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Adult T-cell leukemia/lymphoma (ATL) is a rare and aggressive T-cell malignancy
with a high mortality rate, resulting in a lack of information among ophthalmologists.
Here, we investigated the state of ophthalmic medical care for ATL and ATL-related
ocular manifestations by conducting the first large-scale nationwide survey in Japan.
A total of 115 facilities were surveyed, including all university hospitals in Japan that
were members of the Japanese Ophthalmological Society and regional core facilities
that were members of the Japanese Ocular Inflammation Society. The collected
nationwide data on the state of medical care for ATL-related ocular manifestations
and ATL-associated ocular findings were categorized, tallied, and analyzed. Of the
115 facilities, 69 (60%) responded. Overall, 28 facilities (43.0%) had experience in
providing ophthalmic care to ATL patients. ATL-related ocular manifestations were most
commonly diagnosed “based on blood tests and characteristic ophthalmic findings.” By
analyzing the 48 reported cases of ATL-related ocular manifestations, common ATL-
related ocular lesions were intraocular infiltration (22 cases, 45.8%) and opportunistic
infections (19 cases, 39.6%). All cases of opportunistic infection were cytomegalovirus
retinitis. Dry eye (3 cases, 6.3%), scleritis (2 cases, 4.2%), uveitis (1 case, 2.1%), and
anemic retinopathy (1 case, 2.1%) were also seen. In conclusion, intraocular infiltration
and cytomegalovirus retinitis are common among ATL patients, and ophthalmologists
should keep these findings in mind in their practice.

Keywords: adult T-cell leukemia, ocular manifestations, nationwide survey, intraocular infiltration, human T-cell
leukemia virus type 1
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INTRODUCTION

Human T-cell leukemia virus type 1 (HTLV-1) was the first
retrovirus found to infect and cause disease in humans
(Hinuma et al., 1981). The routes of transmission are primarily
through sexual contact to adults, and through breast milk to
infants (Iwanaga et al., 2009). Such infections are prevalent in
Melanesia, the Caribbean Islands, Central and South America,
and Central Africa, as well as areas such as Kyushu and Okinawa
in Southwestern Japan (Watanabe, 2011). Among developed
nations, Japan is estimated to have the highest proportion of
infected individuals, with approximately 1 million (Satake et al.,
2012) out of a total population of 126 million.

HTLV-1 causes diseases such as adult T-cell leukemia/
lymphoma (ATL) (Yoshida et al., 1984), HTLV-1-associated
myelopathy (HAM) (Osame et al., 1986), and HTLV-1 uveitis
(HU) (Mochizuki et al., 1992a,b; Kamoi and Mochizuki, 2012b).
Ophthalmic care is required for HU and ATL-related ocular
manifestations (Kamoi and Mochizuki, 2012a), but ATL-related
ophthalmic manifestations remain relatively obscure among
ophthalmologists (Kamoi and Mochizuki, 2012a).

ATL is a rare disease, and the annual rate of ATL developing
among HTLV-1 carriers is estimated to be between 7.7 and 8.7
per 10,000 people (Satake et al., 2015). As for prognosis, median
overall survival time was 7.7 months according to the simplified
ATL prognostic index report (Katsuya et al., 2012). Subsequent
central nervous system invasion of ATL occurs in 10-20% of cases
(Bazarbachi et al., 2011). In treatment, many therapeutic agents
have been used to improve this poor prognosis. Representative
available therapies include intensive multi-agent chemotherapy
(Tsukasaki et al., 2012), interferon-a combined with zidovudine
(Gill et al.,, 1995; Hermine et al., 1995), and an anti-CCR4
antibody (mogamulizumab) (Ishida et al., 2012). Hematopoietic
stem cell transplantation has recently been reported to achieve
long-lasting remission (Zell et al., 2016) and the effectiveness
of Tax peptide-pulsed dendritic cell vaccine has been reported
(Suehiro et al., 2015).

As a result of its rarity and poor prognosis, very few reports
have described ATL-related ocular manifestations (Kohno et al.,
1993; Shibata et al., 1997; Kamoi et al.,, 2016; Hirano et al.,
2017), and the details of ocular lesions remain unclear. Given
this background of limited information, we conducted a large-
scale survey on the state of ophthalmic practice for ATL patients
in Japan, where there are a large number of patients with ATL
caused by HTLV-1 infection, to analyze and assess ATL-related
ocular manifestations.

MATERIALS AND METHODS

All study protocols for this investigation were approved by
the ethics review committees of the Tokyo Medical and
Dental University and the Institute of Medical Science at the
University of Tokyo, in accordance with the tenets of the
Declaration of Helsinki. In March 2015, a questionnaire survey
regarding the state of ophthalmic medical care for ATL and
ATL-related ocular manifestations was conducted on a total

of 115 facilities, including all university hospitals throughout
Japan that were members of the Japanese Ophthalmological
Society and all ophthalmic facilities providing medical care for
ocular inflammation that were members of the Japanese Ocular
Inflammation Society.

Questions focused on facility locations, classification,
experience with ophthalmic care for ATL patients, methods for
diagnosing ocular manifestations of ATL, ocular findings
observed with ATL-related ocular manifestations, and
frequency of ATL-related ocular manifestations (Figure 1
and Table 1). ATL-related ocular manifestations were defined
as ocular disorders attributed to ATL. We suggested several
expected ATL-related ocular manifestations in consideration
of previous reports, and added a blank field to allow
respondents to report other manifestations. Considering
the rarity of the pathology, relatively few patients with ATL-
related ocular lesions were expected to be registered by
each facility, so we asked each facility to report all patients
registered as showing ATL-related ocular manifestations as of
March 2015.

Only valid responses to questions were included in the
statistical analyses. If a respondent left a question blank, only that
blank response was excluded from analysis. Data on categories
pertaining to medical care for ATL-related ocular manifestations
were tallied and analyzed.

RESULTS

Of the 115 facilities, 69 (60.0%) responded. Responses were
received from facilities throughout Japan, with those in the Kanto
region accounting for 39.1% of overall respondents and those
in the high-prevalence Kyushu region accounting for 13.0%
(Table 2). By type of facility, 55.0% of overall respondents were
advanced treatment hospitals, 42.0% were hospitals, and 2.9%
were clinics.

In terms of experience in providing ophthalmic care to
ATL patients, 43.0% of facilities indicated that they have such
experience throughout Japan (Table 3A). In particular, 88.9% of
facilities in the Kyushu region of Southern Japan have experience
with ophthalmic treatment for ATL patients, as do 80.0% of
facilities in the Hokkaido/Tohoku region of Northern Japan.
Looking at central/metropolitan areas, 36.4% of facilities in the
Kinki region, 26.9% in the Kanto region, and 14.2% in the Chubu
region have such experience.

The survey showed that ATL-related ocular manifestations
are most commonly diagnosed “based on blood tests and
characteristic ophthalmic findings” (65.0% of facilities),
followed by “based on consulting hematologists and ophthalmic
examination,” which was a specific option provided in the
questionnaire (18.3% of facilities), and “based on tests of
intraocular fluid and characteristic ophthalmic findings” (16.7%
of facilities) (Table 3B). Regarding the question of whether
differential diagnosis is practiced by excluding other forms of
uveitis when diagnosing ATL-related ocular manifestations,
90.6% responded “Yes,” and the remaining 9.4% commented “No
experience.”
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Hokkaido.

J| J

Southern region

FIGURE 1 | A map showing the regions of Japan. The Kanto and Kinki regions are metropolitan areas in Japan with population growth in recent years due to
population movements, and the Kyushu region has a high prevalence of HTLV-1.

Central/Metropolitan region

Northern region

TABLE 1 | Questionnaire used for assessing the state of medical care for
ATL-related ocular manifestations and ATL-associated ocular findings.

Questionnaire

Answer

(1) Has your department ever provided
ophthalmic care for ATL patients?

(2) How do you diagnose ATL-related
ocular manifestations?

(3) Do you exclude other forms of
uveitis when diagnosing an ATL- related
ocular manifestation?

(4) What are the findings that have been
observed in ATL-related ocular
manifestations?

(5) Do you think the number of
ATL-related ocular manifestations is on
the rise in recent years?

OYes () cases

ONo

[OBased on a blood test (positive for
HTLV-1 antibodies) and the
characteristic ophthalmic findings
[OBased on a test of intraocular fluid
(PCR test) and the characteristic
ophthalmic findings

OOther (Please provide the specifics: )
OYes

ONo

[OOther (Please provide the specifics: )
Ointraocular infiltration () cases
OOpportunistic infection () cases
(Please provide the specifics: )

[Dry eye () cases

[JOther () cases (Please provide the
specifics: )

[On the rise

[JOn the decline

[OUnchanged

Respondents reported 48

cases of ATL-related ocular

manifestations. By region, the number of cases reported was
highest in the Kanto region (22 cases), followed by the Kinki
and Chugoku regions (Table 4). The most common type of
ATL-related ocular manifestation was intraocular infiltration (22
patients, 45.8%), followed by opportunistic infection (19 patients,

39.6%) and dry eye (3 patients, 6.35%), with scleritis indicated in
the blank field (2 patients, 4.2%). Additional responses included
a case of uveitis that resolved after steroid treatment (2.1%) and
a case of anemic retinopathy (2.1%), which is commonly seen
with leukemia. All cases of opportunistic infection involved
cytomegalovirus retinitis (CMVR). In addition to CMVR,
one case of superinfection with Toxoplasma and two cases of
herpesvirus were also reported (Table 4).

Among the responding facilities, 87.2% indicated that
no changes in the number of cases of ATL-related ocular
manifestations had been seen in recent years. Increases were
reported by 4.3% of facilities, all from the Kanto region. On the
other hand, 8.5% of facilities (from the Kyushu, Chugoku, and
Kanto regions) reported decreases.

DISCUSSION

With ATL representing an extremely rare form of leukemia
with a high mortality rate (Katsuya et al., 2012), most cases of
ATL-related ocular manifestation have been reported as ocular
lesions in the format of a case report, resulting in an extreme
lack of systemic information (Kamoi and Mochizuki, 2012a).
Given the large number of HTLV-1-infected individuals in Japan,
presumably representing the largest number of ATL patients
among advanced nations, we were able to collect information on
48 patients, representing an unprecedentedly large number, in the
first large-scale survey conducted in Japan. Our survey focused
particularly on investigating which regions of Japan have treated
alarge number of cases of ocular lesions in ATL patients and what
types of ocular lesions are associated with ATL.
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TABLE 2 | Number of facilities responding to the questionnaire.

Northern Central/Metropol Itan Southern Total
Hokkaido/Tohoku Kanto Chubu Kinki Chugoku/Shikoku Kyushu
5 (7.2%) 48 (69.5%) 16 (23.2%) 69
5(7.2%) 27 (39.1%) 9 (13.0%) 12 (17.4%) 7 (10.1%) 9 (13.0%)
TABLE 3(A) | Experience with medical care for ATL patients.
Northern Central/Metropolitan Southern
(n=5) (n =44) (n=16)
Experience of medical Hokkaido/ Kanto (n = 26) Chubu (n=7) Kinki (n = 11) Chugoku/ Kyushu (n =9) Total
care for ATL patients Tohoku Shikoku
(n=5) (n=7)
Yes 80.0% 29.7% 75.0% 43.0%
80.0% 26.9% 14.2% 36.4% 57.1% 88.9%
No/Un-identified 20.0% 70.3% 25.0% 57.0%
20.0% 73.0% 85.7% 63.6% 42.9% 11.1%
TABLE 3(B) | Diagnostic methods for ATL ocular manifestations.
Diagnostic Methods Northern Central/Metropolitan Southern
(n=8) (n =36) (n=16)
Hokkaido/ Kanto (n = 20) Chubu (n = 5) Kinki (n = 11) Chugoku/ Kyushu (n = 10) Total
Tohoku Shikoku
(n=8) (n=6)
Blood test and ophthalmic 50.0% 69.4% 62.5% 65.0%
examination
50.0% 70.0% 80.0% 63.6% 83.3% 50.0%
Intraocular fluid test and 37.5% 11.1% 18.8% 16.7%
ophthalmic examination
37.5% 10.0 % 0.0% 18.2% 0.0% 30.0%
Consulting Hematologists 12.5% 19.4% 18.8% 18.3%
and ophtalmic examination
12.5% 20.0% 20.0% 182 % 16.7% 20.0%
With regard to distribution, ATL-related ocular chain reaction (PCR) testing (Mochizuki et al, 2013) of
manifestations have been treated throughout Japan intraocular fluid, representing a more precise method of

(Tables 3A, 4), not just in regions with a high prevalence
of HTLV-1. A large number of cases were seen in metropolitan
areas such as the Kanto region (including Tokyo) and Kinki
region (including Osaka). One possible interpretation is to
attribute this finding to selection bias due to the nature of the
questionnaire survey, as most ATL patients had been reported
in southwestern Japan. However, the result might also reflect
population movement-associated migration of HTLV-1-infected
individuals to urban areas (Uchimaru et al., 2008).

With respect to diagnostic procedures, the survey revealed
that a large number of facilities conduct blood tests that
include testing for HTLV-1 antibodies to diagnose ATL,
then render a diagnosis based on the characteristic ocular
lesion. Approximately 20% of facilities conduct polymerase

diagnosis (Table 3A). This was attributed to the approval in
Japan of PCR tests for intraocular fluid as advanced medical care
in 2014.

As part of a measure to control such infections in Japan,
pregnant women and blood donors have been screened for
HTLV-1 antibodies in recent years (Iwanaga et al., 2009). Despite
a decreasing trend in the number of infected individuals, 87.2%
of responding facilities reported no changes in the number of
cases of ATL-related ocular manifestation, and some responding
facilities in the Kanto region have reported increases in the
numbers of such cases. ATL develops after a long period of
latency, with a high mean age of onset (around 60 years)
(Iwanaga et al,, 2012). Patients infected with HTLV-1 before
the implementation of infection control measures have been
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TABLE 4 | ATL-related ocular manifestations.

Manifestations

Number of patients

Northern Central/Metropolitan Southern
Hokkaido/Tohoku Kanto Chubu Kinki Chugoku/Shikoku Kyushu Total
Intraocular infiltration 2 13 7 22 (45.8%)
2 4 1 8 5 2
Opportunistic infection 1 15 3 19 (39.6%)
(Cytomegalovirus *) (1) (15) ) () (1) 2) (19)
(Herpesvirus**) (0) (0) ) (0) (0) 2) 2)
(Toxoplasma**) © ©) ©) ©) © M M
Dry eye 0 2 1 3(6.3%)
0 2 0 0 0 1
Scleritis 0 0 2 2 (4.2%)
0 0 0 0 2 0
Uveitis 0 0 1 1(2.1%)
0 0 0 0 0 1
Anemic retinopathy 0 1 0 1(2.1%)
0 1 0 0 0 0

*All cases of opportunistic infection were cytomegalovirus retinitis. **In addition to cytomegalovirus retinitis, one case of superinfection with toxoplasma and two cases of

herpesvirus were reported.

FIGURE 2 | Typical clinical picture of ATL infiltration. Color fundus photograph
showing yellowish-white infiltrative foci associated with protrusions in the
retina.

beginning to develop the disease in recent years, so no reduction
in such cases is expected in the near future.

As for ocular manifestations of ATL, our review of the
literature on ocular lesions revealed case reports of ATL
causing intraocular infiltration of ATL cells, with retinal

FIGURE 3 | Typical clinical picture of cytomegalovirus retinitis. Color fungus
photograph showing cytomegalic cell infiltration and widespread retinal
disorganization.

hemorrhage/white patches, optic disk redness, and vitreous
opacity as the major symptoms, as well as opportunistic
infections associated with immunosuppression (Liu et al., 2010).
The majority of the literature comprises case reports, and the
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types of ocular lesions that are common in ATL patients have thus
remained unclear. The overwhelming majority of the 48 cases of
ATL-related ocular lesions reported in this survey involved ocular
infiltration (Figure 2) or opportunistic infection, with all cases of
opportunistic infection being CMVR (Figure 3).

In large-scale surveys conducted in the past on acute myeloid
leukemia, acute lymphatic leukemia, and chronic myeloid
leukemia (Gordon et al., 2001; Russo et al., 2008; Khadka et al.,
2014), the rate of ocular infiltration was not particularly high. In
this survey, on the other hand, approximately half of the cases
of ATL ocular lesions involved ocular infiltration. Compared
with other forms of leukemia, ATL cells are thus much more
adept at infiltrating the eyes. Recent studies have revealed that
HTLV-1-infected T cells expressing C-C motif (CC) chemokine
receptor 4 migrate to and infiltrate tissues such as the uvea,
skin, parotid glands, and salivary glands, all of which express
CC chemokine ligand (CCL) 17/CCL22 (Fukuda et al., 2003;
Yoshie and Matsushima, 2015). This suggests that, through this
mechanism, ATL cells migrate at a high rate to the uvea, resulting
in ocular infiltration, and migrate to and infiltrate the lacrimal
glands, causing dry eyes.

As for opportunistic infection, this study identified that
all cases involved CMVR. CMV is a herpesvirus that infects
40-100% of adults. The clinical presentation of an active CMV
infection often includes retinitis. CMV is well established as
the most frequent pathogen of opportunistic infection in ATL
patients (Suzumiya et al., 1993; Maeda et al., 2015) and CMV
infection occurs more frequently in patients with ATL than
in those with other leukemias (Funai et al., 1995). In ATL
patients, HTLV-1-infected CD4-positive T cells can transform
into malignant cells, losing the normal function of CD4-positive
T cells. As a result, cellular immunity is severely impaired,
resulting in frequent CMV infection.

The present results need to be considered in light of various
limitations. This questionnaire survey asked questions regarding
experience in providing medical care for ATL in major facilities
throughout Japan. A more streamlined design may thus be
needed to raise the response rate. Also, facilities without
experience in treating ATL may well have been more likely
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PURPOSE Adult T-cell leukemia-lymphoma (ATL) is a distinct mature T-cell malignancy caused by chronic
infection with human T-lymphotropic virus type 1 with diverse clinical features and prognosis. ATL remains a
challenging disease as a result of its diverse clinical features, multidrug resistance of malignant cells, frequent
large tumor burden, hypercalcemia, and/or frequent opportunistic infection. In 2009, we published a consensus
report to define prognostic factors, clinical subclassifications, treatment strategies, and response criteria. The
2009 consensus report has become the standard reference for clinical trials in ATL and a guide for clinical
management. Since the last consensus there has been progress in the understanding of the molecular
pathophysiology of ATL and risk-adapted treatment approaches.

METHODS Reflecting these advances, ATL researchers and clinicians joined together at the 18th International
Conference on Human Retrovirology—Human T-Lymphotropic Virus and Related Retroviruses—in Tokyo,
Japan, March, 2017, to review evidence for current clinical practice and to update the consensus with a new
focus on the subtype classification of cutaneous ATL, CNS lesions in aggressive ATL, management of elderly or
transplantation-ineligible patients, and treatment strategies that incorporate up-front allogeneic hematopoietic
stem-cell transplantation and novel agents.

RESULTS As a result of lower-quality clinical evidence, a best practice approach was adopted and consensus
statements agreed on by coauthors (> 90% agreement).

CONCLUSION This expert consensus highlights the need for additional clinical trials to develop novel standard
therapies for the treatment of ATL

J Clin Oncol 37. © 2019 by American Society of Clinical Oncology
Licensed under the Creative Commons Attribution 4.0 License @@

INTRODUCTION

Adult T-cell leukemia-lymphoma (ATL) is an in-
tractable mature T-cell malignancy with diverse clin-
ical features, etiologically associated with a retrovirus
designated human T-cell leukemia virus type | or
human T-lymphotropic virus type 1 (HTLV-1), which is

risk-adapted treatment approaches.® The ATL clinical
workshop held during the 18th International Confer-
ence on Human Retrovirology—HTLV and Related
Viruses—held in Tokyo, Japan, March, 2017 focused
on discussion and revision of the 2009 consensus
report. Consensus methodology and its limitations are

endemic in several regions, including the southwest
region of Japan, Central and South America, central
Africa, the Middle East, Far East, central Australia, and
Romania.t? Because of population migration, spo-
radic cases are observed in North America, particularly
in New York, NY, and Miami, FL; and Europe, mostly in
France and the United Kingdom. Incidence of ATL is
rising in nonendemic regions of the world.3 In 2009,
ATL researchers joined together and published an ATL
consensus report that has been a standard reference
for clinical trials of new agents for ATL and that focused
on definition, prognostic factors, clinical subtype
classification, treatment, and response criteria.*

Since publication, additional progress has been
made in the molecular pathophysiology of ATL and

detailed in the Data Supplement.

Some therapeutic agents used in the treatment of ATL
are not universally available and treatment strategies
will therefore differ among countries, which is reflected
in these recommendations (Table 1). For example,
mogamulizumab and certain components of the vin-
cristine, cyclophosphamide, doxorubicin, and predni-
sone (VCAP); doxorubicin, ranimustine, and prednisone
(AMP); and vindesine, etoposide, carboplatin, and
prednisone (VECP) chemotherapy regimen (modified
LSG15) are presently unavailable outside of Japan,
whereas zidovudine and interferon-alpha are not ap-
proved in Japan but can be used in other parts of the
world. There is also variability in the availability of
positron emission tomography/computed tomography

Journal of Clinical Oncology®
1
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TABLE 1. Recommended Strategy for the Treatment of ATL
Recommendation: Consider All Patients for Inclusion in Prospective Clinical Trials

Asymptomatic smoldering (without skin lesions, opportunistic infections, and so on)

Outside clinical trial

Consider active monitoring

Symptomatic smoldering (skin lesions, opportunistic infections, and so on) and favorable chronic®2°

Outside clinical trial

Consider active monitoring or, if available, AZT/IFN-a with or without ATO with or without topical therapies/phototherapy

Where AZT/IFN-a is unavailable and tumorous skin lesions are present, consider chemotherapy* with or without topical therapies/phototherapy followed by allo-
HSCT

Where AZT/IFN-a is unavailable and nontumorous skin lesions (patches, plaques, and so on) are present, consider skin-directed therapies and active monitoring

If progressive disease with tumorous skin lesions is present or patient experiences transformation into acute-lymphoma type during active monitoring or AZT/IFN,
consider a switch to treatment strategy for aggressive ATL

Unfavorable chronic'®?!

Outside clinical trial

Where available, consider AZT/IFN-a with or without ATO, continued indefinitely unless progressive disease

Where AZT/IFN-a is unavailable or if the patient experiences progressive disease on AZT/IFN-a, consider chemotherapy* followed by allo-HSCT

Acutelo—l4,l7—22

Outside clinical trial

If there are nonbulky lymph nodes/tumors, consider either AZT/IFN-a or intensive chemotherapy* where AZT/IFN-a is availablet

Where AZT/IFN-a is unavailable, the patient experiences progressive disease on AZT/IFN-a, or there are bulky acute subtypes, consider intensive chemotherapy*

Consider early up-front allo-HSCT for all eligible patients
Lymphoma-type ATL!O-14.17-22

Outside clinical trials

Consider intensive chemotherapy* for all patients

Where available, consider concurrent or sequential low-dose AZT/IFN-a maintenance

Consider early up-front allo-HSCT for all eligible patients

Elderly and/or non—transplantation-suitable patients with aggressive ATL!0-12:14.16.2223

After first-line therapy (reduced dose of chemotherapy or AZT/IFN, if available), consider maintenance strategies (eg, with oral chemotherapy [etoposide,
sobuzoxane, and so on]) or, if available, consider AZT/IFN with or without ATO

Options for relapsed/refractory disease®*?®

Outside of clinical trials

Single agents or alternative combination chemotherapy regimens containing platinum, etoposide, and/or high-dose cytarabine should be considered.

In Japan, mogamulizumab and lenalidomide are both licensed for use in relapsed/refractory aggressive ATL

Mogamulizumab must be avoided within 50 days of allo-HSCT

Localized radiotherapy is effective for palliation in ATL

Recommended chemotherapy regimens in Japan*
VCAP-AMP-VECP (modified LSG15), which was established in a phase Ill study (JCOG9801)
EPOCH
Recommended chemotherapy regimens outside of Japan
CHOP, CHOEP, DA-EPOCH
Hyper-CVAD

A Miami version modified LSG15 omits ranimustine and uses vincristine instead of vindesine

Abbreviations: Allo-HSCT, allogeneic hematopoietic stem-cell transplantation; AMP, doxorubicin, ranimustine, and prednisolone; ATL, adult T-cell
leukemia-lymphoma; ATO, arsenic trioxide; AZT/IFN, zidovudine/interferon; CHOP, cyclophosphamide, vincristine, doxorubicin, and prednisolone; CHOEP,
cyclophosphamide, vincristine, doxorubicin, etoposide, and prednisolone; CVAD, cyclophosphamide, vincristine, doxorubicin, and dexamethasone,
alternating with high-dose methotrexate and cytarabine; DA-EPOCH, dose-adjusted etoposide, prednisolone, vincristine, cyclophosphamide, and
doxorubicin; VCAP, vincristine, cyclophosphamide, doxorubicin, and prednisolone; VECP, vindesine, etoposide, carboplatin, and prednisolone.

*Recommended chemotherapy options within Japan and outside Japan listed within Table 1.

TWhere feasible, identify molecular prognostic markers (eg, p53 mutation, IRF4 expression, and so on).

2 © 2019 by American Society of Clinical Oncology
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(PET/CT) and various molecular diagnostic tools, although
their usefulness remains mostly unproven. Whereas there is
general consensus among experts that the treatments listed
are appropriate (> 90% consensus), the level of evidence
should be regarded as low or very low unless specifically
listed—the equivalent of a GRADE evidence score of Cor D,
or National Comprehensive Cancer Network (NCCN) 2B—
and the treatment recommendations (Table 1) reflect the
best practice consensus of expert opinion. The current
consensus report is not a guideline as in case of the 2009
consensus.* An aim of this report is to recommend good
practice where there is a limited evidence base but for which
a degree of consensus or uniformity is likely to benefit patient
care and may be used as a tool to assist policymakers.

LYMPHOMA TYPE OF ATL, EXTRANODAL PRIMARY
CUTANEOUS VARIANT

Cutaneous lesions of ATL are variable and may resemble
those of mycosis fungoides (MF), with mostly an indolent
course, but some are associated with a poor prognosis.
Therefore, ATL should be distinguished from cutaneous
T-cell lymphomas, including MF, and peripheral T-cell
lymphoma (PTCL), especially in endemic areas, by HTLV-1

serology and genomic analysis as necessary. In a large
Japanese retrospective study of ATL with cutaneous le-
sions, b-year survival rate was 0% in nodulotumoral and
erythrodermic types compared with more than 40% in
multipapular, plaque, and patch types.® In the 2009 report,
primary cutaneous tumoral (PCT) ATL without leukemic,
lymph node, and other lesions was frequently included
within smoldering ATL and was considered a poor prog-
nostic factor by univariable analyses.*” PCT-ATL is distinct,
with cutaneous lesions appearing as tumors that grow
rapidly and whose histology shows large, atypical cells with
a high proliferative index” (Fig 1). In this revision, we agreed
that watchful waiting is inappropriate in PCT-ATL as it
frequently has a progressive and fatal clinical course that
resembles aggressive ATL.*” Recently, Japanese hema-
tologists, dermatologists, and pathologists proposed the
entity lymphoma type of ATL, extranodal primary cutaneous
variant, which shows a poor prognosis and includes PCT-
ATL. Macroscopic findings are mostly nodulotumoral and
pathologic findings show high-grade T-cell lymphoma type
(pleomorphic, medium, or large size cells) with prominent
perivascular infiltration and scant epidermotropism.® Such
cases could be considered for immediate treatment per

FIG 1. Primary cutaneous tumoral type
(PCT) ATL. (A) Facial PCT with (B) his-
topathology that shows massive infiltration
of pleomorphic lymphocytes in the dermis
and subcutaneous tissue. (C) Nodulotumors
of the chest with (D) histopathology that
shows massive infiltration of atypical
lymphocytes in the dermis and with
epidermotropism.
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aggressive ATL protocols with intensive chemotherapy with
or without skin-directed therapies, including phototherapy
or radiation followed by allogeneic hematopoietic stem-cell
transplantation (allo-HSCT; see Allo-HSCT for Agressive
ATL section) or interferon with zidovudine (IFN/AZT) with or
without arsenic trioxide with or without skin-directed
therapies. It should be noted, however, that precisely
defining cutaneous tumoral type is difficult—size, height,
number, with or without ulceration or subcutaneous ex-
tension, and so on—although the nodulotumoral type was
defined as nodules or tumors with diameters > 1 cm and
the multipapular type as multiple papules with a di-
ameter < 1 cm.® Furthermore, other types of cutaneous
lesions can be aggressive.® Papules, nodules, and tumors
are considered as solid, palpable, and raised lesions with
a diameter of < 1 cm, < 3 cm, and = 3, respectively.
Papules usually occur as multiple lesions, whereas tumor
(s) may be seen even as a solitary lesion. Recently, a
prognostic index (PI) for chronic- and smoldering-type
ATL identified soluble interleukin-2 receptor (slL-2R)
levels as an independent prognostic factor. sIL-2R may
therefore be useful but requires additional prospective
validation.® Additional clinicopathologic and molecular
studies are warranted in cutaneous ATL, including the
application of recent new agents for MF and PTCL.2

Consensus Statements

1. HTLV-1 serology should be undertaken in cases of
cutaneous T-cell ymphoma and PTCL, particularly in
HTLV-1 endemic regions.

2. Active monitoring is not appropriate for PCT-ATL, and
intensive treatment should be considered.

CNS LESIONS OF AGGRESSIVE ATL

Ten percent to twenty percent of patients with aggressive
ATL will experience CNS progression.?® Thus, even in
patients without a CNS lesion, it is important to incorporate
CNS prophylaxis. Intrathecal prophylaxis was incorporated
into sequential Japan Clinical Oncology Group (JCOG)
studies for aggressive ATL (chemotherapy trials JCOG9303
and JCOG9801) following both the poor results of earlier
study JCOG9109, which did not contain intrathecal
prophylaxis,®** and a previous retrospective analysis that
revealed that more than one half of relapses that occurred
at a new site after chemotherapy occurred in the CNS.*°
CNS involvement occurred in 1.6% of patients in JCOG9109
without intrathecal prophylaxis, in 6.3% of patients in
JCOG9303 with intrathecal methotrexate (MTX)/prednisone,
and in 3.5% of patients in the VCAP-AMP-VECP arm and
8.2% in the CHOP-14 arm (cyclophosphamide, doxoru-
bicin, vincristine, prednisolone) of JCOG9801, both with
intrathecal ara-C/MTX/prednisone(JCOG Prognostic Index
and Characterization of Long-Term Survivors of Aggressive
Adult T-Cell Leukaemia-Lymphoma [JCOGO902A]).112
The reason for the higher incidence in the JCOG9303

4 © 2019 by American Society of Clinical Oncology

trial compared with the JCOG9109 trial might be associated
with simultaneous CSF examination in all patients even
without symptoms associated with CNS disease after one
cycle of chemotherapy.’®!! In asymptomatic patients with
aggressive ATL, diagnostic lumbar puncture/intrathecal
chemotherapy should be performed at the end of the
first chemotherapy or equivalent antiviral therapy (AZT/IFN)
cycle upon successful disease control.

Options for treating active CNS disease at initial presentation
include incorporating high-dose (HD) MTX into combination
chemotherapy regimens (eg, CHOP-M or HD-MTX/HD
cytarabine) for intracerebral tumors or adding intrathecal
chemotherapy to the standard induction chemotherapy, as
reported for other aggressive lymphomas.33? However, the
scantiness of reports for these options for ATL precludes a
more specific recommendation.

Retrospective analysis revealed that allo-HSCT with local
treatment of ATL with CNS involvement achieved long
progression-free survival (PFS) in four of 10 patients (> 2.5
years) despite high transplantation-related mortality (TRM).”*®
Numbers of such cases are small and the indication of allo-
HSCT for ATL with CNS involvement remains controversial. No
specific transplantation conditioning regimen can be rec-
ommended, but those that incorporate drugs that can cross
the blood-brain barrier (eg, thiotepa) should be considered.

Consensus Statement

1. Prophylactic CNS therapy should be considered for all
patients with aggressive ATL.

ALLO-HSCT FOR AGGRESSIVE ATL

The prognosis of aggressive ATL remains dismal with
nontransplantation treatments.!:6-16:21-26.29.34-38 N
transplantation treatment regimens alone are suboptimal
for the majority of patients, although a proportion of patients
with aggressive ATL who achieve complete remission after
intensive chemotherapy or AZT/IFN therapy may achieve a
long (> 5 years) PFS.1> After several promising case
series were published,'’"'° several large retrospective an-
alyses of allo-HSCT in Japan reported favorable outcomes,
with long-term survival achieved in approximately one
third of allo-HSCT recipients after chemotherapy,?®*° but
with significant TRM. The European Society for Blood and
Bone Marrow Transplantation registry also demonstrated
similar outcomes.”® Thus, treatment strategies that in-
clude allo-HSCT as consolidation are recommended in
transplantation-eligible patients with aggressive ATL, al-
though there have yet to be any prospective randomized
trials to support this approach. Three Pls for aggressive ATL
after chemotherapy have been reported as useful with
validation cohorts: JCOG-PI, on the basis of corrected
calcium and performance status (PS)'3; ATL-PI, on the
basis of age, serum albumin, sIL-2R,** Ann Arbor stage,
and PS; and modified ATL-PI, on the basis of corrected
calcium, clinical subtype, PS, C-reactive protein, and
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sIL-2R level.* However, long-term overall survival (OS) in
the low-risk group was still poor and a group for whom up-
front allo-HSCT might not be recommended could not be
clearly identified. A proportion of patients with ATL with
localized lymphoma had a long PFS after chemotherapy
as well as chronic and a subgroup of acute cases treated
with IFN/AZT 131441 Several reports demonstrated a graft-
versus-ATL effect which contributed to long-term relapse-
free survival 14243 ATL with abnormalities in tumor suppressor
genes, such as pb3, was reportedly resistant to IFN/AZT
therapy and chemotherapy.*+4°

As responses to intensive chemotherapy in general are not
durable and long-term continuation of intensive chemo-
therapy is not feasible because of complications and cu-
mulative toxicities, early allo-HSCT is recommended after
response to first-line therapy.?® Thus, early referral to a
transplantation center at diagnosis is strongly recom-
mended, particularly in patients with high-risk features as
described.!*%41 With progressive disease, clinical out-
come after allo-HSCT is poor*”*® and it is crucial to conduct
an up-front allo-HSCT while ATL is controlled to maximize
the cure rate. It is recommended that allo-HSCT for pro-
gressive disease be performed within the setting of a
prospective clinical trial to investigate novel HSCT condi-
tioning regimens or post-HSCT treatment strategies to
improve current limited treatment results. When consid-
ering allo-HSCT, the standard approach involves searching
for an HLA-matched related donor (MRD) or an HLA-
matched unrelated donor (MUD) at diagnosis. However,
only a proportion of patients will have an MRD. HTLV-1
seronegative donors are also preferred to avoid the risk of
donor-derived ATL.* When only HTLV-1 seropositive re-
lated donors are available, it is recommended to exclude
the presence of abnormally abundant HTLV-1-infected
clones using Southern blotting or polymerase chain re-
action on the basis of clonality methods.®®®! Furthermore,
outside of Japan, HTLV-1 infection often arises in minority
immigrant populations, which makes it difficult to obtain a
suitable MUD from registry panels.525% In these cases,
other possible approaches include cord blood trans-
plantation (CBT) or haploidentical HSCT (haplo-HSCT).
Early experience with haplo-HSCT or CBT was un-
satisfactory; however, protocols for both CBT and haplo-
HSCT have been modified in recent years, although the
efficacy of these protocols in ATL is not known. Preliminary
anecdotal experience suggests that the TRM remains high,
although several reports have suggested that CBT provides
results that are similar to other transplantation procedures
for selected patients with ATL.5+5¢ Although experimental
in the ATL setting, the addition of post-transplantation
cyclophosphamide to haplo-HSCT protocols has im-
proved transplantation outcomes for other hematologic
malignancies. HSCT from alternative donor sources earlier
in the disease course with good disease control may in-
crease the potential to achieve outcomes that are similar to

Journal of Clinical Oncology

MUD transplantation outcomes. Without additional evi-
dence from the results of ongoing trials (Data Supplement),
it remains difficult to prioritize one donor source over an-
other when an MRD or MUD is unavailable.

Both myeloablative and reduced-intensity conditioning
(RIC) have been used in patients with ATL; however, as the
median age in Japan is > 60 years, RIC regimens are
increasingly used and sequential prospective trials have
revealed the relative safety and promising efficacy of allo-
HSCT with RIC.5*° Intensity of conditioning should be
determined by attendant comorbidities and patient fitness
at transplantation.

Although allo-HSCT has the potential to cure ATL, relapse/
progression of ATL after allo-HSCT remains a major ob-
stacle and conveys a poor prognosis. In patients with focal
relapse (eg, solitary lymph node or skin) radiotherapy alone
with or without the reduction of immune suppression or
donor lymphocyte infusions can achieve durable disease
control.?° The roles of AZT/IFN in this setting or in pro-
phylaxis to prevent relapse are yet to be determined.

In Japan, where mogamulizumab and lenalidomide are
available for the treatment of relapsed/progressed ATL,
reports after allo-HSCT remain limited. In patients with
aggressive ATL who received mogamulizumab before allo-
HSCT, there seems to be a significantly increased risk of
severe and steroid-refractory graft-versus-host disease
(GVHD).*8%! |n general, if up-front allo-HSCT is planned
after induction chemotherapy, intensive chemotherapy
without mogamulizumab should be considered as a result
of the described risk of GVHD. For relapsed/refractory
patients treated with mogamulizumab, the interval be-
tween the last salvage mogamulizumab and allo-HSCT
should be long (at least 50 days) to decrease drug levels
in vivo®%! and additional intensification of GVHD pro-
phylaxis should be considered. Data on allo-HSCT after up-
front IFN/AZT are limited, but allo-HSCT is generally fea-
sible and recommended for patients with acute ATL.

Pre-emptive treatment after the detection of minimal re-
sidual disease post-transplantation should be considered,
although methods of monitoring for minimal residual dis-
ease of ATL have not been well established after allo-HSCT.
In patients in whom HTLV-1 proviral load (PVL) and/or slL-
2R levels begin to increase (no clear threshold exists to
detect patients who are at high risk of relapse) chimerism
analysis should be considered as well as early taper of
immunosuppression and donor lymphocyte infusions.

Kinetic changes in PVL post-allo-HSCT are variable, but
three patterns have been observed in patients with full
donor chimerism. The first pattern, observed in recipients
of allo-HSCT from infected or uninfected donors, was that
changes became undetectable after allo-HSCT and remain
so. The second pattern, from uninfected donors, was that
PVL became undetectable but returned to detectable levels
thereafter, usually 6 to 12 months post—allo-HSCT. The third
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pattern was in those who had detectable PVL throughout.>®
Strategies have been undertaken in the United Kingdom and
France to minimize neoinfection of donor stem cells after
allo-HSCT, including the addition of integrase inhibitors,
such as raltegravir at engraftment, or close PVL monitoring
and the early addition of zidovudine, although there is no
published evidence to support this approach.

Consensus Statements

1. Up-front allo-HSCT should be considered for all
suitable patients with aggressive ATL.

2. Early referral to a transplantation center is recommended.

3. HTLV-1 seronegative donors are preferred to reduce
the risk of donor-derived ATL.

4. Mogamulizumab should not be used within 50 days of
allo-HSCT.

ELDERLY AND NON-TRANSPLANTATION-SUITABLE
PATIENTS WITH AGGRESSIVE ATL

A retrospective study of elderly patients with aggressive ATL
(age > 70 years) observed that elderly patients who were
treated with the VCAP-AMP-VECP regimen as initial
treatment demonstrated OS that was similar to that in the
trial reports of patients age 56 to 70 years.?® The regimen
was modified with dose reductions that were typically
between 50% and 80% in 31 (91%) of 34 patients , and
overall response rate [complete response (CR) or partial
response (PR)] was 75% after two or three cycles of VCAP-
AMP-VECP treatment; however, the completion rate of
planned chemotherapy was only 19%. Eleven (32%) of 34
patients who achieved objective responses to initial treat-
ment were switched to an oral maintenance chemotherapy
regimen that contained oral etoposide or sobuzoxane and/
or prednisolone therapy. With the exception of platelet
count, there were no significant differences in the back-
ground between patients who were treated with the
maintenance treatment and those not. Median survival time
and 2-year OS rate of those who received maintenance oral
chemotherapy were 16.7 months and 33%, respectively,
which suggests that such a treatment strategy is a viable
option for elderly and/or non-transplantation-suitable pa-
tients, warranting prospective trials.?

Alternatively, dose-reduced CHOP-14-like regimens could
be considered in elderly and/or non-transplantation-
suitable patients, as the subgroup analysis of the JCOG9801
trial demonstrated that the OS rate was similar between
VCAP-AMP-VECP and CHOP-14 regimens in patients age 56
to 70 years in contrast to the superiority of the VCAP-AMP-
VECP regimen in patients younger than 56 years of age with
a 45% OS rate at 1 year.'?

Combination mogamulizumab and chemotherapy (eg,
dose-reduced VCAP-AMP-VECP regimen or CHOP like)
could be considered as initial therapy for such patients,
although the combination was only evaluated in relatively
nonelderly patients.?! Despite the lack of published reports

6 © 2019 by American Society of Clinical Oncology

on AZT/IFN outcomes for elderly patients, as with younger
patients, this combination should be considered as a first-
line option followed by maintenance where available.'*2

Given the lack of a preferred or compelling treatment
strategy for elderly patients with aggressive ATL, alternative
options, such as the selection of less intensive regimens
that can be used in a continuous fashion, maintenance
strategies using oral agents (single-agent etoposide or
cyclophosphamide, etoposide, prednisolone [CEPI), or
AZT/IFN, may be appropriate. There may be future roles for
monoclonal antibodies (eg, anti-CCR4, anti-CD30, or small
molecules, such as lenalidomide) as a maintenance
strategy, but these require additional evaluation before
recommendations can be made.

Consensus Statement

1. Less intensive induction therapy with or without
maintenance therapy with either oral chemotherapy or
AZT/IFN may be appropriate for elderly and/or non-
transplantation-suitable patients with aggressive ATL.

STRATEGY OF TARGETING THERAPY: PRECLINICAL DATA

Several antiretrovirals used for HIV have demonstrated
proven efficacy against HTLV-1 in tissue culture, including
the reverse transcription inhibitors zidovudine and teno-
fovir, as well as the integrase inhibitor raltegravir.66
However, whether these agents work in vivo via an anti-
viral effect has remained controversial. Several studies have
shown little, if any, viral structural, enzymatic, or regulatory
gene expression in ATL, with the exception of the antisense
gene HBZ5%*%5 and it remains controversial whether the
continued expression of non-HBZviral genes is required for
tumor maintenance. However, recent data demonstrate
that the extinction of Tax expression leads to total growth
inhibition of ATL-derived cells even if Tax protein is un-
detectable at baseline.®®%” A possible explanation for these
contradictory results is the recent demonstration on the
basis of single-cell analysis of transient bursts of Tax
oncoprotein, and presumably other viral proteins, which
has led to the suggestion that transient Tax expression is
essential for ATL survival.®5%” Thus, immunotherapy against
Tax might be theoretically promising. A recent phase | study
that used vaccination with Tax peptide-pulsed dendritic cells
in three patients with aggressive ATL in PR or stable disease
after chemotherapy demonstrated an induction of immune
response against Tax with promisingly long-term re-
mission.®® This warrants larger studies to demonstrate
clinical effectiveness.

Although the combination of AZT/IFN has shown activity, it
is uncertain whether these drugs function via antiviral
activity in cells in the tumor or microenvironment or through
mechanisms other than antiviral activity.® Of note, doses of
AZT used for the treatment of ATL—600 to 900 mg/d and
up to 3,000 mg/d in certain reports—are generally higher
than those used for HIV treatment (600 mg/d) although the
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inhibitory concentrations of AZT for HTLV and HIV repli-
cation are similar.”%72 It is also unclear whether reactivation
of HTLV-1 expression in malignant or nonmalignant cells
after induction therapy leads to chemotherapy resistance’3;
however, it is notable that a recent chemotherapy trial that
included raltegravir demonstrated results that were similar
to a trial that lacked antiviral agents during the same in-
duction therapy.3” Conversely, a recent report demon-
strated that the combination AZT/IFN induced a significant
inhibition of HTLV-I reverse transcription activity in responding
ATL patients but not in resistant patients.”* These results are in
line with a direct antiviral effect, likely in the HTLV-1-infected
nonmalignant cells, which may play a major role in the survival
of ATL cells.

New insights into the molecular biology of ATL have pro-
vided ideas for future clinical trials. Although there was no
detectable viral Tax expression in ATL samples, many of the
cellular proteins affected by Tax (Tax interactome) were
found to be mutated in ATL.® These include genes that are
involved in T-cell receptor pathway activation, including
phospholipase vy, protein kinase CB, caspase recruitment
domain-containing protein 11, and interferon regulatory
factor 4, affecting the nuclear factor kB (NF-kB) pathway,
which is activated in ATL and contributes to cell pro-
liferation and resistance to apoptosis. Inhibitors of these
pathway mediators, including protein kinase C or NF-xB
inhibitors, could be useful in ATL therapy; however, a trial
that included bortezomib, as an NF-kB inhibitor with in-
duction chemotherapy, did not provide significant bene-
fit.>” IRF4 expression could have oncogenic potential in
ATL and may be associated with interferon resistance,”®
which warrants therapeutic targeting of its function. Of note,
lenalidomide, an active agent in ATL, may function via the
inactivation of IRF4 by enhancing the degradation of the
IRF4 gene activators Ikaros and Aiolos.”®

Genomic studies of ATL have revealed high rates of genetic
damage compared with other hematopoietic malignan-
cies.® In addition, genes that are involved in antigen pre-
sentation and immune surveillance are often mutated,®
including aberrant programmed death ligand-1 expres-
sion.”” These findings suggest that immune checkpoint
therapy could play a role in ATL treatment. Currently, a trial
of a programmed death-1 inhibitor, nivolumab, is underway
in Japan (Data Supplement), although a study in the United
States was recently halted as a result of concerns over
accelerated disease progression.®

NEW AGENTS FOR ATL

Recently, two new agents, mogamulizumab, an anti-CCR4
monoclonal antibody, and lenalidomide, an immuno-
modulatory drug, have been approved for the treatment of
ATL in Japan after pivotal trials for relapsed aggressive
ATL??8 Mogamulizumab has been also approved for the
treatment of newly diagnosed aggressive ATL in combi-
nation with intensive chemotherapy.?!

Journal of Clinical Oncology

CCR4 is expressed in neoplastic cells in approximately 90%
of ATL cases and mutated in 26%. This expression has
been associated with cutaneous manifestations and poor
prognosis.”® In phase | and |l studies conducted in Japan, a
response rate of approximately 50% was observed with
manageable toxicities, including moderate-to-severe skin
reactions and other immunopathology, even in non-
transplantation patients, possibly by depleting nontumor
regulatory T cells.?*?® CR rates varied among target
lesions—rates were high in peripheral blood, intermediate
in skin, and low in lymph nodes. Median PFS and OS were
5.2 months and 13.7 months, respectively. The findings of
a subsequent randomized phase Il study of intensive
chemotherapy (modified LSG15) with or without moga-
mulizumab for the treatment of untreated aggressive ATL
has recently been reported.2! The combination was well
tolerated and produced a higher CR rate compared with
chemotherapy alone (52% [95% ClI, 33% to 71%] v 33%
[95% CI, 16% to 55%]). However, PFS and OS were
identical in both arms, although the sample size and du-
ration of follow-up were relatively short and median OS was
not reached in either arm. Recently, a phase Il trial in
Europe, the United States, and South America of single-
agent mogamulizumab (1 mg/kg per week for 4 weeks,
followed by 1 mg/kg every 2 weeks until progressive dis-
ease) versus investigator’s choice of salvage chemotherapy
for relapsed aggressive ATL revealed a 15% confirmed
overall response rate in the mogamulizumab arm versus
0% for investigator's choice.?®

A phase | study of lenalidomide demonstrated preliminary
antitumor activity in patients with relapsed ATL or PTCL ata
higher dose than that used for the treatment of multiple
myeloma.?® A subsequent phase Il study evaluated the
efficacy and safety of lenalidomide monotherapy at an oral
dose of 25 mg/d continuously until progressive disease or
unacceptable toxicity in patients with relapsed or recurrent
aggressive ATL.”® Objective responses were noted in 11 of
26 patients [objective response rate, 42% (95% Cl, 23% to
63%)]1, including four patients with CR and one with un-
confirmed CR. Rate of disease control, including overall
response and stable disease, was 73%. Median time to
response and duration of response were 1.9 months and
not estimable, respectively. Median PFS and OS were
3.8 months and 20.3 months, respectively. The most
frequent grade 3 or greater adverse events were neu-
tropenia (65%), leukopenia (38%), lymphopenia (38%),
and thrombocytopenia (23%), which were all manageable
and reversible.?® In conclusion, lenalidomide demonstrated
clinically meaningful antitumor activity and an acceptable
toxicity profile in patients with relapsed or recurrent ag-
gressive ATL. Lenalidomide also demonstrated activity with
CNS involvement by diffuse large B-cell ymphoma,’® which
could have implications for its use in ATL despite the lack of
data in the previous trial as CNS involvement was an ex-
clusion criterion.
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Other US Food and Drug Administration (FDA)-approved
drugs are now available for the treatment of relapsed/
refractory PTCL and have been used for ATL in the
United States, including the antifolate agent pralatrexate
and the histone deacetylase inhibitors belinostat and
romidepsin (listed alphabetically). Mogamulizumab has
recently received FDA approval in MF or Sézary syndrome
after at least one prior therapy (August 2018). Although not
FDA approved, current NCCN guidelines support the use of
brentuximab vedotin in CD30* cases (NCCN grade 2A).
Pralatrexate was included as an investigator choice drug in
the recently completed randomized phase |l trial of single-
agent mogamulizumab versus salvage chemotherapy for
the treatment of relapsed aggressive ATL, but no confirmed
responses were reported.?® Histone deacetylase inhibitors
are known to activate HTLV-1 expression; therefore, these
drugs might be used with caution in ATL, with consideration
given to the addition of an antiretroviral agent (ie, AZT) and
under clinical trials desirably.2® Epstein-Barr virus reac-
tivation in patients with extranodal natural killer/T-cell
lymphoma was reported as a previously unrecognized
serious adverse event in a pilot study with romidepsin.&!

Consensus Statement

1. All patients should be considered for entry into clinical
trials where available.

PERSPECTIVES

Whereas the backbone of ATL treatment has remained
largely unchanged since the 2009 consensus report, there
have been several advances in the clinical management of
these patients, particularly for patients treated in Japan.
These include the increased role of allo-HSCT after first-line
treatment and the use of mogamulizumab and lenalido-
mide as novel single agents, both licensed in Japan. The
precise roles of these agents and others, such as bren-
tuximab vedotin for CD30* ATL, remains incompletely
understood. Clinical trials are required to understand
the roles of these agents in the front-line setting, in-
cluding indolent subtypes, in maintenance therapy for
transplantation-ineligible patients, in maintenance therapy
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after allo-HSCT, and in the prevention or treatment of CNS
disease. As ATL is characterized by early relapses, clinical
trials of therapies that might eradicate minimal residual
disease are warranted. Preliminary data from France have
shown that combining arsenic trioxide with low-dose in-
terferon is feasible and an effective consolidation therapy that
is capable of selectively eliminating the malignant clone and
restoring oligoclonal architecture. This has raised hopes that
the extinction of viral replication (AZT) and Tax degradation
(arsenic/IFN) may eradicate the disease.!>16828 Addition of
arsenic trioxide to IFN/AZT was promising in a phase Il study
for the treatment of chronic ATL.'®

Since 2009, there has been more widespread use of PET/
CT in the diagnosis and follow-up of patients with non-
Hodgkin lymphoma. ATL is frequently associated with
extranodal disease, and it might be recommended that
PET/CT be used at diagnosis, where available, and that
PET/CT assessment should be incorporated in future
studies. The significance of negative interim PET/CT should
be evaluated as it is not yet clear how this might affect
treatment strategy.

Reported prognostic factors at diagnosis (eg, IRF4 expres-
sion, TP53 mutation/deletion, and other genetic markers)
require validation in the context of treatment with AZT/IFN,
chemotherapy, or active monitoring to assist in tailored
treatment decisions. New methodologies to detect clonal
HTLV minimal residual disease have been established using
next-generation high-throughput sequencing methods, and
the challenge now remains to validate these observations
within clinical trials and bring them into the clinical domain in
a rapid, cost-effective manner.

ATL continues to have a dismal prognosis with current
therapies, and clinical trials that incorporate molecular and
prognostic factors will remain paramount to advances in
ATL treatment. We have proposed a strategy for ATL
treatment stratified by subtype classification, including an
updated opinion on the management of patients with tu-
morous skin lesions. Future clinical trials should remain a
priority to ensure that the consensus is continually updated
to establish evidence-based practice guidelines.
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ABSTRACT

Quantitative PCR (qPCR) of human T-cell leukemia virus type 1 (HTLV-1) provirus is used for
HTLV-1 testing and for assessment of risk of HTLV-1-related diseases. In this study, a reference
material was developed for standardizing HTLV-1 qPCR. Freeze-dried TL-Om1 cells diluted with
Jurkat cells were prepared and an assigned value for proviral load (PVL) of 2.71 copies/100 cells was
determined by digital PCR. Nine Japanese laboratories using their own methods evaluated the PVLs
of this reference material as 1.08-3.49 copies/100 cells. The maximum difference between laboratories
was 3.2-fold. Correcting measured PVLs by using a formula incorporating the assigned value of this
reference material should minimize such discrepancies.

Key words human T-cell leukemia virus type 1, proviral load, quantitative PCR, standard.

Human T-cell leukemia virus type 1 was the first human
retrovirus to be discovered (1, 2). It has a worldwide
distribution with some endemic areas, including
Japan (3, 4). HTLV-1 is transmitted through
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Fig. 1. Digital PCR analysis of reference for HTLV-1 gPCR. (a) Plasmid DNA containing HTLV-1 target sequence (pX2: middle lane) or internal
control gene (RNaseP: right lane) were electrophoresed and the bands quantitated using Bioanalyzer. (b) Ratios of HTLV-1 (pX2) to RNaseP in TL-
Om1 genomic DNA and 1% w/w plasmid mixture (pX2:RNaseP = 1:100) were analyzed using two types of digital PCR machines, (i) QX100 and
(i) QuantStudio 3D (n=28). (c) PVLs of the reference were measured by droplet digital PCR. Genomic DNA extracted from five different tubes
was subjected to droplet digital PCR (n=9). PVLs (copies/100 cells) were calculated as follows: (pX2 copy number x 2)/(RNaseP copy
number) x 100. The dotted line (PVL at 2.71 copies/100 cells) is the geometric mean of the five samples.

HTLV-1 uveitis/HTLV-1-associated uveitis after long
incubation periods (5). qPCR, which detects the
integrated provirus in the peripheral blood of carriers,
is a conventional method for measuring the HTLV-1
PVL. Importantly, a high PVL is reportedly one of the
risk factors for development of ATL and HTLV-1-
associated myelopathy. Accurate PVL quantitation is
therefore essential; however, current results differ by
around five-fold between laboratories (6).

International standards for nucleic acid amplification
tests for blood-borne pathogens such as hepatitis Band C
viruses and HIV have been developed by the World
Health Organization and made available worldwide by
the National Institute for Biological Standards and
Control (7-9). However, international standards for
nucleic acid amplification tests for HTLV-1 have not yet
been developed. Because Japan is one of the endemic
areas of HTLV-1, reference material, even of a prototypic
format, is urgently needed to enable accurate perfor-
mance of HTLV-1 qPCR.

We have previously reported that TL-Om1, an HTLV-
1 infected cell line derived from ATL, is suitable for
creating a reference material for HTLV-1 qPCR and that
it would be possible to standardize HTLV-1 qPCR using
TL-Oml (10). In this study, we prepared a freeze-dried
cell reference material composed of TL-Oml cells
diluted with Jurkat cells to serve as a temporary
reference for HTLV-1 qPCR and evaluated its quality
with the collaboration of Japanese laboratories.

Because we had previously found that Jurkat cells are
much more viable than frozen peripheral blood
mononuclear cells, we selected Jurkat cells for
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— 100 —

preparation of the reference material (11). TL-Oml
cells were diluted with Jurkat cells at a concentration of
approximately 1% and aliquots freeze-dried (see Sup-
porting Materials and Methods). A value was assigned to
the PVL of the reference material as determined by
digital PCR. First, to confirm the accuracy of the digital
PCR result, we measured a test sample made by mixing
two plasmids, the first containinga HTLV-1 qPCR target
sequence (pX region of HTLV-1 [pX2]) and the other an
internal control gene target sequence (RNase P, [RP]).
As shown in Figure la, the size and amount of the
plasmids were confirmed to be the same. The plasmids
were mixed at a concentration of 1.0% w/w (pX2/RP)
(Fig. 1a). The concentration of the test sample was then
measured by droplet digital PCR (QX-100) and chip-
based digital PCR (QuantStudio 3D) as 0.98% and 0.99%,
respectively (Fig. 1b and Table 1), confirming that
the digital PCR results were extremely close to the
absolute value. Under these conditions, the PVL of the
reference material was determined to be 2.71 copies/100
cells (95% CI, 2.49-3.41) (Fig. 1c).

Table 1. Ratio of pX2 (HTLV-1) to RNaseP (internal control gene) (%)
as analyzed by digital PCR

QX100 QuantStudio 3D
Geometric Geometric
mean 95% CI mean 95% ClI
TL-Om1 51.3 50.1-52.6 51.0 49.9-52.0
1:100 plasmid 0.98 0.94-1.03 0.97 0.93-1.02

© 2018 The Societies and John Wiley & Sons Australia, Ltd
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Fig. 2. Proviral loads of the reference measured collaboratively.
gPCR was performed independently three times on different days.

Horizontal axis: the letters A to | denote the laboratories that
participated in this study. Bars, geometric means.

Next, the PVL of the reference material was measured
by nine Japanese laboratories using their in-house
methods. The results ranged from 1.08 to 3.49 copies/
100 cells (Fig. 2 and Table 2), the maximum difference
being 3.23-fold between laboratories and the geometric
mean of the PVLs being 2.23 copies/100 cells. The ratio
to assigned value ranged from 0.40 to 1.29, revealing a
wide discrepancy among laboratories, as had been
observed previously (11). However, correcting these
PVLs by using a formula incorporating the assigned
value of the reference material should minimize these
discrepancies. To confirm this, PVLs of clinical samples
were measured by different laboratories. The geometric
coefficient of variation (%) between laboratories was less
in most clinical samples after making this correction
(Fig. 3 and Table 3). These results indicate that
inter-laboratory variations can be minimized by correc-
tion with the formula incorporating the assigned value of
the reference material. Finally, all participants agreed to

Table 2. PVL as measured by gPCR at nine Japanese laboratories

Geometric  95% Cl of geometric  Ratio to assigned
Laboratory mean mean value
A 2.19 1.68-2.86 0.81
B 2.74 2.23-3.37 1.01
C 3.44 3.01-3.94 1.27
D 3.49 2.17-5.62 1.29
E 2.10 1.78-2.47 0.77
F 1.08 0.77-1.51 0.40
G 1.76 1.08-2.87 0.65
H 1.89 1.65-2.16 0.70
| 2.51 2.36-2.66 0.93

the formula and the assigned value (2.71 copies/100
cells) of the HTLV-1 qPCR reference material.

Unlike standards for hepatitis B and C viruses and
HIV, the target for HTLV-1 qPCR is not viral particles
within plasma, but provirus integrated into the genomes
of host cells. Cell-based material rather than serum or
plasma is therefore more suitable for use as a HTLV-1
qPCR reference. We used the Jurkat cell line for diluting
TL-Oml cells because, as we have reported previously,
the karyotypes of internal control genes are close to 2N,
which is useful for preventing discrepancies that may be
generated by the use of different internal control genes in
different laboratories (10).

In this study, we succeeded in preparing a reference
material for HTLV-1 qPCR. Although we made
relatively small amounts of this reference material using
laboratory equipment, we believe we will be able to
provide a continuous supply by renewing the lot
periodically. We also plan to evaluate the long-term
stability of the lyophilized reference material by regularly
measuring its PVL using digital PCR. Inter-laboratory
differences in qPCR should be dramatically decreased by
correcting results by using the assigned value of the
reference. The reference material could also be used to
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Fig. 3. Proviral loads of clinical samples before and after correction with the assigned value of the reference. Clinical samples with
various PVLs were measured by nine laboratories. Dots show PVLs of measured values (left) and corrected values (right). Corrections were made
by dividing by the ratio between the measured and assigned values of the reference.
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Table 3. Geometric coefficient of variations of clinical samples among laboratories

Sample ID 01 02 03 04 05 06 07 08
Measured values
PVL (geometric mean) 6.7 4.0 1.0 0.67 0.29 0.086 0.043 0.015
GCV (%) 35% 36% 32% 46% 54% 67% 68% 71%
Corrected values
PVL (geometric mean) 7.7 4.6 1.2 0.77 0.33 0.097 0.050 0.017
GCV (%) 29% 24% 26% 32% 35% 93% 49% 71%

GCV, geometric coefficient of variations; PVL: copies/100 cells.

minimize discrepancies arising from the use of different
methods, such as qPCR and digital PCR. Additionally, it
will be useful for preparation of further nucleic acid
amplification test standards for HTLV-1.
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Human T-cell leukemia virus type 1 (HTLV-1), the first reported human oncogenic
retrovirus, is the etiologic agent of highly aggressive, currently incurable diseases such
as adult T-cell leukemia-lymphoma (ATL) and HTLV-1-associated myelopathy/tropical
spastic paraparesis (HAM/TSP). HTLV-1 proteins, including Tax and HBZ, have been
shown to have critical roles in HTLV-1 pathogenicity, yet the underlying mechanisms
of HTLV-1-driven leukemogenesis are unclear. The frequent disruption of genetic and
epigenetic gene regulation in various types of malignancy, including ATL, is evident.
In this review, we illustrate a focused range of topics about the establishment of
HTLV-1 memory: (1) genetic lesion in the Tax interactome pathway, (2) gene regulatory
loop/switch, (3) disordered chromatin regulation, (4) epigenetic lock by the modulation
of epigenetic factors, (5) the loss of gene fine-tuner microRNA, and (6) the alteration of
chromatin regulation by HTLV-1 integration. We discuss the persistent influence of Tax-
dependent epigenetic changes even after the disappearance of HTLV-1 gene expression
due to the viral escape from the immune system, which is a remaining challenge
in HTLV-1 research. The summarized evidence and conceptualized description may
provide a better understanding of HTLV-1-mediated cellular transformation and the
potential therapeutic strategies to combat HTLV-1-associated diseases.

Keywords: HTLV-1, ATLL, epigenetics, EZH2, gene expression, gene mutations

INTRODUCTION

Human T-cell leukemia virus type 1 (HTLV-1) infection (Poiesz et al., 1980; Hinuma et al., 1981;
Yoshida et al., 1982) is associated with the development of adult T-cell leukemia-lymphoma
(ATL) and HTLV-1-associated myelopathy/tropical spastic paraparesis (HAM/TSP), although
most virus carriers remain asymptomatic throughout their lifespan. ATL is a highly aggressive
T-cell malignancy refractory to the currently available combination chemotherapies (Uchiyama
et al., 1977; Tsukasaki et al., 2007; Katsuya et al., 2012). HAM/TSP, a debilitating neuro-
inflammatory disease, expresses chronic spinal cord inflammation and progressive myelopathic
symptoms (Gessain et al., 1985; Osame et al., 1986).
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Accumulating evidence has shown that HTLV-1 exhibits
complicated involvement in the pathogenesis (Matsuoka and
Jeang, 2007; Yamagishi and Watanabe, 2012). In particular,
HTLV-1 Tax significantly affects host gene expression and
interacts with multiple partner proteins (Boxus et al., 2008;
Chevalier et al.,, 2012; Simonis et al., 2012). Moreover, Tax-
transgenic mice develop malignant lymphoma, suggesting that
Tax is an oncoprotein (Hasegawa et al., 2006; Ohsugi et al,
2007). The evolution of viral genes with virus expansion indicates
that leukemogenesis by Tax is selectively advantageous for
viral replication and cell proliferation. Transgenic expression
of HBZ in CD4% T-cells also induces T-cell lymphomas and
systemic inflammation in mice (Satou et al, 2011). Tax and
HBZ certainly contribute to leukemogenesis in HTLV-1-infected
T-cells. However, considering the low rate of incidence, clinical
observation implies that HTLV-1 lacks a strong capacity to
induce leukemogenesis, in contrast to other animal leukemia
viruses.

Notably, most leukemic cells do not express viral genes,
excluding HBZ (Gaudray et al., 2002; Taniguchi et al., 2005; Satou
etal., 2006). Tax, a highly immunogenic protein, is not expressed
in most aggressive-type ATL cases because HTLV-1 provirus is
substantially silenced by proviral defect and/or an epigenetic
mechanism (Tamiya et al., 1996; Koiwa et al., 2002; Taniguchi
et al., 2005). It is assumed that this is one of the strategies that
viruses use to evade host immune defense.

However, leukemic cells possess similar traits as Tax-
expressing cells (Yamagishi and Watanabe, 2012). Although
the reason for this seemingly paradoxical observation is yet
to be determined, it is suggested that the acquired cellular
characteristics, including promoting cell proliferation and
apoptotic resistance, is conferred by viral genes in early-phase
infected cells and by genetic/epigenetic abnormalities in late-
phase, highly malignant ATL cells (Figure 1). Although Tax
has already disappeared at the time of ATL onset, Tax and
its interactome (described in later chapters) have already left
multiple genetic and epigenetic memories, contributing ATL
onset. This switch during leukemogenesis is indeed supported
by transcriptome data; the changes in gene expression in
infected cells are dominated by disordered homeostasis and the
characteristics of ATL.

Although cancer is typically considered to be a genetic disease,
chromatin and epigenetic aberrations as well as active roles
of HBZ play important roles in tumor potentiation, initiation,
and progression in ATL and HTLV-1-associated diseases. Based
on recent findings, we introduce a hypothesis with important
implications that might explain the underlying mechanism of the
issue: the molecular memories inherited from HTLV-1.

TRANSCRIPTOME ABNORMALITY
IN ATL

Cellular characteristics (i.e., phenotype) are strictly defined by
the regulation of gene expression. HTLV-1 Tax directly affects
host gene expression through multiple mechanisms, including
the binding with host transcription factors and the perturbation

Dependency
HTLV-1 — Genetic /
Tax 2 b i o ) epigenetic
HBZ Genetic changes abnormalities
Histone modification + HBZ

DNA methylation
microRNA changes
Insertional effects
Inflammation
immune evasion

FIGURE 1 | Transition of the molecular characteristics during latent period.
The acquired cellular characteristics such as promoting cell proliferation and
apoptotic resistance are conferred by viral genes in early-phase infected cells
and by genetic/epigenetic abnormalities in late-phase ATL cells. The aberrant
characteristics are acquired and imprinted, nevertheless Tax disappears. The
consequent genotype and epigenotype support the differential phenotypes
and the disease entities.

of multiple signaling pathways (Ballard et al., 1988; Ruben et al,,
1988; Kim et al., 1990; Migone et al., 1995; Good et al., 1996;
Takemoto et al., 1997; Boxus et al., 2008). Intriguingly, the
molecular hallmarks of aggressive ATL cells at the final stage
of progression still comprise pronounced dysregulation of the
signaling pathways that control the cell cycle, the resistance to
apoptosis, and the proliferation of leukemic cells without Tax
expression.

Cell cycle regulation is a typical example of the correlation
between gene expression and phenotypic changes. The oncogenic
function of Tax was first demonstrated in a study of cell cycle
regulation. Tax inhibits cyclin-dependent kinase (CDK) inhibitor,
CDKN2A (p16INK4A), via physical interaction (Suzuki et al,
1996). The mitogenic activity of Tax is exerted through the
stimulation of G -to-S-phase transition. Additionally, Tax affects
a cohort of cell cycle-related proteins, including CDKs, CDKNIA,
CDKNI1B, and CDKNZ2A, via the regulation of their expression
or physical interaction (Akagi et al., 1996; Neuveut et al., 1998;
Schmitt et al., 1998; Santiago et al., 1999; Suzuki et al., 1999; de La
Fuente et al., 2000; Iwanaga et al., 2001; Haller et al., 2002; Liang
et al., 2002).

Comprehensive gene expression profiling revealed that several
positive regulators of the cell cycle process are overexpressed
in acute-type ATL, in most of which HTLV-1 sense-transcripts
and the virus replication is silenced. Diverse abnormalities
were also found in each of these comprehensive studies;
however, several gene alterations and other critical events
have been commonly implicated as the determinants of gene
expression pattern. The abnormalities in the expression of
different cytokines, their receptors, and various proteins that act
as anti-apoptotic factors or proliferating agents are the cellular
hallmarks responsible for malignant phenotypes (Tsukasaki et al.,
2004; Sasaki et al., 2005; Watanabe et al., 2010; Yamagishi
et al,, 2012). These notable traits in the transcriptome may
be genetically and epigenetically established during long-term
latency periods.

Frontiers in Microbiology | www.frontiersin.org

July 2018 | Volume 9 | Article 1686

— 104 —



Yamagishi et al.

HTLV-1-Mediated Epigenetic Pathway to ATL

ESTABLISHMENT OF HTLV-1 MEMORY

Genetic, metabolic, and environmental stimuli can induce overly
restrictive or permissive epigenetic landscapes that contribute to
the pathogenesis of cancer and other diseases. The restrictive
chromatin states prevent the appropriate expression of tumor
suppressors or block differentiation. In contrast, the permissive
states allow the stochastic activation of oncogenic genes and
stochastic silencing of tumor suppressor genes. The abnormal
restriction or plasticity may also affect other processes mediated
through factors such as chromatin-DNA repair and telomere
maintenance.

Chromatin homeostasis, a basis of molecular memory
(Flavahan et al.,, 2017), is disrupted by genetic and epigenetic
stimuli (e.g., inflammation, aging, hypoxia, cell stress,
developmental cues, metabolism, and pathogens). The heritable,
selective adaptive changes are the hallmarks of cancers. Herein,
we introduce the abnormality contributing to the molecular
pathogenesis of HTLV-1 infection by tracing the function(s) of
Tax and the characteristics of ATL cells.

Genetic Lesion in Tax Interactome
Pathway

Tax directly participates in genetic damage (Jeang et al., 1990;
Saggioro et al., 1994; Kao and Marriott, 1999; Haoudi et al., 2003).
In parallel with this, persistent proliferation, which is boosted by
cell cycle progression, may cause genetic instability and create
stochastic genetic lesions; > 1 lesions may then act as “drivers,’
allowing clonal evolution.

The recent advanced technology-based comprehensive
characterization of genetic abnormalities delineated the spectrum
of genetic alterations in ATL (Kataoka et al., 2015). Genomic data
from a total of 426 patients with ATL identified 6,404 mainly
age-related somatic mutations (2.3 mutations/Mb/sample) by
whole-exome sequencing, including 6,096 single-nucleotide
variants and 308 insertions-deletions, strongly suggesting that
the clonal expansion of aggressive ATL cells is driven by multiple
genetic abnormalities. One of the remarkable indications is
that some of the somatically altered genes in ATL (mutation
and copy number variation) encode the pivotal molecules that
Tax physically interacts with and/or deregulates, including
the components of TCR-NF-kB pathway [activated by Tax
(Yamaoka et al., 1998; reviewed in Sun and Yamaoka, 2005)]
and p53 and p16 tumor suppressors [inactivated by Tax (Suzuki
et al., 1996; Grassmann et al., 2005)]; this strongly suggests
that ATL cells still depend on the dysregulated Tax interactome
even after the disappearance of Tax expression in most ATL
cases, i.e., the influence of Tax is genetically imprinted in ATL
cells.

Gene Regulatory Loop/Switch

Depending on the cellular status, a transient cue such as
an inflammatory cytokine can induce stable malignant
transformation through a positive feedback network that is
normally held in check by a host defense mechanism (Iliopoulos
et al, 2009; Barabasi et al, 2011; Yosef and Regev, 2011).

In this manner, network motifs, including a coherent
feedforward, mutual negative feedback, and positive feedback
loops, may switch the cell fate in some cases.

Tax can activate several signaling pathways and lead to an
abnormal gene expression pattern. For instance, it can activate
NF-kB and NFAT pathways responsible for the predominant
expression of IL-2 and its receptor IL2R (Ballard et al., 1988;
Ruben et al., 1988; Hoyos et al., 1989; McGuire et al., 1993; Good
et al., 1996), whose activation leads to a positive feedback loop.
The target transcriptome of NF-kB pathway includes the genes
encoding the members of the Rel family, p100/p105, NF-kB-
inducing kinase (NIK), and several cytokines that stimulate the
same pathway.

Negative regulators within the network are critical for the
homeostasis of the regulatory motif. In the developmental
process of HTLV-1-infected cells, some NF-kB negative
regulators are diminished or inactivated, leading to chronic
activation of the signaling pathway. For example, miR-31, a
new class of negative regulator of the non-canonical NF-«kB
pathway, acts by regulating NIK. One mechanism of NF-kB
activation without Tax is the epigenetic silencing of miR-31 in
HTLV-1-infected cells and aggressive ATL cells (Yamagishi et al.,
2012).

Another NF-kB negative regulator, p47, which is essential
for Golgi membrane fusion, associates with the NEMO subunit
of IkB kinase (IKK) complex upon TNF-a or IL-1 stimulation
and inhibits IKK activation. Tax inhibits the interaction between
p47 and the IKK complex. In contrast, a significant reduction
of p47 expression has been reported in ATL cells, which show
a high-level constitutive NF-kB activation that protects ATL
cells from apoptosis in a Tax-independent manner (Shibata
et al., 2012). These findings indicate that defenseless signaling
may cause automatically and chronically activated signaling
pathways (Yamagishi et al., 2015), possibly even after the loss
of Tax.

Chromatin Regulation

Chromatin is the fundamental medium through which
transcription factors, signaling pathways, and various other
cues influence gene activity. A dynamic change of the chromatin
conformation reinforces regulatory activity or repression at
each locus and causes reorganization in response to appropriate
intrinsic and extrinsic stimuli.

Genes encoding epigenetic factors, including SWI/SNF
complex members and DNA methylation modifiers, are
among the most frequently mutated genes in human cancers
(Lawrence et al., 2014). However, the genetic changes of such
epigenetic factors are less common in ATL, although epigenetic
dysregulation such as DNA methylation and histone acetylation
is observed at each investigated locus (Nosaka et al., 2000;
Tsuchiya et al., 2000; Hofmann et al., 2001; Yasunaga et al.,
2004; Yoshida et al., 2004; Yang et al., 2005; Daibata et al., 2007;
Taniguchi et al., 2008).

The ATL is also characterized by prominent CpG island DNA
hypermethylation, leading to transcriptional silencing (Kataoka
et al,, 2015). Approximately 40% of the cases showed the CpG
island methylator phenotype without any mutation at TET2,
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IDH2, and DNMT3A. Additionally, C2H2-type zinc finger genes
(implicated in the suppression of endogenous and exogenous
retroviruses) were hypermethylated and silenced. Furthermore,
the hypermethylation of MHC-I expression may contribute to
immune evasion.

When we consider the chromatin aberrations that confer
plasticity, the polycomb family and its substrate histone,
H3K27, are of particular interest. EZH2 can repress a wide
range of genes by catalyzing the trimethylation of H3K27
(H3K27me3). Regarding the cellular function, EZH2 and
H3K27me3 act in a highly context-dependent manner. EZH2
gain-of-function mutations may be oncogenic in a B-cell
lineage (Morin et al., 2010; Yap et al.,, 2011). In addition, an
aberrant activation of polycomb repressive complex 2 (PRC2)
mainly based on the overexpression of EZH2 is frequently
observed in hematological malignancies and solid tumors
(Yamagishi and Uchimaru, 2017). In contrast, EZH2 is genetically
inactivated in myelodysplastic syndromes (Ernst et al., 2010)
and T-cell acute lymphoblastic leukemia (Ntziachristos et al.,
2012).

We recently analyzed the pattern of ATL histone modification
and integrated it with the transcriptome from primary ATL
cells to decipher the ATL-specific “epigenetic code” (Kobayashi
et al., 2014; Fujikawa et al., 2016). PRC2-mediated H3K27me3
is significantly and frequently reprogrammed at half of
genes in ATL cells. A large proportion of abnormal gene
downregulation is observed at an early stage of disease
progression, which is explained by H3K27me3 accumulation.
Global H3K27me3 alterations involve ATL-specific gene
expression changes that include several tumor suppressors,
transcription factors, epigenetic modifiers, miRNAs, and
developmental genes (Fujikawa et al, 2016), suggesting
the diverse outcomes of the PRC2-dependent hierarchical
regulation.

Importantly, the Tax-dependent immortalized cells also show
significantly similar H3K27me3 reprogramming as that of ATL
cells. A majority of the epigenetic silencing occurs in leukemic
cells from indolent ATL and in HTLV-1-infected premalignant
T-cells from asymptomatic HTLV-1 carriers.

The important implications for deciphering the triggers of
the specific histone code are physical interaction and other
influences on the host epigenetic machinery by Tax, including
the key histone modifiers HDAC1 (Ego et al., 2002), SUV39H1
(Kamoi et al., 2006), SMYD3 (Yamamoto et al., 2011), and EZH2
(Fujikawa et al., 2016).

Epigenetic Lock by Modulation of
Epigenetic Factors

The functional classification of genes has revealed that
genes epigenetically suppressed by H3K27me3 are enriched
in certain biological processes, including transcriptional
regulation and histone modifiers, in ATL. Among these,
the expression of KDM6B, encoding a JMJD3 demethylase
of H3K27me3, is significantly downregulated upon
H3K27me3 gain (Fujikawa et al, 2016). Because JMJD3
downregulation causes the global accumulation of H3K27me3,
ATL cells seemingly acquire a coherent pattern that

produces and maintains the
H3K27me3.

Another coherent pattern is observed in EZH2 regulation.
EZH2 is sensitive to promiscuous signaling networks, including
NF-kB pathway. Upregulated EZH2 causes excessive PRC2
activity and suppresses multiple target genes such as NF-kB
negative regulators (Yamagishi et al, 2012); this forms a
positive feedback loop. HTLV-1 Tax is significantly involved in
this motif by interacting with EZH2 and activating NF-kB
pathway (Fujikawa et al, 2016). Regarding the chronic
activation of PRC2 without Tax, an initial triggering
event is unnecessary for the maintenance of epigenetic
loop.

systematic abnormality of

Loss of Gene Fine-Tuner microRNA

Among the regulators of gene expression, microRNAs are
recognized as “buffers” and/or “fine-tuners.” MicroRNA can
reduce the noise in gene expression; thus, the loss of microRNA
may create perturbed gene expression at the post-transcriptional
level (Huntzinger and Izaurralde, 2011; Ebert and Sharp,
2012).

One of the key characteristics of ATL is the global
downregulation of microRNA (Yamagishi et al., 2012). Although
it has not been experimentally demonstrated, the loss of
functional small RNA may cause disordered gene expression
through transcriptional and post-transcriptional levels. Notably,
this global loss is caused and imprinted by HTLV-1-induced
H3K27me3 accumulation, suggesting that the global loss of
microRNA is one of the processes required for the developmental
pathway leading to ATL.

Alteration of Chromatin Regulation by
HTLV-1 Integration

Recent advances regarding insertional effects by HTLV-1
have provided critical implications. Satou et al. (2016) found
that CTCF (a key regulator of chromatin structure and
function) binds to the provirus in the provirus pX region
and acts as an enhancer blocker, leading to long-distance
interactions with flanking host chromatin. Indeed, HTLV-1
was reported to alter local higher-order chromatin structure
and gene expression in the host genome (Satou et al,
2016).

Rosewick et al. (2017) employed stranded RNA-seq
data in combination with improved DNA-seq-based high-
throughput mapping of integration sites and found that
HTLV-1/BLV proviruses are integrated near cancer drivers,
which they affect via provirus-dependent transcription
termination or as a result of viral antisense RNA-dependent
cis-perturbation. Remarkably, a similar result was observed at
polyclonal non-malignant stages, indicating that provirus-
dependent host gene perturbation contributes to the
initial selection of the multiple clones characterizing the
asymptomatic stage, requiring additional alterations in the
clone that will evolve into aggressive leukemia/lymphoma.
Although the hotspots of proviral integration sites and the
influence of their insertion into the host genome/epigenome
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are still being discussed, the previously unrecognized
mechanisms may be complementary to viral gene products
and the acquisition of somatic alterations in the host
genome.

EPIGENETIC LANDSCAPE OF
HTLV-1-INFECTED CELLS

The biologist Conrad Waddington first conceptualized
developmental fate decision as an epigenetic landscape wherein
differentiating cells proceed downhill along the branching canals
separated by the walls that restrict cell identity (Waddington,
1957).

Decades of research have revealed that transcription factors
are the predominant specifiers of cellular identity (Zaret and
Mango, 2016; Bradner et al., 2017). However, the topography
of this “hill” seems to be determined by the chromatin pattern,
which is directly regulated by epigenetic mechanisms in response
to the intrinsic and extrinsic (environmental) stimuli exemplified
in this review.

Therefore, as a hypothesis, we propose, in agreement
with the established developmental pathway of HTLV-
l1-infected cells, that disease progression fits with the
epigenetic landscape, wherein the height of the walls
between the canals is determined by several molecular events
(Figure 2).

The initial trigger for restricting gene expression is HTLV-1
infection. This violent event significantly affects cell fate,
primarily by Tax and HBZ. Then, the immortalized cells possibly
undergo several molecular events, as described above (including
genetic and epigenetic alterations). During a long period, several
aberrant characteristics are acquired and fixed, nevertheless Tax
disappears. The consequent genotype and epigenotype support
the differential phenotypes and the disease entities of ATL and
HAM/TSP.

HTLV-1 provirus is frequently defective or silenced in
ATL. However, the lesions recurrently detected in ATL cells
imitate the function of Tax and would be stably inherited
in the progeny of the malignant cells. This raises several
critical possibilities such as that the active imprinting of
the viral function into the host genome and epigenome is
one of the critical steps of leukemogenesis. Furthermore,
the features of ATL cells are not accidental but are the
products of HTLV-1 infection. In addition to the sustained
roles of HBZ (reviewed in Ma et al., 2016), some crucial
outcomes (including gene mutations in the components of
TCR-NF-kB pathway and abnormal H3K27me3 accumulation)
and many other stochastic events shape ATL cells and their
characteristics.

FUTURE DIRECTION

At present, researchers and hematologists are sharing their
findings on the characteristics of ATL cells. Additionally, the
phenotypic characteristics of HAM/TSP have been studied.

Epigenetic landscape

HTLV-1 infection
Epigenetic reprogramming

Genetic lesion

Gene regulatory loop/switch
Disordered chromatin regulation
Epigenetic lock

miRNA changes

Insertional effects

Latent period
(several decades)

FIGURE 2 | A hypothetical model of developmental pathway in
HTLV-1-associated diseases [adapted from Waddington (1957)]. The height of
the walls between the valleys (or canals) is determined by several molecular
events. The first HTLV-1 infection and the accompanied epigenetic alterations
change the cell fate. The permissive state induced by HTLV-1-infection allows
following stochastic perturbations such as genetic mutations and
dysregulation of the signaling pathways and clonal selection, paralleled by a
decrease in transcriptional noise, and the stabilization of cell states (deepening
of the valleys).

v

Inhibitors of signaling pathways
Epigenetic drugs

FIGURE 3 | The mechanism-based medicines such as epigenetic drugs and
inhibitors of signaling pathways could reprogram the fate of HTLV-1-infected
cells (conceptualized as a reduction or elevation of the walls (blue arrows),
which promote crossing or bypassing within the epigenetic landscape (black
curved arrows) into the normal state).

Considering the therapeutics for the HTLV-1-associated diseases
and the need to eliminate the premalignant cell population,
the establishment of a precise understanding of disease
developmental pathways (routes, branch points, and the
events that influence the landscape, as shown in Figure 2)
is an urgent requirement. Therefore, there is a need to
investigate the abnormalities contributing to the molecular
pathogenesis, including those in master transcription factors
and chromatin regulators. Furthermore, in addition to cellular
traits, environmental parameters such as aging, cellular stress,
and immune response should be integrated into our model
of this process. The order of the molecular events is just
a pathway of disease development. HTLV-1 infection and
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following epigenetic reprogramming may be an initial step of fate
changes.

Intentional regulation such as by inhibitor treatment
will reprogram the fate of HTLV-1-infected cells, which
can be conceptualized as a reduction or elevation of the
walls between the canals in the epigenetic landscape, in line
with the analogy mentioned above (Figure 3). Realizing
the potential of such mechanism-based medicines and
advanced diagnostic tools for the detection and evaluation
of tumor stage and heterogeneity will require a deeper
understanding of epigenetic plasticity and restriction. The
road ahead is long but must be challenged to capture this
major component of HTLV-1 biology and its associated
diseases.
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Abstract

Purpose: Although expression of CD30 is reported in a
subset of adult T-cell leukemia/lymphoma cases, its clinico-
pathologic significance is poorly understood. We aimed to
characterize CD30-positive cells and clarify their tumorigenic
role in human T-cell lymphotropic virus type 1 (HTLV-1)-
infected cells.

Experimental Design: CD30-positive peripheral blood
mononuclear cells from individuals with differing HTLV-1
disease status were characterized, and the role of CD30 sig-
naling was examined using HTLV-1-infected cell lines and
primary cells.

Results: CD30-positive cells were detected in all samples
examined, and the marker was coexpressed with both CD25
and CD4. This cell population expanded in accordance with
disease progression. CD30-positive cells showed polyloba-
tion, with some possessing "flower cell" features, active

Introduction

Adult T-cell leukemia/lymphoma (ATL) is a T-cell neoplasm
with a poor prognosis that is caused by human T-cell leukemia/
lymphoma virus type I (HTLV-1) infection. HTLV-1 is trans-
mitted mainly through breast-feeding, and it is estimated that
20 million carriers exist worldwide. ATL develops after about
50 years of clinical latency in 2% to 5% of HTLV-1 carriers. The
emergence of malignant cells with polylobated nuclei (the
typical appearance is termed "flower cells") characterizes ATL;
however, these cells are already present in HTLV-1 carriers
without development of ATL (1).
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cycling, and hyperploidy. CD30 stimulation of HTLV-1-
infected cell lines induced these features and abnormal cell
division, with polylobation found to be dependent on the
activation of PI3K. The results thus link the expression of
CD30, which serves as a marker for HTLV-1 disease status, to
an active proliferating cell fraction featuring polylobation
and chromosomal aberrations. In addition, brentuximab
vedotin, an anti-CD30 monoclonal antibody conjugated
with auristatin E, was found to reduce the CD30-positive
cell fraction.

Conclusions: Our results indicate that CD30-positive cells
act as a reservoir for tumorigenic transformation and clonal
expansion during HTLV-1 infection. The CD30-positive frac-
tion may thus be a potential molecular target for those with
differing HTLV-1 disease status. Clin Cancer Res; 24(21); 5445-57.
©2018 AACR.

CD30, a member of the tumor necrosis receptor superfamily,
activates prosurvival signals by ligation of its ligand CD30L or by
CD30 overexpression (2, 3). CD30 activates nuclear factor (NF)-
kB, ERK MAPK, and p38 MAPK (4-6). Previous reports showed
CD30 expression in some ATL cells (7, 8). However, the clinico-
pathologic significance of CD30 in HTLV-1-infected cells is
unknown.

Transformation of HTLV-1-infected T cells in vivo is a multi-
stage process, which reflects the status of HTLV-1 infection, i.e.,
asymptomatic, smoldering, chronic, or acute (9). These cells
acquire a transformed phenotype independent of HTLV-1 during
this process (1, 10), indicating the importance of molecular
mechanisms that occur during this step for tumorigenesis.

In this report, we aimed to elucidate the clinicopathologic
significance of CD30 in HTLV-1-infected cells. We present a
series of supportive evidence suggesting that CD30 is involved
in the generation of abnormal lymphocytes with "flower cell,"
which expands during the progression of carrier status
and features an actively cycling virus-infected cell population,
which causes chromosomal aberrations in HTLV-1-infected
cells. We further discuss the significance of our finding in
understanding the tumorigenic process of HTLV-1-infected
cells and the therapeutic implication for the treatment of
HTLV-1-infected individuals.

Materials and Methods

Cells
Primary cells, which were collected with informed consent as
part of a collaborative study with the Joint Study on Predisposing
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Translational Relevance

Adult T-cell leukemia/lymphoma has a poor prognosis
despite recent treatment strategies with new agents combined
to conventional chemotherapies. Transformation of human T-
cell leukemia/lymphoma virus type I (HTLV-1)-infected T
cells is a multistage process that reflects the status of HTLV-
1 infection, i.e., asymptomatic, smoldering, chronic, or acute.
To develop new treatment strategies therefore, identification of
the cellular fractions involved in disease progression is urgent-
ly required. We examined the significance of CD30 expression
in the peripheral blood of individuals with differing HTLV-1
disease status and found that CD30 is responsible for the
proliferation and expansion of HTLV-1-infected cells, charac-
terized by polylobation and chromosomal aberrations. CD30-
positive cells thus appear to act as a reservoir for transforma-
tion during HTLV-1 infection, and we found that brentuximab
vedotin reduces this cell fraction. Our findings indicate that
CD30-positive cells may be a therapeutic target for the pre-
vention of disease progression in those with HTLV-1 infection.

Factors of ATL Development (JSPFAD), were used (11). The
experiments and their analyses using the primary cells were
performed at the University of Tokyo and were approved by its
research ethics committee. Separation of mononuclear cells
from the peripheral blood (PB) was performed as described
(12). Clinical data of HTLV-1-infected individuals used are
presented in Supplementary Table S1. Additional samples used
for Supplementary Data were listed in Supplementary Table S2.
All patients were categorized according to Shimoyama's criteria
(9). MT-2 and HUT-102 are HTLV-1-infected T-cell lines
(13, 14), and Jurkat and CEM are HTLV-1-uninfected T-cell
lines. These cells were obtained from the RIKEN BioResource
center. Karpas299, an anaplastic large cell lymphoma (ALCL)
cell line, was obtained from DSMZ (German Collection of
Microorganisms and Cell Cultures GmbH). Cells were cultured
in RPMI1640 with 10% FCS, unless indicated. CHO cells were
obtained from DS Pharma Biomedical and were cultured in
Ham's F12 (Wako) with 10% FCS. TIG-1 cells and fetal lung
fibroblast were obtained from Japanese Collection of Research
Bioresources Cell Bank. These cells were used for the primary
culture of HTLV-1-infected cells (15).

Chemicals

Inhibitors used to identify the pathway involved in the CD30-
mediated generation of cells with polylobated nuclei were as
follows: Ly294002 (Cell Signaling Technology) and duvelisib
(Selleck Chemicals) for PI3K, UO126 for ERK kinase (MEK),
SB203580 for p38MAPK (both from Cell Signaling Technology),
and BMS-345541 for NF-kB (Calbiochem). All inhibitors were
dissolved in dimethyl sulfoxide (DMSO) prior to use. Phorbol 12-
myristate 13-acetate (PMA) was purchased from LC Laboratories
and dissolved in DMSO.

Flow cytometry

For analysis of the expression of cell surface molecules, primary
cells (3 x 10 cells) were analyzed as previously described after
incubation with fluorochrome-conjugated primary antibodies for

30 minutes at 4°C, using FACS Aria or Verse (both from BD
Biosciences) and Flowjo software (TreeStar; ref. 16). To detect the
expression of Ki-67, the cells were fixed using IntraPrep (Beckman
Coulter) according to the manufacturer's instructions before
incubation with antibodies as described (17), and the cells
(3 x 10* cells) were analyzed using FACS Verse. Cell-cycle and
ploidy analyses of primary cells were performed as previously
described, and the number of the cells analyzed by flow cytometry
was indicated in the figure legend (18). The following fluoro-
chrome-conjugated primary antibodies were used: anti-CD4-
FITC, anti-CD4-Pacific Blue, and anti-CD25-APC (all from Bio-
legend), anti-CD30-PE, control IgG-FITC, and control IgG-PE (all
from Beckman Coulter). For detection of Ki-67, anti-Ki-67 anti-
body (Santa Cruz Biotechnologies) and anti-rabbit secondary
antibody conjugated with Alexa488 (Thermo Scientific) were
used. For detection of HTLV-1-infected cells, anti-cell adhesion
molecule 1 (CADM1) antibody (CM004-3, MBL) was used.

Measurement of CD30" cells in the PB of individuals with
different status of HTLV-1 infection

The PB of randomly selected individuals with different status of
HTLV-1 infection, i.e., asymptomatic (Asy#1-22), smoldering
(Smo#1-8), chronic (Chr#1-7), or acute (Acu#l1-7; N = 44;
Supplementary Table S1), was examined by flow cytometry as
described. Their clinical data are presented in Supplementary
Table S1. The CD30"CD257CD4 " subpopulation was calculated
as either a percentage of CD4 " cells or as an absolute number per
UL of blood. The values between the different statuses were
statistically evaluated. The scatter plot was presented, and Pear-
son's product moment correlation coefficient was calculated.

Immunostaining

Peripheral blood mononuclear cells (PBMC) were separated
using flow cytometry according to the expression of cell surface
molecules and were sorted using FACS Aria as described (12). The
primary cells or cell lines were cytospun onto a slide glass, fixed
with 4% paraformaldehyde, and immunostained with anti-Ki-67
antibody (Santa Cruz Biotechnologies) and anti-rabbit secondary
antibody conjugated with Alexa488 (Thermo Scientific) as pre-
viously described (12). The nuclei were stained with DAPI. The
staining was analyzed using fluorescence microscopy (BX50F,
Olympus).

Measurement of HTLV-1 provirus load

Measurement of the HTLV-1 provirus load was performed as
described (12). Briefly, genomic DNA was extracted from sorted
cells using a DNA blood mini kit (Qiagen), and multiplex real-
time PCR was performed with TagMan probes. Primer pairs for
HTLV-1 pX and RNase P enzyme (control) (Applied Biosystems)
were used. The calculated provirus loads represent copy numbers
per 100 cells. pX-probe(FAM) 5'-CTGTGTACAAGGCGACTGG-
TGCC-3', pX2-sense 5'-CGGATACCCAGTCTACGTGIT-3/, pX2-
antisense 5'-CAGTAGGGCGTGACGATGTA-3’, Tagman RNase P
Control Reagents Kit (Product Number-4316844).

Preparation of stable cell transformants

CD30L cDNA was inserted into the CSII-EF1 vector (kindly
provided by Dr. H. Miyoshi, RIKEN BioResource Center) for the
expression of mCherry-CD30L fusion protein. This plasmid or its
control without CD30L cDNA was transduced into CHO cells as
described (12), and mCherry-positive cells were sorted using
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CD30-positive cells in various statuses of HTLV-1infection and their correlation with emergence of abnormal lymphocytes. A, Distribution map of CD307CD25" cells
in the CD4" lymphocyte fraction of the PBMCs of HTLV-1-infected individuals with varying disease status. PBMCs isolated from the PB were analyzed using flow
cytometry. Healthy donors served as control. The vertical and horizontal lines indicate the percentage of CD307CD25" cells in the CD4™ population (left) or their
absolute number (right) and the disease status of HTLV-1infection, respectively. The black horizontal lines indicate the median number of CD30*CD25" cells in the
CD4™ fraction, and their values are indicated in the red font below the map. Asterisks on the top indicate statistical significance (P < 0.05). n.s., not significant. B,
Correlation of CD30"CD257CD4™ cells and abnormal lymphocytes in the PBMCs of HTLV-1-infected individuals with varying disease status. The vertical and
horizontal lines indicate the percentage (left) or the absolute number (right) of CD30"CD25"CD4 " cells and abnormal lymphocytes. n indicates the number of HTLV-
1-infected individuals examined. Each plot is colored depending on the status of HTLV-Tinfection as indicated on the right. Because cases with abnormal lymphocytes
of 0/uL cannot be plotted on a logarithmic scale, these cases were plotted at the leftmost terminal on the horizontal axis for reference. The correlation coefficient and
P value calculated by the statistical package R version 2.9.0 (available as a free download from http://www.r-project.org) are indicated on the top.

FACS Aria (BD Biosciences). The expression of transfected CD30L
in CHO cells and endogenous CD30 in T-cell lines was confirmed
using flow cytometry (Supplementary Fig. S1). The resultant
transformants were indicated as CD30L/CHO and mock/CHO,
respectively. For fluorescent detection of the nucleus, Histone
H2B-GFP construct in the CSII-EF1 vector was transduced into
HUT-102 and MT-2 cells as previously described (12), and GFP-
positive cells were sorted using FACS Aria.

Stimulation of CD30-positive cells with CD30L

CHO cells with or without CD30L expression (5 x 10* cells
each per well of a 12-well plate) were precultured in Ham's F12
(Wako Pure Chemical Industries) containing 10% FBS and
were used for stimulation of CD30-expressing cells after 24
hours of culture. CD30-expressing cells (1.5 x 10> cells) were
cultured with the CHO cells in media containing an equal

www.aacrjournals.org
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volume of RPMI1640 plus Ham's F12. After incubation, the
cells were harvested, washed with PBS, and were then further
analyzed. Unless indicated otherwise, media were supplied
with 10% FBS, and the stimulation time was 96 hours. When
the inhibitors were used, they were added to media containing
an equal volume of RPMI1640 plus Ham's F12 and cultured for
48 hours. CD30-expressing cells were harvested and reseeded
into the new CHO cells already cultured for 24 hours, and fresh
media with corresponding inhibitors were used for additional
culture for 48 hours.

Treatment of primary cells with brentuximab vedotin

PBMCs (2.5 x 10°) separated from HTLV-1-infected indivi-
duals were cultured with 200 uL of RPMI1641 containing 10%
calf serum unless indicated, antibiotics, and 10 ng/mL recom-
binant human IL2 (R&D Systems, Inc.). The cells were treated
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previously described, following incubation with fluorochrome-
conjugated primary antibodies for 30 minutes at 4°C, using the
FACS Aria or Verse (BD Biosciences) and FlowJo software
(TreeStar; ref. 16).

with 10 pg/mL brentuximab vedotin (kindly obtained from
Millennium Pharmaceuticals, Inc., an owned subsidiary of
Takeda Pharmaceutical Company Limited) or vehicle (Milli-
Q water) for 10 days. The harvested cells were analyzed as
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Figure 2.

Morphologic characteristics of CD30-positive cells and their HTLV-1 virus load. A, Morphologic appearance of representative CD4* lymphocytes from each of the
lymphocyte fractions in an asymptomatic carrier (Asy#1) that were separated by CD30 and CD25 expression. Each fraction was analyzed by flow cytometry, sorted,
cytospun, and stained using the Giemsa method. Analyses of Asy#1(left) and a healthy donor (right) are shown. The percentage of cells in each fraction is showninthe
graph. Black bars, 20 um. B, The abnormal lymphocytes in CD30"CD25"CD4 " cells in additional cases. Two asymptomatic carriers (Asy#2 and Asy#3), 1smoldering
case (Smo#8), and 1acute case (Acu#6) were analyzed as described in Fig. 2A. The abnormal lymphocytes in CD30"CD25"CD4 ™ cells are presented. Black bars, 20
um. C, Percentage of polylobated cells in CD30"CD25%, CD30 CD25", and CD30 CD25™ cells in the CD4" lymphocyte population of the PBMCs of three
asymptomatic carriers (Asy#1-3), two smoldering (Smo#8 and 13), one chronic (Chr#15), and two acute (Acu#5 and 6). The bar graph and the beeswarm graph are
presented on the left and right, respectively. The advanced stage includes smoldering, chronic, and acute cases. Asterisks indicate statistical significance (P < 0.05).
D, Provirus load of CD30"CD25%, CD30~CD25",and CD30CD25™ cellsinthe CD4™ population of 5 asymptomatic carriers (Asy#4, 5,6, 35, and 36) and 4 acute cases
(Acu#1, 2, 6,and 7). The bar graph and the beeswarm graph are presented on the left and right, respectively. The value indicates the number of infected cells per 100
cells in each fraction. The value more than 100% suggests existence of cells bearing plural copy number of HTLV-1. Provirus load of the CD30°CD25" fraction of Acu#1
was not determined and indicated as n.d.
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Figure 3.

Cell-cycle status of CD30-positive cells in HTLV-1-infected individuals. A, Cell-cycle analysis of CD30"CD25%, CD30~CD25", and CD30CD25" cells in the CD4™
population. The PBMCs of 8 asymptomatic carriers and of 3 each of smoldering, chronic, and acute cases were analyzed, and the percentage of cells in the S-G,-M
stage of each cell fraction is shown as a bar graph (left). The beeswarm graph of the S-G,-M stage of each cell fraction is presented (right). Asterisks

indicate statistical significance (P < 0.05). Original data of an asymptomatic carrier (Asy#23) and an acute case (Acu#8) obtained by flow cytometric analysis are
presented as examples in Supplementary Fig. S5. B, Analysis of Ki-67 expression in CD30"CD25%, CD30~CD25", and CD30~CD25™ cells in the CD4™ population.
Percentage of Ki-67-positive cellsin CD30"CD25", CD30~CD25",and CD30~CD25~ cells inthe CD4 " lymphocytes of the PBMCs of 2 each of asymptomatic (Asy#31
and 32), smoldering (Smo#12 and 13), chronic (Chr#10 and 11), and acute (Acu#10 and 11) cases is shown as a bar graph (left). Each fraction was sorted

by flow cytometry. The cells were then cytospun onto slides and stained with the anti-Ki-67 antibody. The nuclei were stained with DAPI, and the cells were analyzed
using fluorescence microscopy (BX50F, Olympus). The bar graphs represent 3 independent counts of 200 cells in each fraction. The beeswarm graph of

the Ki-67-positive cells in each cell fraction is presented (right). Asterisks indicate statistical significance (P< 0.05). n.s., not significant. Original data of a smoldering

(Smott12, left) and a chronic (Chr#10, right) case are presented as examples in Supplementary Fig. S6.

Statistical analysis

Differences between mean values were assessed using a two-
tailed t test. A P value < 0.05 was considered to be statistically
significant. Correlations were evaluated using Pearson correlation
coefficient.

Results

The CD30"CD25"CD4" subpopulation expands during
progression of HTLV-1 carrier status

HTLV-1 infects CD4" lymphocytes, and these cells express
CD25. To elucidate the expression of CD30 in HTLV-1-infected
individuals, we first examined CD30™" cells in the PB of indi-
viduals with different status of HTLV-1 infection, i.e., asymp-
tomatic (Asy#1-22), smoldering (Smo#1-8), chronic (Chr#1-
7), or acute (Acu#1-7; N = 44; Supplementary Table S1). The
CD30"CD25"CD4" subpopulation within PB, calculated as
either a percentage of CD4-positive cells or as an absolute
number per UL of blood, increased according to progression of
the status of HTLV-1 infection (Fig. 1A). A previous report
indicated that changes of the serum soluble interleukin-2
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receptor (sIL2R) correlate with disease progression in
HTLV-1-infected individuals (19). Therefore, we evaluated
the relationship between the CD30 expression and sIL2R
(Supplementary Fig. S2). The result indicated correlation
between CD30 expression and sIL2R. The expansion of the
CD30"CD25"CD4" subpopulation correlated with the expan-
sion of abnormal lymphocytes according to progression of the
status of HTLV-1 infection (Fig. 1B).

The CD30"CD25"CD4" subpopulation is characterized by
abnormal lymphocytes with polylobated nuclei in HTLV-1-
infected individuals

To characterize CD307CD257CD4" cells, we next examined
the morphologic features of these cells in the HTLV-1-infected
individuals shown in Supplementary Table S1 (Asy#1-3, Smo#8
and 13, Chr#15, and Acu#5 and 6). Cells with polylobated nuclei,
some of which possessed flower-like features, were frequently
found in the CD30*"CD25"CD4 " subpopulation of asymptom-
atic carriers. Although these cells were also found in the
CD30°CD25"CD4" subpopulation, their frequency was very
low. Representative cell morphology and the proportion of each

Clin Cancer Res; 24(21) November 1, 2018
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Figure 4.

Generation of cells with polylobated nuclei and induction of actively cycling cells by CD30 stimulation in HTLV-1-infected T-cell lines. A, Morphologic changes induced
in the nuclei of CD30™ T-cell lines with or without HTLV-1 infection after stimulation by CD30L. MT-2 and HUT-102 (HTLV-1-infected) or Jurkat and CEM (HTLV-1-
uninfected) cells were stimulated by CD30L as described, cytospun onto slides, and fixed with 4% paraformaldehyde. The nuclei were stained with DAPI.

The cells were analyzed using confocal microscopy (Confocal Microscopes Al, Nikon). Representative photographs are shown (left). Phase contrast images were
merged with DAPI-stained images to better display cell morphology. Red arrows indicate polylobated cells. White bars, 80 um. The percentage of polylobated
cells in the total cell population with or without CD30L stimulation was calculated and is shown as a bar graph (right). Data shown are mean =+ SD of three
independent experiments. Three hundred cells were counted in each experiment. Asterisks indicate statistical significance (P < 0.05). n.s., not significant. CD30L(+)
and CD30L(—) indicate the stimulation with CD30L/CHO and mock/CHO, respectively. B, Stimulation of CD30-positive T-cell lines with HTLV-1 infection increases
the percentage of cells in the S-G,-M phase. MT-2 and HUT-102 cells were stimulated by CD30L, cultured for 120 hours under 1% FBS, and harvested as described. A
DNA histogram of the cells was constructed based on flow cytometric analysis as described, and the representative results are shown (left). The percentage
of the cells in the S-G,-M phase is indicated in the figure. The results are also presented as a bar graph, and data shown are mean 4 SD of three

independent experiments (right). The cells of 3 x 10* were counted in each experiment. Asterisks indicate statistical significance (P<0.05). CD30L(+) and CD30L(—)
indicate the stimulation with CD30L/CHO and mock/CHO, respectively. (Continued on the following page.)
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subpopulation in an asymptomatic carrier (Asy#1) are presented
in Fig. 2A (left). In contrast, although there was a minor subpop-
ulation of CD307CD257CD4™" cells in healthy donors, polylo-
bated nuclei were not observed in these cells (Fig. 2A, right).
Representative cellular morphologies of CD30"CD25"CD4"
cells in an additional 2 asymptomatic carriers (Asy#2 and 3) are
shown in Fig. 2B (left most and second from the left). Such cells
were also enriched in the CD30"CD25"CD4" subpopulation of
smoldering (Smo#8) and acute (Acu#6) cases whose representa-
tive cellular morphologies are also shown in Fig. 2B (second from
the right and right most). The percentage of cells with polylobated
nuclei in each subpopulation of the three asymptomatic carriers
(Asy#1-3) and six advanced stages (two smoldering: Smo#8 and
13, one chronic: Chr#15, and two acute: Acu#5 and 6) is shown in
the bar graph and beeswarm graph in Fig. 2C (left and right). The
results indicate that the cells with polylobated nuclei characterize
CD30"CD25*"CD4" subpopulation.

The CD307CD25"CD4" subpopulation shows high virus load
in PBMCs from HTLV-1-infected individuals

Although HTLV-1 infects CD4" cells and these cells express
CD25, the CD25"CD4" fraction is a mixture of infected and
uninfected cells. We therefore examined the HTLV-1 provirus load
of each subpopulation, and the result for 5 asymptomatic carriers
(Asy#4-6, 35, and 36) and 4 advanced stages (Acu#1, 2, 6, and 7)
listed in Supplementary Table S1 is shown as a bar graph and
beeswarm graph (Fig. 2D, left and right). Because amount of
sorted cells from CD307CD25"CD4" fraction was limited,
we could not measure virus load of samples used for morpho-
logical analyses in Fig. 2B and C except for Acu#6. Therefore, we
used additional samples for further analyses. The result indicated
that CD25"CD4" cells bear a high virus load and that, within this
cell population, CD30" cells have higher virus load than CD30~
cells in asymptomatic carriers, whereas in acute phase, most
CD25"CD4" cells are virus-infected cells including CD30™ cells.
To obtain further support for this result, we examined the expres-
sion of CADM1, a marker for HTLV-1-infected cells (20). As
shown in Supplementary Figs. $3 and S4, almost all of the CD30*
cells are CADM1-positive and polylobated cells.

Because the CD307CD257CD4" subpopulation is highly
enriched in cells with polylobated nuclei, this subpopulation
appears to represent virus-infected cells with polylobated nuclei
during the progression of the disease status.

The CD30"CD25"CD4" subpopulation of cells has an active
cell-division cycle

To further confirm the biological significance of CD30 in HTLV-
1-infected individuals, we used flow cytometric analysis to exam-
ine the state of the cell cycle in the CD30*"CD25*"CD4* subpop-
ulation and in other cell subpopulations in the HTLV-1-infected

Roles of CD30 in HTLV-1-Infected Cells

individuals listed in Supplementary Table S1 (Asy#23-30,
Smo#9-11, Chr#8-10, and Acu#8-10). Representative results for
an asymptomatic carrier (Asy#23) and an acute case (Acu#8)
are shown in Supplementary Fig. S5. The CD30"CD25"CD4"
subpopulation was characterized by an increased proportion of
S-G,-M phase cells. The percentages of S-G,-M phase
cells within CD4" cell subpopulations of all the cases examined
are shown in bar graphs in Fig. 3A (left). The beeswarm graph
of each fraction is presented in Fig. 3A (right). To further confirm
these results, we next examined the expression of the cell prolif-
eration marker Ki-67 in the CD30"CD25%CD4" subpopulation
and in other subpopulations of cells from individuals with
different status of HTLV-1 infection. Representative results of a
smoldering (Smo#12) and a chronic case (Chr#10) are shown in
Supplementary Fig. S6. The results of eight cases (Asy#31 and 32,
Smo#12 and 13, Chr#10 and 11, and Acu#10 and 11) are shown
as a bar graph in Fig. 3B (left). The beeswarm graph of each
fraction is presented in Fig. 3B (right). The CD30*CD25"CD4"
fraction contains significantly higher amount of Ki-67" cells
compared with other fractions, indicating Ki-67-positive cells
are enriched in CD30"CD25"CD4 " subpopulation. These results
show that the CD30"CD25*CD4" subpopulation contains cells
with active proliferation, whereas cells in other subpopulations
without CD30 expression mostly stay in a resting state.

The results so far indicate that, among HTLV-1-infected cells,
CD30 expression is closely related with polylobation of the cells
and active cell cycling, whereas most other cells without CD30
expression do not. Because CD30-positive fraction increases
according to the progression of the disease (Fig. 1A), the number
of these actively cycling cells expands according to progression of
the HTLV-1 carrier status.

CD30 signals induce polylobated nuclei that are coupled with
cell-cycle promotion depending on HTLV-1 infection

To elucidate roles of CD30 in HTLV-1-infected cells, we exam-
ined the effect of CD30 signals using T-cell lines with HTLV-1
infection (MT-2 and HUT-102). The T-cell lines without HTLV-1
infection (Jurkat and CEM) served as control. We firstly examined
the effect on the morphologic features of these cells. Stimulation
of CD30 expressed on T-cell lines with HTLV-1 infection by
CD30L expressed on CHO cells increased the number of T cells
with polylobated nuclei, but this effect was not obvious in the
cells without HTLV-1 infection (Fig. 4A, left). A bar graph of
the percentage of polylobated cells induced by stimulation
with CD30L clearly shows this difference between the response
of HTLV-1-infected and -uninfected cells to CD30 stimulation
(Fig. 4A, right). Furthermore, the stimulation of PBMCs from an
HTLV-1-infected individual by CD30L actually induced polylo-
bated cells (Supplementary Fig. S7). Conversely, the stimulation
of Karpas299, an ALCL cell line with CD30 expression unrelated

(Continued.) C, Stimulation of CD30™ T-cell lines with HTLV-1infection with CD30L induces Ki-67-positive cells. MT-2 and HUT-102 cells were stimulated by CD30L,
cultured for 96 hours under 1% FBS, harvested as described, and analyzed using flow cytometry as described in the Materials and Methods section. The representative
results are shown in which the histogram of the control staining is shadowed (left). The results are also presented as a bar graph, and the data shown are
mean + SD of 3independent experiments (right). Asterisks indicate statistical significance (P < 0.05). CD30L(+) and CD30L(—) indicate the stimulation with CD30L/
CHO and mock/CHO, respectively. D, Inhibition of downstream CD30 signaling in HUT-102 cells. Cells were stimulated with or without CD30L for 96 hours, and
inhibitors for each pathway (Ly294002 for PI3K, UO126 for MEK, and SB203580 for p38MAPK, and BMS-345541 for NF-xB) were added to the media and
cultured as described in the Materials and Methods. Cells were cytospun, treated, and analyzed as described in Fig. 4A. Relatively higher concentrations, without loss
of viability, were used (Ly294002, 10 umol/L; U0O126, 10 umol/L; SB203580, 10 umol/L; BMS-345541, 5 umol/L). The percentage of polylobated cells with or
without CD30L stimulation was calculated. Induction of polylobated cells by CD30 stimulation was calculated by subtracting the percentage of polylobated cells
without CD30L stimulation from those with CD30L stimulation, and is shown as a bar graph. Data represent the mean 4 SD of three independent counts of 300 cells.

Asterisks indicate statistical significance (P < 0.05); n.s., not significant.
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to HTLV-1 by CD30L/CHO, did not generate polylobated cells,
indicating the effect of CD30 stimulation in the generation of
polylobated cells is different between ALCL cells and HTLV-1-
infected T cells (Supplementary Fig. S8).

For clarification of CD30 signals in the cells with or without
HTLV-1 infection, we examined the activation of known down-
stream pathways of CD30, i.e., NF-xB, JNK, p38 MAPK, ERK,
and PI3K after CD30 stimulation in the cell lines used in this
study by Western blot analysis (4-6, 21). The results indicated
that the response for CD30 stimulation was generally unde-
tected in the cells without HTLV-1 infection compared with
those with HTLV-1 infection (Supplementary Fig. S9). These
results suggest that cellular status might modify the responses
of the cells for CD30 stimulation. JunB and IRF4 are considered
to involve in CD30 induction (22, 23). In addition to JunB,
IRF4, a molecule regulated by HTLV-1, is differently expressed
between HTLV-1-uninfected cells and infected cells (Supple-
mentary Fig. S10).

We next examined whether stimulation of CD30 with CD30L
triggers promotion of the cell cycle in HTLV-1-infected cells.
Stimulation of CD30 expressed on the HTLV-1-infected cell lines
HUT-102 and MT-2 by CD30L promoted cell cycling, inducing an
increase in the percentage of cells in S-G,-M phase as shown in
representative DNA histograms and in a bar graph (Fig. 4B, left
and right). CD30 stimulation by CD30L also increased the per-
centage of Ki-67-positive cells in HTLV-1-infected cell lines (Fig.
4C, left and right). The expansion of CD30™ cells in the PBMCs of
HTLV-1-infected individuals by CD30 stimulation was also indi-
cated in the experiments using primary cells (Supplementary Figs.
S11-813).

These results indicate that CD30 signals corroborating with
HTLV-1 infection involve both the generation of polylobated
nuclei and the induction of an actively cycling phenotype.

The PI3K pathway is involved in the CD30-mediated generation
of cells with polylobated nuclei

To identify the signaling pathway involved in the CD30-
mediated generation of cells with polylobated nuclei, we used
inhibitors for known downstream effectors of CD30 signaling, i.
e., NF-xB, ERK, MAPK, PI3K, and p38 MAPK (4-6, 21), and
examined the effect on the generation of cells with polylobated
nuclei in the HTLV-1-infected cell line HUT-102. The concentra-
tion of the inhibitors was optimized based on past studies (4-6,
21). As shown in Fig. 4D, inhibition of the PI3K pathway by
Ly294002 showed significant inhibition of the generation of cells
with polylobated nuclei, in the HTLV-1-infected cell line. Similar
results were observed using another PI3K inhibitor duvelisib
(Supplementary Fig. S14). Stimulation of PKC, downstream of
PI3K by PMA, generated polylobated cells in HUT-102 cells
(ref. 24; Supplementary Fig. S15). Furthermore, duvelisib inhib-
ited polylobation by CD30L in primary cells from HTLV-1-
infected individuals (Supplementary Fig. S7).

CD30 signals induce abnormal cell division and hyperploidy in
HTLV-1-infected T cells

Because the results so far raised the possibility that CD30
signals provide impacts on chromosome by accelerating cell
division, we next investigated the effect of CD30 signaling on
this process. Flow cytometric analysis of DNA histogram indicated
the possibility that the stimulation of T-cell lines with HTLV-1
infection by CD30L increases the fraction of 4N<. The represent-

able result of HUT-102 is shown in Fig. 5A. Stimulation of T-cell
lines with HTLV-1 infection (MT-2 and HUT-102) by CD30L
increased 4N< fractions, whereas the stimulation of those without
HTLV-1 infection (Jurkat and CEM) did not, suggesting CD30
signals increase hyperploid cells dependent on HTLV-1 infection
(Fig. 5B).

To elucidate the cause of generation of hyperploid cells, we
examined the effect for cell division by the stimulation of CD30
with its ligand in HTLV-1-infected cell lines. The nuclei of the T-
cell lines with HTLV-1 infection were visualized using fluores-
cence microscopy following stable transfection of the cells with
GFP fused to H2B. These cells were stimulated by CD30L
expressed on CHO cells, and its effect on cell division was
captured using time-lapse microscopy (Biostation IM-Q, Nikon).
This analysis showed that CD30 stimulation frequently triggered
abnormal cell division, most of which is abortive mitosis and
cytokinesis. The representative cases of abnormal cell division
observed in HUT-102 cells with stimulation by CD30L are pre-
sented in Fig. 5C (left and middle). Normal cell division observed
in HUT-102 cells without stimulation by CD30L is presented
in Fig. 5C (right). The original time-lapse videos of the cells are
described in the legend. The percentage of abnormal cell division
with CD30L stimulation of HUT-102 and MT-2 cells is shown as a
bar graph in Fig. 5D.

Hyperploid cells are a feature of the CD307CD257CD4"
subpopulation of HTLV-1-infected individuals

We next examined the ploidy of each CD4 ™" cell fraction in the
cells of individuals with different status of HTLV-1 infection, who
are listed in Supplementary Table S1 (Asy#33 and 34, Smo#14
and 15, Chr#12 and 13, and Acu#12) by flow cytometric analysis
of DNA histogram. Except for asymptomatic cases that did not
contain a subpopulation with hyperploid cells (4N<), the
CD307CD257CD4" subpopulation in all other cases showed
increased hyperploid cells (4N<) compared with other CD4-
positive fractions (Fig. 5E). These results support the notion that
induction of abnormal cell division and hyperploidy by CD30
actually occurs in HTLV-1-infected individuals.

Brentuximab vedotin depletes CD30-positive cells in PBMCs
samples from HTLV-1-infected individuals

The features of CD30™ cells presented so far indicated that this
fraction may play a role in the transformation of HTLV-1-infected
cells. Brentuximab vedotin, a monoclonal antibody for CD30
conjugated with the tubulin inhibitor monomethyl auristatin E,
shows a potent effect in classical Hodgkin lymphoma and ana-
plastic large-cell lymphoma (25). A recent study also showed the
effectiveness of brentuximab vedotin on peripheral T-cell lym-
phoma (26). Therefore, we examined whether brentuximab vedo-
tin can deplete the CD30-positive fraction of PBMCs isolated from
HTLV-1-infected individuals. When PBMC samples were treated
with brentuximab vedotin, the CD30-positive fraction
(CD30"CD25%7CD4 ") was shown to be reduced compared with
those treated with vehicle alone (Fig. 6A). Examples of original
flow cytometric data (Chr#18 and Acu#13) are presented in
Supplementary Fig. S16. The reduction ranged from approximate-
ly 20%, to more than 90% (mean £ SD, 79.6 & 21.79%; Fig. 6A).
To clarify that the effect of brentuximab vedotin is selective for
CD30™" fraction, we compared reduction rate in the fractions of
CD30" and CD30" in the cases treated by brentuximab vedotin.
The result showed the significant reduction of the number of

Clinical Cancer Research

5452 Clin Cancer Res; 24(21) November 1, 2018

Downloaded from clincancerres.aacrjournals.org on February 21, 2019. © 2018 American Association for Cancer Research.

— 118 —



Published OnlineFirst August 1, 2018; DOI: 10.1158/1078-0432.CCR-18-0268

Roles of CD30 in HTLV-1-Infected Cells

A Stimulation by CD30L B X e
imulation by
S I I N
(-) (+)
10 CD30L (-)
3,000 y <
2000 R B CD30L (+)
| @
% 2,000 % 1,500 4N< § 6
H NS 18 om0 J” 10.4% A
1,000 3.1% 500 — ~ 2
0
0102 10° 10¢ 10° R LT I TS MT2 HUT102 Jurkat CEM
Hoechst33342 Hoechst33342
c Stimulation by CD30L Stimulation by CD30L Without stimulation by CD30L

H2B-GFP

Merge
D Stimulation by CD30L E _*
X
(O G I O BN G g i
100 - £ 1.0
I Abnormal 2 i
S 80 17 I I Normal o
o
3 il N =N == - 5 05
_g 60 1 gg
= z .
5 40 0 £ :
3 0 o e e v
AT B E EI 6B S 6B D
P P PP
0= 66)6(9 &L Q,(/Q 6(9 S
% I IO ]
HUT-102  MT-2 LS &S
Asymptomatic Advanced
Figure 5.

CD30 stimulation induces abnormal mitosis and hyperploid cells in HTLV-1-infected T-cell lines. A and B, Increase in hyperploid cells after CD30 stimulation in MT-2
and HUT-102 cells. The cells were stimulated by CD30L as described. Ploidy of the cells (5 x 10%) was analyzed using flow cytometry as described, and representative
DNA histograms of HUT-102 are shown. The percent fraction of 4N< in the entire fraction is indicated in the graphs (A). The percent fraction of 4N< of cell lines
with HTLV-1 infection (HUT-102 and MT-2) and without HTLV-1 infection (Jurkat and CEM) is calculated and expressed as bar graphs. The experiments were
performed 3 times, and the results were also presented as bar graphs with means + SD. Asterisks indicate statistical significance (P < 0.05; B). CD30L(+) and CD30L
(=) indicate the stimulation with CD30L/CHO and mock/CHO, respectively. Cand D, HUT-102 and MT-2 cells, whose nuclei were marked with GFP as described, were
stimulated by CD30L as indicated, and more than 50 cells were observed with time-lapse microscopy. Representative photographs of abnormal cell division of HUT-
102 cells are presented in the left and middle plots, respectively. Normal mitosis observed in the control (without stimulation by CD30L) is presented in the right. The
arrowheads in the pictures indicate the cells of interest and their related cells. White bars, 10 um. The original time-lapse videos of left, middle, and

right are provided in Video 1 (mp4. 921 KB), Video 2 (mp4. 2 MB), and Video 3 (mp4. 794 KB), respectively (C). The percentage of normal and abnormal cell
division in cells with or without CD30L stimulation in HUT-102 and MT-2 cells was calculated by integrating the results of more than 5 independent experiments (D).
CD30L(+) and CD30L(—) indicate the stimulation with CD30L/CHO and mock/CHO, respectively. E, The ratio of hyperploid cells (4N<) in CD30"CD25™,
CD30~CD25", and CD30 CD25 cells in HTLV-1-infected individuals. The ploidy of about 1 x 10® lymphocytes was analyzed using flow cytometry. The permil
hyperploid cells (4N<) in the entire cells are measured using DNA histogram as described in Fig. 5A, and each value is plotted in the graph. Asymptomatic, two
asymptomatic carriers (Asy#33 and 34); advanced, two smoldering (Smo#14 and 15), two chronic (Chr#12 and 13), and one acute (Acu#12).

viable cells in CD30" fraction, whereas CD30 fraction was
relatively not affected (Supplementary Fig. S17). The results,
which further support the effect of brentuximab vedotin on
CD30" cells, were presented in Supplementary Figs. S18 and S19.

We also examined the relationship between the expression level
of CD30 and the response to brentuximab vedotin (Supplemen-
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tary Table S3; Supplementary Fig. S20). The result suggested that
the reduction rate of CD30" cells by brentuximab vedotin was
relatively low in cases with low CD30 expression (Asy#39 and
Chr#15). These results suggest that brentuximab vedotin can
selectively reduce the CD30" cell fraction of PBMCs from
HTLV-1-infected individuals.
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Effect of brentuximab vedotin on CD30-positive cells in PBMCs of HTLV-1-
infected individuals. A, PBMCs separated from HTLV-1-infected individuals (four
asymptomatic, Asy#37-40; one smoldering, Smo#16; 5 chronic, Chr#14-18; and 2
acute, Acu#13 and 14) were cultured with 10% self-serum, treated as described,
and reduction rate of CD30"CD257CD4 ™ cells in each case was calculated and is
shown as bar graph. The reduction rate (%) was calculated as follows: ([Tc -
Tbvl/Tc) x 100; here, Tbv and Tc indicate percent CD30"CD257CD4™ cells in
CD4™ fraction with or without the treatment by Brentuximab Vedotin
respectively. Average of total 12 cases is presented as mean =+ SD at the right
end. B, Schematic representation of the role of CD30 in HTLV-1-infected
individuals. CD30-positive HTLV-1-infected cells show polylobation of the
nucleus and expansion in accordance with HTLV-1 disease progression.
Stimulation of CD30-positive HTLV-1-infected cells with CD30L triggers
polylobation and promotes cell cycling. These processes are accompanied by
abnormal cell division and the generation of hyperploid cells. CD30-positive cells
might thus serve as a reservoir for transformation and clonal expansionin HTLV-
1-infected individuals. CD30L is expressed on granulocytes, and the increase in
the CD30L-expressing cell fraction induced by parasitic diseases, such as
strongyloidiasis, might promote such processes. Depletion of this cell reservoir
might therefore contribute to the prevention of disease progression.

Discussion

Previous reports indicated the expression of CD30 in a part of
ATL (7, 8). However, the clinicopathologic significance of CD30*
cells in HTLV-1-infected individuals including acute phase is
entirely unknown. This lack of knowledge might be due to
differences in experimental designs for the evaluation of CD30
positivity such as high cutoff value for CD30 positivity. In addi-
tion, there have been no reports that have provided a detailed
description of CD30™ cells in the pre-ATL status. Roles of CD30
signals in HTLV-1-infected cells are also entirely unknown. Anal-
yses of CD30™" cells in the CD257CD4 ™" subpopulation enabled
us to more sensitively detect and evaluate CD30™" cells. CD30 is
induced in a portion of HTLV-1-infected cells, and these cells
expand according to the progression of carrier status. A previous
report indicated that sIL2R correlates with progression of the
disease in HTLV-1-infected individuals (19). Therefore, we exam-
ined relationship between the expression of CD30 and the serum
sIL2R. The result indicated that CD30 expression correlated with
sIL2R (Supplementary Fig. S2).

The expansion of the CD30"CD25"CD4" subpopulation
correlated with the expansion of abnormal lymphocytes
according to the progression of HTLV-1 carrier status, suggest-
ing impact of CD30 on the status of HTLV-1 infection and its
progression. In support of this hypothesis, the experiments
using HTLV-1-infected cell lines showed that CD30 is involved
in the generation of abnormal lymphocytes with "flower cell"
and features an actively cycling, which coincides with abnormal
mitosis and chromosomal aberrations in corroboration with
HTLV-1 infection. CD30 stimulation also triggered expansion
and polylobation of primary cells. We could link these results
to the characteristics of CD30™ cells in HTLV-1-infected indi-
viduals and indicated involvement of CD30 in the progression
of the disease status.

In this report, we indicated that the stimulation of HTLV-1-
infected cell lines with CD30 could induce polylobation through
the activation of PI3K. CD30 stimulation could not induce poly-
lobation in HTLV-1-uninfected cell lines used in this study. This
might be explained by the result that the effect of CD30 stimu-
lation was different between HTLV-1-infected and —uninfected
cells. Our finding is supported by those of a previous study, which
indicated that activation-inducible lymphocyte immunomedia-
tory molecule (AILIM/ICOS)-mediated activation of PI3K is
responsible for the polylobation of lymphocytes in ATL (27).

PI3K regulates cytoskeletal rearrangements through the reg-
ulation of Rho-family cascades (28). However, we could not
show the activation of these pathways by stimulation of CD30
in HTLV-1-infected cell lines (data not shown). The previous
report indicated the involvement of microtubule rearrange-
ment in polylobation (27). We could show that PMA, an
activator of PKC, triggered polylobation in an HTLV-1-infected
cell line, HUT-102 (Supplementary Fig. S15). PKC is a down-
stream molecule of PI3K and commits microtubule rearrange-
ment (24, 29). Therefore, further study to clarify involvement
of CD30 in PKC-mediated rearrangement of microtubule will
provide important insights into mechanisms underlying poly-
lobation in HTLV-1-infected cells.

A recent report demonstrated that AP-1 family transcription
factors, including JunB, are responsible for the induction of
activation-inducible lymphocyte immunomediatory molecule/
inducible co-stimulator (AILIM/ICOS; ref. 30). Because CD30
can activate AP-1 by inducing JunB through the ERK pathway
(31),itis possible that the expression of AILIM/ICOS is dependent
on CD30 signaling and that CD30 can induce polylobated cells
not only directly, but also indirectly via the induction of AILIM/
ICOS, although further analyses are required to confirm this
hypothesis.

Emergence of CD30~ polylobated cells appears to increase
according to the progression of disease status. Because most of
these cells are HTLV-1-infected cells (Supplementary Fig. S4),
alteration of the cellular status might mimic the signals for
polylobation instead of CD30. Because CD30 is transiently down-
regulated after stimulation by CD30L, this process might partially
be responsible for the existence of CD30™ polylobated cells (32).
Molecular mechanisms underlying the emergence of CD30™ poly-
lobated cells require further study.

We indicated that CD30 stimulation of HTLV-1-infected cells
could induce active cycling. In fact, CD30 expression in HTLV-1-
infected cells is also closely related with actively cycling cells,
whereas most other cells without CD30 expression are quiescent
in lymphocytes of HTLV-1-infected individuals. CD30" cells
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showed an increased number of cells in the S-G,-M phase and
with Ki-67 expression compared with CD30™ cells. Ki-67 is a cell-
cycle-related nuclear protein that is expressed by cells in a
proliferative state, but not by cells in a quiescent state (33).
Combined with the close relationship between CD30 expression
and polylobated cells, these results imply that CD30 signals
trigger cell-cycle promotion of HTLV-1-infected cells, which
coincides with the generation of characteristic polylobated cells,
and these cells expand according to the progression in HTLV-1-
infected individuals.

We also indicated that CD30 stimulation triggers abnormal cell
division and hyperploidy in HTLV-1-infected cell lines but does
not in unrelated cell lines. Although further studies are required,
cellular signaling status caused by HTLV-1 infection might also be
responsible for this result (34). Based on the observations of time-
lapse microscopy, abortive mitosis and its subsequent effects
might involve the generation of hyperploid cells, which might
be related with a possible cause of chromosomal instability and
cellular transformation of ATL cells (35). We indicated that the
CD30" cell fraction actually contains cells with chromosomal
aberrations and that these cells expand according to progression
of the status of HTLV-1 infection. A previous report indicated that
changes in chromosome copy-number and gene expression pro-
file occur according to progression of the disease status in ATL (36,
37). Ki-67 positivity correlates with high-grade malignancy (38).
CD30-positive cells might be able to serve as a reservoir for
malignant transformation and clonal expansion of HTLV-1-
infected cells in HTLV-1-infected individuals. This notion is
supported by very recent report, which identified CD30 as one
of super enhancers and suggested its involvement of pathogenesis
of ATL (39).

CD30 appears to be induced in a portion of HTLV-1-infected
cells depending on their cellular status. CD30 expression
appears not to be related to virus replication, because HTLV-
1 is not replicating in PB (40). CD30 stimulation triggers
growth-promoting effects, abnormal mitosis, and chromosom-
al aberration in HTLV-1-infected cell lines. Furthermore, it was
shown that the stimulation of PBMCs from HTLV-1-infected
individuals by CD30L actually expanded CD30"CD25"CD4™"
cells (Supplementary Figs. S11 and S12). These results suggest
that the CD30 expression in HTLV-1-infected cells is important
as a cause for the expansion of CD30-positive cells and tumor-
igenic process. However, further study is necessarily to clarify
detailed mechanisms of involvement of the CD307" cells in
these processes.

CD30L is present on T cells, B cells, granulocytes, and mono-
cytes. These cells are widely distributed in the body, e.g., PB, bone
mallow, and lymphoid system. Especially granulocytes, including
eosinophils, are increased in ATL and modulate its prognosis (41,
42). Interaction between CD30L and CD30 triggers local gather-
ing and subsequent internalization of this complex to CD30-
expressing cells for signaling (32). ATL is closely associated with
exteriorization of parasitic diseases such as strongyloidiasis (43).
A previous report indicated that five steps are required for the final
transformation of onset of ATL (44). We showed that CD30
expression correlated with sIL2R, a marker for disease progression
in HTLV-1-infected individuals (19). Previous reports suggested
serum-soluble CD30 is associated with poor prognosis in HTLV-
1-infected individuals including ATL (45, 46). These results
indicate the possibility that CD30 positivity is associated with
poor prognosis in HTLV-1-infected individuals including ATL.
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Roles of CD30 in HTLV-1-Infected Cells

CD30 signals might involve the expansion of HTLV-1-infected
cells and trigger the transformation or clonal evolution of HTLV-
1-infected cells that coincides with abortive mitosis, polylobation
of the nuclei, and chromosomal aberrations. It is possible that
CD30, which is induced in a portion of HTLV-1-infected cells,
commits progression of asymptomatic, pre-ATL, and ATL status
through clonal evolution of these cells.

We could show that brentuximab vedotin can purge CD30"
cells in PBMCs from HTLV-1-infected individuals. This effect
appears to depend on the expression level of CD30 in the cells
(Supplementary Fig. S20). Our results by primary cells are almost
in accordance with a previous report using HTLV-1-infected cell
lines (47). In vivo effectiveness of brentuximab vedotin in mice
bearing HTLV-1-infected cell lines was already reported (47). In
this context, diminishing CD30-expressing cells with anti-CD30
monoclonal antibody therapies (48) might be considered for
both pre-ATL status such as smoldering and chronic status, and
ATL (Fig. 6B).

In conclusion, the results of this study indicate a biological link
between the expression of CD30, which serves as a marker for
HTLV-1 disease progression, and the actively proliferating fraction
of HTLV-1-infected cells, which display chromosomal aberra-
tions and polylobation. The findings also highlight the role of
CD307 cells as a potential reservoir for transformation and clonal
expansion in HTLV-1-infected individuals, and indicate that
these cells may thus be a therapeutic target in this disease. Further
examination of the CD30™" cell fraction may improve our under-
standing of the tumorigenic processes of HTLV-1-infected cells.
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Adult T-cell leukemia-lymphoma (ATL) is a T-cell malig-
nancy caused by human T-cell leukemia virus type 1
(HTLV-1) [1, 2]. ATL is classified into four clinical sub-
types proposed by the Japan Clinical Oncology Group:
smoldering, chronic, lymphoma, and acute [1]. Acute- and
lymphoma-type ATL have a poor prognosis. Allogeneic
hematopoietic stem cell transplantation (allo-SCT) is being
increasingly used as a curative therapy for ATL, and confers
long-term survival in approximately 40% of ATL patients
[2]. One of the major problems of allo-SCT is occurrence of
severe complications. We observed ATL patients who
developed peripheral neuropathy (PN) following allo-SCT.
In this study, we analyzed their disease profiles and inves-
tigated the pathophysiology of PN.

We investigated the clinical features of 46 ATL patients
who underwent allo-SCT after induction chemotherapy.
The study consisted of 25 men and 21 women aged 28-71

P4 Yoichi Imai
imaiyo-tky @umin.ac.jp

Department of Hematology/Oncology, Research Hospital, The
Institute of Medical Science, The University of Tokyo, 4-6-1,
Shirokanedai, Minato-ku, Tokyo 108-8639, Japan

Department of Hematopoietic Stem Cell Transplantation, National
Cancer Center Hospital, 5-1-1 Tsukiji, Chuo-ku, Tokyo 104-0045,
Japan

Department of Rare Diseases Research, Institute of Medical
Science, St. Marianna University Graduate School of Medicine, 2-
16-1 Sugao, Miyamae-ku, Kawasaki City, Kanagawa 216-8512,
Japan

Laboratory of Tumor Cell Biology, Department of Computational
Biology and Medical Sciences, Graduate School of Frontier
Sciences, The University of Tokyo, 4-6-1 Shirokanedai, Minato-
ku, Tokyo 108-8639, Japan

SPRINGER NATURE

(median age: 59) years. The ATL clinical subtypes observed
in these patients included 33 (72%), 8 (17%), and 5 (11%)
with the acute-, lymphoma-, and unfavorable chronic-types,
respectively. Conditioning regimens consisting of myeloa-
blative conditioning (MAC) and reduced intensity con-
ditioning (RIC) were administered to 5 (11%) and 41 (89%)
of the patients, respectively. Stem cell sources included the
bone marrow for 35 (77%) of the cases, peripheral blood in
10 (21%), and cord blood in 1 (2%). PN was diagnosed by
the symptoms of paresthesia, hyperesthesia, abnormal sen-
sations, and muscle weakness. This included damage to
sensory and motor nerves with axonal and/or demyelinating
damage. We performed a full neurological examination, a
nerve conduction study (motor or sensory conduction), as
well as radiological procedures such as computed tomo-
graphy and/or magnetic resonance imaging (MRI). We also
performed cell counts, evaluated cerebrospinal fluid (CSF)
biochemistry, and measured total protein levels, anti-
HTLV-1 antibody titers, neopterin, and CXCL10 levels in
CSF.

Three patients developed PN after allo-SCT. Profiles and
CSF data of these patients are shown in Table 1. All patients
had an Eastern Cooperative Oncology Group performance
status (ECOG-PS) of grade 3 or 4. They achieved and
maintained complete remission after allo-SCT; however,
they developed acute graft-versus-host disease (aGVHD)
and/or chronic graft-versus-host disease (cGVHD) invol-
ving multiple organs.

Patient 1 was a 57-year-old man who underwent allo-
SCT. He had lymphoma-type ATL and achieved partial
remission (PR) after induction chemotherapy. He received a
human leukocyte antigen (HLA) 8/8 allele-matched unre-
lated bone marrow transplantation. Within a month after
transplantation, he developed an abnormal sensation below
the epigastrium, hypoesthesia, muscle weakness in the
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Table 1 Profiles and CSF data of the three patients who developed PN after allo-SCT

Patient No.
1 2 3

Age (years) 57 60 68
Sex Male Male Female
ATL type Lymphoma Lymphoma Acute
DS before SCT PR PR PR
Conditioning regimen FLU/BU/TBI FLU/BU FLU/BU
Related/unrelated donor Unrelated Unrelated Unrelated
Source BM PB PB
Donor sex Male Male Male
Blood type AT—AT AT-AT AT-0"
HLA match 8/8 8/8 8/8
MAC or RIC RIC RIC RIC
GVHD prophylaxis Tac/MMF Tac/MTX CyA
DS after SCT CR CR CR
aGVHD Skin (grade I) No No
cGVHD Skin, lungs Skin, eyes, mouth, lungs  Skin, eyes, mouth, lungs, muscle
anti-GM1 antibody Negative N/A Negative
Latency 1 month 11 months 7 years
Performance status 4 4 3
CSF data

Cells/mL 5 1 2

Total protein (mg/dL) 62.0 51.0 233.0

Albuminocytologic dissociation Yes Yes Yes

HTLV-1 provirus level (copies/100 cells) 4.48 4 1.45

Anti-HTLV-1 antibody titer i <2 4

Neopterin (pmol/mL) 16 2 3

CXCL10 (pg/mL) 2054.2 58.2 773.3

CSF cerebrospinal fluid, PN peripheral neuropathy, SCT stem cell transplantation, ATL adult T-cell leukemia-lymphoma, HTLV-1 human T-cell
leukemia virus type 1, BU busulfan, CyA cyclosporine A, DS disease status, PR partial remission FLU fludarabine, BM bone marrow, PB
peripheral blood, HLA human leukocyte antigen, MAC myeloablative conditioning, MMF mycophenolate mofetil, MTX methotrexate, RIC reduced
intensity conditioning, Tac tacrolimus, TBI total body irradiation, aGVHD acute graft-versus-host disease, cGVHD chronic graft-versus-host

disease, N/A not available

“Below the detection limit

lower limbs, and absence of a tendon reflex. Concurrently,
he also developed skin aGVHD (grade I). A nerve con-
duction study revealed no electrical conduction on the left
median, fibular, and tibial nerves.

Patient 2 was a 60-year-old man who underwent allo-
SCT. He was diagnosed with lymphoma-type ATL and
achieved PR after induction chemotherapy. He received an
HLA 8/8 matched unrelated peripheral blood stem cell
transplantation (PBSCT). After 11 months, he developed
lower limb-dominant muscle weakness, and sensory loss.
He simultaneously developed cGVHD in his eyes, mouth,
skin, and lungs. A nerve conduction study showed dis-
appearance of electrical conduction on both sides of the
peroneal and sural nerves.

Patient 3 was a 68-year-old woman who underwent allo-
SCT. She had acute-type ATL and achieved PR after
induction chemotherapy. She received an HLA 8/8 matched
related PBSCT. She subsequently developed muscle
weakness in her bilateral extremities after seven years. In
addition, she developed hypoesthesia of the lower limb, and
c¢GVHD in her eyes, mouth, skin, lungs, liver, and muscles.
A nerve conduction study revealed absence of electrical
conduction in the bilateral cervical nerve.

CSF anti-HTLV-1 antibody results were negative in two
of these patients, while these results were weakly positive in
the third patient who demonstrated a four-fold increase in
the CSF anti-HTLV-1 titer levels. All patients showed
albuminocytologic dissociation in their CSF.
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All the three patients’ symptoms persisted for more than
2 months, and diffuse demyelination of peripheral nerves
was confirmed via a nerve conduction study. CSF exam-
inations showed albuminocytologic dissociation, as men-
tioned earlier.

According to the diagnostic criteria (European Federa-
tion of Neurological Societies/Peripheral Nerve Society
guidelines), all three patients met the chronic inflammatory
demyelinating polyneuropathy (CIDP) criteria [3].

Some reports showed Guillain—-Barre syndrome follow-
ing allo-SCT [4-6]. However, Guillain—Barre syndrome
was considered unlikely because of the absence of cranial
nerve or respiratory muscle paralysis and autonomic dys-
function. In addition, prior infection usually found in
Guillain—Barre syndrome was not present in all the patients.
Although a previous report suggested that the onset of
symptoms occurred immediately during the post-transplant
period [5], the same was not observed in our patients. Two
patients were found not to have any anti-GM antibody, a
frequent finding in Guillain—Barre syndrome.

In HTLV-I-infected patients, it is important to consider
human T-cell leukemia virus 1-associated myelopathy/tro-
pical spastic paraparesis (HAM/TSP) in a differential diag-
nosis. As the deep tendon reflexes were reduced, and a
pathological reflex was not apparent in these patients, results
suggested that they did not have myelopathy. Based on the
lack of myelopathy and CSF data, HAM/TSP was ruled out.

There was no increase in the number of cells in the CSF,
and no mass lesion in the brain was detected using radi-
ological procedures. ATL relapse in the central nervous
system (CNS) was not considered.

Hence, we initiated the appropriate CIDP treatment,
including corticosteroids, intravenous immunoglobulin, and
plasmapheresis [7-10]. However, neither the corticosteroids
nor the intravenous immunoglobulin was effective.

Previous studies have described neuropathy (including
CIDP) following allo-SCT for various hematological dis-
eases (Table 2) [6, 8—11]; however, to date the same has not
been reported in ATL patients undergoing allo-SCT. To the
best of our knowledge, this is the first report of CIDP in
ATL patients who received allo-SCT.

The onset of CIDP in two patients occurred immediately
after the onset of aGVHD or cGVHD. This suggests that
CIDP may be one of the symptoms of GVHD. To support
this, previous studies have reported of infiltrations of either
CD4- or CDS8-positive cells in nerve biopsy specimens
obtained from patients with CIDP related to allo-SCT as
histopathological evidence of GVHD in the peripheral ner-
vous system [8, 10]. Although our patients preferred treatment
intervention and did not undergo neurological biopsy, it may
be beneficial to consider a biopsy. Other previous reports
showed that cGVHD was associated with loss of self-
tolerance and that its manifestation resembled an autoimmune
disease. This suggests that cGVHD causes immune dysre-
gulation and predisposes patients to develop CIDP following
SCT [9]. A previous report investigating the incidence and
characteristics of the peripheral nervous system manifesta-
tions occurring after allo-SCT in patients with hematological
disease [12] found an association between RIC and PBSCT
with specific peripheral nerve damage. In our study, all
patients underwent RIC, and two of them underwent PBSCT.

Neopterin is a small molecule derived from guanosine
triphosphate that is produced by macrophages and micro-
glia. CXCL10 is an inflammatory chemokine that binds to
CXCR3, expressed specifically on Thl cells, and is pro-
duced by astrocytes. Neopterin and CXCL10 levels are
reported to be elevated in the CSF of patients with neu-
roinflammatory disorders such as HAM/TSP and multiple
sclerosis [13], and are indicators of CNS inflammation [14].
The expression of both neopterin and CXCL10 is stimulated

Table 2 Reports of patients with hematological disease who developed PN (including CIDP) after allo-SCT

AML ALL MDS CML NHL HL AA ATL
N 7 6 1 3 4 1 2 3
M/F 4/3 3/3 1/0 3/0 4/0 1/0 2/0 2/1
Age, years 17-71 29-66 66 31-44 2643 21 29-50 57-68
Latency 58 d-16 m 8d-2y 21 m 7 d-8 m ImS5y 16 d 2w-ly Im-7y
Source BM: 2 BM: 2 PB: 1 BM: 3 BM: 2 BM: 1 BM: 2 BM: 1

CB: 1 CB: 1 N/A: 2 PB: 2

PB: 1 PB: 3

N/A: 3
Outcome R: 3 R: 1 PR: 1 R:2 R: 1 D: 1 R:2 U: 1

PR: 4 PR: 4 D: 1 PR: 3 PR: 1

N/A: 1 D: 1

AML acute myeloid leukemia, ALL acute lymphoblastic leukemia, MDS myelodysplastic syndromes, CML chronic myelogenous leukemia, NHL
non-Hodgkin’s lymphoma, HL Hodgkin’s lymphoma, AA aplastic anemia, ATL adult T-cell leukemia-lymphoma, PN peripheral neuropathy, CIDP
chronic inflammatory demyelinating polyneuropathy, SCT stem cell transplantation, M male, F female, d day, w week, m month, y year, BM bone
marrow, CB cord blood, PB peripheral blood, R recovery, PR partial recovery, D death, U unchanged, N/A not available
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by interferon-y (IFN-y) produced by T cells. Because all of
our patients did not have HAM/TSP and CNS relapse of
ATL, it was considered to be a nonspecific reaction. One
of hypothesis is that aberrantly activated donor T cells
produce IFN-y, which leads to the elevation of the neopterin
and CXCL10 levels. Thus, CIDP and GVHD seem to have
similar mechanisms involving activated T cells.

Drug-induced CIDP cannot be completely ruled out. For
example, tacrolimus has been reported to induce CIDP in
patients who received liver transplantation [15]. Although
our two patients were receiving tacrolimus, the onset of
CIDP in our patients was much later than that observed in
other case reports.

No structural disorder was detected on the MRI scans of
the spinal cord, vertebrae, and discs in patients 1 and 2.
Patient 3 had cervical spondylosis which was thought to be
one of the causes of PN. However, subsequent findings,
including the elevation of CXCL10 in CSF, indicated the
possibility of other causes of PN in patient 3. Vincristine
(VCR) was administered to all patients at induction che-
motherapy before allo-SCT. If the cause of neuropathy is
VCR, the neuropathy usually recovers after discontinuation
of administration. However, it did not recover and VCR
may not be main reason. None of them had diabetes mel-
litus, and diabetic neuropathy was not considered. Vitamin
By, levels in patients 1 and 2 were in the normal range. In
patient 3, vitamin B, was not checked; however, there were
no history or background characteristics that could be
regarded as a risk for vitamin B, deficiency.

Transplant physicians should be aware of these clinical
features in ATL patients. Further study is warranted to
reveal the relationship between ATL and PN following allo-
SCT and the underlying mechanism.
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Background Information. CD30, which is characteristically expressed in classical Hodgkin lymphoma (cHL), is
thought to transduce signals by ligation of trimerised CD30 ligand (CD30L) on the surface of surrounding cells
and recruitment of downstream molecules. In this report, we propose a new mechanism for CD30 signalling by
its ligand. We prepared two stable transformants, CHO cells expressing CD30L fused to mCherry and HelLa cells
expressing CD30 fused to GFP.

Results. Co-culture of these cells triggered clustering of CD30 and CD30L at the cellular interface, formation of
multiple CD30L-CD30 complexes, internalisation of these complexes with a portion of the plasma membrane
into the Hela cells, and intracellular transport to the lysosomal compartment. The internalisation process was
significantly inhibited by actin polymerisation inhibitors. The CD30L-CD30 interaction was found to trigger active
signalling processes, as measured by Ca®* influx, and similar mechanisms were observed using cHL cell lines.

Conclusions. These results suggest that CD30 extracts CD30L from CD30L-expressing cells by actin-mediated
trogocytosis, resulting in the generation of signalosomes, intracellular signalling, lysosomal degradation and a
subsequent refractory phase. We postulate that similar processes may operate in tumours endogenously expressing
CD30. These observations thus provide new insights into our understanding of the biological roles of CD30 in normal
and malignant cells and, in particular, in cHL.

Significance. This study suggests a novel model of CD30 signalling that provides new insights into the biological
roles of CD30 and other members of this family in normal and malignant cells.

Additional supporting information may be found in the online version of this article at the publisher’s
web-site

Introduction

CD30, a member of the tumour necrosis factor
receptor (TNFR) superfamily, is a type I single
transmembrane protein consisting of 595 amino
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rhorie@med.kitasato-u.ac.jp)

Key words: CD30, CD30 ligand, Classical Hodgkin lymphoma, Signal trans-
duction, Trogocytosis.

Abbreviations: CD30L, CD30 ligand; cHL, classical Hodgkin lymphoma; MFI,
mean fluorescence intensity; SiRNA, small interfering RNA; TNF, tumour necrosis
factor; TNFR, tumour necrosis factor receptor; TRAF, TNFR-associated factor.

acids, whose molecular weight is 105-120 kDa
[Durkop et al., 1992}]. CD30 was initially found
to be strongly expressed on Hodgkin and Reed-
Sternberg cells of classical Hodgkin lymphoma
(cHL) {Schwab et al., 1982}. Soon after however, it
was revealed that CD30 is also strongly expressed
in a rare subtype of non-Hodgkin lymphoma, called
anaplastic large cell lymphoma [Stein et al., 1985].
Later studies showed the expression of CD30 in
other pathological, as well as normal, conditions.
However, since its expression is limited and mainly
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induced in activated lymphocytes, CD30 is referred
to as activation-associated antigen {Croager et al.,
1998; Horie and Watanabe, 1998}.

The ligand for CD30 (CD30L), a member of the
tumour necrosis factor (TNF) superfamily, is a type
Il single transmembrane protein consisting of 234
amino acids, whose molecular weight is 26-40 kDa
[Smith et al., 1993]. Unlike CD30, CD30L is ex-
pressed relatively broadly, including in granulocytes,
monocytes, macrophages, mast cells, and activated
lymphocytes. In terms of pathological conditions,
this protein is expressed in a subset of myeloid
and lymphoid leukemias, and in Burkitt lymphoma
[Croager and Abraham, 1997; Horie and Watan-
abe, 1998}. Stimulation of CD30-expressing cells
by CD30L triggers various cellular signalling re-
sponses, including proliferation, survival, cytokine
secretion, and cell death, depending on the type and
differentiation status of the cells involved. These sig-
nals are triggered after CD30 becomes ligated to
trimerised CD30L expressed on the surface of sur-
rounding cells. The ligation of CD30L to CD30
triggers recruitment of intracellular adaptor proteins,
such as TNFR-associated factor (TRAF) proteins, to
the TRAF binding domain of the cytoplasmic tail
of trimerised CD30, and resulting in further modi-
fication of downstream signalling molecules [Horie
and Watanabe, 1998). CD30 is strongly expressed
in cHL cells, and previous reports have shown that
stimulation of CD30 by antibodies or CD30L trig-
gers signalling events that may play a key role in
anti-apoptosis and the expression of cytokines, char-
acteristic features of cHL biology {Gruss et al., 1995;
Wendtner et al., 1995; Zheng et al., 2003}. Other re-
searchers, however, have argued against a functional
role for CD30 in cHL [Hirsch et al., 2008}.

Trimerised CD30 is thought to be located on
the cell membrane during signalling processing and
works as an initiator of signals by recruitment of
downstream molecules {Kuppers et al., 2012; Bren-
ner et al., 2015]. Recent studies using the chimeric
anti-CD30 monoclonal antibody cAC10 linked to
the antimitotic agent monomethyl auristatin E, an
antibody—drug conjugate known as brentuximab
vedotin, revealed that brentuximab vedotin—CD30
complexes are internalised into cells {Sutherland
et al., 2006} and that this has shown to be an effec-
tive treatment approach for CD30-expressing lym-
phomas {Younes et al., 2010}. Although this obser-
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vation clearly suggests that modification of CD30 can
trigger trafficking of CD30 into cells, it is not clear
whether this process mimics the endogenous process
of CD30 signal transduction triggered by CD30L.

In the present study, we have addressed this ques-
tion by examining CD30L-CD30 interactions be-
tween stably transfected CHO and Hela cells using
time-lapse microscopy. We show that the process of
CD30 signalling is more dynamic than previously
thought, and that ligation of CD30L triggers inter-
nalisation of the CD30L-CD30 complexes into cells
expressing CD30. We have examined the molecular
mechanisms underpinning this observation and per-
formed additional experiments to clarify whether the
process also operates in cHL cells, a haematological
malignancy that is characterised by the overexpres-
sion of CD30. We thus propose a new model for
CD30 signalling, and discuss the significance of our
findings.

Results

Ligation of CD30L and internalisation of
CD30L-CD30 complexes in CD30-expressing
cells

To observe the intercellular transfer of CD30 after
its ligation by CD30L, we prepared two stable cell
line transformants, CHO cells expressing CD30L
fused to mCherry on its N-terminus (mCherry-
CD30L/CHO), and HeLa cells expressing CD30
fused to GFP at the C-terminus (CD30-GFP/HelLa)
for time-lapse imaging (Figure 1A). Co-culture of
these cells triggered gathering of GFP and mCherry
signals at the cellular interface, formation of multiple
complex clusters (indicated by co-localisation of GFP
and mCherry), internalisation of the complex into
the HeLa cells, and an intracellular transit path that
disappeared around the nucleus (Figure 1B top and
Supplementary Video S1). This phenomenon was not
observed when we used either CHO cells expressing
mCherry alone, or CHO cells expressing mCherry-
Mem (containing the N-terminal 20 residues of neu-
romodulin to label the plasma membrane), as control
cells in co-culture with CD30-GFP/HelLa (Figure 1B
middle and bottom, Supplementary Videos S2 and
S3). These results suggest that the ligation of CD30L
to CD30 triggers the internalisation of the com-
plex into HeLa cells and the subsequent intracellular
migration.
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Figure 1| See Legend on next page
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Figure 1| Ligation of CD30L to CD30 and internalisation of CD30L-CD30 complexes in CD30-expressing cells

(A) The CD30 and CD30L constructs used to monitor their interaction. The C-terminus of CD30 (type | single transmem-
brane protein) and the N-terminus of CD30L (type II single transmembrane protein) were fused to GFP and mCherry, respec-
tively. These constructs contain fluorescent proteins in their cytoplasmic regions, to avoid interference with interactions at the
cell membrane. The expression of these proteins in transfected cell lines was confirmed by immunostaining. (B) Co-culture
of mCherry-CD30L/CHO and CD30-GFP/HelLa cells (top). Control experiments using CHO cells expressing mCherry-Mem
(mCherry-Mem/CHO), or CHO cells expressing mCherry alone (mCherry/CHO), and CD30-GFP/HelLa cells are also shown (mid-
dle and bottom panels, respectively). Co-localisation of the signals by mCherry and GFP was analysed by ImagedJ ver1.0. The
analysis position is indicated by the yellow line shown in each inset with the corresponding original area in the fluorescent image
indicated by the yellow arrow. The results are presented on the right. The results were reproducible and representative of more
than 10 cells analysed in each experiment. The images were captured from time-lapse microscopy, with the original time-lapse
videos corresponding to the top, middle and bottom panels are presented as video 1, video 2 and video 3, respectively. Corre-
sponding phase-contrast images are presented to the right of each fluorescent image. The white arrowheads and white arrows
indicate CHO cells and CD30-GFP/Hela cells, respectively. The red arrow indicates co-localisation of the signals by mCherry
and GFP. Scale bar, 10 um. (C) The plasma membrane of CFP-CD30L/CHO and CFP/CHO were labelled with the expression
of mCherry-Mem as described in the Materials and Method. These cells were co-cultured with CD30-GFP/HeLa cells for 6 h at
37°C. The subsequent fluorescence intensity of mCherry in CD30-GFP/HelLa cells was measured by FACS Verse. The results
are shown in the left. The mean + S.D. of the mean fluorescence intensity (MFI) from three independent experiments, after
subtraction of the corresponding mCherry background signal from HelLa cells only, is shown in the accompanying bar graph
(*, P < 0.05; right). (D) The localisation of CD30L-CD30 complexes and lysosomes. CD30-GFP/HelLa and mCherry-CD30L/CHO
cells were co-cultured for 3 h and lysosome compartment of the cells stained with anti-LAMP-1 antibody and anti-rabbit sec-
ondary antibody conjugated with Alexa647. These cells were observed by confocal fluorescence microscopy (right panel). The
experiment using mCherry-Mem/CHO and CD30-GFP/HelLa cells served as control (left panel). Scale bar, 10 um. Co-localisation
of mCherry and GFP was analysed as described in the legend for Figure 1B and the results are shown below the fluorescent
images. The results were reproducible and representative of more than 10 cells analysed in each experiment. (E) Lysosomal
inhibition and detection of the fluorescent signal for CD30L-CD30 complexes. CD30-GFP/HelLa cells were co-cultured with
CD30L-mCherry/CHO cells for 24 h before incubation with 10 mM of the lysosome inhibitor NH,Cl for 4 h and subsequent eval-
uation by confocal fluorescence microscopy, under live cell conditions (right panel). The experiment without NH,Cl served as
control (left panel). The intracellular signals for the co-localised mCherry and GFP in CD30-GFP/HelLa cells (appearing as a yel-
lowish aggregate) with NH,Cl treatment are indicated by the white arrows. Results were confirmed in independent experiments.
Scale bar, 10 um. (F) The localisation of the fluorescent signals for CD30L-CD30 complexes and Rab11. CD30-GFP/HeLa and
mCherry-CD30L/CHO cells were co-cultured for 3 h. The cells were stained with anti-Rab11 antibody and anti-rabbit secondary
antibody conjugated with Alexa 647. These cells were observed by confocal fluorescence microscopy (right panel). The ex-
periment using mCherry-Mem/CHO and CD30-GFP/HelLa cells served as control (left panel). Scale bar, 10 um. Co-localisation
of mCherry, GFP and Alexa 647 was analysed as described in the legend for Figure 1B and the results are shown below the
fluorescent images. The results were reproducible and representative of more than 10 cells analysed in each experiment. Scale
bar, 10 um.

Since CD30L was fused to mCherry at its cy-
toplasmic N-terminus, CD30 appears to extract
CD30L from CD30L-expressing cells along with a
portion of the cell membrane. To assess this, we
prepared CHO cells expressing CD30L fused to
CFP on its N-terminus (CFP-CD30L/CHO) and la-
belled the plasma membrane with mCherry-Mem.
We then performed co-culture and examined the
subsequent presence of mCherry in CD30-GFP/Hela
cells. We found that the mCherry signal in CD30-
GFP/Hela cells was stronger than in the control ex-
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periment using CFP/CHO cells expressing mCherry-
Mem in co-culture with CD30-GFP/HeLa cells (Fig-
ure 1C). We also labelled the membrane of mCherry-
CD30L/CHO cells with a fluorescent dye (CellVue”
Maroon; eBioscience), then repeated the co-culture
experiment and examined the subsequent presence
of the fluorescent dye in the CD30-GFP/HeLa cells.
The results showed that the CellVue” Maroon signal
in CD30-GFP/HelLa cells was stronger than in the
control experiment using mCherry/CHO and CD30-
GFP/Hela cells (Supplementary Figure S1). These
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results indicate that CD30L is transferred to the re-
cipient Hela cells along with a portion of the plasma
membrane.

Next, we examined the intracellular transport
of the CD30L-CD30 complex in CD30-GFP/HeLa
cells. As discussed above, time-lapse imaging indi-
cated that the complex is transferred around the nu-
cleus before the fluorescent signal disappears, sug-
gesting breakdown of the complex in the lysosome.
Therefore, we labelled the lysosomal compartment
with anti-LAMP-1 and a secondary antibody conju-
gated with Alexa 647. When we co-cultured CD30-
GFP/HeLa and mCherry-CD30L/CHO cells, the flu-
orescent signal for the CD30L-CD30 complex in
CD30-GFP/Hela cells appeared to merge with the
lysosomal compartment, but this was not observed
during co-culture of CD30-GFP/HeLa and mCherry-
Mem/CHO cells (Figure 1D). To obtain further sup-
port for this finding, we treated co-culture of CD30-
GFP/HeLa and mCherry-CD30L/CHO cells with a
lysosome inhibitor (NH4Cl). This led to an increase
in the intracellular signal for the CD30L-CD30 com-
plex, in comparison with cells co-cultured without
the lysosome inhibitor (Figure 1E). The signal for the
CD30L-CD30 complex did not co-localise with the
signal for Rab11, which is a marker for endocytic pro-
tein recycling (Figure 1F). Collectively, these results
indicate that, upon ligation of CD30L, CD30 ex-
tracts CD30L and a portion of the plasma membrane
from CD30L-expressing cells, triggering internalisa-
tion of the complex into the CD30-expressing cells
and transport to the lysosome.

Internalisation of the CD30L-CD30 complex into
CD30-expressing cells and its dependency on
actin assembly

Internalisation of molecules from the plasma
membrane is mediated by both dynamin- and
non-dynamin-mediated pathways, with clathrin-
mediated internalisation known to be regulated
by the former [Harper et al., 2013]. To examine
the mechanisms controlling internalisation of the
CD30L-CD30 complex, we evaluated this process in
HeLa cells after treatment with various inhibitors.
We used sucrose, Pitstop®2 and dynamin as in-
hibitors for clathrin-mediated internalisation [Suzuki
et al., 2001; Macia et al., 2006} and the actin poly-
merisation inhibitors cytochalasin B {Rotsch and
Radmacher, 2000} and latrunculin A [Lakshmi-

narayan et al., 2014}, and the microtubule depoly-
merising agent nocodazole [Vasquez et al., 1997},
to evaluate the involvement of clathrin-independent
pathways.

Following  the co-culture of mCherry-
CD30L/CHO, mCherry-Mem/CHO, mCherry/CHO
or CHO cells, with CD30-GFP/HeLa cells, we
used flow cytometry to measure the intensity
of mCherry in cells co-expressing GFP. In the
absence of inhibitors, the intensity of mCherry
in CD30-GFP/Hela cells was significantly higher
following culture with mCherry-CD30L/CHO
cells than after culture with mCherry-Mem/CHO,
mCherry/CHO or CHO cells (Figures 2A and
2B). There was no significant difference between
mCherry-Mem/CHO, mCherry/CHO or CHO cells
in regard to the intensity of mCherry measured fol-
lowing their co-culture with CD30-GFP/HeLa cells
(Figure 2B and Supplementary Figure S2). Using
this experimental system, we wanted to address
the mechanisms controlling internalisation of the
CD30L-CD30 complex. When we used sucrose
(an inhibitor of clathrin-dependent internalisation),
Pitstop®2 (a clathrin inhibitor) and dynasore (an
inhibitor of dynamin-dependent internalisation),
the internalisation of the CD30L-CD30 complex by
CD30-GFP/Hela cells, as measured by the intensity
of the mCherry signal was not significantly affected.
However, both cytochalasin B and latrunculin
A significantly decreased complex internalisation
(Figure 2C). Representative histograms and flow
cytometry plots for cells treated with cytochalasin
B are shown in Figure 2D and Supplementary Fig-
ure S3, respectively. Cytochalasin B and latrunculin
A did not affect the viability of CD30-GFP/HeLa
cells at the concentration used (Supplementary
Figure S4).

In order to confirm that CD30L-CD30 com-
plexes are internalised in a clathrin-independent
manner, CD30-GFP/HelLa cells were treated with
small interfering RNAs (siRNAs) for clathrin (or
control siRNA), prior to co-culture with mCherry-
CD30L/CHO. Representative flow cytometry data
for this experiment are presented in Supplementary
Figure S5. We observed no change in mCherry in-
tensity in CD30-GFP/HeLa cells following clathrin
knockdown (Figure 2E, left), indicating that inter-
nalisation of the CD30L-CD30 complex may be me-
diated by a non-clathrin, actin-dependent pathway.
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Figure 2| See Legend on next page
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Trogocytosis in CD30 signalling

Figure 2| Analyses of the molecular mechanisms governing the internalisation of the CD30L-CD30 complex into CD30-
expressing cells

(A) CD30-GFP/HeLa cells, pre-cultured for 24 h, were co-cultured with mCherry-CD30L/CHO, mCherry-Mem/CHO,
mCherry/CHO or CHO cells for 1 h. Following cell harvest, the HeLa cell mCherry signal was measured by FACS Verse to detect
internalised CD30L. Representative results from the combination of CD30-GFP/HeLa cells with either mCherry-CD30L/CHO,
mCherry-Mem/CHO or mCherry/CHO cells are indicated in the histogram with a red line, a black line, or as a solid grey area,
respectively. (B) The experiment shown in Figure 2A was performed three times independently and the results presented as
mean + S.D of the MFI, after subtraction of the corresponding mCherry background signal of HelLa cells only (*, P < 0.05).
Data without background subtraction were presented in Supporting Information Figure S2. (C) The effect of inhibitors on the
internalisation of CD30L-CD30 complexes. Following pre-culture of CD30-GFP/HeLa cells in DMEM medium containing 10%
FBS for 24 h, they were co-cultured for 1 h with mCherry/CHO or mCherry-CD30L/CHO cells in the presence of various inhibitors,
then harvested. The mCherry fluorescent signal was detected by flow cytometry, with mCherry/CHO cells used for the control
experiment. The inhibitors used were sucrose and Pitstop® 2 (clathrin inhibitors), dynasore (a dynamin inhibitor), nocodazole (a
microtuble depolymerising agent) and cytochalasin B and latrunculin A (both actin polymerisation inhibitors). The data represent
the summarised fluorescent mCherry signal in CD30-GFP/HelLa cells from each experiment, after subtraction of the background
signal from experiments using control mCherry/CHO cells. The experiment was performed three times independently, and the
results presented as the mean + S.D. of the MFI (*, P < 0.05). The same results for the control (vehicle) are presented in the
experiments carried out at the same time, namely pitstop®2 and latrunculin A, and dynasore, cytochalasin B and nocodazol.
(D) Representative histograms of the experiments using cytochalasin B in Figure 2C are presented (black lines, no inhibitor;
orange and red lines, cytochalasin B at different doses). Experiments using mCherry/CHO cells instead of mCherry-CD30L/CHO
cells, and vehicle alone, are indicated by the solid-grey histograms. (E) The effect of clathrin knockdown on the internalisation
of CD30L-CD30 complexes. siRNAs for the clathrin heavy chain (si Clathrin #1 or #2) or control siRNA (si-control) were trans-
duced into CD30-GFP/HelLa cells and cultured for 48 h. The cells were then co-cultured with mCherry-CD30L/CHO cells for
1 h and harvested. Data represent the summarised fluorescent mCherry signal in CD30-GFP/HelLa cells from each experiment,
after subtraction of the background CD30-GFP/HeLa mCherry signal from the control experiment by CD30-GFP/HelLa and
mCherry/CHO. Experiments were performed three times independently, and the results were presented as the mean + S.D. of
the MFI (left, n.s. not significant). For confirmation of clathrin knockdown, immunoblotting was performed (right) with g-actin
serving as loading control.

of cHL cells alone, CD30 was immunostained using
an FITC- conjugated antibody and assessed by flu-
orescence microscopy. This experiment showed both
co-localisation of mCherry and FITC, and a decreased
surface intensity of FITC (Figure 3A). In contrast,
when mCherry/CHO cells were co-cultured with cHL
cells, co-localisation was not observed, and the surface
signal for FITC remained strong (Figure 3A). This
finding was supported by flow cytometry analysis
(Figure 3B). These results suggest a down-regulation
of surface CD30 after ligation to CD30L, and subse-
quent internalisation of the CD30L-CD30 complex
in cHL cells.

Next we used CFP-CD30L/CHO cell labelled with

The knockdown of clathrin expression by siRNA
was confirmed by immunoblot (Figure 2E right).

Ligation of CD30L to CD30 and internalisation of
CD30L-CD30 complexes in cHL cells

We next examined whether the internalisation of the
CD30L-CD30 complexes that we observed in trans-
fectant HeLa cells might operate in tumours endoge-
nously expressing CD30. Since CD30 is a charac-
teristic marker for cHL and previous reports have
indicated a significant biological role for the pro-
tein in this disease, CD30 signalling may be im-
portant as a molecular target for cHL {Gruss et al.,
1995; Wendtner et al., 1995; Zheng et al., 2003;

Kumar and Younes, 2014}. We therefore examined
whether the CD30L-stimulation of CD30 expressed
by cHL lines by CD30L, similarly triggered internal-
isation of the CD30L-CD30 complexes. To do this,
mCherry-CD30L/CHO cells were co-cultured with
the cHL cell lines, L428 or KMH2. Following harvest

mCherry-Mem, repeated the co-culture experiment,
and then examined the presence of the mCherry
signal in cHL cells fluorescently labelled with
iRFP720 (iRFP720/cHL). This experiment showed
a higher iRFP720/cHL mCherry intensity than the
control experiment using CFP/CHO cells expressing
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Figure 3| See Legend on next page
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Trogocytosis in CD30 signalling

Figure 3 | Localisation of CD30L-CD30 complexes after co-culture with CD30L-expressing cells and cHL cell lines

(A) Representative images of the localisation of CD30 in cHL KMH2 and L428 cell lines after co-culture with CD30L-expressing
cells. After pre-culture of mCherry-CD30L/CHO or control mCherry/CHO cells for 4 h, cHL cells were co-cultured with these
cells and then cHL cells alone harvested. The harvested cHL cells were cytospun onto glass slides and stained with anti-CD30
antibody conjugated with FITC and DAPI, and imaged by fluorescence microscopy. Scale bar, 20 um. (B) Measurement of CD30
expression on the surface of cHL cells after co-culture with mCherry-CD30L /CHO (+) or control mCherry/CHO cells (—). cHL
cells were treated as described in Figure 3A, and the cell surface expression of CD30 measured using the FACSCalibur. Control
staining with anti-lgG1 antibody conjugated with FITC is indicated by the grey histogram. (C) The plasma membrane of CFP-
CD30L/CHO and CFP/CHO were labelled with the expression of mCherry-Mem as described in the Materials and Method. These
cells were co-cultured with KMH2 or L428 cells labelled with iRFP720 for 6 h at 37°C. Then the fluorescence intensity of mCherry
in KMH2 and L428 cells was measured by FACS Verse and the results were shown. KMH2 and L428 labelled with iRFP720 are
indicated as iRFP720/KMH2 and iRFP720/L428, respectively. The mean + S.D. of the MFI from three independent experiments,
after subtraction of the background mCherry signal in cHL cells, is shown in the accompanying bar graph (*, P < 0.05). (D)
Localisation of the fluorescent signals for CD30L and lysosomal compartment. mCherry-CD30L/CHO or mCherry-Mem/CHO
cells, and cHL cells were co-cultured for 3 h, and cHL cells alone were harvested. The cHL cells were cytospun onto glass slides
and stained with anti-LAMP-1 antibody, anti-rabbit secondary antibody conjugated with Alexa 647, and DAPI. The cells were
imaged by confocal fluorescence microscopy. Co-localisation of fluorescent signals for mCherry and Alexa 647 was analysed
using Imaged ver1.0., and the results are presented below the photographs. The analysis position is indicated by the yellow
line shown in each inset, with the corresponding area in the fluorescent image indicated by the yellow arrow. The results were

reproducible and representative of more than 10 cells analysed in each experiment. Scale bar, 10 um.

mCherry-Mem (Figure 3C). Labelling mCherry-
CD30L/CHO cells using CellVue® Maroon and
co-culturing with cHL cell lines, again showed an
increased fluorescent signal for the dye in cHL cells
(Supplementary Figure S6). These results indicate
that cHL cell lines acquire signal for the CHO cell
plasma membrane following co-culture. Finally,
when we labelled the lysosomal compartment of cHL
cells with anti-LAMP-1 and a secondary antibody
conjugated with Alexa 647, the mCherry CD30L-
CD30 signal again tracked around the nucleus and
appeared to merge with the lysosomal compartment
(Alexa 647 staining, cyan; Figure 3D). Collectively,
these results indicate that the internalisation of the
CD30L-CD30 complex occurs in similar manner in
cHL cells as observed in CD30-GFP/HeLa cells.

Internalisation of the CD30L-CD30 complex into

cHL cells and its dependency on actin assembly

To address whether the internalisation of the CD30L~
CD30 complex into cHL cells is dependent on actin,
as we observed in HeLa cells, we used a similar ex-
perimental system, which was performed in Hela
cells (Figure 2A). In the absence of inhibitors, the
intensity of mCherry in cHL cell lines labelled with
iRFP720 (iRFP720/cHL) was higher following co-
culture with mCherry-CD30L/CHO cells than after
co-culture with control mCherry/CHO cells, as ex-

pected (Figures 4A and 4B). This result indicates that
the CD30L-CD30 complex is internalised by cHL
cells. Representative flow cytometry data for this ex-
periment are presented in Supplementary Figure S7.
When we treated cells with sucrose, Pitstop 2, or
dynasore, the signal intensity for mCherry was not
significantly affected, however, cytochalasin B and
latrunculin A again reduced the mCherry signal in
iRFP720/cHL cells significantly (Figure 4C). Rep-
resentative histograms and flow cytometry data for
the experiments using cytochalasin B and sucrose
are shown in Figure 4D and Supplementary Fig-
ure S8, respectively. Cytochalasin B and latrunculin
A did not affect the viability of iRFP720/cHL cells
(Supplementary Figure S9). These results indicate
that internalisation of the CD30L-CD30 complex
into cHL cells is also mediated by a non-clathrin,
actin-dependent pathway, as was observed for CD30-
GFP/Hela cells.

CD30 stimulation induces Ca?* flux

Finally, we examined whether the observed interac-
tion between CD30L and CD30 in our experimental
system was associated with a signalling events. A
previous report showed that CD30 stimulation by an
agonistic antibody in Jurkat cells triggers Ca®" flux
[Ellis et al., 19931. Ca** is an important signalling
messenger [Feske, 2007} and we reasoned it might
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be mobilised by CD30L-CD30 internalisation. To
address this question, we firstly measured the intra-
cellular Ca®* concentration of Hela cells following
co-culture of CFP-CD30L/CHO or CFP/CHO cells
with CD30-GFP/HelLa cells. As shown in Figure 5A,
we found that co-culture of CFP-CD30L/CHO and
CD30-GFP/Hela cells resulted in a significant in-
crease in Hela cell intracellular Ca’**, compared to
the co-culture of CFP/CHO and CD30-GFP/HeLa
cells. Similar results were also obtained when we
cultured CFP-CD30L/CHO or CFP/CHO cells with
cHL cells (Figure 5B). Addition of the actin polymeri-

M. Nakashima and others

sation inhibitor latrunculin A, which inhibits inter-
nalisation of the CD30L-CD30 complex, abrogated
the Ca?" flux in CD30-GFP/HelLa cells triggered by
co-culture with CFP-CD30L/CHO cells (Figure 5C).
We have previously reported that CD30 signalling
can trigger aggregation of TRAF and formation of
signalosomes {Horie et al., 2002}. Accordingly, we
examined whether internalised CD30L-CD30 com-
plexes co-localise with TRAF. When we co-cultured
CD30-GFP/HeLa and mCherry-CD30L/CHO cells,
the fluorescent signal for the CD30L-CD30 complex
in CD30-GFP/HeLa cells appeared to merge with the

Figure 4 | See Legend on next page
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Trogocytosis in CD30 signalling

Figure 4 | Analyses of the molecular mechanisms governing the internalisation of the CD30L-CD30 complex into cHL
cells

(A) Flowcytometric analyses of mCherry-CD30L internalisation into iRFP720/cHL cells. After pre-culture of mCherry-CD30L/CHO
or mCherry/CHO cells in Ham’s F12 medium containing 10% FBS for 24 h, they were then co-cultured for 3 h with iRFP720/cHL
as described. The mCherry signal of the iRFP720/cHL cells was measured by flow cytometry and the resultant histograms
are shown. The combination of iRFP720/cHL and mCherry-CD30L/CHO, or iRFP720/cHL and mCherry/CHO, is indicated by
the black lines and the solid-grey histograms, respectively. The data are representative of three independent experiments. (B)
Quantification of mCherry-CD30L internalisation into cHL cells. The experiment shown in Figure 4A was performed three times
independently and the results presented as mean + S.D. of mean mCherry fluorescent intensity (*, P < 0.05), after subtraction
of the corresponding background mCherry signal for iRFP720 /cHL cells. (C) Inhibition of CD30L-CD30 complex internalisation
in cHL cell lines. mCherry-CD30L/CHO or mCherry/CHO cells were pre-cultured in Ham’s F12 medium containing 10% FBS.
iRFP720/cHL cells were then co-cultured with these CHO cells in an equal volume of Ham’s F12 and RPMI 1640 with the indicated
concentration of inhibitors for 3 h, and then harvested. The fluorescent signal of mCherry, which represents internalised CD30L
in cHL cells marked with iRFP720, was detected by flow cytometry. Experiments were performed three times independently
and the results presented as mean fluorescence + S.D. (*, P < 0.05), with the corresponding background signal of control
experiments subtracted. The same results for the control (vehicle) are presented in the experiments carried out at the same time,
namely pitstop®2 and latrunculin A, and dynasore and cytochalasin B. The control for the nocodazol experiments is identical to
that for cytochalasin B. (D) Representative histograms of the experiments using cytochalasin B and sucrose from Figure 4C are
presented (black line, no inhibitor; red line, cytochalasin B; blue line, sucrose). The experiment using mCherry/CHO cells instead
of mCherry-CD30L/CHO cells and vehicle alone is indicated by the solid-grey histograms.

signal for TRAF (Figure 5D). These results suggest
that the interaction of CD30L-CD30 complexes is
coupled with intracellular signalling processes.

Discussion

Although CD30 ligated by CD30L is currently
thought to work as a signal initiator that remains
on the cell surface {Kuppers et al., 2012; Brenner
etal., 2015}, our results suggest that the process is in
fact more dynamic. On the contact surface of CD30L
and CD30-expressing cells, CD30L and CD30 form
huge clusters, with CD30 extracting CD30L from the
adjoining cell, along with part of their plasma mem-
brane, and triggering internalisation of the clustered
complex. Subsequently, the CD30L-CD30 complex
appears to be transported to the lysosomal compart-
ment without recycling. Our results indicate that this
process is accompanied by signalling events, lysoso-
mal degradation of the CD30L-CD30 complex, and
down-regulation of cell surface CD30 expression that
may initiate a refractory phase against further stimu-
lation by CD30L (Figure 6).

We previously reported that CD30 signal transduc-
tion features cytoplasmic aggregates called signalo-
somes, consisting of molecules such as inhibitor of k B
kinase and TRAF [Horie et al., 2002}. We and oth-
ers have also shown that overexpression of the CD30

cytoplasmic tail is sufficient for signal transduction
[Horie et al., 1996; Thakar et al., 2015}. These re-
sults indicate that CD30 can transduce signals during
its cytoplasmic transport. Previously, Ca?" influx has
been demonstrated in response to antibody stimula-
tion of CD30 in T-cells {Ellis et al., 1993}, and in
the present study, we have similarly shown that the
interaction of CD30L and CD30 is accompanied by
Ca”" influx. Ca’" serves as a messenger to trigger
many cellular signalling pathways, including those
that regulate the activation and proliferation of cells
[Feske, 2007}. Collectively, our results suggest the in-
teraction of CD30L and CD30, and their subsequent
intracellular transport, is coupled with an active sig-
nalling process.

Signal transduction during the internalisation of
TNEFR superfamily members has been documented
for the TNFR type I and Fas {Schutze et al., 2008;
Schneider-Brachert et al., 2013}. Their respective
ligands, TNF and FasL, exist as membrane-bound
type II proteins that are released in a soluble form
when cleaved just above the transmembrane region
by metalloproteases [Aggarwal, 2003]. Experiments
performed using these soluble forms [Schutze et al.,
2008; Schneider-Brachert et al., 2013} have shown
that the internalisation of TNFR type I and Fas after
interaction with their soluble ligands is mediated by
clathrin {Schutze et al., 2008; Schneider-Brachert
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et al., 2013}. Similarly, the internalisation of CD30
by brentuximab vedotin has also been reported to be
mediated by clathrin, but with a dependence on actin
[Sutherland et al., 2006}. Since CD30L normally
exists as membrane-bound form, we used physiolog-
ical membrane-bound CD30L for the stimulation of
CD30 in this study, and showed that internalisation
of the CD30L-CD30 complex is dependent on
actin rather than clathrin. These results indicate a
difference in the internalisation process triggered
by the stimulation of TNFR family members with
either soluble ligands or membrane—bound ligands.

M. Nakashima and others

The results also suggest that the internalisation of
TNFR superfamily members after interaction with
their membrane-bound ligands is not dependent on
clathrin.

Trogocytosis represents the intercellular transfer
of intact proteins through close cell-to-cell interac-
tion and, in immune cells, is an active process cou-
pled with receptor signalling and actin remodelling
[Dopfer et al., 2011; Martinez-Martin et al., 2011}.
Among the TNFR superfamily members, transfer of
CD137 by trogocytosis has been reported in rela-
tion to the suppression of cytotoxic T-cell responses

Figure 5| See Legend on next page
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Trogocytosis in CD30 signalling

Figure 5 | Stimulation of CD30 by CD30L and intracellular signalling

(A) Co-culture of CFP-CD30L/CHO with CD30-GFP/Hela cells and intracellular Ca?+. Intracellular Ca?* in CD30-GFP/Hela cells
was measured by Rhod2-AM binding using flow cytometry as described. The median intensity of Rhod2 over time, with and
without CD30 stimulation, is presented by the thick red and grey lines, respectively. Data represent the mean + S.D. of three
independent counts (*, P < 0.05). (B) Co-culture of CFP-CD30L/CHO with cHL cell lines and intracellular Ca*. Intracellular Ca®+
in cHL cells was measured by Rhod2-AM binding using flow cytometry as described. The median intensity of Rhod2 over time,
with and without CD30 stimulation, is presented by the thick red and grey lines, respectively. Data represent the mean + S.D.
of three independent counts (*, P < 0.05). (C) The effect of actin polymerisation inhibitor on the increase of intracellular Ca?* in
CD30-GFP/Hela cells co-cultured with CD30L-expressing cells. Intracellular Ca®* in CD30-GFP/Hela cells was measured by
Rhod2-AM binding using flow cytometry as described. Latrunculin A (1 «M) was added to co-culture of CD30-GFP/HelLa with
CD30L-expressing cells for 30 min, after which the cells were harvested and analysed. The median intensity of the Rhod2 signal
over time, with and without CD30 stimulation, is presented by the thick red and grey lines, respectively (*, P < 0.05). The median
intensity of the Rhod2 signal after CD30 stimulation, in the presence of latrunculin A treatment is presented by the thick green
line and was compared to intracellular Ca®* without CD30 stimulation (n.s., not significant). (D) The localisation of internalised
CD30L-CD30 complexes and TRAF2. CD30-GFP/HeLa and mCherry-CD30L/CHO cells were co-cultured for 3 h as described
and fixed with 4% paraformaldehyde. The cells were stained with anti-TRAF2 antibody and secondary antibody conjugated with
Alexa 647, then imaged by confocal fluorescence microscopy. The experiment using CD30-GFP/HelLa and mCherry/CHO cells
served as control. The white arrowheads indicate CD30-GFP/Hela cells. Co-localisation of the fluorescent signals for mCherry,
GFP and Alexa 647 was analysed by ImagedJ ver1.0. The analysis position is indicated by the yellow line shown in each inset,
with the corresponding area in the fluorescent image indicated by the yellow arrow. The results are representative of more than
10 cells analysed in each experiment and shown below the fluorescent images. The results are reproducible and representative
of more than 10 cells analysed in each experiment. Scale bar, 10 um.

against tumours by elimination of its ligand {Ho
et al., 2013; Shao et al., 2015}. However, involve-
ment of trogocytosis in the signalling of TNFR su-
perfamily members has not been well documented to
date. Here, we have shown that the internalisation
of the CD30L-CD30 complex into CD30-expressing
cells is associated with the transfer of plasma mem-
brane containing CD30L, and is dependent on actin.
These results suggest that trogocytosis of CD30 and
other TNFR superfamily members takes place dur-
ing cell signalling. It is important to note, however,
that exosome-mediated transfer of cell membrane
components can occur without the need for direct
cell contact [Rechavi et al., 2009}, and experimen-
tal discrimination between the processes of trogocy-
tosis and exosome-mediated transfer can be difficult
[Gutierrez-Vazquez et al., 2013}. Thus, while we pos-
tulate that the internalisation of CD30L into CD30-
expressing cells occurs via trogocytosis, the potential
involvement of exosomal transfer in this process can-
not be excluded. A detailed study of the mechanism
by which CD30L is taken up by CD30-expressing
cells is needed to resolve this question.

Our results also indicate that CD30 signalling via
trogocytosis similarly takes place in cHL cells. While

CD30 signals associated with cell proliferation and
activation in cHL cells have been previously described
[Gruss et al., 1995; Wendtner et al., 1995; Zheng
et al., 2003; Watanabe et al., 2011}, there is one re-
port that has argued the absence of such signals in
cHL [Hirsch et al., 2008}. Our results clearly show
that the mechanism of CD30L-CD30 internalisation
and the associated intracellular signalling that we
observed between CHO cells and HeLa cells express-
ing these molecules ectopically, also operates endoge-
nously in cHL cells. In summary, the results of this
study suggest a novel mode of signalling for TNFR
superfamily members, and provide new insights into
the biological roles of CD30 in normal and malignant
cells and, in particular, in cHL.

Materials and methods

Cell lines and cell cultures

cHL cell lines (L428, KMH2) were purchased from the Ger-
man Collection of Microorganisms and Cell Cultures. HeLa and
CHO cell lines were obtained from the Japanese Cancer Research
Resources Bank and the DS Pharma Biomedical, respectively.
cHL, HeLa and CHO cell lines were cultured in RPMI 1640
medium, Dulbecco’s modified Eagle’s medium and Ham’s F12
(Wako) medium, respectively, with 10% foetal bovine serum
(FBS) and antibiotics.
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Figure 6 | Schematic representation of the formation of the
CD30-CD30L ligand-receptor complex at the cell mem-
brane, its intracellular transport and the status of cells
during CD30 signalling

CD30 extracts CD30L from the adjacent cell in a trogocytic
manner, resulting in actin-mediated internalisation of the com-
plex, generation of signalosomes, intracellular signalling, lyso-
somal degradation and a subsequent refractory phase.
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Chemicals

Sucrose (a clathrin-dependent internalisation inhibitor; Wako),
Pltstop 2 (a novel, selective cell-permeable clathrin inhibitor;
Abcam), dynasore (a dynamin-dependent internalisation in-
hibitor; Sigma—Aldrich), cytochalasin B and latrunculin A (an
actin polymerisation inhibitor; Sigma—Aldrich and Adipogen
Life Sciences, respectively), and nocodazole (a microtubule de-
polymerising agent; Sigma—Aldrich) were used to examine in-
ternalisation of CD30L-CD30 complexes. The inhibitors were
dissolved with DMSO except for sucrose, which was dissolved
with H,O and their conventional concentrations were used for
the experiments. Rhod2 AM (PromoKine) was used as a Ca®t
indicator. CellVue” Maroon Cell labelling Kit (eBioscience) was
used to label cell membranes.

Preparation of stable cell transformants

Full-length CD30 or CD30L ¢cDNA was inserted into the
CSII-EF1 vector (kindly provided by Dr. H. Miyoshi, RIKEN
BioResource Center) for the expression of CD30-GFP, mCherry-
CD30L and CFP-CD30L fusion protein. These plasmids, or
corresponding empty vectors, were transduced into HeLa cells
or CHO cells as described [Fujikawa et al., 2016}, generat-
ing HeLa cells expressing CD30-GFP (CD30-GFP/HeLa), CHO
cells expressing mCherry-CD30L (mCherry-CD30L/CHO) or
CFP-CD30L (CFP-CD30L/CHO), as well as the corresponding
control vector transformants (7.e. GFP/HeLa, mCherry/CHO and
CFP/CHO). The mCherry-Mem construct (a gift from Catherine
Berlot, Addgene plasmid # 55779; Addgene), containing the N-
terminal 20 residues of neuromodulin fused to the N-terminus of
mCherry vector, which labels the plasma membrane [Yost et al.,
20071, was cloned into the CS-EF1 vector and stably trans-
duced into CFP-CD30L/CHO or CFP/CHO, generating CHO
cells expressing CFP-CD30L and mCherry-Mem (CFP-CD30L,
mCherry-Mem/CHO), as well as its control transformant (CFP,
mCherry-Mem/CHO). Cell lines were further enriched by sort-
ing for fluorescence using the FACS Aria (BD Biosciences), which
also served to confirm the expression of CD30 or CD30L in
the transformed lines. For fluorescent detection of cHL cells,
the iRFP720 construct (Addgene) in the CSII-EF1 vector was
transduced into the L428 and KMH2 cell lines GRFP720/L428
and iRFP720/KMH?2) as previously described {Fujikawa et al.,
20161, and the iRFP720 positive cells again sorted using the
FACS Aria (BD Biosciences).

Immunostaining

Cells grown on poly-L-lysine-coated glass slides (Matunami
Glass) or captured by Cytospin (Thermo Shandon) were fixed
with 4% paraformaldehyde phosphate buffer solution (Wako) or
cold methanol for 10 min, and permeabilised with 0.1% tritonX-
100 for 3 min. After washing with 0.01 M PBS, samples were
incubated with the indicated antibody at room temperature for
1 h, washed with 0.01 M PBS with 1% bovine serum albu-
min (Roche) and if necessary, further incubated with an Alexa
Fluor 488 conjugated secondary antibody for 1 h. Primary anti-
bodies were: Anti-TRAF2 antibody (sc-7187) and anti-Clathrin
HC antibody (sc-12734) (both from Santa Cruz Biotechnol-
ogy), anti-LAMP-1 antibody (ab24170; Abcam), anti-CD30L
antibody (AF1028; R&D Systems) and anti-Rabl1 antibody
(71-5300; Thermo Fisher Scientific). Secondary antibodies used
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were anti-mouse IgG (H&L) AP conjugate antibody (S3728;
Promega) and Alexa Fluor® 647 goat anti-rabbit (H+L) IgG an-
tibody (A21245; Thermo Fisher Scientific). Nuclear staining was
performed with DAPI solution (4’,6-diamidino-2-phenylindole
hydrochloride; Sigma—Aldrich). Fluorescence signals were de-
tected using a Nikon Al confocal immunofluorescence micro-
scope (Nikon).

Time lapse imaging

For the observation of CD30L-CD30 complex trogocyto-
sis, CD30-GFP/Hela cells and mCherry-CD30L/CHO or
mCherry/CHO cells were co-cultured in an equal volume of
DMEM and Ham’s F12 media and monitored by time-lapse
microscopy (BioStation IM-Q; Nikon) at 3 min intervals.

Detection of the internalisation of CD30L-CD30 complexes
by flow cytometry

CD30-GFP/Hela cells (8 x 10%) were pre-cultured in DMEM
containing 10% FBS for 24 h and thereafter stimulated with
the overlay of mCherry-CD30L/CHO cells (1 x 10°), or control
CHO cells expressing just mCherry-Mem or mCherry in an equal
volume of DMEM and Ham’s F12 media for 1 h. The cells were
harvested, washed with PBS, and analysed by FACS Verse (BD
Biosciences). For the stimulation of cHL cell lines, mCherry-
CD30L/CHO or control mCherry/CHO cells (7 X 104) were
pre-cultured for 24 h in Ham’s F12 containing 10% FBS. cHL
cells (1 x 10°) were then overlaid on these CHO cells in an
equal volume of RPMI1640 and Ham’s F12 media containing
10% FBS. After incubation for 3 h, cells were harvested, washed
with PBS, and analysed by FACS Verse (BD Biosciences).

RNA interference experiments

For RNA interference experiments, siRNAs were transfected
into CD30-GFP/HeLa cells (8 x 10%/mL) using Lipofectamine
2000 (Thermo Fischer Scientific) and cultured for 48 h. The
siRNAs used were clathrin heavy chain (Ambion” # 107565
and s223262; both from Thermo Fischer Scientific) and AllStars
Negative Control (1027280; Qiagen)

Immunoblot

Total cellular protein was isolated using cell lysis buffer {10 mM
Tris—HCI (pH 7.4), 0.1% SDS, 1% NP-40, 0.1% sodium deoxy-
cholate, 0.15 M NaCl, 1 mM EDTAY}. Whole cell lysates (30 g)
were subjected to SDS-PAGE and transferred to a polyvinyli-
dene difluoride membrane. The membrane was probed with
the primary antibodies and alkaline phosphatase-conjugated
secondary antibody. Antibodies were anti-Clathrin HC anti-
body (sc-12734; Santa Cruz Biotechnology), anti-B-actin anti-
body (sc-69879; Santa Cruz Biotechnology) and anti-mouse IgG
(H+L) AP Conjugate secondary antibody (S3728; Promega).
Immunoreactive proteins were visualised using BCIP/NBT
Color Development Substrate. (5-bromo-4-chloro-3-indolyl-
phosphate/nitro blue tetrazolium; Promega)

Measurement of Ca?t flux

CFP-CD30L/CHO or control CFP/CHO cells (7 x 104/mL) were
pre-cultured in Ham’s F12 containing 10% FBS and were used
for stimulation of CD30-GFP/HeLa and cHL cell lines after 24 h

of culture. CD30-GFP/HeLa (1.5 x 10%)and cHL cells (2 x 10°)
were loaded with Rhod2-AM (PromoCell) in 1 mL of DMEM
and RPMI1640, respectively, for 40 min at 37°C. Then these
cells were harvested, washed with PBS and overlaid on CFP-
CD30L/CHO or control CFP/CHO cells in an equal volume of
DMEM or RPMI 1640 and Ham’s F12 media with 1 mM CaCl,
at 37°C. After incubation of CD30-GFP/HeLa and cHL cells for
30 min or 1 h, respectively, these cells alone were collected and
immediately analysed using FACS Verse (BD Biosciences) and
Flow]Jo (TreeStar) [Ellis et al., 19931.

Statistical analysis
Differences between mean values were assessed using two-tailed
#-tests, with P < 0.05 considered to be statistically significant.

Author contribution

M.N. performed the experiments with the support of
M.W. and wrote a part of the paper. R.H. designed
the study and wrote the paper with comments from
K.U. All authors reviewed and approved the final
version of the manuscript.

Funding

This work was supported in part by a MEXT/JSPS
KAKENHI grant to R.H. (17K08728) and M.W.
(26460439).

Conflict of interest statement
The authors have declared no conflict of interest.

References

Aggarwal, B.B. (2003) Signalling pathways of the TNF superfamily: a
double-edged sword. Nat. Rev. Immunol. 3, 745-756

Brenner, D., Blaser, H. and Mak T.W. (2015) Regulation of tumour
necrosis factor signalling: live or let die. Nat. Rev. Immunol. 15,
362-374

Croager, E.J. and Abraham L.J. (1997) Characterisation of the human
CD30 ligand gene structure. Biochim. Biophys. Acta 1353,
231-235

Croager, E.J., Muir, T.M. and Abraham, L.J. (1998) Analysis of the
human and mouse promoter region of the non-Hodgkin’s
lymphoma-associated CD30 gene. J. Interferon Cytokine Res. 18,
915-920

Dopfer, E.P., Minguet, S. and Schamel, W.W. (2011) A new vampire
saga: the molecular mechanism of T cell trogocytosis. Immunity
35, 151-153

Durkop, H., Latza, U., Hummel, M., Eitelbach, F., Seed, B. and Stein,
H. (1992) Molecular cloning and expression of a new member of
the nerve growth factor receptor family that is characteristic for
Hodgkin’s disease. Cell 68, 421-427

Ellis, T.M., Simms, PE., Slivnick, D.J., Jack, H.M. and Fisher, R.I.
(1993) CD30 is a signal-transducing molecule that defines a subset
of human activated CD45RO+ T cells. J. Immunol. 151, 2380-2389

Feske, S. (2007) Calcium signalling in lymphocyte activation and
disease. Nat. Rev. Immunol. 7, 690-702

© 2018 Société Francaise des Microscopies and Société de Biologie Cellulaire de France. Published by John Wiley & Sons Ltd

— 143 —

123



124

Biolo
SCell

Fujikawa, D., Nakagawa, S., Hori, M., Kurokawa, N., Soejima, A.,
Nakano, K., Yamochi, T., Nakashima, M., Kobayashi, S., Tanaka, Y.,
lwanaga, M., Utsunomiya, A., Uchimaru, K., Yamagishi, M. and
Watanabe, T. (2016) Polycomb-dependent epigenetic landscape in
adult T-cell leukemia. Blood 127, 1790-1802

Gruss, H.J., Ulrich, D., Braddy, S., Armitage, R.J. and Dower, S.K.
(1995) Recombinant CD30 ligand and CD40 ligand share common
biological activities on Hodgkin and Reed-Sternberg cells. Eur. J.
Immunol. 25, 2083-2089

Gutierrez-Vazquez, C., Villarroya-Beltri, C., Mittelbrunn, M. and
Sanchez-Madrid, F. (2013) Transfer of extracellular vesicles during
immune cell-cell interactions. Immunol. Rev. 251, 125-142

Harper, C.B., Popoff, M.R., McCluskey, A., Robinson, P.J. and
Meunier, F.A. (2013) Targeting membrane trafficking in infection
prophylaxis: dynamin inhibitors. Trends Cell Biol. 23, 90-101

Hirsch, B., Hummel, M., Bentink, S., Fouladi, F., Spang, R., Zollinger,
R., Stein, H. and Durkop, H. (2008) CD30-induced signaling is
absent in Hodgkin’s cells but present in anaplastic large cell
lymphoma cells. Am. J. Pathol. 172, 510-520

Ho, W.T., Pang, W.L., Chong, S.M., Castella, A., Al-Salam, S., Tan,
T.E., Moh, M.C., Koh, L.K., Gan, S.U., Cheng, C.K. and Schwarz,
H. (2013) Expression of CD137 on Hodgkin and Reed-Sternberg
cells inhibits T-cell activation by eliminating CD137 ligand
expression. Cancer Res. 73, 652-661

Horie, R., Ito, K., Tatewaki, M., Nagai, M., Aizawa, S., Higashihara,
M., Ishida, T., Inoue, J., Takizawa, H. and Watanabe, T. (1996) A
variant CD30 protein lacking extracellular and transmembrane
domains is induced in HL-60 by tetradecanoylphorbol acetate and
is expressed in alveolar macrophages. Blood 88, 2422-2432

Horie, R. and Watanabe, T. (1998) CD30: expression and function in
health and disease. Semin. Immunol. 10, 457-470

Horie, R., Watanabe, T., Ito, K., Morisita, Y., Watanabe, M., Ishida, T.,
Higashihara, M., Kadin, M. and Watanabe, T. (2002) Cytoplasmic
aggregation of TRAF2 and TRAF5 proteins in the
Hodgkin-Reed-Sternberg cells. Am. J. Pathol. 160, 1647-1654

Kumar, A. and Younes, A. (2014) Role of CD30 targeting in malignant
lymphoma. Curr. Treat Options Oncol. 15, 210-225

Kuppers, R., Engert, A. and Hansmann, M.L. (2012) Hodgkin
lymphoma. J. Clin. Invest. 122, 3439-3447

Lakshminarayan, R., Wunder, C., Becken, U., Howes, M.T., Benzing,
C., Arumugam, S., Sales, S., Ariotti, N., Chambon, V., Lamaze, C.,

Loew, D., Shevchenko, A., Gaus, K., Parton, R.G. and Johannes, L.

(2014) Galectin-3 drives glycosphingolipid-dependent biogenesis
of clathrin-independent carriers. Nat. Cell Biol. 16, 595-606

Macia, E., Ehrlich, M., Massol, R., Boucrot, E., Brunner, C. and
Kirchhausen, T. (2006) Dynasore, a cell-permeable inhibitor of
dynamin. Dev. Cell 10, 839-850

Martinez-Martin, N., Fernandez-Arenas, E., Cemerski, S., Delgado,
P., Turner, M., Heuser, J., Irvine, D.J., Huang, B., Bustelo, X.R.,
Shaw, A. and Alarcon, B. (2011) T cell receptor internalization from
the immunological synapse is mediated by TC21 and RhoG
GTPase-dependent phagocytosis. Immunity 35, 208-222

Rechavi, O., Erlich, Y., Amram, H., Flomenblit, L., Karginov, F.V.,
Goldstein, I., Hannon, G.J. and Kloog, Y. (2009) Cell
contact-dependent acquisition of cellular and viral
nonautonomously encoded small RNAs. Genes Dev. 23,
1971-1979

Rotsch, C. and Radmacher, M. (2000) Drug-induced changes of
cytoskeletal structure and mechanics in fibroblasts: an atomic
force microscopy study. Biophys. J. 78, 520-535

Schneider-Brachert, W., Heigl, U. and Ehrenschwender, M. (2013)
Membrane trafficking of death receptors: implications on
signalling. Int. J. Mol. Sci. 14, 14475-14503

Schutze, S., Tchikov, V. and Schneider-Brachert, W. (2008)

M. Nakashima and others

Regulation of TNFR1 and CD95 signalling by receptor
compartmentalization. Nat. Rev. Mol. Cell Biol. 9, 655-662

Schwab, U., Stein, H., Gerdes, J., Lemke, H., Kirchner, H., Schaadt,
M. and Diehl, V. (1982) Production of a monoclonal antibody
specific for Hodgkin and Sternberg-Reed cells of Hodgkin’s
disease and a subset of normal lymphoid cells. Nature 299, 65-67

Shao, Z., Harfuddin, Z., Pang, W.L., Nickles, E., Koh, L.K. and
Schwarz, H. (2015) Trogocytic CD137 transfer causes an
internalization of CD137 ligand on murine APCs leading to reduced
T cell costimulation. J. Leukoc. Biol. 97, 909-919

Smith, C.A., Gruss, H.J., Davis, T., Anderson, D., Farrah, T., Baker, E.,
Sutherland, G.R., Brannan, C.I., Copeland, N.G., Jenkins, N.A.,
Grabstein, K.H., Gliniak, B., McAlister, 1.B., Fanslow, W., Alderson,
M., Falk, B., Gimpel, S., Gillis, S., Din, W.S., Goodwin, R.G. and
Armitage, R.J. (1993) CD30 antigen, a marker for Hodgkin’s
lymphoma, is a receptor whose ligand defines an emerging family
of cytokines with homology to TNF. Cell 73, 1349-1360

Stein, H., Mason, D.Y., Gerdes, J., O’Connor N., Wainscoat J.,
Pallesen G., Gatter K., Falini B., Delsol G., Lemke H., Schwarting,
R. and Lennert, K. (1985) The expression of the Hodgkin’s disease
associated antigen Ki-1 in reactive and neoplastic lymphoid tissue:
evidence that Reed-Sternberg cells and histiocytic malignancies
are derived from activated lymphoid cells. Blood 66, 848-858

Sutherland, M.S., Sanderson, R.J., Gordon, K.A., Andreyka, J.,
Cerveny, C.G., Yu, C., Lewis, T.S., Meyer, D.L., Zabinski, R.F,,
Doronina, S.0., Senter, PD., Law, C.L. and Wahl, A.F. (2006)
Lysosomal trafficking and cysteine protease metabolism confer
target-specific cytotoxicity by peptide-linked anti-CD30-auristatin
conjugates. J. Biol. Chem. 281, 10540-10547

Suzuki, J., Ohnsihi, H., Shibata, H., Wada, A., Hirayama, T., liri, T.,
Ueda, N., Kanamaru, C., Tsuchida, T., Mashima, H., Yasuda, H.
and Fujita, T. (2001) Dynamin is involved in human epithelial cell
vacuolation caused by the Helicobacter pylori-produced cytotoxin
VacA. J. Clin. Invest. 107, 363-370

Thakar, N.Y., Ovchinnikov, D.A., Hastie, M.L., Kobe, B., Gorman, J.J.
and Wolvetang, E.J. (2015) TRAF2 recruitment via T61 in CD30
drives NFkappaB activation and enhances hESC survival and
proliferation. Mol. Biol. Cell 26, 993-1006

Vasquez, R.J., Howell, B., Yvon, A.M., Wadsworth, P. and
Cassimeris, L. (1997) Nanomolar concentrations of nocodazole
alter microtubule dynamic instability in vivo and in vitro. Mol. Biol.
Cell 8, 973-985

Watanabe, M., Nakano, K., Togano, T., Nakashima, M., Higashihara,
M., Kadin, M.E., Watanabe, T. and Horie, R. (2011) Targeted
repression of overexpressed CD30 downregulates NF-kappaB and
ERK1/2 pathway in Hodgkin lymphoma cell lines. Oncol. Res. 19,
463-469

Wendtner, C.M., Schmitt, B., Gruss, H.J., Druker, B.J., Emmerich, B.,
Goodwin, R.G. and Hallek, M. (1995) CD30 ligand signal
transduction involves activation of a tyrosine kinase and of
mitogen-activated protein kinase in a Hodgkin’s lymphoma cell
line. Cancer Res. 55, 4157-4161

Yost, E.A., Mervine, S.M., Sabo, J.L., Hynes, T.R. and Berlot, C.H.
(2007) Live cell analysis of G protein beta5 complex formation,
function, and targeting. Mol. Pharmacol. 72, 812-825

Younes, A., Bartlett, N.L., Leonard, J.P,, Kennedy, D.A., Lynch, C.M.,
Sievers, E.L. and Forero-Torres, A. (2010) Brentuximab vedotin
(SGN-35) for relapsed CD30-positive lymphomas. N. Engl. J. Med.
363, 1812-1821

Zheng, B., Fiumara, P, Li, Y.V., Georgakis, G., Snell, V., Younes, M.,
Vauthey, J.N., Carbone, A. and Younes, A. (2003) MEK/ERK
pathway is aberrantly active in Hodgkin disease: a signaling
pathway shared by CD30, CD40, and RANK that regulates cell
proliferation and survival. Blood 102, 1019-1027

Received: 5 January 2018; Accepted: 31 January 2018; Accepted article online: 12 February 2018

www.biolcell.net | Volume (110) | Pages 109-124

— 144 —



B R % B W66k H8E (UI8ESA) 3 M

YA BB R

563 OhE - IERHRE KR 1 S

B T MIBEEIL U > i 1) %
Tr—H A kAN — K &

N A K

B X B K & &2 E 2 &

— 145 —



—66 : 8- 2018—

5% 63 EPE - mEXRER

= Hi:20184£2 A 17H~18 H

£ 15 MIURZEZRERRHEERBERIRSE 2 WRE

RaRR F8  BRRAZEZREZRHRREART E R
BRRREREESE)

¥ 3 B A

D863 EhE - BESHES BREEWLJ

A T Ml IR U > A EIZ 81 5
7ua—¥A A M) —RELIEH

N R *

Use and Application of Flow Cytometry for Adult T-cell Leukemia-Lymphoma

Kaoru UCHIMARU, MD, PhD*

Adult T-cell leukemia is one of the most intractable hematological diseases, which is caused by HTLV-1 infec-
tion. Kyushu and Okinawa are the most endemic areas in Japan but the distribution of HTLV-1 carriers is
changing because of migration to megalopolises such as Tokyo and Osaka. ATL is divided into 4 subtypes:
smoldering, chronic, lymphoma, and acute types, and the latter two are called aggressive types. Treatment
outcomes of chemotherapies showed little improvement for more than 40 years. Recently, hematopoietic stem
cell transplantation was shown to improve treatment outcomes for ATL. Morphological estimation of tumor
cells in the peripheral blood is very important for sub-classification or evaluation of the treatment outcome for
ATL, but it is often difficult to discriminate tumor cells from normal lymphocytes because morphological abnor-
" malities are ambiguous. We developed a new flow cytometric analysis system to detect ATL cells, which we
named HAS-Flow (HTLV-1 Analysis System). HAS-flow detects ATL cells as CD3%"/CD7-negative popula-
tions, which revealed the presence of an intermediate population. This system could not separate normal
CD4 T lymphocytes from these intermediate cells, so we introduced analysis of CADM1 expression in this
system. The new flow cytometric system successfully separated CADM1~/CD7* (P) normal CD4 T cells,
CADM1*/CD7~ (N) ATL cells, and an intermediate population(D). The CADMI1/CD7 expression pattern
reflects the progression of HTLV-1-infected cells into ATL cells. The D and N populations detected in the
peripheral blood share many characteristics with aggressive ATL cells, which means basically these cells have
features in common with ATL cells even in the carrier state. HAS flow is useful for monitoring the clinical
course of ATL and HTLV-1 carriers. [Review] [Rinsho Byori 66: 867’\’875, 2018]
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A T HIERE s U > 73 (Adult T-cell leukemia-
lymphoma: ATL) JEE b T HHASE (L5 7 A A4 R.1 B
(Human T-cell leukemia virus type 1: HTLV-1) D3
ko THRZIFME T HIESETHS. ATLIL
1977 4¢, YBEEEAZ D Uchiyama, Takatsuki & 12
£ Y $F L\ clinical entity & L TiRE S hic?. ATL
DEBBSORIEE Tk, ERRELMED THiRE
JEE & LT Sézary SERFECE M THIfEY > RE
(CTCL) L& hicv. ATLD 5L U VR EFE
HR#RA Hodgkin like DM E % R T b Did Hodgkin
Dy RELBHEhTWeE AL, ZhbDKER
BRMITEZ DT REN LN ERB b e T,
Fie, B BHETHHEMEY T IEICEL
fr THIBEOIEENR bR, FENBENI 28H56
Tz, Uchiyama, Takatsuki &% Z 3 & OEEH)
D, BITENIINARRR SIS BB IRRIRE
BRI L, BRIZEMFREEZRDDIZ L.
BEOHSHPAN, EEHBERCRESFEoTRE
ROFERT. REOKEM L ATL ZWIH LN
RS L LTRIB LKL, ATLORBRIZIZELRT
FY— KRdH5bH. LK, BETWS ATLiLheD
EHEEZRLTWEERIZ. BEOHEHEBETHS,
Whp AT ARDERTHAZ LRESE. WE
ERHRTHL2BANNETHo el L b HEHE
DRI RSNWE NI D TH I, D
TV Y— FREECBNTERELLBETH L
OEEMHIZHD THSIPETL B, ATL Oithisg
i, COBEBOREREE U TRENERSELS
ZLERBLTRY, 20OHO—2 L LTRYEEN
HiF b, ATL DREO LA LR LI DY ANV A
BROBEEREDN Y, Z0D% Miyoshi, Hinuma,
Gallo LIz kW ATL YA NABRIZEDDDOTHS
T L. FOERTANADDEER EBHESND ™,
1982 £z bX Yoshida Hi2 L DFI9kB DL hu A
NADEY ) AERFIBERE SRS, ThPBBED

—868—

HTLV-1 T 5.
HTLV-1 B O X B 2 4HIZ L NER S

"Rk ORRYAHY. M. EHEEE. HEKF

PERD B BKEF D T T oIR, Bk, 2F
REBRBE, FERE. B KT RR R
ErHIFHIENTED, HRANICR TR
18 (endemic area) & % 5 TRWHUENDH Y., HHUT
7Y%, BT 7YV, =a—F=F, AT
TO—E,, W) THBREEE. BX. TLUTHERR
&3 endemic area TH D%, FFLITBVIF S HILV-1
RS #E 1988 EDBRIMT — X 2 b LT LEHET
120 5N, FO 5 BRM. G EEE O
it 50.9%. BIRM FEEEFOLEIX 108%TH -
75?2007 EDOFHORETIIZETIB HTAL
BRL TR DI ST, BEMEKEEEOLET
17.3% &M LTz, Tk HTLV-1 BREHERE
HE~BETIZ LR IVERNOSRREDL>TE
T2 LaR% L. endemic area DA TIE AL,
PLAZNETHEVHBEINTZ RS 27, non-
endemic area DREHICBITAMENREETHDZ
EERLTWNS, 2011 42 BEiZ &% HTLV-1 &
BRHENBRE S h, EFIIERM L LT2AARANR
TH HTLV-1 HitkD A7 ) —=2 F2ZFF TN,
2012 E DIFEHRBIC I 17 BT HTLV-1 iR tkE
DEEFEBHE R I ENIE. REBEREEBIZRANT
LEE 30, HEDEBZONTESMUTHY., K
HHBICB T ANEPBBETHL L E2WE->TWN
5. 2016 EiZfTONIcHEETIZL2ETH R HTAL
RoTRY., WBEmiciEH N, 4% Lb2EY
RNV TORMEBRBEERD,

I, ATL & HTLV-1

ATLIZ HTLV-1 DX RO /2 -~ EBRTH D
A, HTLV-1 i fthiz & HTLV-1 BH@EF§EE (HTLV-1
associated myelopathy: HAM), HTLV-1 5% 5 Ji#%
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(HTLV-1 uveitis: HD) 72 K, #EMEBRI SR
To TNHOEBERETIORBREEDS LOT

{—ETHY., ATL OBREFIC BRI} 5 EERERIZ
S%EE. HAMIZOWTIX 03%RBELHEES AL TY
%, HTLV-1 OB — MIIF LA ERBEEANL
TefEJRmg, MBI DIBRLELBLNATNS,
POTIHRIVERB D T LEZ BRBA, 1986 4
LI BHARTHL HTLV-1 HiiERZENEA Sh TR
gwmlEZz bR,
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