ND ND 40 ND
H14 LN - + + + 70 ND
H15 LN - + + + 70 ND
H16 LN - + + + 20 ND
Human DLBCL
D1 LN + - - - 0 0
D2 LN + - ND ND 0 0
D3 LN + - - - 0 0
D4 LN + - - + 0 0
D5 LN + - ND - 0 0

ATLL, adult Tcell leukemia/lymphoma; DLBCL, diffuse large B-cell lymphoma; HBZ-Tg mice, HBZ transgenic mice; LN, lymph node; NA, not

applicable; ND, not done; T-ALL, T-cell acute lymphoblastic leukemia.

(n = 5) for negative control were identified in the lymph node
registry files of the Department of Pathology, Kurume Univer-
sity (Kurume, Japan). The specimens of HBZ-Tg mice (n = 8)
and NOD/SCID/B2m™" mice with ATLL transplanted n=11)
were supplied by Dr. Masao Matsuoka (Institute for Virus
Research, Kyoto University, Kyoto, Japan) and Dr. Fumihiko
Ishikawa (RIKEN Research Center for Allergy and Immunol-
ogy, Yokohama, Japan). In all cases, Southern blot analysis was
used to examine clonal integration of HTLV-1 proviral DNA.
Informed consent was obtained from all patients.

The specimens were fixed with buffered formalin, embedded
in paraffin, and stained with H&E. The paraffin-embedded

Shimizu-Kohno et al.

samples were used for immunohistochemical analysis of L26
(CD20) for B cells (DakoCytomation, Glostrup, Denmark),
UCHL-1 (CD45R0O) and CD3 for T cells (DakoCytomatlon)
CD4, CD8, CD15, CD30 (DakoCytomation) and Tax.

Peptide nucleic acid probes. The sequence of oligonucleo-
tides for HBZ used in this study was CCA TCA ATC CCC AAC
TCC TG (nucleotide positions 664—645). The synthesized PNA
probe was made to order by Bio-Synthesis (Lewisville, TX,
USA).

Tissue preparation and pretreatment for ISH. Formalin-fixed
and paraffin-embedded tissue blocks were cut into 4-pm-thick
sections, and the sections were mounted on silane-coated clean

Cancer Sci | July 2011 | vol. 102 | no.7 | 1433
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glass slides. After deparaffinization in xylene and graded etha-
nol, the slides were immersed in distilled water then treated with
0.1-1.0 pg/mL proteinase K (Dako, Santa Fe, CA, USA) for
5 min at 37°C. The proteinase K was washed out in distilled
water, Finally, the sections were immersed in 95% and 100%
cthanol, and air-dried. )

Peptide nudleic acid ISH combined with EnVision kit. The
HBZ-specific targel probe was then added in 50 ul. fresh hybrid-
ization buffer at a concentration of 5.19 nM/uL to each of the
slides. Coverslips were placed over them. Hybridization was
catried out in a humidified slide chamber on a slide warmer at
55°C for 2 h. After hybridization, the scctions were washed
once in Tiis buffer, followed by rigorous washing in distilled
water for 10 min, twice. The sections were immersed in Peroxi-
block (Dako) for 10 min to block endogenous peroxidase activi-
ties. Next, they were incubated with preamplifier probes for
60 min at room temperature, and washed in three changes of
PBS for 5 min. The tissue sections were then incubated with
amplifier probes for 30 min at room temperature and washed in
two changes of PBS. Signals were developed with a 3,3/-diam-
inobenzidine tetrahydrochloride (Dohjin, Kumamoto, Japan)
chiromogen solution, followed by hematoxylin counterstaining,
then observed under a light microscope. -

Reverse transcription-polymerase chain reaction. ¢DNA. was
reverse transcribed from approximately 4.5 ug total RNA using
Ready-To-Go You-Prime First-Strand Beads (GE Healthcare,
Little Chalfont, UK) and primed with an oligo(dT) oligonucieo-
tide (GE Healthcare). Three microliters of ¢cDNA was subjected
to PCR reaction using AmpliTaq Gold DNA- polymerase
(Applied Biosystems, Foster City, CA, USA). The oligonucleo-
tide primers were as follows: for HBZ, 5'-AAA CGC ATC GTG
ATC GGC AGC GAC-3 (sense) and 5-CTT CCA ACT GTC
TAG TAT AGC CAT CA-3’ (antisense); for rax, 5-CTC TGG
GGG ACT ATG TTIC GGC C-3 (sense) and 5-GTA CAT
GCA GAC AAC GGA GCC T-3’ (antisense); and for B-actin,
5-CAA GAG ATG GCC- ACG GCT GCT-3" (sense) and
5%-TCC TTC TGC ATC CTG TCG GCA-3’ (antisense). Product
sizes were 294 bp for HBZ, 373 bp for rax, and 275 bp. for
B-actin. - Amiplification conditions consisted of denaturation : at
95°C for 30 s (10 min for the first cycle), annealing at 60°C for
30 s, and extension at 72°C for 1 min (10 min:for the last cycle)
for 35 cycles for HBZ and- tax, and 30 cycles for B-actin. The
-amplified products were evaluated in 2% agarose gel and. visual-

Fig. 1. Histological studies and HBZ gene in situ hybridization. (a,d) Lymph node sections from HBZ transgenic |
from NOD/SCID/f2-microglobulin™™ (32m™") mice with adult T-cell leukemiaslymphoma (ATLL) transplanted. (c,
with ATLL. (a~c) H&E staining. {d) Immunostaining.of mice CD4 for T cells. (e,f)

ized by means of ethidium bromide staining under UV light.
The quality of cDNA was monitored using RT-PCR with B-actin
primers. cDNAs yielding a 275-bp product for B-actin mRNA
without contamination with the:370-bp genomic amplification
product were used for this experiment, N

Resuits

Histology. Histological studies of HBZ-Tg mice and NOD/
SCID/B2m™" mice with ATLL transplanted showed a pleomor-
phic lymphoma in the lymph nodes (Fig. 1ab). The lymph
nodes of human ATLL showed a diffuse proliferation of atypical

cells, varying in size and form with the appearance of

m giant cells (Fig, 1¢).
Immunohistochemical staining identified these tumor cells of
HBZ-Tg mice as mouse CD3" (data not shown) and mouse
CD4™ T cells (Fig. 1d), and tumor cells of NOD/SCID/p2m™
mice with ATLL transplanted as human CD3" (Fig. le) and
human CD4" cells (data not shown). The lymph node tissues of
these mice were therefore diagnosed as malignant T-cell
lymphoma. Immunohistochemical staining showed that the
human ATLL cells expressed the CD3* (Fig, 1f) and/or CD4",
CD20™ T cell phenotypes (Table 1). . P
Reverse transcription-polymerase chain reaction and immuno-
histochemical staining of tax. We used RT-PCR to identify the
expression of HBZ and tax in human ATLL cases (n = 6), ATLL
cell line (MT-4), non-specific lymphoadenitis cases : without
HTLV-1 (n = 2), and T-ALL cell line (Jurkat). The RT-PCR
products for HBZ were found in all ATLL patients and MT-4,
but not in non-specific lymphadenitis cases or Jurkat. The den-
sity of RT-PCR bands for tax was low in five of the six ATLL
cases and in one case fax could not be detected (Fig. 2).
Immunohistochemical staining of Tax protein showed a few

‘lymphoma cells to be positive, whereas no Tax signals: were

detected in some cases (Table 1). These results suggest:thatithe
presence of fax does not prove the existence-of HTLV-1,. .
HBZ gene in situ hybridization. We carried out ISH withithe

- PNA probe targeting the HBZ gene in formalin-fixed and paraf-

fin-embedded tissues. ‘A positive reaction was detected, but not
in all of the cells in the ATLL cell lines (MT-1, MT-2, and MT-
4). Moreover, all HBZ-Tg mice (1 = 8), NOD/SCID/B2m""

~mice with ATLL transplanted (n = 11), and human- ATLL

{n =-16) showed expression of the HBZ gene, The percentage of

(HBZ-Tg) mice. (b,e) Lymph node
) Lymph node from patient
Immunostaining of human CD3 for T cells. Histological studies of

HBZ-Tg mice and NOD/SCID/B2m™" mice with. ATLL . transplanted showed .a pleomorphic lymphoma in the lymph  nodes (ab).

Immunohistochemical staining indicated that these tumor cells.of HBZ-Tg.m

ice were mice CD3+ (data not:shown) and mice CD4* Ticells {d), and

the tumor cells of NOD/SCID/B2m™" mice with ATLL transplanted were human CD3” (e) and human CD4* {data not shown).
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ATLL Control

12 345 67 8 810

HBZ

Tax

p-actin

Fig. 2. Expression of mRNA for HBZ and tax in RT-PCR. Lanes 1-6,
patients with adult T-cell leukemia/lymphoma (ATLL); lanes 7 and 8,
patients with non-specific lymphadenitis without HTLV-1; Jane 9, ATLL
cell line (MT-4); lane 10, T-cell acute lymphoblastic leukemia (T-ALL)
cell line (Jurkat). The RT-PCR products for HBZ were found in ATLL
patients and the ATLL cell line, but not in non-specific lymphadenitis
cases and the T-ALL cell line. The density of RT-PCR bands for tax
in ATLL patients was low. B-actin was used as an internal standard.
B-actin product could be seen in all cases used in this experiment.

positive cells out of all cells ranged from 5% to 70%. The HBZ-
ISH signals localized to the nuclei of lymphoma cells (Fig. 3a—
¢), but were not detected in the T-ALL cell line (Jurkat) or
human DLBCL (n = 5). used as the negative control (Fig, 34d).

Discussion‘

Adult T-cell lcukemla/lymphomd is a human T-cell malignancy
associated with HTLV-1. The diagnosis of ATLL can be estab-
lished on the basis of clinical and laboratory features. HTLV-1
‘serology is mandatory examination. Southern blot analysis for
detection of the monoclonal integration of the HTLV-1 provirus
genome is especially necessary for the diagnosis of ATLL, but

this method usually reqmres fresh or frmcn spwuncm and takes -

alot of time.

It is important that ATLL should he differentiated from other
mature T-cell malignancies because the clinical outcome of each
subtype is different."'® The main subtypes are the cerebriform
variants of T-cell prolymphocytic leukemia, mycosis fungoides
and Sezary syndrome, peripheral T-cell lymphoma, unspecified

(PTCL-U), and occasionally Hodgkin’s lymphoma and angio-
immunoblastic T-cell Tymphoma. The differential diagnosis of
ATLL and PTCL-U i often very difficult because of similar
morphological and phenotypic features, even though the etiol-
ogy of ATLL consists of infection by the HTLV-1 virus. The
existence of HTLV-1 is thus essential for the differential diagno-
sis of ATLL and PTCL-U.

The HTLV-1 provirus genome has the gag, pol, and env
genes, flanked by an LTR. The pX region is a unigue structure
of HTLV-1, found between eny and the 3-LTR. The plus strand
of the pX region encodes the regulatory proteins Tax, Rex; pl2,
pl3, p21, and p30, and the minus strand encodes HBZ. Tax was
found to be an 1mp0rtant fdctm in the pathogenesis of ATLL.
However, Takeda ef al."? reported that Tax expression was
absent in approximately 60% of ATLL cases, and that the fre-
quency of tax gene transcription was very low and could not be
detected by Westem blot analysis, but could be detected by
RT-PCR. In addition, the 5-LTR is hequemlv methylated or
deleted, whereas the 3'-LTR remains intact in ATLL cells,!'"'®
In our study, a few lymphoma cells were positive for immuno-
histochemical staining of Tax protein but Tax signals were not
detected in some cases (Table 1). Furthermore, the density of
RT-PCR bands for rax in ATLL patients was very low (Fig. 2).
These results show a low frequency of fax detected in-tumor
cells, so that the presence of rax will not prove the existence of
HTLV-1. Thus, because expression of the HTLV-1 gene and pro-
tein is uncertain in ATLL, it cannot be the target for histological
methods such as immunohistological staining or ISH. If‘this
gene and protein are targeted, therefom, sensitivity may be too
low Ohshima et al.'? repo.rted using ISH targeting HTLV-1
MRNA; as found in the pX, env, and gag regions, and immuno-
hlemioalcal staining targeting peptide amino acids such as gag
pl19, env gp46, and pX40 tax in the lymph nodes-of ATLL cases.
The reported sensitivity was 45% and the peuentaae of posmv
cells was very low.

A recent and remarkable hndmg in HTLV-1 biology is the
characterization of HBZ, which is encoded by the minus strand
of a provirus. The HBZ protein suppresses the Tax-mediated
transactivation of viral transcription from the 5-LTR, whercas
HBZ RNA promotes ATL cellular proliferation. (9201 a pre-
vious study, HBZ trapscripts were detected in all ATL- cells
whereas tax - mRNAs were present in only 40% of cases. 62
Furthermore, in the study presented here, all ATLL cases exam-
ined expressed HBZ. Therefore, evidence of the presence of
HBZ proves the existence of HTLV-1. This study showed the

Fxg. 3. HBZ gene in- situ hybridization (HBZ-ISH) (a) Lymph node sections from HBZ transgenic mice. (b) Lymph node from NOD/SCID/f2-

microglobulin™

N mice with adult T=cell leukemia/lymphoma (ATLL) transplanted. {¢) Lymph node from patient with ATLL. (d) Lymph node from

patxent with diffuse large B-cell lymphoma (DLBCL). The HBZ—ISH signals |ocahzed to the nudlel of lymphoma cells (a—-c) but were not detected

in human DLBCL (d} used as the negative control.

Shimizu-Kohno et al.

Cancer Sci | July 2011 | vol. 102 | no.7 | 1435
® 2011 Japanese Cancer Association

178



existence of HTLV-1 by using the HBZ-ISH method for analyz-
ing formalin-fixed and paraffin-embedded tissues.

In a previous study,"® the PCR/ISH and RT-PCR/ISH
methods were useful to detect HTLV-1 positive cells in
HTLV-1 sero-indeterminate patients. In ATLL cases, the per-
centage of positive cells by PCR/ISH and RT-PCR/ISH was
not less than those by HBZ-ISH. Although the method of
PCR/ISH and RT-PCR/ISH is complicated and frequently
fails, HBZ-ISH is easy and failure is rare. Moreover, the char-
acter of the PNA probe allows: (i) a resistance to any protease
and nuclease; (ii} a higher stability at all pH and salt concentra-
tions; and (iii) a higher affinity for RNA and DNA. Therefore,
the HBZ-ISH method is better to detect HTLV-1 positive cells
in the same situation.

Although HBZ-Tg mice expressed the HBZ gene in all CD4*
cells, in this study, some cells showed negative signals for HBZ-
ISH. The reasons for this discrepancy could be that: (i) the ratio
of CD4™ cells differs in each mouse; (i) HBZ expression is not
constant; or (iii) the virus RNA was destroyed by formalin
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