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Figure 5 A fraction of ATL cells forming colonies on the monolayer of NECs showed intracellular expression of CD44. A: Cell surface expression of CD44 on
adhering and nonadhering ATL-CR cells. ATL-CR cells were co-cultured with HEK293T cells for 24 hours. B: Blocking antibody for CD44 inhibited the apoptosis-
protective effects conferred by co-culture with HEK293T cells. ATL-CR cells cultured alone were pretreated with anti-CD44 antibody or control IgG for 1 hour
and then were cultured for an additional 24 hours with or without HEK293T cells in the presence of 0.8 umol/L TSA. C: Three-dimensional analysis by confocal
microscopy. Expression of CD44 was observed on ATL-CR cells that formed colonies on the monolayer of HEK293T cells. Expression was particularly pronounced
on ATL-CR cells located at the upper and central regions of the colonies. D: Percentage of intracellular (D44 cells. E: CD44 and cyclin D1 expression. The TSA
concentration used in D and E was 0.8 pmol/L. F: Nuclear localization of cyclin D1 in CD44™ high cells. ATL-CR cells were cultured in the absence of TSA. G:
CD44 and vimentin expression on ATL-CR cells co-cultured with 1C3IKEI and normal human dermal fibroblast (NHDF) cells. The data are presented as the
means =+ SD of three independent experiments. *P < 0.01. Scale bars: 10 um (C and E); 50 pm (G).
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Figure 6

Fresh ATL cells adhering to NECs formed colonies, escaped from TSA-induced apoptosis, and augmented CD44 expression. A—D: PBMCs derived

from patients with ATL with chronic type (patient 1) and acute type (patient 2) were cultured alone or with HEK293T cells with or without 0.8 pmol/L TSA, and
then cell-cycle analysis and immunofluorescence staining for CD44 and vimentin were performed. A: Percentage of apoptotic cells (Apo) and GO/G1 phase cells.
B: Expression of CD44 and vimentin in TSA-treated ATL cells. C and D: Expression of CD44 and vimentin in TSA-untreated ATL cells derived from patient 1 (C)
and patient 2 (D). E: Cell-cycle analysis in HTLV-1—negative T-cell lymphoma cells. HUT78 and Jurkat cells co-cultured with HEK293T cells were treated with
0.8 wmol/L TSA for 48 hours. F: Expression of CD44 and vimentin was examined in HTLV-1—negative T-cell lymphoma cells co-cultured with HEK293T cells for

24 hours in the presence of 0.8 pumol/L TSA. Scale bars: 50 um (B~D and F).

examine whether CD44 is involved in apoptosis resistance, we
pretreated ATL-CR cells cultured alone with 40 pg/mL of anti-
CD44 antibody or control IgG for 1 hour and then cultured for
an additional 24 hours in the presence or absence of HEK293T
cells (Figure SB). Treatment with anti-CD44 antibody signif-
icantly reduced apoptosis resistance in ATL-CR cells cultured
alone and co-cultured with NECs. These results indicate that
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elevated CD44 expression is involved in conferring apoptosis
resistance on TSA-treated ATL-CR cells. Three-dimensional
analysis by confocal microscopy revealed a population of
ATL cells strongly positive for intracellular CD44; such cells
were located on top of colony-forming, vimentin-positive
ATL cells (Figure 5C). The proportion of cells showing strong
intracellular staining for CD44 was significantly higher in
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ATL cells co-cultured with NECs than in ATL cells cultured
alone (means =& SD: 10.68% =+ 1.65% for TSA-treated co-
cultured ATL cells and 1.91% =+ 0.47% for TSA-treated ATL
cells cultured alone; P < 0.001) (Figure 5D).

Recently, it was reported that nuclear translocation of
CD44 promotes cell proliferation through direct binding to
the promoter region of the cyclin D1 gene.”® We, therefore,
examined whether cells positive for intracellular CD44
express cyclin D1. In TSA-untreated ATL cells, CD44
expression was restricted to the cell surface, with no
evidence of nuclear translocation of cyclin D1 (Figure 5E).
In TSA-treated ATL cells cultured alone, CD44 surface
expression was low, with little detectable nuclear trans-
location of cyclin D1. In contrast, a fraction of ATL cells
co-cultured with NECs was strongly positive for intracel-
Iular CD44 and cyclin D1 regardless of whether they were
treated with TSA. In ATL cells co-cultured with NECs,
nuclear translocation of cyclin D1 was induced after nuclear
translocation of CD44 (Figure 5F). These results suggest
that nuclear translocation of cyclin D1 enables a fraction of
ATL cells to enter the cell cycle from the resting G0O/G1
phase, thus accounting for the slower, yet demonstrable cell
proliferation observed in Figure 3C.

We confirmed that as in co-culture with HEK293T cells, co-
culture with primary epithelial 1C3IKEI cells induced
expression of CD44 on a fraction of colony-forming ATL cells
(Figure 5G). However, when ATL-CR cells were co-cultured
with normal human dermal fibroblasts, they neither formed
colonies nor increased CD44 expression (Figure 5G). These
results suggest that NECs and fibroblasts confer apoptosis
resistance on ATL cells through distinct mechanisms.

Freshly Isolated ATL Cells Form Colonies when Co-
Cultured with NECs, Escape TSA-Induced Apoptosis,
and Augment CD44 Expression

To assess the clinical relevance of cell-cell interaction
between ATL cells and NECs, we isolated PBMCs from two
patients with ATL. Patient 1, with chronic-type ATL, had
a white blood cell count of 6100/uL, of which 37.3% were
lymphocytes. Patient 2, with acute-type ATL, had a white
blood cell count of 29,520/uL., of which 88% were lympho-
cytes. Patient-derived PBMCs were cultured alone or with
HEK293T cells with or without 0.8 pmol/L. TSA, and then
cycle analysis and immunofluorescence staining for CD44
and vimentin were performed. ATL cells co-cultured with
HEK293T cells showed no increase in the percentage of
apoptotic cells when treated with TS A for 48 hours, indicating
that direct co-culture with NECs rescued ATL cells from
TSA-induced apoptosis (Figure 6A). When co-cultured with
HEK?293T cells, a sizable proportion of ATL cells from both
patients formed colonies on the monolayer of HEK293T cells
and markedly increased CD44 and vimentin expression in the
presence (Figure 6B) and absence (Figure 6, C and D) of TSA.
Therefore, co-culture with NECs induced similar phenotypic
changes in both ATL cell lines and freshly isolated ATL cells.
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Next, we examined whether NEC-induced protection
occurs in leukemic cells other than ATL cells. When the
HTLV-1—negative T-cell lymphoma cells Jurkat and HUT78
were cultured alone in the presence of TSA, they both dis-
played an increase in the percentage of apoptotic cells, and this
increase was abrogated by co-culture with HEK293T cells
(Figure 6E). Furthermore, similar to ATL cell lines and freshly
isolated ATL cells, HUT78, an epidermotropic HTLV-
1—negative T-cell lymphoma cell line established from
a patient with Sezary syndlrome,19 formed colonies on the
monolayer of HEK293T cells and markedly increased CD44
and vimentin expression (Figure 6F). In contrast, Jurkat cells
co-cultured with HEK293T cells neither formed colonies nor
increased CD44 expression, suggesting that they presumably
escaped from TSA-induced apoptosis by mechanisms distinct
from those operating in ATL and HUT78 cells (Figure 6F).

Co-Culture with NECs Reduces the Expression of NKG2D
Ligands on ATL-CR Cells

MICA and MICB (MHC class I chain-related proteins A
and B) are stress-inducible NKG2D ligands that interact
with the activating NKG2D receptor expressed on NK
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Figure 7  Direct co-culture with NECs reduced the expression of NKG2D

ligands on ATL-CR cells. A: Induction of MICA/B expression on ATL-CR cells
treated with TSA for 18 hours. ATL-CR cells were cultured alone or with HEK293T
cellsin the presence of 0.2 pmol/L TSA or vehicle. The cell surface expression of
MICA/B on ATL-CR cells was analyzed by FCM using an anti-human MICA/B
antibody. B: Susceptibility of TSA- or vehicle-treated ATL-CR cells to NK
cell-mediated cytotoxicity. ATL-CR cells were treated with 0.2 umol/L TSA or
vehicle for 18 hours. CFSE-labeled KHYG-1 cells were used as effector cells and
ATL-CR cells as target cells in cytotoxicity assays. Effector cells were incubated
with nonlabeled target cells cultured alone or with CFSE-labeled HEK-293T cells
at the indicated effector to target cell (E:T) ratios in triplicate wells of 24-well
plates for 18 hours. Apoptotic ATL-CR cells were evaluated by FCM for the
percentage of sub GO/G1 phase cells in the CFSE-negative cells. The data are
presented as the means 4 SD of three independent experiments.
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cells.” ! This interaction activates NK cells, thereby
facilitating the elimination of tumor cells. To examine
whether co-culture with NECs affects immunologic prop-
erties of ATL cells, we cultured ATL-CR cells in the
presence or absence of HEK293T cells in a medium con-
taining 0.2 pmol/L. TSA and examined MICA/MICB
expression on ATL-CR cells. ATL-CR cells co-cultured
with HEK293T cells expressed decreased levels of MICA/
MICB (Figure 7A). Consistent with this, they became less
susceptible to NK cell—mediated cytotoxicity (Figure 7B).
These results suggest that interactions with NECs help ATL
cells evade NKG2D-mediated immune attack.

Discussion

We demonstrated that in ATL cells cultured alone, TSA
treatment induces leCip !accumulation, leading to cell-cycle
arrest and apoptosis, whereas co-culture with NECs induces
GO/G1 accumulation in TSA-treated ATL cells, enabling
them to stay in a quiescent state and to acquire apoptosis
resistance (Figures 1, 2, and 3). This resistance was acquired
even when ATL cells cultured alone were pretreated with
TSA and then co-cultured with NECs in fresh TSA-free
medium, indicating that the contact with NECs subsequent
to exposure to TSA enabled ATL-CR cells that otherwise
were destined to undergo apoptosis to recover and resume
growth (Figure 3). HDAC inhibitors, such as TSA, VPA, and
NaB, induce not only transcriptional activation of viral and
host genes but also genomic instability by a variety of
mechanisms.*>** Thus, the present data suggest that NECs
have a key role in guarding ATL cells from genomic insta-
bility, including reactivation of viral genes.

Co-culture with NECs induced cellular quiescence in ATL
cells as assessed by cell-cycle analysis and staining with Ki-67
(Figure 3). ATL-CR cells that adhered to NECs displayed
enhanced expression of CD44 and vimentin (Figures 3, 4, and
5). In this regard, treatment of CSCs with high concentrations
of hyaluronan induces cellular quiescence, epithelial-
mesenchymal transition, and a multidrug-resistant pheno-
type.>> Expression of vimentin and CD44 might be induced by
hyaluronan fragments in the extracellular matrix produced by
NECs. Accumulating evidence indicates a close link between
epithelial-mesenchymal transition and cancer stemness.” It is,
therefore, possible that direct contact with NECs induces CSC-
like phenotypes in ATL cells.

Co-culture with NECs induced expression of CD44 and
vimentin in not only ATL cell lines but also ATL cells freshly
isolated from patients (Figure 6, A—C), strongly suggesting
the potential clinical importance of our observation. Indeed,
recent work has shown that CD44 is expressed on
skin-infiltrating tumor cells in patients with ATL.*® Taken
together, the present study suggests that interactions with
epithelial cells induce CSC-like phenotypes in ATL cells and
make them highly resistant to chemotherapies. Co-culture with
NECs exerted antiapoptotic effects on two HITL'V-1—negative
T-cell lymphoma cells, Jurkat and HUT78 (Figure 6E), and
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induced the expression of CD44 and vimentin in HUT78 cells
(Figure 6F). These observations suggest that NECs may play
a protective role in lymphomas other than ATL.

Co-culture with NECs reduced expression of the stress-
inducible NKG2D ligands MICA and MICB in TSA-treated
ATL cells (Figure 7A), presumably because it reduced
cellular stresses incurred by epigenetic changes. Reduced
MICA and MICB expression made ATL cells less suscep-
tible to cytotoxicity mediated by NKG2D" NK cells
(Figure 7B). These results suggest that NECs not only
induce CSC-like phenotypes in tissue-infiltrating ATL cells
but also facilitate immune evasion by tumor cells.

HDAC inhibitors have emerged as a new class of prom-
ising chemotherapeutic agents against cancer.”> However,
monotherapeutic clinical trials with HDAC inhibitors have
met with only limited success in most types of cancers.>”-3®
The therapeutic efficacy of HDAC inhibitors in patients
with ATL is still a controversial issue.>®*° Furthermore, the
safety of this treatment has not been established because it
could activate viral genes.'* The present work suggests that
the therapeutic effectiveness of HDAC inhibitors will be
reduced against leukemia cells that have invaded epithelial
tissues and, thereby, acquired resistance to the inhibitors.

In conclusion, the results of the present study suggest that
a propensity of leukemia cells to infiltrate epithelial tissues
might produce at least two pathologic outcomes in patients
with ATL: survival of leukemia cells through the acquisi-
tion of CSC-like phenotypes and evasion of the host
immune response through reduced expression of NKG2D
ligands.
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