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Introduction

Adult T-cell leukaemia-lymphoma (ATLL) is an aggres-
sive malignancy of CD4" T lymphocytes, in which the
human T-cell lymphotropic virus type 1 (HTLV-1) has
been recognized as the aetiological agent."* Most ATLL

Summary

Adult T-cell leukaemia-lymphoma (ATLL) is an aggressive malignancy of
CD4" CD25" T lymphocytes, characterized by a severely compromised im-
munosystem, in which the human T-cell lymphotropic virus type 1
(HTLV-1) has been recognized as the aetiological agent. This study found
that an IxB kinase  (IKKf) inhibitor Bay11-7082 inactivated mammalian
target of rapamycin (mTOR), signal transducer and activator of transcrip-
tion 3 and transcription factor nuclear factor-«B in HTLV-1-infected
T cells; this was significantly enhanced in the presence of the mTOR inhib-
itor everolimus. In addition, Bayl1-7082 decreased production of the
immunosuppressive cytokine interleukin-10 (IL-10), which was further
down-regulated when Bayl1-7082 was combined with evelolimus in
HTLV-1-infected T and ATLL cells isolated from patients. Interleukin-10
is known to inhibit maturation and the antigen-presenting function of
dendritic cells (DCs). The culture media of HTLV-1-infected MT-1 cells,
which contained a large amout of IL-10, hampered tumour necrosis factor-
a-induced maturation of DCs isolated from healthy volunteers. Culture
supernatant of MT-1 cells treated with a combination of Bayl1-7082 and
everolimus augmented maturation of DCs in association with a decrease in
production of IL-10 and enhanced the allostimulatory function of DCs.
Similarly, when DCs isolated from patients with ATLL were treated with
the combination of Bayl1-7082 and everolimus, they were fully matured
and their capability to stimulate proliferation of lymphocytes was aug-
mented. Taken together, the combination of Bayl1-7082 and everolimus
might exhibit immunostimulatory properties in HTLV-1-infected T and
ATLL cells isolated from patients, and this combination may be potentially
therapeutic to regain the compromised immunosystem in ATLL patients.

Keywords: adult T-cell leukaemia-lymphoma; Bayl1-7082; everolimus;
human T-cell lymphotropic virus type 1-infected T cells; interleukin-10.

cells express CD4 and CD25 cell surface antigens, a fea-
ture of regulatory T (Treg) cells, and secrete a series of
regulatory cytokines such as interleukin-10 (IL-10) and
transforming growth factor-f (TGE-f).>* Hence, ATLL
cells are considered to be originated from natural Treg
cells.”® TGF-f is a potent anti-inflammatory cytokine

Abbreviations: ATLL, adult T-cell leukaemia/lymphoma; HTLV-1, human T-cell lymphotropic virus type 1; IKK, IxB kinase;
NEF-«B, nuclear factor-xB; Thl, T helper type 1; Treg cells, regulatory T cells; PBMCs, peripheral blood mononuclear cells;
STATS3, signal transducer and activator of transcription 3
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and is capable of suppressing T-cell proliferation and
modulating T-cell differentiation.” It also plays a role in
the induction and maintenance of nuclear transcription
factor Foxp3 expression in Treg cells and regulates their
differentiation.'® !> Once ATLL develops, both CD4" and
CD8" T cells show a defect in the proliferative response
to various stimuli and are unable to induce cytotoxic
T lymphocytes in vitro."> The signs of ATLL associated
with the functional deficiency of lymphocytes include lack
of HTLV-1-specific cytotoxic T lymphocytes.”” In addi-
tion, monocyte-derived dendritic cells (DCs) obtained
from patients with ATLL had a phenotype that was clo-
sely associated with immune suppression, as they had
abnormalities in expression of CDla, CD86 and HLA-DR
molecules and decreased phagocytic activity.'* The DCs
are functionally divided into two major groups. One
includes immature DCs that localize in the blood and
peripheral organs and show a distinct ability to internal-
ize various antigens through macropinocytosis and the
mannose receptor pathway and to process them. The
other comprises mature DCs, which have a strong ability
to prime and stimulate T cells specific to an antigen and
to allogeneic MHC molecules. The mature DCs are gener-
ated from immature DCs after exposure to inflammatory
cytokines such as IL-1, IL-6 and tumour necrosis factor-o
(TNF-o) and by cell-to-cell contact with activated T cells
through CD40 ligand molecules expressed on the cell sur-
face of immature DCs.

The transcription factor nuclear factor-xB (NF-xB) is a
key regulator of expression of various inflammatory cyto-
kines such as IL-6, IL-8 and TNF-o.'® The activity of
NF-xB is regulated by the IxB kinase (IKK); it causes
phosphorylation and subsequent degradation of IxBa,
resulting in translocation of NF-«xB to the nucleus where
NE-xB activates target genes.'® An IKKf inhibitor Bayl1-
7082 inhibited the transcriptional activity of NF-xB in
HTLV-1-infected T cells and down-regulated the expres-
sion of the anti-apoptotic protein Bcl-xl, resulting in
induction of apoptosis.'” The mammalian target of rapa-
mycin (mTOR) is constitutively activated in ATLL cells
and previous studies suggested that this serine/threonine
kinase might be a promising therapeutic target of ATLL.'®
The mTOR signalling complexes 1 (mTORCI1) inhibitor
rapamycin and its analogue everolimus inhibited the pro-
liferation of ATLL cells in association with down-regulation
of cyclin D1 and c-Myc.'® The mTOR also regulates the
production of cytokines and plays a role in the host
immune system. For example, mTOR mediates the pro-
duction of a pleiotropic immune-regulatory cytokine IL-10
via transcription factor signal transducer and activator of
transcription 3 (STAT3)." In adaptive immune system,
the stimulation of antigen receptors as well as of cytokine
receptors leads to the activation of mTOR and limits the
production of pro-inflammatory cytokines such as IL-12
and IL-23 in myeloid DCs. The inhibition of mTOR

alters the cytokine balance toward the pro-inflammatory
phenotype by a decrease in production of IL-10 and an
increase in expression of IL-12, IL-23 and IL—lﬁ.19

In the present study, we explored the effect of the com-
bination of Bayl11-7082 and everolimus on the immune
system in HTLV-1-infected T cells and found that everol-
imus significantly potentiated the ability of Bayl1-7082 to
modulate the production of immunosuppressive as well
as anti-tumour cytokines in HTLV-1-infected T cells.

Materials and methods

Cells

The HTLV-I1-infected T-cell lines MT-1 and MT-2 were
kind gifts from I. Miyoshi (Kochi Medical School, Kochi,
Japan). The acute lymphoblastic T-cell leukaemia Jurkat
cells were obtained from the American Type Culture Col-
lection (Manassas, VA) and used as control T cells. Cells
were suspended in standard RPMI-1640 medium (Sigma,
St Louis, MO) supplemented with 10% heat-inactivated
fetal bovine serum. Peripheral blood mononuclear cells
were isolated from healthy volunteers and HTLV-1-
infected T cells were isolated from patients (n = 4, case
nos 1-4) after obtaining informed consent.

Chemicals

Bay 11-7082 was purchased from Calbiochem (La Jolla,
CA). The everolimus was obtained from Novartis (Basel,
Switzerland). These reagents were dissolved in 100%
DMSO to a stock concentration of 10 mm and stored at
—80°. The granulocyte—macrophage colony-stimulating
factor (GM-CSF), IL-4, and TNF-o were purchased from
Sigma.

Flow cytometry

The MT-1, MT-2 and Jurkat cells and the HTLV-1-
infected T cells isolated from patients (n = 4, cases 1-4)
were stained with an FITC-conjugated monoclonal anti-
body (mAb) against CD25 (eBioscience, San Diego, CA),
a phycoerythrin-conjugated mAb against Foxp3 (Becton
Dickinson, San Jose, CA), and a phycoerythrin-Cy5-con-
jugated mAb against CD4 (BioLegend, San Jose, CA)
using IntraStain (Dako, Glostrup, Denmark). Cells were
then analysed using flow cytometry (FACS Calibur,
Becton Dickinson) following data analysis by FrowJo
software (TreeStar, San Carlos, CA).

Western blot analysis

Western blot analysis was performed as described previ-
ously.”® Anti-IxBo (Imgenex, San Diego, CA); anti-p65
subunit of NF-xB (sc-8008, Santa Cruz Biotechnology,
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Santa Cruz, CA), anti-p-mTOR, anti-mTOR, anti-p-p70S6K,
anti-p70S6K, anti-p-4EBP1, anti-4EBP1, anti-p-STAT3
and anti-STAT3 (all from Cell Signaling Technology, Bev-
erly, MA); and anti-GAPDH (Abcam, Cambridge, UK)
antibodies were used.

RNA isolation and real-time RT-PCR

RNA isolation and ¢cDNA preparation were performed as
described previously.*® Real-time RT-PCR was carried out
using Power SYBR Green PCR Master Mix (Applied
Biosystems, Warrington, UK) as described previously.”
Primers for PCR are shown in Table 1. The PCR condi-
tions for all genes were as follows: 95° initial activation for
10 min followed by 40 cycles of 95° for 15 seconds and
60° for 60 seconds, and fluorescence determination at the
melting temperature of the product for 20 seconds on an
ABI PRISM 7000 (Applied Biosystems). Expression of 18S
for normalization was measured as previously described.*

Measurement of cytokine production

Levels of human IL-10 and TGF-f in the cell culture
supernatant were measured using commercially available
ELISA kits (R&D Systems, Minneapolis, MN).

Generation of monocyte-derived dendritic cells and flow
cytometry analysis

Monocyte-derived DCs were generated by differentiation
of monocytes isolated from healthy volunteers in the
presence of GM-CSF (50 ng/ml) and IL-4 (10 ng/ml) as
previously described.”® The medium was replenished with
cytokines every other day. Maturation of differentiated
DCs was accomplished by treating with TNF-a (10 ng/
ml) for another 2 days. Simultaneously, either control
culture media or culture supernatant of MT-1 cells trea-
ted with either Bayl1-7082 (8 pum) and/or everolimus
(100 nm) for 2 days was added. Cells were harvested for
further experiments at day 7 of culture. Similarly, mono-
cyte-derived DCs were generated by differentiation of

Table 1. Real-time RT-PCR primers

Forward 5-AGAACAGCTGCACCCACTTC-3'
Reverse  5-GCATCACCTCCTCCAGGTAA-3'
Forward 5-CACGTGGAGCTGTACCAGAA-3'
growth factor-ff; Reverse  5-TGCAGTGTGTTATCCCTGCT-3'
Forward 5'-TGCAACTCCTGTCTTGCATT-3’
Reverse  5'-TCCAGCAGTAAATGCTCCAG-3'
Forward 5-TCATCCAAGTGATGGCTGAA-3'
Reverse  5'-CTTCGACCTCGAAACAGCAT-3'
Forward 5'-GGAGTTTGATGGCAACCAGT-3’
Reverse  5'-CTCTCCTCCTGCATCACACA-3'
18S Forward 5-AAACGGCTACCACATCCAAG-3'
5'-CCTCCAATGGATCCTCGTTA-3'

Interleukin-10
Transforming
Interleukin-2
Interferon-y

Interferon-o1

Reverse

monocytes isolated from patients with ATLL in the pres-
ence of GM-CSF (50 ng/ml) and IL-4 (10 ng/ml).** The
medium was replenished with cytokines every other day.
Maturation of differentiated DCs was accomplished by
treating with TNF-« (10 ng/ml) for another 2 days.
Simultaneously, either Bay11-7082 (8 uwm) and/or everoli-
mus (100 nm) was added for 2 days. Cells were harvested
for further experiments at day 7 of culture. The levels of
the DC maturation markers, such as CD86, HLA-DR,
CD40, CD80 and CDla antigens on the surface of DCs,
were measured using flow cytometry (FACSCalibur; Bec-
ton Dickinson). Phycoerythrin-conjugated anti-human
CD86, HLA-DR, CD40, CD80 and CDla mAbs were pur-
chased from eBioscience.

Small interfering RNA

Control small interfering (si)RNA and an siRNA against
CD82 were purchased from Santa Cruz Biotechnology
and Sigma, respectively.

Transfections

MT-1 cells were transiently transfected with either control
or IL-10 siRNA (300 nm) by electroporation (200 V) as
previously described.”' After 48 hr, culture supernatant
was collected and measured using an IL-10 ELISA kit
(R&D Systems).

Mixed lymphocyte reaction

Activated DCs were tested for allostimulatory ability. The
DCs were treated with mitomycin C (Sigma) to inhibit
DNA synthesis for 20 min at 37° and washed three times
with culture medium. A total of 10° lymphocytes isolated
from healthy volunteers were cultured in 96-well plates with
different concentrations of allogeneic DCs (1 : 10). DNA
synthesis was measured by [*H]thymidine incorporation
added for the final 16 hr of the 5-day culture period. The
cells were harvested on to glass fibre filter paper using a cell
harvester. The filters were washed, dried and then counted
using MicroBeta TriLux (PerkinElmer, Sheltone, CT).

Statistical analysis

Statistical analysis was performed to assess the difference
between two groups under multiple conditions by one-
way analysis of variance (anova) followed by Boneferroni’s
multiple comparison tests using PRrISM statistical analysis
software (GraphPad Software, Inc., San Diego, CA).When
comparing two groups, Student’s t-test was used. These
statistical analyses were carried out using spss software
(Version 11.03; spss, Tokyo, Japan) and the results were
considered to be significant when the P-value was < 0-05,
and highly significant when the P-value was < 0-01.
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Figure 1. Expression of CD4, CD25 and Foxp3. (a) Expression of FoxP3 in CD4" CD25" MT-1, MT-2, Jurkat and human T-cell lymphotropic
virus type 1 (HTLV-1) -infected T cells isolated from patients (n = 4, cases 1—4) was analysed using FLowJo. The combination of Bay11-7082
and everolimus down-regulated the levels of p-mTOR, p-p70S6K, p-4EBP1 and p-STAT3 in HTLV-1-infected T cells. (b) MT-1 and MT-2 cells
were cultured with either Bay11-7082 (4 or 8 um) and/or everolimus (100 nm). After 3 hr, proteins were extracted and subjected to Western blot
analysis to measure the levels of the indicated proteins. Each lane was loaded with 30 pg of both nuclear and cytoplasmic proteins. Levels of
GAPDH were measured as loading control, and band intensities were quantified with IMaGE] software (Wayne Rasband, NIH). BAY, Bay11-7082.
The combination of Bayl1-7082 and everolimus reduces the levels of nuclear factor-«B (NF-xB) in the nucleus of MT-1 and MT-2 cells.
(c) MT-1 and MT-2 cells were cultured with either Bay11-7082 (4 or 8 um) and/or everolimus (100 nm). After 48 hr, nuclear extracts of these
cells were prepared and subjected to Western blot analysis to measure the levels of the p65 subunit of NF-xB. Each lane was loaded with 30 ug
nuclear protein. Levels of GAPDH were measured as loading control, and band intensities were quantified with ImMaGe] software (Wayne Rasband,
NIH).

infected T cells MT-1 and MT-2 constitutively expressed
p-mTOR, p-p70S6K, p-4EBP1 and p-STAT3 as assessed by
Western blot analysis. Exposure of MT-1 cells to everoli-
mus (100 nM, 3 hr) alone down-regulated the levels of
p-mTOR, p-4EBP1 and p-STAT3, but not p-p70S6K
(Fig. 1b). Exposure of MT-2 cells to everolimus (100 nm,

Results

Effect of Bayl1-7082 and everolimus on mTOR,
STAT3 and NF-xB signalling

We first examined expression of CD4/CD25/Foxp3 in

MT-1 and MT-2 cells. Approximately 70% and 60% of
these cells expressed all of CD4, CD25 and Foxp3 antigens,
respectively, indicating the typical phenotype of Treg cells
(Fig. 1a). In addition, HTLV-1-infected T cells isolated
from patients (n = 4, cases 1-4) also expressed all of these
antigens, although expression levels varied between each
case (case 1; 17%, case 2; 31%, case 3; 27%, case 4; 13%.
Fig. la). On the other hand, HTLV-1 negative Jurkat cells
barely expressed these antigens (0-1%, Fig. 1la). HTLV-1-

220

3 hr) alone down-regulated the levels of p-mTOR,
p-p70S6K, p-4EBP1 and p-STAT3 (Fig. 1b). On the other
hand, Bayl1-7082 (8 um, 3 hr) decreased levels of
p-STAT3 and p-4EBP1, but not p-mTOR and p-p70S6K
in MT-1 cells (Fig. 1b). Exposure of MT-2 cells to Bayl1-
7082 (8 um, 3 hr) decreased levels of p-STAT3 and
p-p70S6K, but not p-mTOR and p-4EBP1 (Fig. 1b). The
combination of Bayl1-7082 (8 um) and everolimus
(100 nm) reduced the levels of p-mTOR, p-4EBPI,
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p-p70S6K and p-STAT3 in both MT-1 and MT-2 cells
(Fig. 1b). In addition, to elucidate the effect of Bayll-
7082 and everolimus on NF-xB signalling, we monitored
levels of the p65 subunit of NF-xB proteins in the nucleus
in MT-1 and MT-2 cells after their exposure to either
Bay11-7082 (8 um) and/or everolimus (100 nm) (Fig. 1c).
Bay11-7082 decreased the levels of the p65 subunit of NF-
kB in the nucleus in both MT-1 and MT-2 cells, whereas
the effects of everolimus on NF-xB in MT-1 cells were
negligible (Fig. 1c). On the other hand, exposure of MT-2
cells to everolimus increased these levels (Fig. 1c). When
Bayl11-7082 was combined with everolimus (100 nwm),
nuclear levels of the p65 subunit of NF-xB decreased in
MT-1 cells, but not MT-2 cells (Fig. 1c). The blockade of
mTOR, STAT3 and NF-xB in HTLV-1-infected T cells by
a combination of Bayl1-7082 and everolimus may alter
the cytokine balance toward a pro-inflammatory pheno-
type. To verify this hypothesis, we next examined the effect
of Bay11-7082 and everolimus on cytokine production.

Effect of Bayl11-7082 and everolimus on the
expression of IL-10 and TGF-f

To investigate the effect of Bayl11-7082 (8 or 4 pum) and
everolimus (100 nM) on the expression of immunosup-
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pressive cytokines IL-10 and TGF-f (Fig. 2a,b) and anti-
tumour cytokines such as IFN-y, IFN-¢1 and IL-2 in
HTLV-1-infected T cells, real-time RT-PCR was employed
(Fig. 2c—e). Either Bayl1-7082 (8 um, 48 hr) or everoli-
mus (100 nM, 48 hr) alone down-regulated the levels of
IL-10 mRNA (by 0-4-fold or 0-4-fold in MT-1 cells,
respectively) and TGF-f (by 0-7-fold or 0-4-fold in MT-1
cells, respectively) in these cells (Fig. 2a,b). The combina-
tion of Bayl1-7082 (8 um) and everolimus (100 nm) sig-
nificantly decreased levels of these cytokines (P < 0-01)
compared with either compound alone (Fig. 2). On the
other hand, either Bay11-7082 (4 or 8 um, 48 hr) or ever-
olimus (100 nM, 48 hr) alone up-regulated the levels of
antiitumour cytokines (IFN-y, IFN-¢1 and IL-2) in these
cells (Fig. 2c—e). When Bay11-7082 (8 um) was combined
with everolimus (100 nm), levels of these cytokines were
markedly increased (P < 0-01) (Fig. 2c—e). Furthermore,
we examined the immune modulatory function of Bayl1-
7082 and everolimus in peripheral blood mononuclear
cells isolated from healthy volunteers (# = 2). Enhanced
expression of IFN-y and IFN-u1 was shown in these cells
after exposure to a combination of Bayl1-7082 (8 um)
and everolimus (100 nwm) for 3 hr (Fig. 2f). On the other
hand, levels of IL-2 were down-regulated in these cells
under identical culture conditions (figure not shown).
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Figure 2. The effect of Bay11-7082 and everolimus on expression of inflammatory cytokines in human T-cell lymphotropic virus type 1 (HTLV-1)
-infected T cells and peripheral blood mononuclear cells (PBMCs). (a—e) MT-1, MT-2 and HTLV-1-infected T cells isolated from patients
(n = 4, cases 1-4) were exposed to either Bay11-7082 and/or everolimus for 48 hr. Cells were harvested and RNA was extracted. The cDNAs were
synthesized and subjected to real-time PCR using SYBR Green nucleic acid gel staining solution to measure the levels of interleukin-10 (IL-10),
transforming growth factor-f; (TGF-f;), interferon-y (IFN-y), IFN-al and IL-2 in these cells. The statistical significance was determined by a
one-way analysis of variance followed by Boneferroni’s multiple comparison test. Results represent the mean + SD of three experiments per-
formed in duplicate. ¥*P < 0-01. BAY, Bay11-7082. (f) PBMCs isolated from healthy volunteers (n = 2) were exposed to either Bayl1-7082 and/or
everolimus for 3 hr. Cells were harvested and RNA was extracted. The cDNAs were synthesized and subjected to real-time PCR using SYBR
Green nucleic acid gel staining solution to measure the levels of IFN-y and IFN-ul in these cells. The statistical significance was determined by a
one-way analysis of variance followed by Boneferroni’s multiple comparison test. Results represent the mean + SD of three experiments per-
formed in duplicate. *P < 0-01. BAY, Bay11-7082. The effect of Bayl1-7082 and everolimus on expression of IL-10 and TGF-f in HTLV-1-
infected T cells. MT-1, MT-2 and Jurkat cells were incubated with either Bayl11-7082 and/or everolimus. After 48 hr, cell culture supernatants
were harvested and production of (g) IL-10 and (h) TGF-fi was assessed using ELISA. The statistical significance was determined by a one-way
analysis of variance followed by Boneferroni’s multiple comparison test. Results represent the mean + SD of two experiments. *P < 0-01, with
respect to control. BAY, Bay11-7082.

We next measured production of IL-10 and TGF-f; pro-
teins in culture supernatant of MT-1, MT-2 and acute
lymphoblastic T-cell leukaemia Jurkat cells by ELISA. The
MT-1 cells produced a greater amount of IL-10 (669 pg/
ml) than MT-2 (9 pg/ml) and Jurkat cells (34 pg/ml)
(Fig. 2g). Either Bayl1-7082 (8 pum, 48 hr) or everolimus
(100 nM, 48 hr) alone slightly decreased the production
of IL-10 in MT-1 cells (to 632 pg/ml or 532 pg/ml,
respectively) (Fig. 2g). When Bayl1-7082 (8 um) was
combined with everolimus (100 nm), the production of

IL-10 was decreased to 421 pg/ml in these cells (Fig. 2g).
Likewise, the combination of Bay11-7082 and everolimus
inhibited production of IL-10 in MT-2 and Jurkat cells
(Fig. 3a). The production of TGF-f in culture superna-
tant was only slightly decreased by either Bayl1-7082 or
everolimus alone in MT-1 and MT-2 cells (Fig. 2h).
However, the combination of Bayl1-7082 and everolimus
did not further decrease the production of TGF-f in
these cells (Fig. 2h). Neither Bay11-7082 nor everolimus
affected production of TGF-f in Jurkat cells (Fig. 2h).

222 © 2012 The Authors. Immunology © 2012 Blackwell Publishing Ltd, /mmunology, 138, 216-227



The effects of combination of Bay11-7082 and everolimus

(a) IL-4 IL-4 IL-4  culture supernatant
GM-CSF GM-CSF GM-CSF  TNF-a TNF-o
Monocyte isolated l l l l l
from healthy volunteers harvest
day 1 3 5 6 7 8
(b) Bay
IL-4 IL-4 IL-4 everolimus
GM-CSF GM-CSF GM-CSF  TNF-o TNF-o
Monocyte isolated l l l l l
from ATLL patients harvest
day 1 3 5 6 7 8
(c)
[ « healthy volunteers “P < 0-01
8000 - **P < 0-05
6000 -

n
o
o

el ianaa

T-cells proliferation
(% of lymphocyte only control)

0
Lymphocyte Lymphocyte ~ Lymphocyte Lymphocyte Lymphocyte - Lymphocyte Lymphocy!e Lymphocyte
only +DCs (control) +DCs (MT-1) +DCs +DCs +DCs (MT-1 +DCs (MT-1  +DCs (MT-1
(MT-1 BAY) (MT-1 BAY+ control siRNA) |L-10 s|RNA)
everolimus)  everolimus)
S 500 ATLL cells
= ok
c
S 8 400+
= >
g=
36 300} o
s
a g 2001
0 c
TS
8 € 100
= J
—
o 0
X Lymphocyte Lymphocyte Lymphocyte Lymphocyte Lymphocyte
= only +DCs (control) +DCs (BAY) +DCs (everolimus) +DCs (BAY+everolimus)

(d)
everolimus—{ }_ Bay11-7082

everolimus—‘ l_ Bay11-7082

IL-10, TGF-B
IFN-y, IL-2
maturatlon

Figure 3. The effect of Bay11-7082 and everolimus on allostimulatory capacity of dendritic cells (DCs). (a,b) Generation of monocyte-derived DCs.
BAY, Bay11-7082. Allogeneic mixed lymphocyte reaction (MLR). (c) Monocyte-derived DCs isolated from healthy volunteers (n = 3) were exposed
to tumour necrosis factor-o. (TNF-«) in combination with culture media of MT-1 cells treated with indicated agents. Monocyte-derived DCs isolated
from patients with adult T-cell leukaemia-lymphoma (n = 2, cases 2, 3) were exposed to TNF-o in combination with indicated agents. After 48 hr,
DCs were harvested, and treated with mitomycin C, washed, and then cultured with allogeneic lymphocytes isolated from healthy volunteers. After
5 days, cell growth was measured by [*H]thymidine incorporation. Results represent the mean 4 SD of two experiments performed in duplicate.
BAY, Bay11-7082. (d) Mode of action of Bay11-7082 and everolimus in human T-cell lymphotropic virus type 1-infected T cells.

The effect of Bayl11-7082 and everolims on monocyte-

derived DC maturation CD1la, a marker of maturation of DCs, on the cell sur-

face of monocyte-derived DCs (Table 2). In addition,
Either IL-10 (5 ng/ml) or TGF-f (5 ng/ml) suppressed we investigated the effects of the culture supernatant of
the expression of CD86, HLA-DR, CD40, CD80 and MT-1 cells, which contained large amounts of IL-10
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(669 pg/ml) and TGF-f (2080 pg/ml) (Fig. 3a), on the
maturation of monocyte-derived DCs. As expected, the
culture supernatant of MT-1 cells blocked the TNF-o-
induced expression of CD86, HLA-DR, CD40, CD80
and CDla on the cell surface of DCs (Table 2). Inter-
estingly, the supernatant of MT-1 cells cultured with
either Bayl11-7082 (8 pum) and/or everolimus (100 nm)
quenched the ability of the culture media of MT-1 cells
to inhibit TNF-o¢ mediated maturation of DCs
(Table 2). Jurkat cells produced large amounts of TGF-
f (1328 pg/ml), although the production of IL-10 was
not as great as that in MT-1 cells (35 pg/ml). Treat-
ment of Jurkat cells with either Bayl1-7082 (8 pm)
and/or everolimus (100 nm) did not impair the produc-
tion of TGF-f (Fig. 2h) and their culture supernatant
did not affect TNF-o mediated maturation of DCs
(Fig. 3a, Table 2). Recently, other investigators have
shown that monocytes isolated from HTLV-1-infected
individuals were not able to fully differentiate to
mature DCs.”> We also found that the maturation of
DCs was impaired in monocytes isolated from patients
with ATLL (n = 3, cases 1-3), as expression of CD86,
HLA-DR, CD40, CD80 and CDla was not fully
induced by TNF-o (Fig. 3b, Table 3). The combination
of Bayl1-7082 and everolimus inhibited the production
of IL-10 in culture supernatants of MT-1 cells and
slightly increased the expression of cell surface antigens
HLA-DR and CD86 on monocyte-derived DCs isolated
from patients with ATLL, compared with DCs treated
with either Bayl1-7082 or everolimus alone (Fig. 3b,
Table 3, see Supplementary material, Fig. S1).

The effect of IL-10 on DC maturation

We next examined the effect of IL-10 and TGF-f on
DC maturation. Exposure of monocyte-derived DCs to
either IL-10 or TGF-f blocked the TNF-a-induced

expression of CD86, HLA-DR, CD40, CD80 and CDla
on the cell surface of DCs (Table 4). To elucidate the
role of IL-10 in DC maturation, MT-1 cells were tran-
siently transfected with either control or IL-10 siRNA
and cultured for 48 hr. Production of IL-10 was
decreased to less than half (from 780 to 338 pg/ml) in
IL-10 siRNA-transfected MT-1 cells compared with the
control siRNA-transfected MT-1 cells (figure not
shown). The culture supernatant of MT-1 cells with a
decreased amount of IL-10 did not hamper induction
of the expression of CD86, HLA-DR, CD40, CD80 and
CDla on the cell surface of DCs compared with the
culture supernatant of MT-1 cells transfected with con-
trol siRNA (Table 4). These observations suggested that
IL-10 produced by MT-1 cells played an important role
in the impairment of maturation of monocyte-derived
DCs isolated from healthy volunteers.

The effect of Bay11-7082 and/or everolimus on
allostimulatory capacity of DCs

Activated DCs derived from healthy volunteers were
potent stimulators of T-cell proliferation.”> We next
examined the function of DCs by using allogeneic mixed
lymphocyte reactions. Mature DCs isolated from healthy
volunteers potently stimulated the proliferation of lym-
phocytes (Fig. 3c). However, the allostimulatory capacity
of DCs that were isolated from healthy volunteers and
cultured with the supernatant of MT-1 cells was
decreased compared with that of DCs cultured with either
Bay11-7082 (8 pum, 48 hr) and/or everolimus (100 nwm,
48 hr) (n = 3, Fig. 3a,c). Notably, DCs cultured with the
supernatant of MT-1 cells treated with either Bay11-7082
(8 um) and/or everolimus (100 nm) enhanced the prolif-
eration of lymphocytes (110 or 193%, respectively,
Fig. 3¢). The DCs cultured with the supernatant of MT-1
cells treated with a combination of Bayl1-7082 (8 um)

Table 2. The effect of Bayl1-7082 and everolimus on the maturation of monocyte-derived dendritic cells isolated from healthy volunteers

(n=4).
CD86 (%) HLA-DR (%) CD40 (%) CD80 (%) CD1a (%)

Control 83 £ 8 79 £ 8 76 £ 19 85 + 13 80 £ 10
MT-1 55 + 1* 55 + 3* 24 + 16%* 36 + 26%* 61 + 23
MT-1 BAY 66 + 6%* 62 + 2% 37 £+ 10** 55 + 4% 58 + 32
MT-1 everolimus 62 £ 2% 61 £ 4% 32 4+ 17%* 63 + 18 61 £+ 18
MT-1 BAY+everolimus 83 + 4 75+ 6 35 + 14%* 62 + 28 57 + 26
Jurkat 72+ 6 72 +9 53 +£1 72 £ 4 71 £ 7
Jurkat BAY 69 + 11 67 £+ 20 53+ 7 69 + 13 68 + 13
Jurkat everolimus 73 £ 5 71 + 11 57 + 4 71 £ 3 72 £ 2
Jurkat BAY + everolimus 74 £ 9 72 + 14 57 £ 8 74 + 8 70 £ 11

Monocyte-derived dendritic cells (DCs) were exposed to tumour necrosis factor-o (10 ng/ml) in combination with culture media of either MT-1

or Jurkat cells treated with the indicated agents, or with either interleukin-10 (5 ng/ml) or transforming growth factor-f (5 ng/ml). After 48 hr,
DCs were harvested, stained with anti-HLA-DR, anti-CD86, anti-CD40, anti-CD80 and anti-CDla antibodies and analysed by flow cytometry.
Results represent the mean + SD of three experiments performed in duplicate. ¥*P < 0-01, **P < 0-05. BAY, Bay11-7082.
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Table 3. The effect of Bayl11-7082 and everolimus on the maturation of monocyte-derived dendritic cells isolated from human T-cell lympho-

tropic virus type l-infected T cells isolated from patients (n = 3)

CD86 (%) HLA-DR (%) CD40 (%) CD80 (%) CDla (%)
Control 56 + 10 49 + 8 24 + 6 43 + 1 18 +3
BAY 65 + 3 56 + 13 24 +8 48 + 3** 20+ 5
everolimus 63 +7 54 £ 6 23 + 14 45+ 5 22+ 6
BAY-+everolimus 70 + 3 70 + 9% 31 £ 13 57 + 5% 25+3

Monocyte-derived dendritic cells (DCs) were exposed to tumour necrosis factor-o (10 ng/ml) in combination with the indicated agents. After
48 hr, DCs were harvested, stained with anti-HLA-DR, anti-CD86, anti-CD40, anti-CD80 and anti-CD1a antibodies and analysed by flow cytom-
etry. Results represent the mean & SD of three experiments performed in duplicate. *P < 0-01, **P < 0-05. BAY, Bay11-7082.

Table 4. The effect of interleukin-10 on maturation of monocyte-derived dendritic cells isolated from healthy volunteers (n = 4)

CDS6 (%) HLA-DR (%) CD40 (%) CDS0 (%) CDla (%)
Interleukin-10 (5 ng/ml) 50 £ 7** 54 + 3% 38 £ 4% 55 £ 10** 58 £ 14
Transforming growth factor-f (5 ng/ml) 51 £ 3* 54 4 7%* 40 £ 5* 47 £ 14%* 55 £ 16
Control 90 £ 2 84 +2 75+ 1 77 £1 83 £ 6
MT-1 control siRNA 61 + 13 59 £ 15 32 £ 13 37 £ 17 30 £ 5%
MT-1 IL-10 siRNA 90 £ 1 78 £1 60 1 60 =1 54 £ 3

Monocyte-derived dendritic cells (DCs) were exposed to tumour necrosis factor-o (10 ng/ml) in combination with culture media of MT-1 cells
transfected by either control or IL-10 small interfering (si) RNA. After 48 hr, DCs were harvested, stained with anti-HLA-DR, anti-CD86, anti-
CD40, anti-CD80 and anti-CDla antibodies and analysed by flow cytometry. Results represent the mean £ SD of three experiments performed

in duplicate. *, P < 0-01.

and everolimus (100 nM) more potently stimulated the
proliferation of lymphocytes (319%, Fig. 3c). In addition,
when DCs isolated from patients with the lymphoma type
of ATLL (n =2, cases 2, 3) were treated with either
Bay11-7082 (8 um, 48 hr) or everolimus (100 nmM, 48 hr),
these cells augmented their capability to stimulate prolif-
eration of lymphocytes compared with DCs that were
incubated without these agents (from 154% to 165% or
199%, Fig. 3b,c). Combination of Bayl1-7082 (8 uwm,
48 hr) and everolimus (100 nm, 48 hr) further increased
the stimulatory capacity of DCs (Fig. 3c).

Discussion

We showed that the combination of Bay11-7082, an IKKf
inhibitor, and the mTORCI inhibitor everolimus signifi-
cantly blocked activation of mTOR, STAT3 and NF-«B
in HTLV-1l-infected T cells (Fig. 1b,c) and potently
decreased the levels of TGF-f and IL-10 (Fig. 2a,b). On
the other hand, levels of anti-tumour cytokines such as
IFN-y, IFN-o1 and IL-2 were increased in these cells after
exposure to a combination of Bay11-7082 and everolimus
(Fig. 2c—e). Interleukin-10 antagonizes the function of
CD4" T cells via down-regulation of cytokines including
IL-2, TFN-y, IL-4 and IL-5.2%%*% Hence, the blockade of
mTOR, STAT3 and NF-xB by a combination of Bayll-
7082 and everolimus might alter the balance of cytokines
produced in HTLV-1-infected T cells, resulting in

down-regulation of immunosuppressive cytokines and
up-regulation of anti-tumour cytokines (Fig. 2).

Everolimus significantly decreased levels of the phos-
phorylated forms of mTOR in MT-1 cells; on the other
hand, Bayl11-7082 increased these levels in MT-1 cells
(Fig. 1b). Bay11-7082, but not everolimus, significantly
reduced nuclear levels of the p65 subunit of NF-xB
(Fig. 1c). We hypothesize that when the NF-xB signal
was inhibited by Bayl1-7082, other pathways such as
mTOR might be activated to support the survival of
HTLV-1-infected T cells. Notably, the combination of
Bayl1-7082 and everolimus synergistically inactivated
mTOR and NF-xB. These observations suggested that
there was cross-talk between the NF-xB and mTOR path-
ways. The NF-xB pathway might negatively regulate
mTOR signalling in HTLV-1-infected T cells.

It is known that ATLL cells severely impair proliferation
and differentiation of CD8" T cells.”® Reduction of CD8"
T cells relates to immune escape in patients with ATLL."*
The combination of Bayl1-7082 and everolimus may help
to induce cytotoxic T lymphocytes via up-regulation of
T helper type 1 cytokines such as IFN-y and IL-2 in
patients with ATLL. Consistent with the present
studies, the mTOR inhibitor AZD8055 also enhanced
oCD40-induced T helper type 1 cytokines including IL-12,
IFN-y, TNF-a and the T helper type 1-associated chemo-
kines in metastatic cancer cells.”’ Interleukin-10 decreases
the expression of MHC class II, CD80 and CD86 and
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inhibits the maturation of DCs.”** Either IL-10 or TGF-f
attenuated maturation of monocyte-derived DCs obtained
from healthy donors (Table 4). In contrast, IFN-a/f
increased levels of CD40 and CD86, and induced the func-
tional maturation of antigen-presenting cells.® Hence, we
hypothesized that alteration of cytokine production in
HTLV-1-infected T cells after exposure to a combination
of Bay11-7082 and everolimus would affect the maturation
of monocyte-derived DCs that were isolated from patients
with ATLL. We first found that the culture supernatant of
MT-1 cells, which contained a large amount of IL-10 and
TGEF-f (Fig. 2g,h), hampered TNF-a-mediated maturation
of DCs that were isolated from healthy volunteers (Fig. 3a,
Table 2). Interestingly, the supernatant of MT-1 cells cul-
tured with combination of Bay11-7082 (8 um) and everol-
imus (100 nm) augmented the expressions of CD86 and
HLA-DR on monocyte-derived DCs obtained from healthy
volunteers (Fig. 3a, Table 2). On the ther hand, culture
supernatant of Jurkat cells, which contained less IL-10, did
not affect the expression of CD86 and HLA-DR on these
cells (Table 2). Further experiments examined whether the
combination of Bayl1-7082 and everolimus helped in
maturation of DCs isolated from patients with ATLL
(Fig. 3b). Notably, exposure of monocyte-derived DCs
obtained from patients with ATLL to the combination of
Bayl1-7082 and everolimus induced the expression of
CD86 and HLA-DR on these cells (Fig. 3b, Table 3) in
parallel with down-regulation of IL-10 in culture superna-
tant (see Supplementary material, Fig. S1). Other investi-
gators showed that levels of CDla, CD86 and HLA-DR
were low in monocyte-derived DCs obtained from patients
with ATLL compared with DCs isolated from non-HTLV-
I-infected donors. The monocyte-derived DCs obtained
from patients with ATLL had an impaired capacity to
stimulate allogeneic T lymphocytes.'* Interestingly, when
monocyte-derived DCs obtained from patients with ATLL
were treated with a combination of Bayl1-7082 and
everolimus, their ability to stimulate allogeneic T-cell
proliferation was potentiated (Fig. 3¢c), suggesting that the
combination of Bay11-7082 and everolimus recovered DC
function. In addition, the supernatant of MT-1 cells
cultured with either Bayl11-7082 (8 um) or everolimus
(100 nm) increased the allostimulatory capacity of
monocyte-derived DCs, which were isolated from healthy
volunteers compared with the supernatant of these cells
cultured without any reagents (Fig. 3c). Notably, the
supernatant of MT-1 cells cultured with a combination of
Bay11-7082 (8 um) and everolimus (100 nm) further
enhanced these allostimulatory capacity (Fig. 3c).

Taken together, the combination of Bayl11-7082 and
everolimus modulated the expression of immunosup-
pressive cytokines in HTLV-1-infected T cells. The com-
bination of these agents may be potentially therapeutic
in recovery of the immune system in HTLV-1-infected
individuals.
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Supporting Information

Additional Supporting Information may be found in the
online version of this article:

Fig. S1. The effect of Bayl1-7082 and everolimus on
production of interleukin-10 (IL-10). Immature dendritic
cells (DCs) isolated from patients with adult T-cell
leukaemia-lymphoma (n =2) were incubated with
tumour necrosis factor-o. (TNF-o) in combination with
the indicated agents. After 48 hr, cell culture supernatants
were harvested and production of IL-10 was assessed by
ELISA. BAY, Bay11-7082.
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