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Abstract: Adult T-cell leukemia (ATL) is an indolent leukemia caused by type 1 human T-cell
leukemia virus (HTLV-1). A variety of therapeutic interventions via immunological approaches
have been attempted. ATL cells express costimulatory molecules of natural killer (NK) cells, and a
new modality—amplified NK (ANK) cell treatment—was administered here to a patient with ATL.
A 70-year-old female presenting with ringworm infection received a diagnosis of smoldering ATL in
2004. Monitoring of soluble IL-2 receptors (sIL-2Rs) in the serum showed disease exacerbation in
2007, associated with the enlargement of lymph nodes and formation of a skin tumor. NK cells were
amplified by in vitro cell culture methods. To avoid cytokine release syndrome, 2–5 × 108 cells were
administered with each injection. A total of 15 injections from 12 November 2007 to 15 February 2008
were administered to this patient. This case showed drastic downregulation of sIL-2R, resulting in
the induction of complete remission, which lasted for >5 years. This is the first report of treatment of
a patient with ATL using ANK cell therapy. More attempts of this therapy will enhance our insight
into the appropriate application of this new therapy to clinically diverse patients.
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1. Introduction

Identification of human T cells by an antithymocyte antibody, in addition to the classical method
of rosette formation with sheep red blood cells, became possible in the 1970s. The application of this
method led to a preliminary case report of adult T-cell leukemia (ATL), followed by the establishment
of this clinical entity in Japan [1,2]. In addition to T-cell properties, their clinical profiles (leukocytosis,
lymphadenopathy, hypercalcemia, aberrant lymphocytosis) displayed a very aggressive clinical course.
It has been noted that the birth places of these patients were mostly in southwestern Japan, and a
subsequent study showed that this region experiences HTLV-1 endemicity [3,4]. After the reports of
HTLV-1 occurrence, ATL was classified into four clinical subtypes: acute, chronic, lymphoma, and
smoldering [5]. It has also been described as adult T-cell leukemia-lymphoma (ATLL) [6].

A surface marker study of ATL cells showed that ATL cells express CD3-T cell receptor (TCR)
complexes weakly, which has been determined by measuring the mean fluorescence intensity
using flow-cytometric analysis with anti-CD3–TCR monoclonal antibodies (mAbs) [7]. ATL cells
can be distinguished by their dim staining of CD3 when compared with the normal CD4 cells
in flow-cytometric studies [8]. It was also found that the unique T-cell population “CD4−CD8−
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double-negative harboring αβ TCR”, which arises from the gastrointestinal tract, is a target of the
HTLV-1-induced leukemogenesis [9]. Furthermore, the double-negative ATL cells showed poor
expression of the CD3–TCR complex [10]. A recent integrated molecular study of the ATL genome also
revealed the frequent alteration in TCR-nuclear factor κB signaling, which may suggest stimulation of
ATL cells through TCR [11].

Stimulation of CD3–TCR causes the activation of ATL cells with phenotypes CD3+, CD4+, CD8−,
and CD25+ [12]. Subsequently, numerous cytokines have been reported to be secreted in HTLV-1
infection, such as interleukin-1β (IL-1β), IL-1α, tumor necrosis factor α (TNF-α), TNF-β, and IL-6 [13].

Not only cytokines but also chemokine MIP-1α has been found to be synthesized by ATL cells.
Initially, it was referred to as LD78 because its expression was identified before it was classified as a
chemokine [14]. The expression of chemokine receptor CCR4 in ATL has also been noted, and this
finding has led to the development of the mAb therapy for ATL, as discussed later [15].

The therapy of patients with ATLL based on their immunological features has been initiated
using an anti-CD25 mAb because CD25 is overexpressed in ATL cells. This therapy is based on a
humanized monoclonal antibody that blocks IL-2 binding by recognizing the interleukin-2 receptor
α chain (CD25). Binding-site saturation on ATL cells in lymph nodes requires the antibody to be at
8 mg/kg. By means of the mAb as a therapeutic agent, however, only partial responses have been
observed in patients with chronic and smoldering ATLL [16]. Recently, anti-CCR4 mAb therapy
(mogamulizumab) was used after discovering that ~90% of ATL cells are positive for CCR4 [15].
This therapy, requiring only 1 mg/kg antibody, has been found to be effective at treating patients with
ATLL, who have limited treatment options owing to the intrinsic resistance of ATL cells to conventional
chemotherapy [17]. However, treatment with mogamulizumab therapy has often been associated with
skin eruptions as an adverse effect. There is a report of a patient with ATL who received a diagnosis
of Stevens-Johnson syndrome after this therapy [18]. A case of fatal immune recovery inflammatory
syndrome (IRIS) has been associated with this anti-CCR4 mAb therapy, probably occurring due
to depletion of regulatory T cells, which also harbor CCR4 [19]. Recent genetic analysis showed
overexpression of the programmed cell death ligand (PD-L1 gene) [20]. Because of a well-known
immune suppressor function of PD1–PD-L1 interaction, anti-PD-1 antibodies have been administered
to patients with ATLL; however, they lead to rapid disease progression [21]. The Tax oncoprotein
activates various cellular and viral genes, including cytokines and their receptors [22]. These cellular
genes include costimulatory-signal-related genes (CD80, CD86, and CD137L), which are known
to stimulate natural killer (NK) cell activity [23]. The expressed costimulatory antigens stimulate
cytotoxic T lymphocytes and natural killer cells [24,25]. Therefore, the activated killer cells may
eliminate transformed cells in a healthy carrier, and a long latent period until old age is needed
for manifestation of the clinical outcome of ATL. It is also known that the percentage of NK cells
with the CD16+CD56+ phenotype is significantly lower in the HTLV-1-infected healthy carriers [26].
Furthermore, the NK-cell-inhibitory molecule HLA-Class I gene is hypermethylated and silenced in
many ATL cells [11]. Therefore, we believe that the ANK cell treatment of ATL is a rational approach.

2. Case Report

A 70-year-old female received a diagnosis of high blood pressure. She had a ringworm infection
in the whole body since the fall of 2004. Despite consultation and treatment at a clinic, her condition
had not improved. Therefore, she was referred to a university hospital for further evaluation, and
finally a diagnosis of smoldering ATLL was made because of the presence of an anti-HTLV-1 antibody
and provirus DNA of HTLV-1. Her daughter and husband tested negative for anti-HTLV-1 antibodies.
She was treated with a varicella vaccine derivative as an immune adjuvant in a university hospital.
Her skin lesions experienced repeated remission and aggravation. Her disease was monitored by
measuring soluble IL-2 receptor (sIL-2R) levels. Acute crisis was diagnosed because of the observed
elevation in sIL-2R levels, from 1800 U/mL in April 2007 to 11,000 U/mL in September 2007. She had
a significant number of anomalous cells (27%) in the blood, when analyzed in August 2007 (Figure 1).
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PET showed systemic enlargement of lymph nodes (Figure 2A), and skin lesions were also found
(Figure 2B). ANK cell treatment was approved by the ethical committee of the Ebino clinic, and written
informed consent was obtained from the patient.

Figure 1. Soluble IL-2 receptor (sIL-2R) levels in the serum of the patient. Due to the gradual
increase of the levels, ANK cell treatment was initiated. After repeated injections of ANK cells,
sIL-2R levels decreased. The red arrow indicates an injection associated with ANK cell treatment.
The blue color indicates venous blood collection for the ANK cell culture. The typical range of sIL-2R
was 190–650 U/mL before 1 October 2009, and thereafter shifted to 122–496 U/mL.

Figure 2. A positron emission tomography-computed tomography (PET-CT) image (before the ANK
cell treatment) and skin lesions of the patient. (A) PET-CT revealed the enlargement of multiple lymph
nodes before ANK cell treatment; (B) She had a rash and tumors on her whole body in the early phase
of ANK cell treatment (3 December 2007); (C) After the repeated administration of ANK cells, she was
cured of multiple skin lesions (21 February 2008).
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2.1. Preparation of ANK Cells

Her peripheral blood mononuclear cells (PBMCs) were isolated from whole blood by Ficoll
(Lymphoprep; Alere Technologies, Oslo, Norway) density gradient centrifugation. PBMCs (5 × 105 to
106/mL) were cultured in 50% AIM (Thermo Fisher Scientific, Waltham, MA, USA )/50% KBM502
(Kojin-Bio, Sakado, Japan) containing TU-A (ligands for CD28 and CD137 supplemented with
IL-15, Immunopathology Institute, Kyoto, Japan) and 20% v/v NK cell serum replacement (NKSR,
Immunopathology Institute, Kyoto , Japan) supplemented with recombinant human IL-2 (rIL2)
(500 U/mL). IL-2 and IL-15 are reported to stimulate NK cells and NK receptor-positive T cells [27],
and this modified culture also supports the growth of NK cells. Half volume of the cultured medium
was replaced every 2–3 days with a fresh medium. After 2 to 3 weeks, surface marker analysis showed
that 50% to 90% of the cultured lymphocytes were CD3-negative and CD56-positive, indicating that the
majority had the NK phenotype. NK activities were measured as described elsewhere [28]. The average
NK activity value of cells from 20 heathy persons (13 males, 7 females, age 20 to 72 years) was 8.9% at
the E:T ratio of 5:1; and it was 87% for this patient’s ANK cells that were cultured for 14 days (Table 1).
ANK cells were also cytotoxic to NK-resistant Daudi cells.

Table 1. NK activity of fresh lymphocytes from normal healthy individuals and ANK cells from
the patient.

Freshly Prepared Lymphocytes (n—20) The Cultured Lymphocytes (ANK)

NK activity (K562, E:T ratio = 40:1) 41.5% (15.4–73%) *
NK activity (K562, E:T ratio = 5:1) 8.9% (0–20.6%) NK activity (K562, E:T ratio = 5:1) 87%

NK activity (Daudi, E:T ratio = 5:1) 73%

* The lowest and highest values of NK activity are shown in parentheses.

2.2. ANK Cell Treatment

The cultured lymphocytes were subdivided into multiple cryovials and stored at −80 ◦C.
Before the ANK cell treatment, the frozen cultured lymphocytes were thawed and cultured in the fresh
medium for 5 days. By monitoring NK activity of injected individuals who had cancer, it was found
that NK-cell activity decreased 3 to 4 days after a single injection of ANK cells. To maintain NK cell
activity, ANK cells were given twice a week.

To avoid cytokine release syndrome, 2–5 × 108 cells were administered per injection. A total of 15
injections from 12 November 2007 to 15 February 2008 were administered to this patient. In response to
the treatment, this case showed a drastic decrease in the level of sIL-2R (Figure 1) and disappearance of
skin tumors (Figure 2C). The patient has been in complete remission for more than 5 years. Skin lesions
were cured at the last administration of ANK cell treatment; thereafter, sIL-2R concentration decreased
and became stable at ~1000 U/mL. Hematological and clinical examinations showed no abnormality.
No supportive therapy for ATLL was administered and the complete remission had persisted until she
died of myocardial infarction on 22 April 2013.

3. Discussion

The ANK cell treatment described here specific for tumor cells and poses a low risk of severe
damage to the normal immune system. We have been expanding this therapy to other smoldering or
chronic lymphoma cases. With this therapy, patients with ATL have not experienced serious adverse
effects as seen in anti-CCR4 [18,19] or anti-PD-1 therapy [21]. The high expression of PD-1 on ATLL
cells is also reported [29]. Therefore, an anti-PD-1 antibody may inhibit the negative self-regulatory
signal through PD-1 and PD-L1 in ATLL cells and induce the proliferation of ATLL cells. In ATLL,
PD-L1 may work both as an inhibitor of ATLL cell proliferation and an immune suppressor of a
normal immune system. On the contrary, it has been reported that a large number of ANK cells
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kills PD-L1-positive tumor cells [30]. These findings suggest that repeated administration of NK cells
including ANK cells relieves the immune suppression through the PD-1–PD-L1 pathway.

Recently, lenalidomide demonstrated a promising antitumor activity against aggressive ATL [31].
Furthermore, lenalidomide may activate NK cells and has synergistic activity with antitumor
antibody therapy by increasing antibody-dependent cell-mediated cytotoxicity [32] and indicates
the suppression of PD-1 and PD-L1 expression in tumor cells [33]. It would be interesting to see if the
synergistic effect of lenalidomide with ANK cell treatment can be observed. Because of the aggressive
nature and frequent adverse effects observed with the use of biological agents, as described in the
introduction, other new therapies should be explored for treating ATL.

In this case report, the patient with acute ATL was successfully treated by ANK cell administration,
and the patient has been well since February 2008. We have treated more than four cases of smoldering
or chronic ATL successfully (Sho Nagai, Yuji Okubo et al. manuscript in preparation).

The ANK cell treatment should be evaluated more extensively regarding the general use for
patients with cancer or a chronic infectious disease, such as multidrug-resistant tuberculosis, because
low NK cell activity denotes accumulation of the bacterial load [34].

We recently showed that Tax induces osteopontin (OPN) expression by transactivating its
promoter [35]. OPN is an autocrine and paracrine mediator, interacting with integrin αvβ3 or CD44
for transduction of cell-matrix signaling directed to increase motility, invasion, and angiogenesis.
Immunohistochemical staining of lymph nodes and skin from patients with ATL by means of anti-OPN
antibodies indicates that the expression is weak to moderate in ATL cells but moderate to strong in
infiltrating macrophages. A comparison between the level of plasma OPN and clinical data has shown
a significant correlation between plasma OPN and performance status, total involved lesion, LDH,
and the lymphocyte count (p < 0.01) [36].

The anti-OPN mAb, not to human but to mouse OPN, was reported to inhibit the growth of
human ATL cells in mice with a transplant because this antibody reacts with fibroblasts, which are
involved in supporting tumor growth [37]. Adhesive molecules may work as costimulatory signals for
ATL. More research on this mAb for application to ATL therapy is necessary.

In diffuse large B-cell lymphomas, the B-cell receptor signaling mode has been more specifically
described as “chronic active”, being qualitatively similar to the signaling of antigen-exposed B cells.
Furthermore, tumor regression has been achieved by the inhibition of B-cell receptor signals [38].
Attempts should also be made to develop effective inhibitors of TCR in ATL, which are apparently
stimulated in vivo.

4. Conclusions

We described immunological features of ATL cells and found that ANK cell therapy may be
effective as a treatment for ATL. One case with acute crisis of ATL was shown to be successfully treated
by this modality. ATL cells have other immunological features such as downregulation of CD3–TCR
complexes and expression of matricellular proteins. The development of new immunological therapies
involving these molecules is necessary in addition to the ANK cell therapy.
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