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rAbstract

numbers and levels of neopterin and CXCL10 (IP-10).
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Introduction: Adult T-cell leukemia/lymphoma (ATL) responds poorly to conventional chemotherapy, but allogeneic
stem cell transplantation (allo-SCT) may improve disease prognosis. Herein, we report a female patient with human
T-cell leukernia virus type | {HTLV-})-associated myelopathy (HAM)-like myelopathy following allo-SCT for ATL.

Case report: She developed crural paresis 14 months after allo-SCT. Initially, she was diagnosed with central nervous
system (CNS) relapse of ATL and treated with intrathecal injection and whole brain and spine irradiation. Her symptoms
recurred 5 months later, when a cerebrospinal fluid (CSF) specimen showed increased CD4 + CXCR3 + CCR4+ cell

Discussion: These results suggest the possible involvement of a certain immunological mechanism such as HAM in
her symptoms, irrespective of the lack of anti-HTLV- antibody in her CSF. Because a definitive diagnosis of CNS
manifestation of ATL is sometimes difficult, multi-modal laboratory data are required for differential diagnosis.
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Introduction
Human T-cell leukemia virus type I (HTLV-I) was the
first retrovirus identified in humans, isolated from a
patient with cutaneous lymphoma (Poiesz et al. 1980).
HTLV-I is the cause of not only adult T-cell leukemia/
lymphoma (ATL) (Uchiyama et al. 1977; Hinuma et al.
1981) but also HTLV-I-associated myelopathy (HAM)/
tropical spastic paraparesis (TSP) (Osame et al. 1986),
HTLV-I-associated uveitis (HU) (Ohba et al. 1989;
Mochizuki et al. 1992) and infective dermatitis (McGill
et al. 2012; de Oliveira et al. 2010).

ATL is one of the most intractable T-cell malignancies,
and it responds poorly to conventional chemotherapy,
with a median survival time (MST) of approximately
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8 months (Shimoyama et al. 1988). Among such treat-
ments, modified LSG-15 (mLSG-15) has shown the best
results; in a previous study, the progression free survival
(PES) at 1 year among patients treated with mLSG-15 was
28% and the overall survival (OS) at 3 years was 24%
(Tsukasaki et al. 2007). However, the improvement in
survival time by mLSG-15 treatment is not satisfactory.
Allo-HSCT is a promising treatment option to cure ATL
because it may improve disease prognosis (Utsunomiya
et al. 2001; Kami et al. 2003).

Herein, we describe a case of HAM-like myelopathy that
was difficult to distinguish from central nervous system
(CNS) relapse of ATL following allogeneic peripheral blood
stem cell transplantation. This case report suggests that
there might be immunological myelopathy after HSCT. In
the present case, flow cytometric analysis of the cells in
cerebrospinal fluid (CSF) was helpful to differentiate it
from CNS relapse of ATL.

© 2014 Kawamata et al,; licensee Springer. This is an Open Access article distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction
in any medium, provided the original work is properly credited.
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Case report

A 63-year-old female patient recognized cervical lymph
nodes swelling in October 2010. Lactate dehydrogenase
(LDH) and serum corrected calcium levels kept within
normal limit, but soluble interleukin-2 receptor (sIL-2R)
elevated significantly at the initial visit (Table 1). Diag-
nostic imaging by computed tomography (CT) revealed
systemic lymphadenopathies (cervical, axial, mediastinal,
abdominal and mesenteric lymphadenopathy) before the
following chemotherapy. Although appetite loss and ab-
dominal distention were added with lymphadenopathy,
any other abnormal finding of physical examination
could not be detected. Her ECOG performance status
was grade 1 before chemotherapy. She received cervical
lymph node biopsy and pathological findings of cervical
lymph node revealed T cell lymphoma compatible, and
HTLV-I provirus DNA analysis (Southern blot) revealed
monoclonal integration. Abnormal lymphocytes were not
detected in peripheral blood (PB) and HTLV-I provirus
DNA analysis of PB did not show monoclonal integration.
She was diagnosed as ATL (lymphoma type). She has past
histories of glaucoma and pulmonary cryptococcosis.
None of ATL patient was in her family.

She was referred to our hospital and received four ses-
sions of mLSG-15 therapy in our hospital. Prophylactic
intrathecal injection was performed twice, during
chemotherapy and before allogeneic stem cell trans-
plantation. No meningeal involvement of ATL cells was
detected at that time. She went into complete remission
(Response criteria for adult T cell leukemia-lymphoma
from an international consensus meeting (Tsukasaki et al.
2009)) in April 2011. She received following allogeneic per-
ipheral blood stem cell transplantation (allo-PBSCT) in the
National Cancer Center Hospital (Tokyo, Japan) (Figure 1).
The transplantation conditioning regimen consisted of
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fludarabine (30 mg/m® per day for 5 days) plus busulfan
(3.2 mg/kg per day for 2 days) and only cyclosporine A
(CyA) was used for GVHD prophylaxis. Transplanted
CD34-positive cells were 2.67 x 10%/kg and rapid engraft-
ment was achieved. Grade III (gastrointestinal tract and
skin) acute graft-versus-host disease (GVHD) was observed
1 month after transplantation, but it improved after
treatment with methylpredonisolone (mPSL) (1 mg/kg).
No chronic GVHD was observed. CyA was tapered
gradually and discontinued 9 months after transplantation,
in February 2012. After that point, only 5 mg/day predoni-
solone (PSL) was continued.

In July 2012 (14 months after allo-PBSCT), the patient
developed hemiparesis of the left side. Although left
upper-limb paresis improved, lower-extremity paresis
progressed to paraplegia. Magnetic resonance imaging
(MRI) revealed multiple high-intensity lesions in T2-
weighted images of the medulla oblongata, cervical
spinal cord, and thoracic spinal cord (Figure 2A), and a
CSF specimen showed increased cell counts (Figure 3).
Morphologically, typical ATL cells such as flower cells
were not detected in CSF, but abnormal small to middle
size lymphocytes indistinguishable from ATL cells
increased. She was diagnosed as CNS relapse of ATL,
and received mPSL pulse, intrathecal injection of MTX
15 mg + Ara-C 40 mg + PSL 20 mg, and irradiation of
the whole brain and spine. Following these treatments,
the paraplegia improved gradually to such a degree that
she could walk with a walker. During the course of these
treatments, she was complicated by neurogenic bladder
dysfunction, and diabetes insipidus.

In January 2013 (20 months after allo-PBSCT), she
again developed left lower-limb weakness, which gradually
progressed. She was admitted to our hospital in February
2013. On admission, neurological examination revealed

Table 1 Laboratory data of onset of ATL (lymphoma type) in October 2010

WBC 4100/ul GOT
Myelo 1.0% GPT
St 8.0% LDH
Seg 71.0% ALP
Ly 11.0% y-GTP
Mo 8.0% Alb
Baso 1.0% BUN
RBC 423 x10%l Cre
Hb 132 g/dl Na
Het 39.0% K
MCV 9221 @]
MCH 31.2 pg Corrected Ca
MCHC 33.8%

Plt 219%10%ul

67 IU/L CRP 0.06 mg/dl
72 1U/L siL-2R 5802 U/ml
215 1U/L

277 1U/L HTVL-I Ab (+)

46 1U/L HBs-Ag =)

3.5 mg/d! HBs-Ab =)

15.6 mg/dl HBc-Ab =)

058 mg/d! HCV-Ab (&)

1424 mEg/L HIV-Ab =)

4.2 mEg/L TPHA )

103.8 mEg/L

9.9 mgy/dl
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Figure 1 Clinical course from conventional chemotherapy (mLSG-15) to allogeneic peripheral blood stem cell transplantation. The patient
received four sessions of mLSG-15 therapy and achieved complete remission (CR) before receiving allo-PBSCT.

no abnormality of cranial nervous system, but abnormal
reflex such as Babinski and Chaddock reflex in bilateral
lower-limb. Thermal hypoalgesia under right Th4 and left
Thé dermatome was detected, but tactile sense was intact.
She was accompanied with bladder dysfunction and severe
constipation. Brain and spinal MRI revealed a residual

spinal lesion at Th3-7 (Figure 2B). The cell numbers in
CSF did not increase, but myelin basic protein (MBP) level
was elevated (Figure 4B). Morphologically, ATL cells could
not be detected in CSF. Flow cytometric analysis to deter-
mine the specific immunophenotype of CD4+ lymphocytes
in CSF revealed an expansion of the CD4"CXCR3*CCR4"

A Onset(July.2012)

B Recurrence(Feb.2013)

C Posttreatment(June.2013)

Figure 2 MRI findings. A) At the onset of neurogenic disorder in July 2012. Multiple high-intensity lesions in T2-weighted images (T2WI) of the
medulla oblongata, cervical spinal cord, and thoracic spinal cord were revealed. B) Residual high-intensity lesion in Th3-7. C) Following treatment,
the residual lesion in the thoracic spinal cord improved.
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Figure 3 Clinical course after onset of the neurogenic disorder. The patient developed paraplegia 14 months after allo-PBSCT. Neurological
findings were partially relieved following treatment with a high dose of mPSL accompanied by intrathecal injection of MTX + Ara-C+ PSL and
irradiation of the whole brain and spine. Three months later, her neurological deficit worsened again. Ultimately, her neurological disorder
improved after treatment with a high dose of steroid.
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Figure 4 CSF findings. A) Flow cytometric analysis of CSF. Before treatment, the CD4 + CXCR3 + CCR4+ cell population was predominantly elevated.
Following treatment, it decreased and the CD4 + CXCR3 + CCR4- cell population increased. B) Neopterin and CXCL10 (IP-10) concentrations in CSF.
Before treatment, both neopterin and CXCL10 (IP-10) concentrations were significantly elevated. Following treatment, both biomarkers decreased to
within the range of the therapeutic goal for HAM patients.




Kawamata et al. SpringerPlus 2014, 3:581
http://www.springerplus.com/content/3/1/581

cell population (Figure 4A), which conflicted with CNS
relapse of ATL but was consistent with HAM (Natsumi
et al. 2014). Furthermore, both the neopterin and CXCL10
(IP-10) concentrations in the CSF were significantly elevated
(Figure 4B), although lower than those associated with
aggressive HAM (14). Notably, the case was insufficient to
fulfill the diagnostic criteria for HAM (Mitsuhiro 1990)
because HTLV-I antibody (PA method) was negative in CSF.

Bacterial, fungal, and tuberculous encephalomyelopathies
were excluded because no increase in cell numbers and no
decline in glucose concentration in CSF were observed.
Real-time polymerase chain reaction (PCR) testing for
CMV, EBV, HSV, VZV, HHV-6, and JC virus in CSF
showed negative results.

Serum soluble interleukin-2 receptor (sIL-2R) level
was slightly elevated (Table 2), but significantly lower
compared with that at the onset of ATL.

Not all of the results necessarily corresponded to CNS
relapse of ATL, although we could not exclude it. We
treated her with mPSL pulse and intrathecal injection of
MTX + Ara-C + PSL. After one course of mPSL pulse,
her crural paresis improved dramatically to such a degree
that she could pull up to standing after a few days. Al-
though she was given intrathecal injections four times
weekly, her crural paresis was gradually exacerbated and
progressed to paralysis. mPSL pulse was performed again,
but the effect was limited.

We examined her CSF again but there was no increase
in cells, and ATL cells could not be detected by micro-
scopic examination. Furthermore, the MRI findings im-
proved over time (Figure 2C), although her neurological
findings worsened and HTLV-I proviral DNA could not
be detected repeatedly in peripheral mononuclear cells
(PBMCs) after allo-PBSCT. No evidence of relapsed
ATL could be found and we continued 5 mg/day PSL
thereafter while she continued rehabilitation.
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The results of CSF analysis in May 2013 showed the fol-
lowing improvements. In flow cytometric analysis, the
CD4 + CXCR3 + CCR4+ cell population had decreased
and the normal CD4 + CXCR3 + CCR4- cell population
had increased. Both neopterin and CXCL10 (IP-10) had
decreased to within the range of the therapeutic goal for
HAM patients (Figure 4A,B). Her paralysis improved
gradually and steadily only by rehabilitation, to such a de-
gree that she could walk when holding onto parallel bars.

Discussion

ATL with CNS involvement may occur during systemic
progression of the disease and its frequency is estimated to
be 10-25% (Kitajima et al. 2002). However, cases of CNS
relapse without peripheral blood and lymph nodes of ATL
have been reported (Marshall et al. 1998; Dungerwalla et al.
2005). In flow cytometric analysis of CSF of ATL patients,
the CD4 + CXCR3-CCR4+ cell population is elevated.
However, in the current case, the CSF fluid analysis
revealed expansion of the CD4 + CXCR3+ CCR4+ cell
population, which is consistent with HAM (Natsumi et al.
2014). Sato T et al. (Sato et al. 2013) reported increased
neopterin and CXCL10 (IP-10) in HAM patients, and they
were valuable biomarkers for disease progression of HAM.
The neopterin and CXCL10 (IP-10) concentration in CSF
paralleled the disease activity of HAM. The cut-off concen-
trations of neopterin and CXCL10 in HAM/TSP patients
compared to HTLV-I infected non-HAM subjects are less
than 5 pmol/mL and 200 pg/ml, respectively, and the
CXCL10 (IP-10) concentration in the CSF of HAM patients
with rapid progression is usually more than 5,000 pg/mL
(Yamono, Y., personal communication). In the current case,
we could not make a diagnosis of HAM because the CSF
was negative for HTLV-I antibody in repeated examina-
tions. Although the immunosuppressive status after allo-
PBSCT might contribute, serum immunoglobulin levels

Table 2 Laboratory data on admission to our hospital in January 2013

WBC 4470/l GOT
St 1.5% GPT
Seg 64.0% LDH
Ly 14.0% ALP
Mo 19.5% y-GTP
Abnormal Ly 1.0% ™
RBC 302 % 10*/ul Alb
Hb 9.5 g/dl BUN
Hct 294% Cre
MCV 974 fl Na
MCH 31.5 pg K
MCHC 32.3% a

Pt 120% 10%ul Corrected Ca

15 1U/L CRP 0.24 mg/dl
33 UL IgG 1390 mg/d!
199 IU/L IgA 51 mg/dl
453 UL IgM 352 mg/dl
87 IU/L

6.7 mg/dl HTVL- Ab +)

3.5 mg/dl HBs-Ag =)

9.8 mg/d! HBs-Ab -)

0.56 mg/dl HBc-Ab (=)

133 mEg/L HCV-Ab )

4.0 mEg/L HIV-Ab (=)

96 mEg/L

105 ma/dl
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were almost within normal limit at the same time period
(Table 2) and there is not enough evidence to indicate false
negative. In any inflammatory diseases of CNS, CXCR3+
cells but not CCR4+ cells were generally found in CSF
(Misu et al. 2001). However, CXCR3 + CCR4+ double posi-
tive cells existed in her CSF. It was unlikely that CXCR3 +
CCR4+ double positive cells emerged into CSF in nonspe-
cific inflammatory condition. Given her background, we
supposed these CCR4+ cells were HTLV-I infected cells,
but the number of these cells was insufficient to measure
HTLV-I viral load.

In the current case, neither CSF data nor clinical
course consisted with CNS relapse of ATL. In case of
ATL patients, CXCR3-CCR4+ T cell lymphocytes popula-
tion expanded. Therapeutic effect was obtained from
mPSL pulse rather than intrathecal injection. Further-
more, disease progression in the typical case of CNS re-
lapse of ATL was more aggressive. We concluded some
inflammatory condition caused by these HTLV-I infected
cells may have developed HAM-like myelopathy.

CNS GVHD remains a controversial entity and it is
difficult to establish an unequivocal diagnosis. Yet a few
cases have been reported, who were suspected of CNS
GVHD from brain biopsy or autopsy, their CSF showed
predominant T-lymphocyte infiltration of donor origin
(Kamble et al. 2007). In the current case, brain or spinal
cord biopsy was not performed, and chimerism analysis
of T cells in CSF was difficult because of the full-match
HLA and sex-matched PBSCT. The number of T cells in
CSF was insufficient to analyze chimerism using the short
tandem repeat (STR) method. Neopterin (Niederwieser
et al. 1984; Hempel et al. 1997) and CXCL10 (IP-10)
(Mapara et al. 2006) levels in serum increase significantly
in patients with active GHVD, but the levels in CSF are un-
known. The possibility of active CNS GVHD could not be
completely excluded. Both CXCR3 and CCR4 expression
of T cells infiltrated in the CNS in patients with active CNS
GVHD is unknown. It was no wander that CXCR3+ cells
in CSF were found in nonspecific inflammatory condition
such as CNS GVHD, but unlikely that CCR4+ cells were.

The patient’s neurological dysfunction seemed to fluctu-
ate in parallel with the serum concentration of soluble
interleukin-2 (sIL-2R) receptor (Figure 3). However, in-
creased sIL-2R occurs not only with ATL relapse but also
with HAM (Matsumoto et al. 1990), GVHD (Kami et al.
2000), and inflammatory neurogenic disorders caused by
immunologic T-cell responses (Maier et al. 2009). Thus, it
is difficult to make a definite diagnosis based on elevated
sIL-2R alone.

In conclusion, we report a case with myelopathy without
ATL relapse in the CNS. Flow cytometric analysis is help-
ful to differentiate immune-mediated encephalopathy or
myelopathy from CNS relapse of ATL. If we encountered
the patients suspected of CNS relapse of ATL, we should
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consider the possibility of inflammatory condition caused
by HTLV-I infected cells. Further analysis of pathology are
warranted.
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Quantification of adult T-cell leukemia/lymphoma
cells using simple four-color flow cytometry

Abstract

Background: The absolute number of adult T-cell leu-
kemia/lymphoma (ATL) cells in peripheral blood is an
essential indicator to evaluate disease status. However,
microscopically counting ATL cells based on morphology
requires experience and tends to be inaccurate due to the
rarity of ATL.

Methods: Based on our research showing that acute-
type ATL cells are specifically enriched in the CD4+/
CD7- (CD7N) fraction, a new analytical method to accu-
rately quantify ATL cells was established using an inter-
nal bead standard and simple four-color flow cytometry.
This method was verified by comparison with microscopic
examination of 49 peripheral blood samples and used to
follow up patients.

Results: A strong correlation was observed between the
number of CD7N cells measured by flow cytometry and
the number of abnormal lymphocytes measured micro-
scopically by experienced technicians [Pearson’s R, 0.963;
Spearman’s rho, 0.921; intercorrelation coefficient, 0.962).
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The linear regression coefficient was close to 1 (B=1.013).
Our method could detect 1 cell/uL, and the limit of quan-
titation was between 2.9 and 9.8 cells/uL. The frequency
of CD7N cells among CD4+ cells changed during chemo-
therapy, which reflected differences between chemosensi-
tive and chemoresistant cases. Kaplan-Meier analysis with
a log-rank test showed that patients with decreased CD7N
proportion after chemotherapy had significantly longer
disease-specific survival (p=0.003).

Conclusions: Our newly established method quantified
tumor cells in patients with acute-type ATL. Further-
more, this method was useful for assessing the efficacy
of chemotherapy, and the change of the CD7N proportion
could be more important to predict prognosis.

Keywords: adult T-cell leukemia/lymphoma (ATL); flow
cytometry; HAS-Flow; human T-cell leukemia virus type
1(HTLV4).
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Introduction

Adult T-cell leukemia/lymphoma (ATL) is a mature T-cell
neoplasm caused by human T-cell leukemia virus type 1
(HTLV-1). According to the classification of the Japanese
Lymphoma Study Group (Shimoyama classification) [1],
ATL is classified into four subtypes: smoldering, chronic,
lymphoma, and acute-type. Chemotherapy should be
offered to patients with acute, lymphoma, and chronic-
type ATL with unfavorable prognostic factors.

A quantitative analysis of ATL cells is essential to
evaluate the therapeutic effect. The number of ATL cells
is currently estimated based on morphological abnormali-
ties. Cells with abnormally hyperlobulated nuclei, which
are termed ‘flower cells’, are characteristic ATL cells, but
ATL cells are not always typical flower cells. ATL cells are
morphologically diverse among cases, and the histologi-
cal feature of ATL is diffuse proliferation of abnormal cells
that vary in size and shape [2]. As discriminating ATL cells
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morphologically from other lymphocytes, particularly
from reactive atypical lymphocytes, is difficult, experience
is required. Consequently, these difficulties cause differ-
ences between examiners and errors; therefore, morpho-
logical quantification of ATL cells tends to be inaccurate,

Many researchers have attempted to develop other
counting methods or to identify markers that reflect the
number of ATL cells [3-9]. The most prevalent method
is HTLV-1 proviral load (PVL), measured by quantitative
real-time polymerase chain reaction [5-9]. Although PVL
in peripheral blocd mononuclear cells (PBMCs) is a sur-
rogate marker of the number of HTLV-l-infected cells, it
has several problems. First, PVL can be affected by the
total number of PBMCs, as it is only expressed as a per-
centage in PBMCs and not an absolute value. Second, PVL
reflects only the burden of infection and is not specific for
ATL cells. Third, PVL may overestimate the frequency of
ATL cells when ATL cells harbor multiple copies within
a single cell [5]. Furthermore, PVL measurements vary
widely among laboratories, and should be standardized
[10]. Finally, the method is time-consuming and is not suf-
ficiently easy to use frequently for clinical testing. There-
fore, establishing a new method to quantify ATL cells
more accurately and easily is required.

We assessed a number of samples from patients with
ATL using 12-color flow cytometry, and have established
the flow cytonietric method named “HAS (HTLV-1 Analyz-
ing System)-Flow,’ to analyze ATL cells. Downregulation
of CD3 and CD7 is observed in ATL cells, and we reported
that CD4-positive cells in patients with ATL can be clas-
sified into three groups of: CD3eestiw/CD7wosite (CD7P),
CD3dimly positve [CIy7dinly poste  (CN)7D), and CD3dmly postiie/
CD7~=t (CD7N) [11]. Examining the PVL showed that
HTLVl-infected cells were concentrated mainly in the
CD7N fraction in patients with acute-type ATL. Moreover,
the VP repertoire revealed that tumor cells are specifically
enriched in the CD7N fraction, usually to almost 100%
after assessing clonality in the context of the T-cell recep-
tor [11]). Therefore, the number of CD7N cells reflects the
number of ATL cells. We applied these findings to a new
clinical test, and established a new analytical method
using simple four-color flow cytometry.

Materials and methods

Patient samples

Peripheral blood samples were collected from patients with acute-
type ATL who were admitted to the Research Hospital at the Institute
of Medical Science, University of Tokyo (IMSUT) between June 2011
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and December 2012. Some of the patients were transferred to our hos-
pital after a few courses of chemotherapy. This study was approved
by the Research Ethics Committee of IMSUT, and written informed
consent was obtained from all patients in accordance with the Dec-
laration of Helsinki. All patients were diagnosed with acute-type ATL
according to Shimoyama’s criteria [1] and had not received hemat-
opoietic stem cell transplantation (HSCT). In total, 49 samples from
14 patients were collected before treatment or just before a course
of chemotherapy (Table 1). The effectiveness of chemotherapy was
evaluated using the ATL response criteria [12].

Sample preparation and immunofluores-
cence staining

Peripheral blood was obtained in Vacutainer Hemogard Plus tubes
(BD Biosciences, San Jose, CA, USA) by conventional venipuncture.
As the volume required for our method was only 100 pL, the rest
of peripheral blood samples used for routine laboratory tests were
applied for measurement. A ProCOUNT method using Trucount tubes
(BD Biosciences), in which a known number of fluorescent reference
beads are included, was adopted to measure the absolute number of
cells, First, flucrescently labeled antibodies, consisting of fluorescein
isothiocyanate (FITC)-CD4 (BioLegend, San Diego, CA, USA), phyco-
erythrin (PE)-CD7 (BD Pharmingen, San Jose, CA, USA), allophyco-
cyanin (APC)-CD3 (BioLegend), and PerCP-Cy5.5-CD14 (BioLegend),
were mixed in a Trucount tube. Then, 100 pL of whole peripheral
blood were added to the tube and mixed well. The cells were stained
for 15 min at room temperature. After staining, 1 mL of Cell Lysis
Buffer (BD Biosciences) was added to lyse the red blood cells. After
15 min, the sample was vortexed gently for 10 s and analyzed with
a FACSCalibur flow cytometer (BD Immunocytometry Systems, San
Jose, CA, USA) as scon as possible.

Sorting, cytospin, and Wright-Giemsa
staining

A FACS Aria 11 SORP flow cytometer (BD Immunocytometry Systems)
was used for cell sorting. Sorted cells were fixed on glass slides by
cytospinning (20xg, 5 min) and subjected to Wright-Giemsa staining.

Flow cytometric analysis

Flow cytometry data were analyzed with FlowJo 9.6 (Treestar, San
Carlos, CA, USA). We defined CD4-positive cells according to the gat-
ing procedure shown in Figure 1. The first gate on the FSC versus SSC
plot was set relatively wide so as not to miss lymphocytes (Figure 14),
because adjacent monocytes and hemolytic debris could be excluded
by subsequent CD14-negative selection (Figure 1B) and CD4-positive
selection steps (Figure 1C). Purified CD4-positive cells were drawn in
a pseudo-color plot (Figure 1E) and in a contour plot (Figure 1F). The
borders among CD7P, CD7D, and CD7N in the CD7 versus CD3 plot
were drawn according to contour lines (Figure 1F). Reference beads
were gated in the PE versus FITC plot, according to the manufactur-
er's instructions (Figure 1D}. -
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HSCT, hematopoietic stem cell transplantation

The absolute number of cells was accurately calculated from the
ratio of beads to cells in the region of the interest (Figure 1G). For
example, when the total number of beads in a Trucount tube was
52187, the number of CD7N cells in the case in Figure 1 was calculated
as follows: CD7N cells=(5482/100)x(52187/5201)=550.1/pL.

Validation of the flow cytometric
quantification

Cryopreserved PBMCs of acute-type ATL patients were used for vali-
dation of this assay, and CD4+CD7N cells were quantified in the same
way indicated above. As a blank control, phosphate buffered saline
(PBS) was used. The intra-assay variation was assessed by calculat-
ing the coefficlent of variation (CV) with 10 different density gradi-
ents ranging from O to 30000 cells/uL. Each sample was assayed
six times. The limits of detection (LoD) and quantitation (LoQ) were
also assessed. The LoQ was determined by the lowest concentration
whose six replicates had a CV <20%. The inter-assay variation was
assessed by calculating the CV of multiple determinations of a same
sample measured on different days.

Conventional assessment of morphologically
abnormal lymphocytes

When samples were examined by flow cytometry, total white blood
cell (WBC) counts (normal range, 3500-9100/uL) were performed
mechanically using an XE-2100 system (Sysmex, Kobe, Japan), and
300-400 WBCs per sample were classified by clinical technicians
who were skilled in morphologically classifying ATL cells. Abnormal
lymphocytes were classified according to the guideline of Japanese
Association of Medical Technologists (JAMT). Briefly, lymphocytes
with nuclear abnormalities, such as lobulated nuclei, multiple
nuclei, evident nucleoli, or high nucleo-cytoplasmic ratio, were clas-
sified as abnormal lymphocytes. The absolute number of morpho-
logically abnormal lymphocytes was calculated by multiplying their
percentage by the total number of WBCs.

Measurement of LDH and siL-2R

Disease status was also followed by lactate dehydrogenase (LDH)
and soluble 1L-2 receptor (sIL-2R). LDH activities were measured
by the lactate-to-pyruvate assay according to the recommenda-
tions of the Japanese Society of Clinical Chemistry (normal range,
106~211 1U/L). Serum sIL-2R levels were measured by ELISA (normal
range, 145-519 U/mL).

Statistical analysis

The correlation between the number of CD7N cells measured by
flow cytometry and the number of abnormal lymphocytes meas-
ured by microscopic counting was assessed by Pearson’s correlation
coefficients (R), Spearman’s correlation coefficients (rho), intra-class
correlation coefficients (ICC), and linear regression coefficients.
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Figure1  Flow cytometric gating procedure.

CD4-positive cells were properly deﬁned according to the procedure shown here (A-C). CD4-positive cells were classified intq CD7P, CD7D,
and CD7N cells according to the contour lines of a CD7 versus CD3 plot (€, F). Reference beads were gated in the PE versus FITC plot (D). The

absolute number of CD7N cells was calculated using this formula (G).

As data from both measurements followed a log-normal distribu-
tion, these analyses were performed after log-transformation. Bland-
Altman analysis was used to calculate the agreement between flow
cytometric and microscopic counting. In addition, the inverse prob-
ability weighting (IPW) method and mixed model (varying intercepts
and slopes) were used due to the imbalance in sample number and
individual differences between the patients. Kaplan-Meier analysis
with a post hoc log-rank test was performed for disease-specific sur-
vival stratified by whether relative decrease of the CD7N proportion
after the chemotherapy was over 5% or not. Statistical analyses were
performed using the GraphPad Prism software, ver. 6.0c (GraphPad
Software Inc., San Diego, CA, USA) and SPSS software ver. 20 (IBM
Corp., Armonk, NY, USA).

Results

Abnormal lymphocytes are enriched in the
CD7N fraction

Along with our previous research using 12-color flow
cytometry, simple four-color flow cytometry could classify

CD4-positive lymphocytes into three groups of: CD7P, CD7D,
and CD7N (Figure 1). Almost all of CD7-negative cells were
dimly-positive for CD3, except fora case in which CD7-nega-
tive cells were all negative for CD3. In the representative case
of acute-type ATL where the proportions of CD7P, CD7D, and
CD7N in CD4+ cells were 2.7%, 1.7%, and 95.6%, the propor-
tions of abnormal lymphocytes in these three fractions were
0.0%, 6.0%, and 99.0%, respectively. Morphological evalua-
tion showed that almost all CD7N cells were morphological
abnormal, whereas none of the CD7P cells were abnormal,

Intra- and inter-assay variation of this flow
cytometric quantification was low

To evaluate the precision of ourassay, we assessed the intra-
assay CVs of 10 different density gradients. The intra-assay
CVs of samples with the average of 1.2, 2.9, 9.8, 20.5, 42.7,
442.7,1073.7, 8081.2, and 30,729.8 cells/uL were 30.69, 31.17,
5.94, 4.89, 3.64,4.02, 4.61, 2.45, and 4.98%, respectively. Six
determinations of a blank control were all measured to be
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0 cells/uL. The limit of detection was about 1 cell/uL, and
the limit of quantitation was estimated to be between 2.9
and 9.8 cells/uL. The inter-assay CV was 5.81%.

Correlation between CD7N cells and morpho-
logically abnormal lymphocytes

We found a significant correlation between the number of
CD7N cells and the number of morphologically abnormal
' lymphocytes (Pearson’s R=0.963, Spearman’s p=0.921,
and ICC=0.962; Figure 2A). Moreover, the linear regression
coefficient was close to 1 [$=1.013, 95% confidence inter-
val (CI), 0.991-1.034]. The calculated number of CD7N cells
was often similar to the number of morphologically abnor-
mal lymphocytes. In two cases, flow cytometric analysis
detected ATL cells but microscopic counting did not.

In addition, we reassessed the correlation using
the IPW method and the mixed model considering the
imbalance in sample number and individual differences
between patients. Using the IPW method, Pearson’s
R=0.973, Spearman’s p=0.942, and the linear regression
coefficient was 1.010 (95% CI 0.990-1.030). The regression
coefficient was 0.979 (95% CI 0.893-1.064) in the mixed
model. Almost all results were improved from the crude
analysis, and the influences of sampling imbalance and
individual differences were limited.

The Bland-Altman plot showed good agreement
between both measurements (Figure 2B). There seemed to
be little additive or proportional bias.
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The change in the CD7-CD3 profile was
useful to evaluate the effectiveness of
chemotherapy

We then compared the change in a CD7 versus CD3 plot
of CD4-positive cells during chemotherapy between
chemoresistant and chemosensitive cases. The propor-
tion of CD7N cells in chemoresistant cases increased or
did not change, although the absolute number of CD7N
cells decreased slightly. In the case of Figure 34, i.e.,
both the number of ATL cells and lactate dehydroge-
nase (LDH) decreased after the first course of chemo-
therapy, and the response seemed good. Nevertheless,
the CD7-CD3 profile was almost unchanged. After the
second course, all parameters, including the number
of ATL cells and the LDH and soluble interleukin (IL)-2
receptor levels, increased. The disease was not con-
trolled by chemotherapy, and the patient died after 1
month.

In contrast, the CD7-CD3 profile changed dramatically
in clinically good responders who achieved a complete
response or partial response. Representative data are
shown in Figure 3B. In addition to an abrupt decrease in
the absolute number of CD7N cells, the frequency of CD7N
cells among CD4-positive cells decreased significantly,
whereas the frequency of CD7P cells increased. While
a significant proportion of patients with acute-type ATL
cannot undergo HSCT because of uncontrollable disease,
the patient in Figure 3B received allogeneic HSCT after
several courses of chemotherapy.

Average of two measurements [/uL}

Figure 2 The correlation between CD7N cells and abnormal lymphocytes.
The correlation between CD7N cells measured by flow cytometry and abnormal lymphocytes measured microscopically was evaluated using
three correlation tests and a linear regression analysis (A). The agreement between the two measurements was analyzed with a Bland-

Altman plot (B).
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Figure3 The CD7-CD3 profile allowed for an assessment of chemotherapy efficacy and could predict prognosis.

A pétientwith an almost unchanged CD7-CD3 profile after the first course of chemotherapy had an unfavorable prognosis after the second
course (A). In contrast, a patient that showed a good clinical response to chemotherapy exhibited marked changes in the CD7-CD3 profile
after only one course of chemotherapy (B). Kaplan-Meier suvival curves showed ATL patients with decreased CD7N proportion after chemo-
therapy showed significantly longer disease-specific survival (p=0.003) (C).

The pattern of change in the CD7-CD3 profile was
observed repeatedly in many patients to reflect the effec-
tiveness of chemotherapy, and these results suggested
that the change in the CD7-CD3 profile is useful to assess
the effect of chemotherapy.

ATL patients with decreased CD7N propor-
tion after chemotherapy showed longer
disease-specific survival

Next, we focused on the first chemotherapy during flow
cytometric analyses periods, and examined the relation
between the prognosis and the change of clinical param-
eters (Table 2). Consequently, the CD7N proportion was
picked up, and acute-type ATL patients were classified into
two groups by the relative change of the CD7N proportion

after the chemotherapy. The CD7N proportion was consid-
ered decreased when a relative decrease of more than 5%
was achieved after chemotherapy compared with the one
hefore the chemotherapy. ATL patients with decreased
CD7N proportion after chemotherapy showed longer sur-
vival than ones with unchanged or increased (Figure 3C).
A log-rank test showed that there was a significant differ-
ence between the two groups (p=0.003). The difference
suggested that the change in the CD7N proportion could
be more important to predict the prognosis.

Discussion

Based on our previous studies [11, 13], we applied research
findings to a clinical test. We made the procedure as
simple as possible to maximize practicality after several
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Table 2 The change of clinical parameters after the first chemotherapy.

After chemotherapy Change of CD7N HSCT afterflow Outcome (days after post-

Before chemotherapy

Patient ID

proportion after

cytometric chemotherapy evaluation)

Su-th

LDH,

siL-2R, Proportion Absolute number
U/mL  of CD7N,%

LDH,

Proportion  Absolute number

of CD7N, %

analysis

chemotherapy

U/mL

u/L

of CD7N, /L

/L

of CD7N, /L

Died of ATL(7)

Died of ATL(93)
+ Died of ATL(322)

Increased
108 27,700 Unchanged

651

115.2
5479.9

96.1

774 22,600
272 24,100

376
446
405

538.0
15,144.9

91.6
9

97.4
37.6

7.8

7420 Decreased

273

72.8

4200

200.9
116.9
838.5
13,191.0

44.1

Died of ATL(28)

Died of ATL (54)
+ Died of ATL(83)
+ Alivein CR(828)

Increased
Increased

3500 Decreased
1490 Decreased
2300 Decreased

392 21,400 Unchanged

717 22,200

181.2

60.7

4040

48.5

9950

347
283
242
200

265.3
2640.0

80.5

6450

77.7
68

57.9

633 11,700
718 73,300

259
655

3

73.1
796.5
3859.2

19.1

544.6
290.3

79.2

Died of infection (152)*

+ Died of ATL(270)
+ Alivein CR(565)

30.9

3500
17,200

38.9

6.2

9
65.2
5

6442.3

97.0

2840 Decreased
1420 Decreased
7820 Decreased

238

577.1

1951.4

711

12
13
14

582 15,500

251
293

Alive in CR (559)

169
452

6340 9.6 335.6

397.8
115.7

71.5

Transferred to another hospital (217)*

29.7

14.3

5230

25.9

*ATL was under control when patients were censored.
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trials, and finally established a practical flow cytometry
method to quantify acute-type ATL cells. .

Flow cytometry is highly sensitive in detecting
minimal residual disease (MRD) of hematological malig-
nancies. Similar flow cytometric approach for detection
of MRD in ATL was reported previously, and a multi-par-
ametric approach using CD2, CD3, CD4, CD5, CD7, CD25,
CD26, and CD27 was useful for detection of ATL cells [14].
We established here a more practical and easier flow
cytometric method using only CD3, CD4, CD7, and CD14.
Moreover we limited the use to acute-type ATL cases
because our previous studies showed the expression of
cell surface antigens on ATL cells was slightly different
among subtypes.

Combination of gates is also important and character-
istic of our method. We showed here all the procedures
including gating and quantification so that the method
could be easily applied in other hospitals. This test pro-
vides accurate quantification of CD7N lymphocytes
achieved by establishing an appropriate gating procedure
(Figure 1). As a first gate, two methods are generally used
to gate lymphocytes. One is FSC versus SSC gating, and
the other is CD45 versus SSC gating [15]. The latter method
is often used to analyze malignant hematologic diseases
and eliminate red blood cell debris but is not conveni-
ent to analyze ATL cells because these occasionally lose
[16] or express a high level of CD45. Therefore, we applied
FSC versus SSC gating for lymphocyte gating. Moreover,
eliminating monocytes is necessary to precisely enumer-
ate CD7N lymphocytes because monocytes are weakly
positive for CD4 and negative for CD7. Hence, we gated out
monocytes carefully by CD14 staining before CD4-positive
selection. Combination of the first wide lymphocyte gate
and the following two strict gates enabled purification of
CD4-positive lymphocytes without excess or deficiency.
Then, CD7N cells were defined according to the contour
lines in a plot of CD4-positive lymphocytes. Drawing the
border between CD7D and CD7N cells was easy because
contour lines clearly and horizontally separated these two
populations. In contrast, the border between CD7P and
CD7D cells was sometimes difficult to determine; thus,
further improvement may be needed. However, the latter
border is not necessary to estimate the number of ATL
cells using this method.

Although the number of ATL cells is currently esti-
mated based on morphologically abnormal cells, mor-
phological evaluation of ATL cells often differs between
examiners. Particularly, morphological enumeration
by inexperienced examiners tends to be inaccurate.
We therefore assessed here the correlation between the
number of CD7N cells and the number of morphologically
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abnormal lymphocytes evaluated only by experienced
technicians (Figure 2A). As expected, a strong correla-
tion was identified. It is noteworthy that the regression
coefficient was very close to 1.0. This new flow cytometric
method is useful for accurate evaluation of ATL cells. Fur-
thermore, only flow cytometry detected ATL cells in two
cases. As the validation study of the assay showed very
low limits of detection and quantitation, flow cytometry
could detect ATL cells more sensitively than microscopic
counting.

The Bland-Altman plot also showed good agree-
ment and the relatively small average difference between
the two measurements (Figure 2B). However, the three
samples with the highest WBCs had high differences
between the two methods. While flow cytometry allows
rapid and accurate analysis of a much Jarger number of
cells, manual counting has limitations in accuracy and
the number of counts. Since the absolute number of mor-
phologically abnormal lymphocytes was calculated by
multiplying their percentage by the total number of WBCs,
the margin of error in microscopic counting tended to get
larger as the number of WBCs got higher. Although the
relative differences between the two methods were gener-
ally not so high, these findings suggested the number of
abnormal lymphocytes in samples with high WBC counts
should be carefully examined.

This flow cytometry-based method has many advan-
tages compared to PVL. First, flow cytometry allows for
calculation of the absolute number of ATL cells, which is
not affected by the number of other cells. Second, intra-
and inter-assay variations of our method were confirmed
to be low. The inter- and intra-laboratory variabilities
of the ProCOUNT method are also known to be low [17].
Therefore, this flow cytometric method is precise and can
be easily standardized. Third, it is practical and takes no
more than1h.

In addition to its usefulness for quantitation, we also
found that the change in the CD7-CD3 profile discrimi-
nated cases sensitive to chemotherapy and may predict
prognosis (Figure 3A and B). Serum sIL2R and LDH
levels are also clinically important [18, 19], but they are
not as specific for disease status because they are influ-
enced by other factors, such as infection, inflammation,
and hemolysis. Patients with a better prognosis tended
to have a markedly better change in the CD7-CD3 profile
after only one course of chemotherapy. In contrast, cases
with unchanged or worse CD7-CD3 profiles after one
course of chemotherapy tended to have an unfavorable
prognosis after the second course, even if the number
of ATL cells decreased, or the levels of sIL-2R and LDH
improved initially.

DE GRUYTER

From various parameters of the CD7-CD3 profile, we
had tried picking up prognostic indicators. We focused
on the first chemotherapy, and examined the change
of various clinical parameters (Table 2) and their rela-
tion with survival. Needless to say, the number of CD7N
cells, as the number of ATL cells, was important to evalu-
ate the disease status through the follow-up, and robust
reduction of the number of CD7N cells was necessary
for a better prognosis. However, the change of the CD7N
proportion seemed more sensitive. We examined the
relationship between the disease-specific survival and
the relative change of the CD7N proportion after chemo-
therapy. Although the number of patients was limited, it
is noteworthy that patients with decreased CD7N propor-
tion had significantly longer survival (Figure 3C). Further
accumulation of cases and longer follow-up are warranted
to elucidate the ability of this method to predict prognosis.

Our experience suggests that this method can be
applied to almost all patients with acute-type ATL. -
However, some limitations should be noted. First, this
method did not accurately detect ATL cells in patients
who had undergone HSCT, as downregulation of CD7 in
CD4-positive non-ATL lymphocytes was observed in most
cases [20]. Second, this method cannot identify ATL cells
in rare cases in which ATL tumor cells lack CD4 expression
or express CD7. Therefore, a brief confirmation of the ATL
phenotype using other surface markers is recommended
before flow cytometric quantification.

In summary, we established a clinical test to accu-
rately quantify ATL cells in patients with acute-type ATL
using simple four-color flow cytometry. This newly estab-
lished clinical application of ‘HAS-Flow’ will provide
more accurate enumeration of ATL cells and assessment
of chemosensitivity.
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One of the hallmarks of cancer, global gene expression alteration, is closely asso-
ciated with the development and malignant characteristics associated with adult
T-cell leukemia (ATL) as well as other cancers. Here, we show that aberrant over-
expression of the Ellis Van Creveld (EVC) family is responsible for cellular Hedge-
hog (HH) activation, which provides the pro-survival ability of ATL cells. Using
microarray, quantitative RT-PCR and immunohistochemistry we have demon-
strated that EVC is significantly upregulated in ATL and human T-cell leukemia
virus type | (HTLV-1)-infected cells. Epigenetic marks, including histone H3 acety-
lation and Lys4 trimethylation, are specifically accumulated at the EVC locus in
ATL samples. The HTLV-1 Tax participates in the coordination of EVC expression
in an epigenetic fashion. The treatment of shRNA targeting EVC, as well as the
transcription factors for HH signaling, diminishes the HH activation and leads to
apoptotic death in ATL cell lines. We also showed that a HH signaling inhibitor,
GANT61, induces strong apoptosis in the established ATL cell lines and patient-
derived primary ATL cells. Therefore, our data indicate that HH activation is
involved in the regulation of leukemic cell survival. The epigenetically deregulat-
ed EVC appears to play an important role for HH activation. The possible use of
EVC as a specific cell marker and a novel drug target for HTLV-1-infected T-cells is
implicated by these findings. The HH inhibitors are suggested as drug candidates
for ATL therapy. Our findings also suggest chromatin rearrangement associated
with active histone markers in ATL.

A dult T-cell leukemia (ATL) is a malignant T-cell disor-
der caused by infection with a human retrovirus, human
T-cell leukemia virus type I (HTLV-1).""® The prognosis of
aggressive types of ATL is poor.™ At present, ATL is an
intractable disease in human beings. To prevent the develop-
ment of ATL and the poor prognosis that is associated with it,
the development of effective therapies based on the molecular
characteristics is needed.

To explore effective drugs, precise understanding of the
molecular mechanism of ATL pathogenesis is essential. We
have previously reported that genetic and epigenetic imbal-
ances and following aberrant gene expressions are the main
framework for ATL tumor cells.®® In addition, the involve-
ment of systemic downregulation of cellular microRNA has
been implicated in the leukemogenesis of ATL. So far, several
host cellular signaling abnormalities induced by HTLV-1 Tax
in the early phase of infection®™ and the aberrant activation
of nuclear factor-kappa B (NF-xB) contribute to ATL leuke-
mogenesis.®'? Although other several molecular deregulations
have been suggested in ATL, we have not completely covered
the landscape of signaling networks in ATL.

Recently, Hedgehog (HH) signaling has been reported as an
oncogenic pathway in many types of cancers.!*? Constitu-
tive HH activation leads to the overproliferation or survival of

Cancer Sci | September 2014 | vol. 105 | no.9 | 1160-1169

several cancer cells, such as basal cell carcinoma or B-cell
lymphomas.”>™> There are some HH inhibitors under clinical
trial as drug candidates against those cancers.!!®

In the present study, using ATL patient samples and some
ATL models, we found two specific gene overproductions in
ATL, Ellis Van Creveld syndrome 1 (EVCI) and EVC2, which
belong to the EVC family of genes that are implicated in HH
regulation.’” ' We demonstrated that epigenetically upregu-
lated EVC was associated with cellular HH activity. EVC and
other regulatory factors for HH signaling were responsible for
the survival of ATL cell lines and also primary ATL samples.
Direct evidence from the ATL samples revealed that universal
epigenetic marks associated with actively transcribed genes
were rearranged in the leukemic cells. These findings may
shed light on the abnormal gene expression signature and leu-
kemic cell traits observed in ATL.

Materials and Methods

Patient samples. The primary peripheral blood mononuclear
cells (PBMC) from ATL patients and healthy volunteers were a
part of those collected with informed consent as a collaborative
project of the Joint Study on Prognostic Factors of ATL Devel-
opment (JSPFAD). The project was approved by the University

© 2014 The Authors. Cancer Science published by Wiley Publishing Asia Pty Ltd
on behalf of Japanese Cancer Association.
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Fig. 1. EVC overexpression in ATL. (a, b) Microarray heatmap (a) and box plot (b) of EVC. **P < 0.01. ***P < 0.001. (¢) Schematic illustration of
locus encoding EVC1/2. (d) Individual expression values (n = 52) between EVCT and EVC2. (e) EVCT mRNA level in ATL patient PBMC (total,
n = 11; acute, n = 7; chronic, n = 4) and in CD4+ T cells from healthy donors (n = 6) evaluated using quantitative RT-PCR (qRT-PCR). **P < 0.01.
(f) EVCT and EVC2 levels in CADM1 versus CD7 plot subpopulations. Normal P, CD4+/CADM1—/CD7+ T cells from healthy donors; Indolent P,
CD4+/CADM1—-/CD7+ from indolent ATL patients; Indolent N, CD4+/CADM1+/CD7~ from indolent ATL patients; Acute N, CD4+/CADM1+/CD7—
from acute ATL patients. The gene expression microarray dataset is available in Kobayashi et al.®® (g) EVCT levels in various cell lines examined

using qRT-PCR (n = 3, mean =+ SD).

of Tokyo and Showa University research ethics committees.
The PBMC were isolated using Ficoll separation and maintained
in RPMI1640 (Invitrogen, Carlsbad, CA, USA) supplemented
with 1% of self-serum and antibiotics (Invitrogen). Clinical
information is shown in the Supporting Information Methods.

Microarray analysis. Gene expression profiling of ATL
patient samgles and normal CD4+ T cells has been performed
previously.”” The coordinate has been deposited in the Gene
Expression Omnibus database (GSE33615).

Cell culture. The HTLV-l-infected cell lines MT-2 and
HUT102, ATL-derived cells MT-1 and TL-Oml, and other
leukemic cell lines were cultured in RPMI1640 with 10%
FCS. ATL-derived KOB and KK1 were cultured in RPMI1640
with 10% FCS and 10 ng/mL recombinant human IL-2 (R&D
Systems, Minneapolis, MN, USA). The 293T cell was cultured
in DMEM with 10% FCS. All cell lines were cultured at
37°C, with 5% CO,.

Cancer Sci | September 2014 | vol. 105 | no.9 | 1161

Plasmids and HH activity analysis. Tax-encoding plasmids
have been described previously.®® EVCI ¢cDNA was amplified
as two fragments from the human cDNA library. Cellular HH
activity was evaluated using a dual-luciferase assay (Promega,
Madison, WI, USA).?" Briefly, 7 x GLI binding site (GA-
ACACCCA)-luciferase plasmid and control RSV-Renilla plas-
mid were co-transfected into target cells using
Lipofectamine2000 (Invitrogen). At 24 h post-transfection, the
cells were collected and analyzed using a dual-luciferase assay.

Quantitative RT-PCR. Procedures for RNA isolation and RT-
PCR have been described previously.® Primer sets for quanti-
tative RT-PCR (gRT-PCR) are provided in the Supporting
Information Methods.

Epigenetic analyses. Bisulfite treatment was conducted using
a MethylEasy Xceed Rapid DNA Bisulphite Modification kit
(Human Genetic Signatures, NSW, Australia). For evaluating
histone covalent modifications, a chromatin immunoprecipita-

© 2014 The Authors. Cancer Science published by Wiley Publishing Asia Pty Ltd
on behalf of Japanese Cancer Association.
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Fig. 2. Epigenetic reprogramming in the EVC locus. (a) Schematic of CpG islands and chromatin immunoprecipitation (ChIP) loci. (b) Results of
bisulfite sequencing (+46 to +466 from EVCT transcription start site [TSS]; +905 to +1206 from EVC2 TSS). The black and empty boxes represent
methylated and unmethylated CpG, respectively. () EVC RNA levels in Jurkat cells in the presence or absence of epigenetic drugs (n =3,
mean &£ SD). *P < 0.05. (d) Histone covalent modifications at EVC and GAPDH loci in three cell lines were analyzed using PCR-based ChIP assay
with specific antibodies. Positions of primer sets for the real-time PCR are indicated in (a). Enrichment values relative to input samples are plot-
ted. (e) TL-Om1 and MT-1 cells were treated with 1 or 5 uM of anacardic acid for 48 h and the EVC mRNA level was then analyzed (n = 3,
mean =+ SD). *P < 0.05. (f) Epigenetic changes in primary ATL samples. Three independent clinical samples were compared with normal PBMC
(n = 3, mean =+ SD).
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tion (ChIP) assay was conducted as described previously.>*?
Anti-H3K4me3 (#9751S; Cell Signaling, Danvers, MA,
USA), anti-AcH3 (#06-599; Millipore, Billerica, MA, USA),
anti-H3K27me3 (#39155; Active Motif, Carlsbad, CA, USA)
and control IgG (I5381; SIGMA, St. Louis, MO, USA) were
used for ChIP. Primers for the qPCR are provided in the
Supporting Information Methods.

Immunohistochemistry. For preparation of the paraffin
block of 293T cells, the cells were fixed in 20% of forma-
lin/PBS for 24 h. After removing the formalin, alcohol
dehydration and paraffin permeation were done using Tis-
sue-Tek VIPS5Jr (Sakura, Alphen aan den Rijn, The Nether-
lands). Paraffin blocks were sectioned at 3-pm thickness.
The sections were then transferred to coating slide glasses
(Muto pure chemicals, Bunkyo-ku, Tokyo, Japan). After par-
affin removal, the paraffin sections of the 293T and ATL
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cells were treated with 3% H,0,. Antigen-retrieval treatment
was done using Histofine antigen retrieval solution pH9
(Nichirei, Chuo-Ku, Tokyo, Japan) for 20 min under
microwave radiation. After reaction with the first antibody,
anti-EVC antibody (HPAO08703, 1:400; SIGMA), and the
second antibody (K5027, ENVISION Kit/HRP [DAB];
Dako, Bunkyo-ku, Tokyo, Japan), the sections were colored
using ENVISION Kit/HRP [DAB] DAB+ (K3468; DAKO).
Finally, the sections were stained with hematoxylin.
Lentivirus construction and production. Detailed procedures
for lentivirus production have been described previously.
Briefly, replication-defective, self-inactivating lentivirus vectors
were used.***¥ shRNA were cloned into a CS-H1-EVBsd.
High-titer viral solutions prepared using a centrifugation-
based concentration were transduced into ATL cell lines
using the spinoculation method. The transduced cells were
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® ) s 1 8 [} 8 § Fig. 3. Role of Tax in EVC regulation. (a) EVCT
§ % % Y ] RNA levels are affected by Tax. The 293T cells in
0.001 +—r—T—F— ] 0.001 e e e T et different FBS condition were transfected with the
1 2 3 4 1 2 3 4 indicated plasmids. Relative EVC7 levels were
TTTEve fGAPDH EVC ZGAPDH evaluated using quantitative RT-PCR (gRT-PCR)
i (top panel, n=3, mean % SD). **P <0.01. Tax
expression was confir-med using western blotting
. 0.1 H3Ac f i . ] % 22 ?H?K”me?' with an anti-Tax antibody (Lt-4) (bottom panel). (b)
2 x =% o Levels of SHH and PTHrP in the presence or absence
£ x x» ¥ E 0.14 of Tax (n = 3, mean =+ SD). *P < 0.05. **P < 0.01. (c)
B 0.01 é S ° B EVC and PTCHT1 levels in Jurkat cells expressing Tax
® & O s (n=3, mean £ SD). *P<0.05. (d) Tax-mediated
; 0.001 R — epigenetic changes. Histone modifications at EVC
0.001 +——r—r—r P ) 1 and GAPDH loci in Tax-expressing Jurkat cells were
1.2 3 4 'GAPDH A2 3 4 {GAPDH analyzed using a ChIP assay. *P < 0.05 (Tax WT vs
EVC EVC { Empty). Primer positions are shown in Figure 2(a).
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