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Abstract

Interleukin-15 (IL-15) and IL-2 drive T-cell malignancies including T-cell large granular
lymphocyte leukemia (T-LGLL) and HTLV-1 driven adult T-cell leukemia (ATL). Both cytokines
share common -y-chain receptors and downstream signaling pathways. T-LGLL is characterized by
clonal expansion of cytotoxic T cells and is associated with abnormal JAK/STAT signaling. ATL is
an aggressive CD4+ T cell neoplasm associated with HTLV-1. T-LGLL and ATL share
dependence on IL-2 and IL-15 for survival and both diseases lack effective therapies. BNZ-1 is a
pegylated peptide designed to specifically bind the -yc receptor to selectively block IL-2, IL-15 and
IL-9 signaling. We hypothesized that treatment with BNZ-1 would reduce cytokine mediated
proliferation and viability. Our results demonstrated that 7 vitro treatment of a T-LGLL cell line
and ex vivotreatment of T-LGLL patient cells with BNZ-1 inhibited cytokine mediated viability.
Furthermore, BNZ-1 blocked downstream signaling and increased apoptosis. These results were
mirrored in an ATL cell line and in ex vivo ATL patient cells. Lastly, BNZ-1 drastically reduced
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leukemic burden in an IL-15-driven human ATL mouse xenograft model. Thus, BNZ-1 shows
great promise as a novel therapy for T-LGLL, ATL and other IL-2 or IL-15 driven hematopoietic
malignancies.
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Introduction

Cytokines that share the common gamma-chain (ryc) receptor are essential for development
and maturation of lymphocytes as well as immune function and activation. Specifically, IL-2
and IL-15 promote survival and proliferation of T-cells and downstream effects that include
induction of the JAK/STAT pathway.! I1L-2 is produced almost exclusively by T cells and
signals through the heterotrimeric IL-2 receptor complex, including IL2Ra (CD25), 1L2/
IL15RB (CD122) and the -yc receptor (CD132)2. IL-15 is produced mainly by dendritic cells
and monocytes, and signals through IL-15Ra together with shared CD122 and ~yc receptor
subunits. The two unique receptor a chains are differentially distributed on cells and are
required for high affinity binding.! Combinations of yc cytokines are involved in the
pathogenesis of a diverse array of human diseases. 1:3-° Implications of I1L-2 and IL-15 in
several T-cell malignancies have been well established.3:6-14 In this study, we focus on
effects of dysregulated IL-2 and IL-15 signaling in large granular lymphocyte leukemia
(LGLL) and HTLV-1 driven adult T cell leukemia (ATL).

LGLL is defined by a clonal expansion of large granular lymphocytes in blood. LGL make
up 10-15% of peripheral blood mononuclear cells (PBMC), are activated upon antigen
recognition, expand quickly, and then undergo apoptosis upon antigen clearance. However,
in LGLL, these cells resist apoptosis and clonally expanded leukemic LGL can account for
up to 90% of PBMC.1® This LGLL population can be separated into natural killer (NK) cells
(typically CD3-CD56%CD16%)1° or T-cells (typically CD3*CD8*CD56CD57*CD28 TCR-
aP*).16 There is not a cure for LGLL and current treatments include low doses of broad
immunosuppressants, including methotrexate, cyclophosphamide and/or cyclosporine, thus
indicating a need to develop more specific therapeutic options.1’

LGLL is associated with dysregulation of several signaling pathways, including MAPK,
P13K-Akt, sphingolipid metabolism, NF-xB and JAK/STATs.18 Additionally, gain-of-
function mutations in STAT39-21 and/or STAT56%2 are found in up to 40% of patients,
emphasizing the role of JAK/STATS in the disease. Moreover, independent of STAT3
mutation status, all patients exhibit constitutively activated STAT3 and STAT1.19.23 STAT
activating mutations have been shown to provide a growth advantage2* but they are not
sufficient for leukemic cell proliferation, rather they enhance upstream signals from cytokine
activation of the JAK/STAT pathway and result in a persistence of activated STATs.2> The
pathogenesis of a dysregulated JAK/STAT pathway combined with the high prevalence of
activating mutations suggests a pathway-directed therapeutic opportunity. 1L-15 in particular
has been implicated in the pathogenesis of LGLL. Significantly elevated levels of IL-15
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mRNA and IL-15Ra are found in patient PBMCs.26:27 Using a systems biology approach,
IL-15 was identified as one of two master regulators of the disease28, making IL-15 an
attractive target for therapies.

HTLV-1 derived ATL is an aggressive disorder involving Tyegs (typically
CD2*CD3*CD4*CD25*CD7-)13:29 that also exhibits aberrant cytokine signaling. Many of
the immune abnormalities in early ATL have been linked to HTLV-1 Tax that directly and
through activation of NF-xB induces the expression of IL-2 and IL-15 and their specific
receptors (IL-2Ra and IL-15Ra ) as well as IL-9, leading to excessive signaling through
proinflammatory autocrine and paracrine loops.2%-31 This leads to activation of JAK1/3 and
STATS signaling pathways.32 It was previously demonstrated that I1L-2/IL-2Ra., IL-9 and
IL-15/IL-15Ra are overexpressed in ATL PBMCs and cooperate to yield ex vivo
spontaneous proliferation of PBMCs,33 which is an important tool to evaluate potential
interventional strategies and specific therapeutic agents. When ex vivo leukemic cells are
incubated with antibodies to IL-2R alpha, 1L-15 and IL-9, proliferation is profoundly
inhibited (over 80%), thereby demonstrating the cytokine dependency of ATL cell
proliferation and survival.

Due to the vital role that IL-2 and I1L-15 play in LGLL and ATL, there is strong rationale for
therapy directed at their signaling pathways. Both diseases have attempted therapies
targeting one specific cytokine through monoclonal antibodies. In T-LGLL, a Phase I trial of
a humanized monoclonal antibody to the IL2/IL15Rp (CD122) receptor (Hu-Mikp1) failed
to exhibit clinical efficacy.3* Hu-Mikp1 blocked trans-presentation of IL-15, the main
mechanism of IL-15 presentation.3®> However, in the presence of elevated IL-15Ra in LGLL
patients, IL-15 can efficiently signal through c/s presentation. In ATL, a clinical trial of
humanized anti-Tac (daclizumab, anti-IL-2Ra.)36 was limited by the fact that the antibody
inhibited only IL-2 and had no effect on IL-9 or IL-15 mediated proliferation. An alternative
approach using a JAK inhibitor demonstrated unacceptable toxicity when dose and dosing
strategies sufficient to block the signaling pathway were utilized.3” To address this
challenge, the BNZ-1 PEGylated peptide that targets IL-2, IL-15 and to a lesser extent I1L-9
was developed.3 Since the functional redundancy among yc cytokines is largely due to the
sharing of the yc subunit, we rationally chose to target this binding interface with the goal of
inhibiting multiple -yc cytokines.

BNZ-1, formerly known as BNZ 132—1-403, is a helical peptide designed to bind directly to
the -yc molecule and is PEGylated to increase its half-life. It can selectively block IL-2,
IL-15, and 1L-9 binding while leaving other ¢ and non-yc cytokine signaling unaffected.3
Previously, BNZ-1 effectively inhibited ex vivo HTLV-1 associated myelopathy/ tropical
spastic paraparesis PBMC proliferation3® and in vivo proliferation of murine CD8+ T cell
leukemia in an IL-15 transgenic mouse model.3 In addition, BNZ-1 exhibited no adverse
effects on other immune cells and maintained selectivity for Treqs, CD8+ T and NK cells.
Furthermore, a recent phase 1 clinical trial proved BNZ-1 to be well tolerated in healthy
subjects.39 These positive results prompted us to determine the efficacy and mechanism of
BNZ-1in LGLL and ATL.
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In this study, we show the therapeutic potential and mechanism of BNZ-1 in LGLL and
HTLV-derived ATL. We hypothesized that attenuation of both IL-2 and IL-15 signaling
pathways would result in decreased viability, proliferation, and ultimately death of cancer
cells. Here, we not only show the successful treatment using BNZ-1 /n vitroand ex vivoin
T-LGLL and ATL cell line models and patient PBMCs, but also demonstrate the efficacy of
BNZ-1 by reducing leukemic burden in an in vivo HTLV-1 derived ATL mouse model.

Methods

Cell lines

TL-1 is an IL-2-dependent patient-derived T-LGLL cell line.*0 NKL is an IL-2-dependent
patient-derived NK-LGL cell line.! 32D is an IL-3-dependent murine myeloid precursor
cell line that expresses IL-2Ra and yc but not 1L-2RB.42 32D cell line was established by
transfection with an extra-chromosomal DNA expression vector pREP9 (Invitrogen)
encoding human IL-2Rp. ED40515(+) is a human IL-2/IL-15-dependent ATL cell line
which was kindly provided by Michiyuki Maeda®3 (Kyoto University, Japan). ED40515(+)/
luciferase cell line was produced by infection of wild-type ED40515(+) ATL cells with
lentivirus expressing luciferase.

Cell viability assay

Cell viability was assessed by the CellTiter-Glo Assay (Promega).

Western blot analysis

After treatment, whole cell lysates were prepared and proteins were electrophoresed on a 4—
12% acrylamide gel (ThermoFisher), transferred to PVDF membranes (BioRad) and
immunostained with varying antibodies.

Cell proliferation assay

Aliquots (1x10%) of the 32D cells were seeded in 96-well plates with medium containing
IL-2 (100 U/mL), or IL-15 (5 ng/mL), or murine IL-3 (500 ng/mL) together with serial
dilutions of BNZ-1 (Bioniz Therapeutics Inc) and incubated for 48 hours. Aliquots (1x10%)
of ED40515(+) cells were cultured in medium containing IL-15 (2.5 ng/mL) and serial
dilutions of BNZ-1 for 72 hours. The PBMC:s isolated by Ficoll-Hypaque density
centrifugation from patients with IL-2, IL-9, IL-15 autocrine smoldering ATL at 1 X 106/mL
in 96 microtiter plates in RPMI 1640 media supplemented with 10% FBS at 37°C in 5%
CO», were cultured ex vivo for 6 days with and without BNZ-1 or with 10 pg/mL of antibody
added at initiation of the cultures. A single antibody directed against the cytokine IL-2, IL-9
or IL-15 was used or with their combination. Cells were pulsed during the last 6 hours with
1 uCi (0.037 MBq) of 3H-thymidine (Perkin Elmer) then harvested and counted in a
MicroBeta2 microplate counter.

Apoptosis detection

After treatment, leukemic cells were stained with propidium iodide (PI) and APC-annexin V
prior to flow cytometry analysis.
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Ex vivo cultures of PBMCs

T-LGLL patient blood samples were obtained and informed consents signed for sample
collection according to the Declaration of Helsinki using a protocol approved by the
Institutional Review Board of the University of Virginia. Blood was subjected to Ficoll-
Hypaque (Sigma Aldrich) gradient centrifugation for PBMC isolation and cells were
cultured ex vivoin RPMI 1640 medium with 10% FBS. Patient samples used to assess
apoptosis by flow cytometry were previously frozen, and cell viability was determined by
trypan blue exclusion assay prior to the start of treatment. Relevant patient data can be found
in Supplementary Table 1. ATL patient blood samples were obtained and the PBMCs were
cultured ex vivoin RPMI 1640 medium containing 10% FBS with or without therapeutic
reagents for 6 days. The human study was approved by the Intramural Review Board of the
National Cancer Institute, NIH. Informed consent was obtained from all subjects.

Murine ATL model

The cytokine-dependent ATL model was established by i.v. injection of 1x107 ED40515(+)/
luciferase cells into human IL-15 transgenic NSG mice (Taconic). Treatment was initiated
seven days later when serum sIL-2Ra levels were >500 pg/mL. Tumor-bearing mice
received BNZ-1 (40 mg/kg i.v.) twice a week or ruxolitinib (Selleckchem; 50 mg/kg/day by
s.c. osmotic pumps) for 4 weeks. An additional group that received i.v. injections of PBS
served as a control. Tumor growth was monitored by measuring serum sIL-2Ra.
concentrations and by bioluminescence images obtained /7 vivo and analyzed using Living
Imaging software (Xenogen, Alameda, CA).

Statistical analysis

Results

Statistical analyses for all experimental systems utilized unpaired Student’s ftest.

BNZ-1 exhibited selective targeting of cytokine-induced proliferation

BNZ-1 mediated effects were exclusively related to 1L-2 and IL-15 blockade.3 We have
verified the reported results by using 32D cells that express IL-2Rp and respond to IL-2.42
Both IL-2 and IL-15 stimulated 32D cell proliferation in a dose-dependent manner
(Supplementary Figure 1A). The proliferation of the cells was completely inhibited by
BNZ-1 while the off-target non-yc-mediated proliferation induced by IL-3 was not inhibited
(Supplementary Figure 1B). These studies support the view that BNZ-1 is not generally
toxic and has specificity for inhibition of IL-2 and IL-15 mediated proliferation.

BNZ-1 reduced cytokine mediated viability and downstream pathway activation in a T-LGL
leukemia cell line

Initial experiments of BNZ-1 efficacy in LGLL were performed on TL-1, an IL-2 dependent
T-LGLL patient-derived cell line?0. Prior to evaluating effects of BNZ-1, we treated cytokine
deprived TL-1 cells with varying concentrations of IL-2 and IL-15 to characterize cytokine
mediated survival and expansion. Cell viability decreased in the absence of cytokine
supplementation and cell numbers increased upon cytokine addition in a dose-dependent
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manner, indicating the dependence of survival and proliferation on cytokine treatment
(Supplementary Figure 2). To test the effect of BNZ-1 on IL-2 and I1L-15 induced cell
expansion /in vitro, a pretreatment of BNZ-1 (5 uM) was added to TL-1 cells prior to
cytokine addition and relative cell numbers were measured at 24, 48 and 72 hours. At all
time points, cytokine-only treatment increased viable cells and cytokine stimulation was
inhibited by BNZ-1 pretreatment (representative data shown for 48 hours, Figure 1A,B).
IL-15 mediated cell expansion was affected to a greater extent than IL-2. Treatment with
BNZ-1 alone showed no toxicity in the absence of cytokine, and BNZ-1 was less effective at
blocking expansion at higher cytokine doses. The cytokine doses most capable of mediating
survival and expansion while maintaining BNZ-1 effectiveness were 12.5 U/mL (190 pM)
for IL-2 and 6.25 U/mL (190 pM) for IL-15, which exhibited BNZ-1-mediated reductions of
30% and 92%, respectively. Our next experiment was to determine the BNZ-1 dose response
in TL-1 cells treated with varying doses of BNZ-1 prior to IL-2 (12.5 U/mL) or IL-15 (6.25
U/mL) addition. For IL-2 treatment, addition of BNZ-1 at 10 uM resulted in a 50%
reduction of cell expansion. For IL-15, BNZ-1 at 1 pM reduced viable cell numbers by more
than half and BNZ-1 blocked essentially all IL-15 induced cell survival at 5 and 10 pM
(Figure 1C,D). These data show BNZ-1 can significantly inhibit IL-2 and IL-15 induced
expansion in a T-LGLL cell line.

BNZ-1 blocked signaling pathways downstream of IL-2 and IL-15

BNZ-1 (10 pM) reduced the phosphorylation of downstream IL-2 signaling pathways at 30
minutes post-treatment including STAT3, STAT1, STAT5, Akt and ERK in a cytokine
concentration dependent manner in TL-1 cells (Figure 2A). BNZ-1 reduced the I1L-2
mediated activation of STAT3, STAT1 and STAT5 close to or below activation levels of
untreated, cytokine-deprived cells. BNZ-1 incompletely blocked Akt and ERK activation by
IL-2. Conversely, BNZ-1 drastically reduced IL-15 mediated phosphorylation of STAT3,
STAT1, STAT5, Akt and ERK (Figure 2C). Additional time points of one, three, and six
hours post cytokine addition were tested and results indicated that downstream activation
remains blocked at these later time points (Supplementary Figure 3A, B). Therefore, BNZ-1
effectively blocks IL-2 and IL-15 induction of signaling pathways important to leukemic cell
survival and proliferation.

BNZ-1 increased annexin V positive cells in TL-1

To determine whether BNZ-1 treatment would induce apoptosis, cytokine stimulated TL-1
cells with and without BNZ-1 treatment were analyzed for apoptosis by flow cytometry
(Figure 3A). BNZ-1 increased the number of cells that were positive for the apoptosis
marker annexin V in all cytokine stimulated groups at 72 hours, with similar results at 48
hours (data not shown). Quantification of double negative (live) cells (Figure 3B)
demonstrated an expansion of cells upon cytokine addition, especially IL-15, and loss of live
cells with BNZ-1 treatment. Conversely, quantification of annexin V positive cells (Figure
3C) showed reduced early and late apoptotic cells with cytokine treatment and increased
apoptotic cells upon BNZ-1 addition. Taken together, BNZ-1 reduced viability and enhanced
apoptosis in the presence of IL-2, IL-15 or both cytokines.
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BNZ-1 reduced cytokine-mediated survival in primary T-LGLL PBMCs

With the success of BNZ-1 treatment in the T-LGLL cell line, it was important to translate
these findings to patient PBMCs that are known to require cytokine supplementation to
survive ex vivo. T-LGLL patient PBMCs of known STAT3 mutational status were pretreated
for 20 minutes with BNZ-1 prior to addition of IL-2 (Figure 4A), IL-15 (Figure 4B), or IL-2
and IL-15 (Figure 4C) and percent viability relative to input control was determined at 72
hours. Treatment with cytokine alone stimulated cell survival and expansion in all samples.
BNZ-1 (10 pM) impaired cytokine induced survival in all samples. BNZ-1 treatment did not
cause any additional loss of viability relative to controls without cytokine supplementation
(data not shown). Therefore, BNZ-1 inhibits cytokine-stimulated ex vivo survival and
expansion of primary T-LGLL samples, regardless of STAT3 mutational status.

BNZ-1 reduced IL-15 mediated STAT phosphorylation in primary T-LGLL PBMCs

To determine whether BNZ-1 blocked downstream phosphorylation in patient samples as
observed in TL-1 cells (Figure 2), we tested PBMCs derived from two patients with wild-
type STAT3 and two patients with mutant STAT3. Samples were treated with IL-15 after
BNZ-1 pretreatment to study the effects on STAT phosphorylation ex vivo. There was a
robust and clear decrease in IL-15 induced phosphorylation of STAT1, STAT3 and STAT5
with BNZ-1 pretreatment (5 M and 10 pM) in all samples, regardless of STAT3 mutational
status (Figure 4D).

BNZ-1 induced apoptosis in primary T-LGLL PBMCs.

Lastly, we examined whether BNZ-1 was capable of inducing apoptosis in T-LGLL patient
PBMC. Previously frozen T-LGLL patient PBMCs were stimulated with I1L-2 (Figure 4E),
IL-15 (Figure 4F), or IL-2 and IL-15 (Figure 4G) in the presence or absence of BNZ-1
treatment. After 72 hours, samples were stained with Pl and annexin V to assess apoptosis
induction. We demonstrated that cytokine treatment reduced the amount of apoptotic cells
compared to those not given cytokine. In contrast, co-treatment with BNZ-1 increased
apoptotic cells in all five patient samples. In the presence of BNZ-1, the percent of apoptotic
cells rose to a level equal to or exceeding the level observed in the no treatment group.

BNZ-1 inhibited cytokine stimulated survival and signaling in an NK-LGL leukemia cell

line.

We also tested the effects of BNZ-1 on a NK-LGLL leukemia cell line (NKL). We
determined the cytokine concentrations that most efficiently increased cell expansion and
maximized potency of BNZ-1 for both IL-2 and IL-15 (Supplementary Figure 4A, B).
BNZ-1 (5 uM) inhibited 1L-15 induced NKL cell viability by approximately 58% whereas
BNZ-1 (10 pM) reduced IL-2 dependent cell viability by roughly 20%. Treatment of NKL
cells with BNZ-1 dramatically reduced IL-15 induced phosphorylation of STAT3, STAT1
and ERK. There was a less drastic decrease of STAT5 phosphorylation (Supplementary
Figure 4C). Taken together, BNZ-1 showed promise in NK-LGLL model systems.
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BNZ-1 inhibited proliferation in a cytokine dependent ATL cell line and ex vivo PBMCs from
patients with smoldering/chronic ATL.

Next the efficacy of BNZ-1 was determined in a second T-cell disease model, ATL. Human
cytokine-dependent ATL cell lines represent a model of smoldering/chronic ATL, which are
clinical disease states that manifest constitutive cytokine production, JAK/STAT activation
and spontaneous ex vivo proliferation of ATL cells. The ATL cell line used in the present
study requires a supply of extrinsic human IL-2 or I1L-15 for their survival /n vitroand in
vivo. We demonstrated that BNZ-1 inhibited IL-2 or IL-15 or IL-2 plus IL-15 mediated
proliferation of the cytokine-dependent ATL cell line ED40515(+) (Figure 5A). We then
tested the effects of BNZ-1 on 6-day ex vivo spontaneous proliferation of PBMCs from
patients with smoldering/chronic ATL. The ex vivo spontaneous proliferation of PBMCs
from 3 patients with smoldering/chronic ATL, as assessed by thymidine uptake, was
inhibited by an average of 72 percent by the addition of the anti-1L-2Ra monoclonal
antibody, daclizumab (Figure 5B) and by a comparable amount by the combination of
daclizumab, anti-IL-15 and anti-IL-9. BNZ-1 (1 uM) inhibited the proliferation of the
PBMCs from 3 patients with ATL by an average of 51 percent, whereas BNZ-1 at 10 uM
inhibited this ex vivo proliferation by an average of 73 percent (Figure 5B). PBMCs of
patients with smoldering ATL were stained with a CD3, a CD4, a CD25 antibody, PI and
annexin V (Figure 5C). Increasing doses of BNZ-1 significantly decreased percentages and
total numbers of CD3*CD4*CD25* ATL cells, whereas percentages and numbers of normal
CD3*CD4*CD25 T cells were not affected (Figure 5D). However, no CD3*CD4*CD25*
ATL cells were detected positive for annexin V.

BNZ-1 showed therapeutic efficacy in an IL-2/IL-15 dependent in vivo model of human ATL.

The majority of the studies of BNZ-1 have evaluated its action on cell lines and ex vivo
cells. Nata et al. reported that BNZ-1 effectively inhibited the /n vivo proliferation of CD8+
T cells in an IL-15 transgenic mouse model. Here we utilized the cytokine-dependent
ED40515(+) xenograft tumor model to provide /n vivo validation that BNZ-1 exhibits the
acceptable pharmacokinetic and safety profile to be effective in the treatment of an 1L-2/
IL-15 dependent tumor. The model of 1L-2/1L-15 dependent ATL was generated by i.v.
injection of 1x107 ED40515(+)/luciferase-expressing cells into female IL-15 transgenic
NSG mice. ATL cells express human IL-2Ra and release it into the biological fluids
including the serum. One week after injection of the tumor cells, when the average soluble
human IL-2Ra was approximately 700 pg/mL (Supplementary Table 2), the animals were
randomized to treatment groups and therapy was started. Ruxolitinib (50 mg/kg/day) was
administered by pump s.c. for four weeks. BNZ-1 (40 mg/kg) was administered i.v. two
times per week for four weeks. Tumor burden over time was assessed by bioluminescence
imaging (Figures 6A,B). Leukemic burden was greatly reduced by BNZ-1 when compared
to PBS-treated control mice, which was similar to that observed with the JAK1/2 inhibitor,
ruxolitinib. To further assess whole animal tumor burden and evaluate antitumor efficacy,
serum IL-2Ra levels were quantitated. BNZ-1 therapy was associated with greatly reduced
IL-2Ra levels at four and seven weeks of treatment, which is indicative of reduced
quantities of prevailing tumor tissue (Figure 6C).
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Discussion

IL-2 and IL-15 are key cytokine drivers in multiple T-cell malignancies including LGLL?7,
ATL29, cutaneous T-cell lymphoma (CTCL)"12, gamma-delta T-cell lymphoma (y8TCL)2>
and anaplastic large cell lymphoma (ALCL)?. Studies of BNZ-1 in LGLL and ATL allowed
us to test the hypothesis that cytokine receptor blockade may exhibit widespread therapeutic
benefit in these malignancies. The pathogenesis of both LGLL and ATL depends on the
dysregulation of IL-2 and IL-15 signaling, making these cytokines and their signaling
pathways attractive therapeutic targets.#10.18.26.44 |n this study, we demonstrated the
efficacy of an IL-2, IL-15 and IL-9 inhibitor peptide, BNZ-1, in T-LGLL and HTLV-1
derived ATL. Treatment of T-LGLL and ATL cell lines with BNZ-1 reduced IL-2 and IL-15
mediated cell viability and proliferation. In addition, the loss of STAT 1/3/5, ERK and Akt
activation provided a mechanism for the impaired cytokine mediated expansion in T-LGL
leukemic cells. Not only did BNZ-1 cause the loss of activation in these critical signaling
pathways, we showed that BNZ-1 induced apoptosis in cytokine supplemented T-LGLL cell
line and patient PBMCs. We also showed its ability to block the expansion of cytokine
dependent and independent ex vivo PBMCs in both T-LGLL and ATL. Lastly, BNZ-1
therapy drastically reduced leukemic burden in an /n vivo IL-15 transgenic ATL mouse
model. Together, this study proved BNZ-1 to be an effective form of therapy in both T-LGL
leukemia and HTLV-1 derived ATL model systems.

To prove the selectivity of BNZ-1 for IL-2 and IL-15, BNZ-1 was evaluated in the 32Dp cell
line. 32D cells are IL-3 dependent and were modified to express all three subunits of the
IL-2 receptor complex, including the common y-chain. Both cytokines utilize the yc
receptor, the designated target of BNZ-1. In contrast, IL-3 does not utilize the common ~yc.
BNZ-1 inhibited IL-2 and IL-15 mediated proliferation in 32D but not that of IL-3. The
critical importance of this lack of inhibition of IL-3 mediated proliferation is two-fold. First,
it shows that BNZ-1 is not universally toxic to cells. Second, these studies provide evidence
of specificity of BNZ-1 for IL-2 and IL-15, which are the putative targets of this agent.

Increased -yc receptor signaling results in increased activation of downstream targets
including STAT1/3/5, ERK and Akt, which are strongly implicated in the pathogenesis of T-
LGLL.1516.23 The |oss of STATSs, Akt and ERK phosphorylation in leukemic cells upon
BNZ-1 treatment indicates the superior ability of BNZ-1 to successfully block multiple
signaling pathways activated by cytokine stimulation when compared to conventional JAK
inhibitors that only inhibit the JAK/STAT pathway.

To fully examine the efficacy of BNZ-1 in T-LGLL, we utilized parallel studies in both cell
lines and patient PBMCs to estimate its putative success in a future clinical trial. We
demonstrated that BNZ-1 reduced cytokine mediated viability, blocked downstream pathway
activation and induced apoptosis in cell lines and in T-LGLL patient samples. Patient PBMC
samples contain varying amount of leukemic LGL, and patient samples used in this study
ranged from 38% to 92% LGL in their PBMCs. Regardless of tumor purity, BNZ-1
succeeded at reducing leukemic cell viability, blocking downstream activation and inducing
apoptosis, thereby strengthening the evidence of BNZ-1 efficacy.
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STAT3somatic mutations are found in up to 40% of all LGLL patients and constitutive
activation of STAT3 is found in all patients, emphasizing the pathogenetic role of this
aberrant pathway in T-LGLL.19:20.23 Knowing the importance of STAT3 mutation in T-
LGLL, we were curious whether a STAT3 mutation would affect the inhibitory effects of
BNZ-1. Regardless of STAT3 mutation status, BNZ-1 reduced the ability of both IL-2 and
IL-15 to support ex vivo survival and expansion of leukemic cells, blocked downstream
protein activation after cytokine treatment and induced apoptosis. This supports the current
understanding that mutant cells still require cytokine signaling at the receptor level and that
an activating mutation alone does not induce constitutive phosphorylation of STAT1 or
STAT3.20.21 Therefore, BNZ-1 has the capability to be a positive therapy in all T-LGLL
patients and would not be limited based on STAT3 mutational status.

In this study, we also demonstrated the efficacy of BNZ-1 on ex vivo primary human ATL
leukemic cell spontaneous proliferation, thereby providing the required evidence that BNZ-1
is effective with non-manipulated human cells. We evaluated the BNZ-1 strategy to reduce
the excessive immune activation that occurs in HTLV-1 associated ATL by simultaneously
inhibiting the effects of multiple pro-inflammatory autocrine and paracrine cytokine loops
involved in the pathogenesis of early disease.2 BNZ-1 was demonstrated to be a potent
inhibitor of ex vivo spontaneous proliferation of PBMCs from ATL patients and exhibited
comparable or superior activity when compared to ruxolitinib. It is of interest that the
addition of BNZ-1 to T-cell LGLL PBMCs led to apoptosis of the leukemic cells whereas
leukemic cell apoptosis was not observed in ATL PMBCs but rather a reduced persistence of
the leukemic cells. This observation may be due to loss of apoptotic cells before evaluation
at this 72 hour time point or may reflect the fact that in ATL, HTLV-1 encoded Tax
transactivates the anti-apoptotic protein Bcl-X(L).45:46

The PEGylated BNZ-1 peptide was developed to improve the pharmacokinetic properties,
increase bioavailability and reduce immunogenicity for clinical studies.338 It was critical to
determine the efficacy of this agent in /7 vivo models in addition to the mouse model for
CD8+ T cell leukemia based on IL-15 transgenic T cells,347 to consider its
pharmacokinetics and safety profile in living mice, and to be assured that the BNZ-1 was
effective /n vivo. In an /n vivo mouse model of ED40515(+) ATL leukemia, BNZ-1
exhibited efficacy at least comparable and likely superior to that mediated by the JAK1/2
inhibitor ruxolitinib. It is noteworthy that the superior efficacy of BNZ-1 was achieved with
twice weekly dosing as opposed to continuous delivery of ruxolitinib by osmotic pump. This
is consistent with our earlier observation that BNZ-1 was superior to tofacitinib, a pan-JAK
inhibitor, in protecting host animals from leukemic death in our mouse CD8+ leukemia
model.3 Thus, BNZ-1 displayed appropriate pharmacokinetics, safety and efficacy to
provide effective treatment in an /n7 vivo model of cytokine-dependent ATL.

Taken together, these preclinical studies indicate that BNZ-1 may be a valuable candidate to
treat T-LGLL and the smoldering and chronic forms of ATL, both of which lack safe and
curative treatments. In this study BNZ-1 inhibited the proliferation of cytokine dependent
ATL and T-LGLL cell lines and patient PBMC’s and induced apoptosis in a T-LGLL cell
line and patient PBMC’s. Additionally, it proved effective in reducing leukemic burden in an
in vivo model of cytokine-dependent ATL. Early results from a completed single and
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multiple ascending dose clinical trials in healthy volunteers (NCT03046459 and
NCT03239379) demonstrated that BNZ-1 was well tolerated with no major side effects.3°
Pharmacodynamic biomarkers showed high specificity to IL-2 and IL-15 (manuscript in
preparation). These preclinical and early clinical successes indicate that BNZ-1 represents a
promising therapeutic option for multiple disorders with dysregulated -yc cytokines and
abnormal activation of JAK/STAT pathways.
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Refer to Web version on PubMed Central for supplementary material.
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Figure 1: BNZ-1 decreased IL-2 and IL-15 mediated viability ina T-LGLL cell line.
TL-1 cells were cytokine starved for 12 hours then pretreated with BNZ-1 (5 uM) for 20

minutes followed by varying IL-2 [A] and IL-15 [B] to determine effective cytokine doses.
IL-2 at 12.5 U/mL and IL-15 at 6.25 U/mL gave a robust increase in TL-1 viability, and
BNZ-1 caused significant reduction of cell expansion induced by both cytokines. Cells were
then treated with increasing concentrations of BNZ-1 in the presence of these doses of IL-2
[C] and IL-15 [D]. Cell viability induced by IL-2 was halved by 10 uM of BNZ-1 and IL-15-
induced cell survival was attenuated by 1 pM of BNZ-1, and fully blocked at 5 and 10 pM.
IL-2 at 12.5 U/mL = 0.19 nM; IL-15 at 6.25 U/mL = 0.19nM. Bars represent relative light
units (RLU; mean + standard deviation) of CellTiter Glo assays done at 48h. N = 3; * P<
0.05; ** £<0.005; *** P< 0.0005.
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Figure 2: BNZ-1inhibited IL-2 or 1L-15 mediated phosphorylation eventsin a T-LGLL cell line.
TL-1 cells were pretreated with or without BNZ-1 in the presence of varying IL-2 or IL-15

doses. Western blot analyses demonstrated blockage of IL-2 [A] or IL-15 [C] mediated
protein phosphorylation with BNZ-1 treatment (10 uM). Graphs of phosphorylated protein
over total protein for IL-2 [B] or IL-15 [D] as quantified by ImageLab software. IL-2 at 8
U/mL =0.12 nM; IL-15 at 8 U/mL = 0.24 nM.
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Figure 3: BNZ-1 increased annexin V positive cellsin a T-LGLL cell line.
TL-1 cells were treated with or without BNZ-1 (10 uM) in the presence of IL-2 (2.5 U/mL),

IL-15 (2.5 U/mL), or IL-2 and IL-15 (2.5 U/mL each). At 72 hours, cells were incubated
with APC-annexin V and PI and analyzed by flow cytometry. [A] In each panel the lower
left quadrant shows double negative (live) cells, lower right quadrant shows APC-annexin V
positive cells (early apoptotic) and the upper right quadrant shows double positive cells (late
apoptotic). [B] Quantification of double negative (live) cells and [C] APC-annexin V
positive (apoptotic) cells in the indicated treatment groups. IL-2 at 2.5 U/mL = 0.038 nM;
IL-15at 2.5 U/mL = 0.076 nM; N = 3; * £< 0.05; ** P< 0.005; *** P< 0.0005.
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Figure 4: BNZ-1 reduced cytokine mediated viability and blocked | L -15 mediated
phosphorylation in T-LGLL patient PBMCs.

PBMC from T-LGL leukemia patients with and without STA7.3 mutations were not treated
(NTC) or pretreated with BNZ-1 (10 uM) for 20 min followed by IL-2 [A], IL-15 [B] or
IL-2 and IL-15 [C] for an additional 24 hrs. Cell viability was measured using CellTiter Glo
in triplicate. Results are shown as mean + SD relative to the input control (100%). BNZ-1
reduced cytokine mediated viability in T-LGLL patient PBMC with and without S7TA73
mutations at 72 hours. T1613 was treated at 2.5 U/mL of IL-2 and IL-15. T1954 and T1875
were treated at 6.25 U/mL of IL-2 and 3.13 U/mL of IL-15. T1370 and T2051 were treated
with 10 U/mL of IL-2 and IL-15. [D] PBMC from T-LGL leukemia patients with and
without STA73 mutations were pretreated with BNZ-1 (5 or 10 uM) for 20 min followed by
IL-15 (2.5 U/mL) for an additional 24 hr. Total protein was harvested and STAT protein
phosphorylation was determined by western blot assay. T-LGL leukemia patient PBMCs
with and without STAT3 mutations were stimulated with IL-2 [E], IL-15 [F] or IL-2 and
IL-15 [G] in the presence or absence of BNZ-1. At 72 hours, cells were stained with APC-
annexin V and Pl and analyzed by flow cytometry. Percent apoptosis quantified by APC-
annexin V positive staining. IL-2 at 2.5 U/mL = 0.038 nM; IL-15 at 2.5 U/mL = 0.076 nM;
WT, wild-type; MUT, mutant; N = 3; * £< 0.05; ** P< 0.005; *** P< 0.0005.
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Figure5: BNZ-1inhibited proliferation of an ATL cell line and of smoldering/chronic ATL
PBMCs.
[A] Effect of BNZ-1 on the proliferation of cytokine-dependent ATL cell line ED40515(+).

Aliquots of ED40515(+) cells were seeded in 96 well-culture plates in medium with I1L-2
(0.1 nM; 12.5 U/mL) or IL-15 (0.2 nM; 2.5 ng/mL) or both. Then the cells were incubated
with serial dilutions of BNZ-1 for 72 hours. The cells were pulsed during the last 6 hours
with 1uCi 3H-thymidine. BNZ-1 effectively inhibited the proliferation of ED40515(+) cells
mediated by IL-2 alone or IL-15 alone or IL-2 plus IL-15. [B] BNZ-1 inhibited the 6-day ex
vivo spontaneous proliferation of PBMCs from patients with smoldering ATL. The PBMCs
isolated from patients with I1L-2, 1L-9, IL-15 autocrine smoldering ATL at 1 X 10%/mL in 96
microtiter plates in RPMI 1640 media supplemented with 10% FBS at 37°C in 5% CO,
were cultured ex vivo for 6 days with and without BNZ-1 or antibody added at initiation of
the cultures. Antibody doses of 10 pg/mL were utilized for a single antibody directed against
the cytokine 1L-2, IL-9 or 1L-15 or 5 pg/mL each when used in combination. 3H-thymidine
was added during the last 6 hours of the cultures. Cells were then harvested and analyzed for
3H-thymidine incorporation. The value was calculated as: % inhibition = (cpm of
proliferation without BNZ-1 — cpm of proliferation with BNZ-1)/(cpm of proliferation
without BNZ-1) X 100. [C] PBMC:s of patients with smoldering ATL with IL-2, IL-9, IL-15
autocrine mediated proliferation have been plated at 108 cells/mL, in the presence or absence
of BNZ-1 (1 and 10 uM). At day 3, cells have been stained with a CD3, a CD4, a CD25
antibody, PI and annexin V. Percentages and total numbers of CD3*CD4*CD25" ATL cells
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(n = 3) significantly decreased in the presence of increasing doses of BNZ, whereas [D]
percentages and numbers of normal CD3*CD4*CD25" T cells were not affected.
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Figure 6: BNZ-1 inhibited IL-15-dependent ATL growth in vivo.
Human 1L-15 transgenic NSG mice were injected i.v. with 1x107 ED40515(+)/luciferase

cells. One week later, the tumor-bearing mice were divided into 3 groups (n=5-6) with
comparable average levels of serum sIL-2Ra and therapy was started. BNZ-1 was given i.v.
at a dose of 40 mg/kg twice weekly for 4 weeks and ruxolitinib was continuously
administered by a subcutaneous mini-osmotic pump at a dose of 50 mg/kg/day for 4 weeks.
(A) Bioluminescence imaging of IL-2/1L-15-dependent ED40515(+)/luciferase ATL-bearing
mice confirmed efficacies of BNZ-1 and ruxolitinib. (B) Average total luminescent signals
of the tumor-bearing mice. The animals treated with both BNZ-1 and ruxolitinib had
significantly lower luminescent signals when compared with those in the PBS control group
(*P<0.05). (C) The mean concentrations of tumor surrogate marker, human sIL-2Ra, levels
in the IL-2/IL-15-dependent ED40515(+)/luciferase ATL-bearing mice before and after
treatment. The animals treated with BNZ-1 had significantly decreased values of sIL-2Ra
when compared with those in the PBS control group (*£ < 0.05). Treatment of the tumor-
bearing mice with ruxolitinib showed similar therapeutic efficacy as BNZ-1 did. Results of
two independent assessments of tumor burden and human sIL-2Ra levels yield similar data,
emphasizing the efficacy of BNZ-1 in a human ATL xenograft mouse model.

Leukemia. Author manuscript; available in PMC 2019 May 03.



	Abstract
	Introduction
	Methods
	Cell lines
	Cell viability assay
	Western blot analysis
	Cell proliferation assay
	Apoptosis detection
	Ex vivo cultures of PBMCs
	Murine ATL model
	Statistical analysis

	Results
	BNZ-1 exhibited selective targeting of cytokine-induced proliferation
	BNZ-1 reduced cytokine mediated viability and downstream pathway activation in a T-LGL leukemia cell line
	BNZ-1 blocked signaling pathways downstream of IL-2 and IL-15
	BNZ-1 increased annexin V positive cells in TL-1
	BNZ-1 reduced cytokine-mediated survival in primary T-LGLL PBMCs
	BNZ-1 reduced IL-15 mediated STAT phosphorylation in primary T-LGLL PBMCs
	BNZ-1 induced apoptosis in primary T-LGLL PBMCs.
	BNZ-1 inhibited cytokine stimulated survival and signaling in an NK-LGL leukemia cell line.
	BNZ-1 inhibited proliferation in a cytokine dependent ATL cell line and ex vivo PBMCs from patients with smoldering/chronic ATL.
	BNZ-1 showed therapeutic efficacy in an IL-2/IL-15 dependent in vivo model of human ATL.

	Discussion
	References
	Figure 1:
	Figure 2:
	Figure 3:
	Figure 4:
	Figure 5:
	Figure 6:

