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ABSTRACT

Mantle cell lymphoma (MCL) is an aggressive form of B cell non-Hodgkin’s lymphoma and remains
incurable under current treatment modalities. One of the main reasons for treatment failure is the
development of drug resistance. Accumulating evidence suggests that B cell activating factor (BAFF)
and BAFF receptor (BAFF-R) play an important role in the proliferation and survival of malignant B cells.
High serum BAFF levels are often correlated with poor drug response and relapse in MCL patients. Our
study shows that BAFF-R is expressed on both MCL patient cells and cell lines. BAFF-R knockdown leads to
MCL cell death showing the importance of BAFF-R signaling in MCL survival. Moderate knockdown of
BAFF-R in MCL cells did not affect its viability, but sensitized them to cytarabine treatment in vitro and
in vivo, with prolonged mice survival. Anti-BAFF-R antibody treatment promoted drug-induced MCL cell
death. Conversely, the addition of recombinant BAFF (rhBAFF) to MCL cells protected them from
cytarabine-induced apoptosis. We tested the efficacy of a humanized defucosylated ADCC optimized
anti-BAFF-R antibody in killing MCL. Our data show both in vitro and in vivo efficacy of this antibody for
MCL therapy. To conclude, our data indicate that BAFF/BAFF-R signaling is crucial for survival and involved
in drug resistance of MCL. Targeting BAFF-R using BAFF-R antibody might be a promising therapeutical
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strategy to treat MCL patients resistant to chemotherapy.

Introduction

Mantle cell lymphoma (MCL) is a highly aggressive rare sub-
type of B cell non-Hodgkin’s lymphoma (NHL) and considered
an incurable disease."” It is the result of the rearrangement of
the cyclin D1 (CCND1) locus to that of the immunoglobulin
heavy chain (11q13-14q32). It leads to overexpression and
activation of CCND1 important for the development and
maintenance of the MCL disease.” The induction regimen
containing rituximab and high doses of cytarabine followed
by autologous stem cell transplantation and maintenance of
rituximab is adapted as a standard care procedure for young fit
patients of MCL.* The addition of high-dose cytarabine to the
treatment of MCL has improved the survival, however, limita-
tions include hematological toxicities and relapse. The recent
advances have witnessed the development of many efficacious
targeted therapies such as ibrutinib, bortezomib, and lenalido-
mide that has improved the health condition of MCL relapsed
patients.>® However, the prognosis of these relapsed MCL
patients still remains as a great concern. Therefore, it becomes
imperative to thoroughly understand the development of drug
resistance mechanisms to open new treatment avenues for
relapsed patients.

BAFF, a member of tumor necrosis factor (TNF) super-
family is important for survival and maturation of B cells. It

is either released as a soluble factor or displayed on the cell
surface of various cell types such as monocytes, dendritic cells,
and bone marrow stromal cells.” It exerts its biological effect by
binding to the three identified receptors: BAFF-receptor
(BAFF-R), B cell maturation antigen (BCMA), and transmem-
brane activator and calcium-modulator and cyclophilin ligand
interactor (TACI).* The BAFF/BAFF-R signaling is required
for the maturation and maintenance of normal B cells.
Furthermore, BAFF/BAFF-R axis plays a key role in the patho-
genesis and progression of malignant B cells.” Several studies
have also reported the higher expression of BAFF in NHL,
precursor B acute lymphoblastic leukemia (pre-B ALL), B-cell
chronic lymphocytic leukemia (B-CLL), and multiple myeloma
(MM) cells relative to the normal B- cells.'®™'*> Moreover, the
serum level of BAFF was found to be elevated in patients with
NHL, B-CLL, and MM cases.'*"!” The NHL patients with high
BAFF serum levels showed an aggressive form of the disease
and poor drug response.'® The malignant B-cells and/or the
cells present in the microenvironment are known to facilitate
their growth and survival through altered BAFF production.
Lwin et al. have earlier demonstrated that the high levels of
BAFF secreted by bone marrow stromal cells (BMSC) have
protected the NHL-B lymphoma cells from spontaneous and
drug-induced apoptosis.'® Moreover, various other studies
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have indicated the key role of BAFF-R in the pathogenesis and
drug resistance in malignant B-cells. Parameswaran et al. have
shown the expression of BAFF-R in pre-B ALL cells implicat-
ing their contribution to the development and progression of
the disease.'” Furthermore, another report has shown a higher
percentage of MCL, follicular lymphoma (FL), CLL, and diffuse
large B-cell lymphoma (DLBCL) cells to be BAFF-R positive.*’
An interesting study by Zhou group demonstrated that the
dual functional BAFF receptor aptamers can inhibit ligand-
induced proliferation and deliver siRNAs specific to STAT3 in
NHL cells.”’ However, the pathological roles of BAFF-R in
MCL cells and its therapeutic targeting need more attention.

The present study aims to investigate the significance of
BAFF-R expression in growth and survival of MCL cells and
ways to target BAFF-R for MCL therapy. Here, we demonstrate
that BAFF-R is essential for the growth and survival of MCL
cells. Moreover, targeting of BAFF-R in MCL cells sensitizes
them to cytarabine treatment both in vitro and in vivo. Finally,
we used a BAFF-R antibody (VAY-736) optimized for anti-
body-dependent cell cytotoxicity (ADCC), in combination
with allogeneic NK cells for MCL therapy using xenograft
mouse models.

Material and methods reagents

Recombinant human BAFF (thBAFF), APC anti-human CD19
antibody, APC Annexin V apoptosis detection kit with PI
(BioLegend), Anti-BAFF-R VAY-736 (Novartis), Anti-BAFF-
R antibody clone 11cl (Pharmingen), cytarabine, Fluorescein
isothiocyanate (FITC) anti-human immunoglobulin G (IgG)
(Sigma Aldrich), neutralizing anti-human BAFF R (R&D
Systems), GAPDH, Lamin A/C, a-tubulin, cleaved caspase 3,
total-ERK antibodies (Santa Cruz Biotechnology), NF-kB
p100/p52, phospho-AKT(Ser473), phospho- ERK1/2(Thr202/
Tyr204), total-AKT antibodies (Cell Signaling Technology)
were used for the study.

Cell culture

Jeko-1, Mino, and HEK293T cells were purchased from
American Type Culture Collection (ATCC). JVM2 was kindly
provided by Dr. Distelhorst. JVM2, Mino, and Jeko-1 cells were
cultured in RPMI1640 medium supplemented with 10%, 15%,
and 20% FBS, respectively. HEK293T cells were maintained in
DMEM medium supplemented with 10% FBS. All the cell lines
were maintained in a 5% CO2 incubator at 37 °C.

Patient samples

Primary lymphoma cells were isolated from pleural effusions of
MCL patients obtained from the University Hospital Case
Medical Center. Human Peripheral Blood Mononuclear Cells
(PBMCs) from healthy donors were obtained from the
Hematopoietic Stem Cell Core Facility, Case Western Reserve
University. MCL patient blood and bone marrow samples were
obtained from Dr. Rose Beck. Only discarded samples were
used and approved by the University Hospitals Case Medical
Center Institutional Review Board.

Lentivirus production and BAFF-R knockdown

Human BAFF-R shRNAs constructs (shBR3-3: TRCNO0O
00058891, shBR3-4: TRCN0000058892, Sigma Aldrich) were co-
transfected with lentivirus packaging plasmids psPAX2 and
pMD2G into HEK293T cells. Virus supernatants were collected
after 48 hours™ post-transfection. For viral transduction, 1 x 10°
cells resuspended in 1 ml virus-containing medium with 10 pg/ml
of polybrene and transferred to a 14 ml round bottom test tube
and centrifuged at 2,250 rpm for 90 minutes in a centrifuge that
was prewarmed at 32°C. Cell pellets were resuspended in RPMI
1640 growth media and grown for 24 hours before selection with
0.5 pg/ml puromycin.

Western blotting

Cells were lysed with 9 M urea buffer prepared in 20 mM Tris
(pH 7.5) followed by cellular DNA fragmentation by sonication.
Later, the supernatant was collected after centrifugation at
12,000 rpm (10 minutes) and protein concentration was deter-
mined. Nuclear extracts were prepared using the Nuclei EZ Prep
kit (Sigma). SDS-PAGE was performed using 20-50 pg of pro-
teins and transferred to the nitrocellulose membrane (Bio-Rad).
The membrane was blocked in 5% nonfat dry milk (1 hour).
Membranes were probed with primary antibodies overnight at
4°C and with secondary antibodies for 1 hour. Blots were
developed by using the Clarity ECL substrate (Bio-Rad).

Cell proliferation and viability assay

Jeko-1 or Mino cells were plated (1 x 10°/ml) in triplicates in
a 24-well plate under different conditions. Cell proliferation
and viability were measured by staining cells with 0.4% trypan
blue and counting in an automated hemocytometer (Bio-Rad).

Apoptosis assay

Jeko-1, Mino, or JVM2 cells were infected with shGFP or
shBR3-3 or shBR3-4 for 96 hours to knockdown the BAFF-R
expression. The cells were harvested and washed with PBS and
resuspended in Annexin V binding buffer. Subsequently, cells
were stained with Annexin V/propidium iodide (PI). The
Annexin V and PI-positive cells were analyzed on the Accuri
C6 flow cytometry system.

In vitro antibody treatment

For competition assays, JVM2 cells were pre-incubated with
different concentrations of rhBAFF for 2 hours, washed with
PBS and incubated with 5 pg/ml anti-BAFF-R VAY-736 for
30 minutes at room temperature (RT), followed by incubation
with FITC-conjugated anti-human IgG antibody, and analyzed
by fluorescence-activated cell sorting (FACS; Accuri Flow
Cytometers Inc). The assessment of BAFF-R antibody binding
was performed by incubating JVM2 cells in different concen-
trations of anti-BAFF-R VAY-736 antibody for 30 minutes at
RT, washed with PBS, and incubated with PE-labeled anti-
BAFF-R and analyzed by FACS.



ADCC assays

NK cells from normal human blood donors were isolated by
MACS negative separation column (Miltenyi Biotech). 1 x 10°
cells of JVM2 or Jeko-1 were labeled with calcein-AM (Life
science Technologies) for 30 minutes at 37°C. After washing
with PBS, control human IgG Ab or 5 ug/mL of anti-BAFF-R
VAY-736 was added to JVM2 or Jeko-1 cells and incubated for
1 hour at 37°C. A total of 10,000 JVM2 or Jeko-1 cells/well were
plated in 96-well plate (triplicates) and then 50,000 of purified
NK cells were added per well. After 4 hours of incubation,
100 pl of culture supernatant was transferred to a Black View
96-well plate and arbitrary fluorescent units (AFU) were mea-
sured on Tecan SPECTRAFLUOR.

In vivo tumor growth

All animal experiments were as per the Institutional Animal
Care and Use Committee and NIH guidelines. NOD/SCID
Mice were purchased from the Jackson Laboratory. 3 x 10° of
JVM2 cells or 10 x 10°/8 x 10° of Jeko-1 or 10 x 10° of Mino
cells were injected subcutaneously in the dorsal flanks of
8-week old NOD/SCID mice (3 or 5 mice/experimental
group). Cells were allowed to proliferate for 10-20 days until
tumors reached the measurable size (50 mm?). Subsequently,
mice were injected with PBS, 3 x 10° NK, or 3 x 10° NK mixed
with anti- BAFF-R VAY736 antibody (10 mg/kg) intratumo-
rally twice a week. Tumor sizes were measured by caliper (3
times/week).

Statistical analysis

Data were analyzed using the two-way ANOVA and unpaired
Student’s t-test. All in vitro experiments were done in tripli-
cates (N = 3). Three independent experiments with triplicates
done for in vitro experiments and one representative experi-
ment shown. P values; ns = not significant, *p < .05, **p < .01,
***p < .001, ****p < .0001. Statistical analysis of mice survival
curve was done by Log-Rank (Mantel-Cox) test.

Results
BAFF-R antibody sensitizes MCL cells to chemotherapy

First, we detected and confirmed the presence of the BAFF-R
expression in three clinical diagnosed MCL patient samples
(gated CD19" CD5") and three MCL cell lines JVM2, Jeko-1,
and Mino by flow cytometry analysis, using the anti-BAFF-R
11cl antibody (Figure 1(a,b)). Primarily, we asked if BAFF
stimulation protects MCL cells from chemotherapy-induced
cell death. As cytarabine is commonly used in the treatment
of MCL, we initially studied its effect on MCL cells in combi-
nation with added recombinant BAFF. Recombinant BAFF
treatment alone didn’t alter proliferation rate and viability in
Jeko-1 cells. However, BAFF protected cytarabine-induced cell
death, as evidenced from the cell proliferation and viability
graphs (Figure 1(c) and Supplementary Fig 1A).
Subsequently, we tested the effect of a neutralizing anti-BAFF
-R antibody in combination with cytarabine.

The treatment of antibody alone had only minor effects on
the proliferation and viability of Jeko-1 cells. However, the
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combined treatment of antibody and cytarabine reduced the
proliferation and viability of Jeko-1 cells. Moreover, the com-
bined treatment presented a synergistic action as compared to
the monotreatments (Figure 1(d) and Supplementary Figure
1B). Interesting enough, recombinant BAFF partially reversed
this synergistic effect (Figure 1(d)). Mino cells also behaved
similarly to these treatments. The treatment of anti-BAFFR
antibody didn’t induce any changes in the proliferation of
Mino cells. However, the combination of anti-BAFF-R anti-
body and cytarabine decreased the proliferation of MCL cells
significantly (Figure 1(e)). The cell viability of Jeko-1 and Mino
cells were reduced from 44 to 25% and 48% to 34%, respec-
tively, in the combined treatment of cytarabine and BAFF-R
antibody as compared to cytarabine alone (Supplementary
Figure 1D, E).

Modest knockdown of BAFF-R expression sensitizes MCL
cells to cytarabine treatment

In order to explore the importance of BAFF-R in MCL survival
and maintenance we generated BAFF-R (BR3) knockdown
MCL cells by transducing with BAFF-R shRNAs, namely,
shBR3-3 and shBR3-4. These shRNAs found to efficiently
knockdown the BAFF-R expression in Jeko-1 cells by 35%
(shBR3-3) and 55% (shBR3-4) (figure 2(a)). The Annexin V/
PI staining surprisingly showed 63% cell death by shBR3-4
while it was 4% for shBR3-3 knockdown cells which was closer
to control cells (2%) (figure 2(b)), after 72 hours of transduc-
tion. The western blot analysis displayed the presence of robust
cleaved caspase 3 band indicating apoptosis-mediated cell
death induced by shBR3-4 (Supplementary Figure 2A). The
percentage of cell death in Mino and JVM2 was found to be
95% and 76%, respectively, after shBR3-4-mediated knock-
down of BAFF-R which too was due to apoptosis as evinced
by the presence of cleaved caspase 3 band (Supplementary
Figure 2B). We next asked if modest knockdown of BAFF-R
in MCL cells (shBR3-3) have any effect on cell viability, pro-
liferation, or sensitization to drug treatment. In line with the
previous observation, BAFF-R knockdown by shBR3-3 in Jeko-
1 and Mino cells does not have any significant effects on cell
growth and viability (figure 2(c-d) left and Supplementary
Figure 2C-D left). The treatment of cytarabine (20 nM) to
shBR3-3 Jeko-1 cells and ShBR3-3 Mino cells decreased the
proliferation rate significantly compared to respective controls
shGFP Jeko-1 and shGFP Mino cells right (figure 2(c-d). The
cell viability of shGFP Jeko-1 cells treated with cytarabine
eventually dropped to 52% on day 7 (Supplementary Figure
2C left), while cell viability of shBR3-3 Jeko-1 cells were sig-
nificantly reduced to 18% (Supplementary Figure 2C right).
This shows that even moderate knockdown of BAFF-R makes
MCL cells more sensitized to cytarabine without developing
drug resistance. Moreover, the same trend was also observed in
Mino cells where cell proliferation and viability was signifi-
cantly reduced in cytarabine-treated shBR3-3 cells in compar-
ison to shGFP Mino cells (figure 2(d) and Supplementary
Figure 2D). Furthermore, we confirmed cell death using
Annexin V/PI staining-based FACS analysis of Jeko-1 shBR3-
3 and shGFP cells treated with cytarabine (figure 2(e), left).
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Figure 1. BAFF-R antibody sensitizes MCL cells to chemotherapy. (a) Flow cytometry analysis on three liquid MCL patient samples (Pt1, Pt2, and Pt3). Black histograms,
control isotype; red histograms, anti-BAFFR 11c1. (b) BAFF-R expression in three MCL cell lines JVM2, Jeko-1, and Mino cells by flow cytometry. Black histograms, control
isotype; red histograms, anti-BAFFR 11c1. (c) 1 x 10° Jeko-1 cells were seeded in 24-well plate in triplicates and cultured in the absence or presence of 200 ng/ml
recombinant BAFF (rhBAFF) with or without 20 nM of cytarabine (CYT). The cell number was measured for the time indicated, not significant (ns) p > .05 for control Jeko-
1 cells compared to rhBAFF-treated cells at day 5. ***p < .001 for Jeko-1 cells with cytarabine (CYT)+rhBAFF treatment compared with cells treated with CYT alone at day
7. One of the three experiments with triplicate samples shown. (d, left) 1 x 10° Jeko-1 cells or (e, left) Mino cells were seeded in 24-well plate in triplicates and cultured
under different conditions such as untreated (ctrl) or 20 nM cytarabine (CYT), 5 pg/ml of neutralizing anti-BAFFR antibody (anti-BAFFR), CYT+anti-BAFFR antibody, and
CYT+ anti-BAFFF-R antibody+200 ng/ml rhBAFF. The cell number was measured for the time indicated, ****p < .0001 Jeko-1 or Mino cells treated with anti BAFF-R
antibody as compared to combined treatment of cytarabine and anti-BAFFR antibody. *p < .05 Jeko-1 cells treated with cytarabine+anti-BAFFR antibody compared to
cytarabine+anti-BAFFR antibody-+recombinant BAFF-treated Jeko-1 cells. *p < .05 for Jeko-1 cells treated with cytarabine versus combined treatment of cytarabine and
anti-BAFFR antibody. Error bars are from single experiment done with triplicate samples representative of three such experiments done with triplicates.
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Figure 2. Modest knockdown of BAFF-R expression sensitizes MCL cells to cytarabine treatment in vitro. (a) Jeko-1 cells were infected with lentivirus shGFP, shBR3-3, or
shBR3-4 for 72 hours. The transcriptional level of BAFF-R in Jeko-1 cells expressing shGFP, shBR3-3, or shBR3-4 was determined by RT-qPCR. ***p < .001 for Jeko-1 cells
expressing shGFP compared to shBR3-3 and shBR3-3 compared to shBR3-4. (b) Graphical representation (on the left panel) showing the total population of early
(Annexin V) and late apoptotic cells (Pl) in one of three experiments with triplicate samples 96 hours after shGFP, shBR3-3, or shBR3-4 lentivirus infection in Jeko-1. The
quantification data was shown on the right panel. ***p < .001 for Jeko-1 cells expressing shBR3-4 compared to shGFP; ns for Jeko-1 cells expressing shBR3-3 compared
to shGFP. (c, left) 1 x 10° Jeko-1 cells or Mino cells (d, left) expressing shGFP or shBR3-3 were seeded in 24-well plate in triplicates and the cell numbers were plotted.
p > .05 is considered not significant (ns). Cell counts from (c, right) Jeko-1 shGFP and shBR3-3 cells or (d, right) Mino cells shGFP and shBR3-3 treated with cytarabine
**¥p < .001. One of the three experiments done with triplicate samples shown. (e, left) The apoptotic cell population was stained by Annexin V and Pl followed by flow
cytometry analysis Dot plot graph represents the total population of early and late apoptotic cells from (c). Apoptotic cell quantification data shown on the right panel.
***p < .001 for cells expressing shGFP and CYT treatment for 96 hours compared to cells expressing shGFP alone. ***p < .001 for cells expressing shBR3-3 compared to
cells expressing shGFP after CYT treatment for 96 hours. Error bars are from single experiment done with triplicate samples representative of three such experiments

done with triplicates. (f) Western blot analysis for the apoptotic marker of cleaved caspase-3 in Jeko-1 cells expressing shGFP or shBR3-3 after CYT treatment for
96 hours. GAPDH was used as a loading control.
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The percentage of cell death in shBR3-3 expressing
untreated and cytarabine-treated Jeko-1 cells was 18% and
50%, respectively (figure 2(e), right). The presence of cleaved
caspase 3 confirmed apoptosis-mediated cell death in these
cells (figure 2(f)).

BAFF protects MCL cells from chemotherapy-induced cell
death

While BAFF-R antibody treatment and BAFF-R knockdown
sensitized MCL cells to cytarabine, addition of recombinant
BAFF protected them from cytarabine-induced cell death. To
further confirm this protective effect is indeed contributed by
BAFF signaling, we stimulated control (shGFP) and BAFF-R
knockdown (shBR3-3) Jeko-1 and Mino cells with BAFF. As
we expected, cytarabine treatment has more pronounced effect
in BAFF-R knockdown Jeko-1 (Figure 3(a-b)) and Mino cells
(Figure 3(c-d)). as compared to control cells. In case of Jeko-1
cells, the treatment of cytarabine resulted in reduced prolifera-
tion of cells reaching to 11.2 million cells in shGFP cells
compared to 4.5 million cells in shBR3-3 cells (Figure 3(a-b)).
In line with this observation, the cell viability also was reduced
more in cytarabine-treated shBR3-3 than shGFP cells
(Supplementary Figure 3A-B). As expected, rhBAFF protected
shGFP Jeko-1 and shGFP Mino cells from cytarabine-induced
apoptosis, while addition of BAFF had no significant effect in
the proliferation rate of shBR3-3 Jeko-1 and shBR3-3 Mino
cells treated with cytarabine (Figure 3(a-d) and Supplementary
Figure 3A-D). This confirms the role of BAFF/BAFF-R signal-
ing in chemo-protection of MCL cells.

To understand the mechanisms of BAFF-R dependent MCL
survival and drug sensitivity, we performed western blot ana-
lysis to dissect the downstream signaling in Jeko-1 cells.
Consistent with other observations, our result indicated that
BAFF-R was associated with the activation of canonical and
non-canonical NF-kB pathways, ERK, and AKT signaling
pathways. It was found that knockdown of BAFF-R by
shBR3-4 in Jeko-1 cells reduced pl00 processing into p52,
eradicated AKT phosphorylation, decreased total AKT level,
and eliminated ERK1 phosphorylation (Supplementary Figure
3E). Modest knockdown of BAFF-R by shBR3-3 in Jeko-1 cells
have a minimal effect on basal levels of p52, p-AKT, and
p-ERK, but significantly reduced the production of p52,
p-AKT, and p-ERK in response to BAFF stimulation
(Supplementary Figure 3F). In response to BAFF stimulation,
Jeko-1 shBR3-3 cells have less p100 processing into p52 in the
cytoplasm and less translocation of p52 into nucleus compared
to control cells (Supplementary Figure 3G).

BAFF-R knockdown sensitizes MCL to cytarabine
treatment in vivo and prolongs mice survival

We used the Jeko-1 and Mino xenograft NSG mouse model to
determine whether the BAFF-R knockdown MCL cells are
more sensitized to chemotherapy, compared to control cells.
Control (shGFP) cells and shBR3-3 Jeko-1 and Mino cells were
subcutaneously injected into NSG mice. Mice were treated with
cytarabine when they had a palpable tumor (Figure 4(a)).
Similar to in vitro observations (Figure 2(c-d), left), there was

no significant difference in the relative tumor growth rate
between control shGFP and shBR3-

3 injected mice (Figure 4(b-c), left).

The cytarabine treatment regime was given 5 times for 3
consecutive days with a 2-day interval followed by another 2
consecutive days’ drug treatment. The cytarabine treatment
resulted in a significant decrease in tumor growth rate in
Jeko-1 shBR3-3 and Mino shBR3-3 mice as compared to
Jeko-1 shGFP and Mino shGFP mice, respectively (Figure 4
(b-c), right). After the withdrawal of the drug, the tumor
started to grow aggressively in both shGFP group mice, while
in shBR3-3 group mice, significant reduced tumor growth was
observed (Figure 4(b-c), right). When tumor volume reached
around 2000 mm”, the mice were sacrificed and the Kaplan-
Meier survival curve was plotted. Analysis of tumor volume
and survival were done in same experiment. Both Jeko-1
shBR3-3 and Mino shBR3-3 injected mice treated with cytar-
abine exhibited significant prolonged survival compared to
respective cytarabine-shGFP cells injected mice (Figure

4(d-e)).

VAY-736 antibody binds to MCL cells

Our data show the importance of BAFF-R in MCL cell survival
and the BAFF-R targeting holds immense potential in MCL
treatment. Recently we reported the efficacy of VAY-736,
a humanized defucosylated engineered antibody targeting
BAFF-R, in mediating ADCC of pre-B ALL cells. Efficacy of
VAY-736 has been also shown in human CLL effectively by
blocking the BAFF-mediated survival signaling and by sensi-
tizing them to ibrutinib. We first tested the binding of VAY-
736 antibody to MCL cells. The VAY-736 binding to the BAFF-
R expressed on Jeko-1 and JVM2 cells was detected using FITC
human IgG antibody (Figure 5(a)). The pre-incubation of
JVM2 cells with rhBAFF inhibited the binding of VAY-736 in
a dose-dependent manner (Figure 5(b)). VAY-736 antibody
also inhibited the binding of different concentrations of anti-
BAFF-R antibody in a dose-dependent manner (Figure 5(c)).
The binding of VAY-736 to BAFF-R in JVM2 cells was
observed to be well sustained until 96 hours of incubation
(Figure 5(d)). Since VAY-736 competes with BAFF for binding
the BAFF-R, we tested its effect on cytarabine treatment in
Jeko-1 cells. VAY-736 treatment only had minor effects on the
viability and proliferation of Jeko-1 cells after treatment with
cytarabine (Figure 5(e)), but it can antagonize BAFF-mediated
apoptosis protection in Jeko-1 cells (Figure 5(f)).

VAY-736 enhances NK cell-mediated MCL cell killing
both in vitro and in vivo

VAY-736 antibody is optimized for the FcRylll-mediated,
ADCC by NK cells, and has been effectively used against ALL
and CLL cells previously. This prompted us to investigate the
therapeutic effect of VAY-736 in MCL cells. We initially ana-
lyzed the efficacy of different ratios of NK effector cells to target
(E:T) in inducing MCL cell death. Remarkably, the percentage
of cell death was more when NK cells are combined with VAY-
736 than the NK cells alone (Figure 6(a)). The E:T ratio of 5:1
was found to induce cell death up to 40% in JVM2 cells and this
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Figure 3. BAFF stimulation failed to antagonize cytarabine-induced BAFF-R knockdown MCL cell death. (a) 1 x 10° Jeko-1 cells expressing shGFP were seeded in 24-well
plate in triplicates for a week. The cells were treated with different combination of components such as untreated (ctrl), CYT, rhBAFF, and CYT+rhBAFF. The cell number
was plotted. ****p <.0001 represents untreated shGFP cells as compared to cytarabine-treated cells. *p < .05 represents cytarabine-treated shGFP cells in comparison to
combined treatment of cytarabine and recombinant BAFF. Experiments shown are representative of three replicates from one experiment. (b) 1 x 10° Jeko-1 cells
expressing shBR3-3 were seeded in 24-well plate in triplicates for a week. The cells were treated with different combination of components such as ctrl, CYT, rhBAFF and
CYT+rhBAFF. The cell number was plotted. ****p < .0001 represents untreated shBR3-3 cells as compared to cytarabine-treated cells. Experiments shown are one
representative experiment of three experiments done with replicates; Not significant (ns) for the comparison of cytarabine-treated shBR3-3 cells in comparison to
combined treatment of cytarabine and recombinant BAFF. (c) 1 x 10° Mino cells expressing shGFP were seeded in 24-well plate in triplicates for a week. The cells were
treated with different combination of components such as ctrl, CYT, rhBAFF, and CYT+rhBAFF. The cell number was plotted. ****p < .0001 represents untreated shGFP
cells as compared to cytarabine-treated cells. ***p < .001 represents cytarabine-treated shGFP cells in comparison to combined treatment of cytarabine and
recombinant BAFF. Experiments shown are representative of three replicates from one experiment. (d) 1 x 10° Mino cells expressing shBR3-3 were seeded in 24-
well plate in triplicates for a week. The cells were treated with different combination of components such as ctrl, CYT, rhBAFF, and anti-BAFFR. The cell number was
plotted. ****p < .0001 represents untreated shBR3-3 cells as compared to cytarabine-treated cells; ns shows the comparison of cytarabine-treated shBR3-3 cells in

comparison to combined treatment of cytarabine and recombinant BAFF. Error bars are from single experiment done with triplicate samples representative of three
such experiments done with triplicates.
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Figure 4. Modest knockdown BAFF-R expression significantly sensitizes the tumor to cytarabine treatment in vivo and prolongs survival of mice in the
xenograft model. (a) Schematic representation of in vivo administration of cytarabine in Jeko-1 and Mino xenograft mice model. Jeko-1 and Mino cells were
subcutaneously injected into NSG mice to generate solid tumor. When the tumor grew to measurable size, cytarabine was injected intraperitoneal for 3
consecutive days followed by 2 days’ interval gap and another 2 consecutive days’ injection as indicated. (b) Tumor volume was measured twice a week for
two weeks and accordingly relative tumor growth rate was estimated for Jeko-1 xenograft cells. Left panel shows relative tumor growth rate of shGFP mice
with shBR3-3. ****p < .0001 for relative tumor growth rate of mice with Jeko-1 cells expressing shBR3-3 and CYT treatment compared with shGFP and CYT
treatment at different time points (right panel). N = 5. (c) Tumor volume was measured twice a week for two weeks and accordingly relative tumor growth
rate was estimated for Mino xenograft cells. Left panel shows relative tumor growth rate of shGFP mice with shBR3-3. ****p < .0001 for relative tumor growth
rate of mice with Mino cells expressing shBR3-3 and CYT treatment compared with shGFP and CYT treatment at different time points (right panel). N = 5. (d)
Kaplan-Meier survival curve was graphed when the Jeko-1 cells tumor volume in mice reached 2000 mm3 and sacrificed the mice. ***p < .001 for survival
time of mice with shBR3-3 and CYT treatment compared to mice with shGFP and CYT treatment. N = 5. (e) Kaplan-Meier survival curve was graphed when the
Mino cells tumor volume in mice reached 2000 mm3 and sacrificed the mice. **<0.01 for survival time of mice with shBR3-3 and CYT treatment compared to
mice with shGFP and CYT treatment. N = 5.
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Figure 5. The binding of the VAY-736 to BAFF-R was competed by recombinant BAFF and anti-BAFF-R 11c1 antibody in MCL cell lines. (a) The binding of the VAY-736
antibody to JVM2 and Jeko-1 cells was detected by FITC anti-human IgG. Black histogram, control isotype; red histogram, VAY-736. (b) Inhibition of VAY-736 binding to
the BAFF-R by rhBAFF in JVM2 cells as detected by FITC-anti-human IgG antibody. (c) VAY-736 binding to BAFF-R was competed by anti-BAFFR 11c1 in JVM2 cells. (d)
Binding of VAY-736 to BAFFR was persistent in JVM2 as detected by FITC-anti-human IgG antibody (e) 1 x 10° Jeko-1 cells were seeded in 24-well plate in triplicate and
treated with CYT in the absence or presence of 10 ug/ml VAY-736 antibody. The cell number was measured for the time indicated. ***p < .001 for Jeko-1 cells with CYT
and rhBAFF treatment compared with CYT alone on day 8. One of two experiments on triplicate samples was shown. (f) 4 x 10°/ml Jeko-1 cells were pre-incubated with
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levels of p52 and Pim2. GAPDH was used as the loading control.
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Figure 6. VAY-736 enhances ADCC mediated by NK cells in vitro and in vivo. (a) Calcein-AM labeled JVM2 cells pre-incubated for 1 hour with control human IgG or VAY-
736 were incubated with different ratio of NK cells (E:T) for 4 hours (b) Calcein-AM labeled Pt2 and Pt3 cells were pre-incubated 1 hour with control human IgG, VAY-736
followed by incubating with NK cells at (E:T of 5:1) for 4 hours. Statistical significance was calculated using unpaired student’s t-test. N = 3; **p < .01, ***p < .001. ()
Percentage of Jeko-1 cell lysis mediated by NK cells from 3 different normal donors. Cells were all pre-incubated with 10 ug/mL of VAY-736 by using E:T ratio of 5:1.
Statistical significance was calculated using unpaired student’s t-test. N = 3; **p < .01, ***p < .001. (d) Percentage of JVM2 cell lysis mediated by NK cells from three
different normal donors. Cells were all pre-incubated with 10 ug/mL of VAY-736 by using E:T ratio of 5:1. Statistical significance was calculated using unpaired student’s
t-test. N = 3; **p < .01, ***p < .001. (e) Top, schematic depiction of Jeko-1 cells xenograft and VAY-736 treatment in mice. Bottom, relative tumor growth rate after
different treatments. On the left panel, PBS group compare to VAY-736; On the middle panel, NK or NK+VAY-736 treatment compare to PBS control; on the right panel,
NK/VAY-736 versus NK treatment. Statistical significance was calculated using two-way ANOVA. ****p < .0001 represents statistical significance between PBS versus NK
+VAY-736 group, and NK in comparison to NK+VAY-736 group, ***p < .001 represents statistical significance between PBS versus NK group. N = 5 for left panel and
N = 3 for middle and right panel. (f) Top, schematic depiction of JVM2 cells xenograft and VAY-736 treatment in mice. Bottom, relative tumor growth rate after different
treatments. Statistical significance was calculated using two-way ANOVA. ***p < .0001 represents statistical significance between PBS versus NK+VAY-736 group,
*p < .05 represents statistical significance between NK versus NK+VAY-736 group. N = 3.



ratio was used for further ADCC experiments. The killing
capacity of NK cells was raised from 37 to 61% and 41 to
67% when combined with VAY-736 against the two patients-
derived MCL cells (Figure 6(b)). We also explored the ADCC-
promoting activity of the VAY-736 on NK cells isolated

from three different donors. After 4 hours of incubation of
effector and target cells, 25% to 80% of Jeko-1 and 17% to 47%
of JVM2 cell deaths were induced by NK cells from different
donors (Figure 6(c)). To determine whether VAY-736 mono-
treatment has any effect on MCL growth in vivo, we used the
Jeko-1 xenograft NSG mouse model. We subcutaneously trans-
planted Jeko-1 cells into NSG mice and injected VAY736 or
PBS. The analysis of tumor volume indicated that there was no
significant change in the tumor growth rate among these two
groups (Figure 6(e) left bottom). Subsequently, we used JVM2
and Jeko-1 cells that were subcutaneously injected into NSG
mice (Figure 6(e,f)). When the tumors attained a measurable
volume, mice were injected intratumorally with PBS, NK cells,
or NK cells plus VAY-736 for different time intervals. The
tumor volume was found significantly decreased in NK plus
VAY-736 treated group as compared to the PBS treated control
group in the JVM2 xenograft mice model (Figure 6(d)). In the
Jeko-1 xenograft mice model, NK cells alone and NK plus
VAY-736 treatment group both significantly reduce tumor
burden than the control group. There was a significant reduc-
tion of tumor burden in NK and VAY-736 combined treat-
ment groups than NK cells treatment group (Figure 6(e)).
A similar effect was also observed in case of JVM2 cells where
the combined treatment of NK and VAY-736 antibody effi-
ciently reduced the tumor growth rate in comparison to NK-
treated group alone (Figure 6(f)). Thus, both Jeko-1 and JVM2
xenografts treated with NK and VAY-736 showed slowing of
tumor growth compared to NK cell alone treated mice.

Discussion

The role of BAFF signaling in normal and malignant B-cell
survival is well known. Whether BAFF signaling is autocrine or
paracrine, its significance in B-cell cancers is evident from the
literature. Autocrine BAFF signaling in B-cell lymphomas is
known to stimulate cell growth and survival.'"** BAFF is also
reported to protect ALL and CLL cells as well as lymphoma and
multiple myeloma cells from spontaneous and drug-induced
apoptosis.”’

Conversely, cell killing was enhanced by soluble BCMA-Fec,
anti-BAFF-R, anti-BAFF, or anti-APRIL antibodies specifying
the crucial role of BAFF signaling in rescuing B cancer from
apoptosis.”**> However, the exact role of BAFF in MCL is not
tully characterized. Since MCL cells are known to express both
BAFF and BAFF-R.'® It might be possible that autocrine sig-
naling plays a significant function in the survival of B-cells as
earlier reports have suggested that BAFF can increase the
survival of malignant B-cell via both autocrine and paracrine
signaling pathways.'®*®*” Our data shows that even a 60%
BAFF-R knockdown leads to spontaneous cell death implying
that BAFF-R is essential for MCL survival and signifies the
importance of autocrine BAFF signaling in MCL survival.
Primary MCL cells from patients die spontaneously and are
difficult to keep alive in culture, which shows that autocrine
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BAFF signaling alone is not enough to keep primary MCL cells
alive. There are other factors crucial for MCL survival and
proliferation. In humans, it might be that these cells are depen-
dent on both autocrine and paracrine signaling as BAFF is
produced by the majority of cells in the tumor microenviron-
ment. In this study, we detailed the role of BAFF-R in regulat-
ing MCL cell survival and its response to cytotoxic agents. The
cytarabine has been effectively used in the treatment of AML
and has shown promising outcomes in the treatment of MCL
that acts by hindering DNA chain elongation.”® >’

Here in our study, we show that the addition of BAFF
protects MCL cells from cytarabine-induced cell death and
blocking BAFF-R by BAFF-R antibody sensitized MCL cells
to cytarabine treatment. As evident from our data, there is
a quantitative balance between BAFF-R expression levels and
MCL survival, as 40% BAFF-R KD leads to cell survival versus
60% BAFF-R KD leads to cell death. We further defined the
role of BAFF-R in MCL survival by injecting BAFF-R KD cells
into immunocompromised mice. Those mice injected with
BAFF-R KD MCL cells developed tumor similar to control
MCL injected mice, but they were sensitized to cytarabine
treatment, confirming the importance of inhibiting BAFF sig-
naling as a therapeutic tool to sensitize chemotherapy-resistant
patients. The bone marrow microenvironment plays an essen-
tial role in biology and therapy of B-cell lymphomas.’® The
bone marrow stromal cells and myeloid cells can produce
BAFF in the lymphoma microenvironment.”” > Since inhibit-
ing a soluble protein like BAFF is difficult, we targeted its
receptor expressed on the cell surface of MCL cells, using
neutralizing BAFF-R antibody in combination with che-
motherapy. This will be a potential therapeutic strategy for
treating MCL patients, especially for treating chemo-resistant
patients. The combination therapy can induce chemosensitiza-
tion that can increase the efficacy and reduce the undesired
cytotoxicity of chemotherapeutic agents.*” We demonstrated
another strategy to therapeutically target MCL cells using an
ADCC optimized BAFF-R antibody. Our recent report showed
the efficacy of this antibody in enhancing NK cell-mediated
ALL killing.*' Here we extend our observations to characterize
the efficacy of this antibody in targeting MCL cells in vitro and
in vivo. One way to improve the observed ADCC in these
in vivo experiments might be increasing numbers of NK cells
injected into these mice, as our in vitro data show a direct
correlation with tumor cell killing and E:T ratio. We reported
TGF-beta as a factor inhibiting CD16 expression and hence
ADCC efficacy of NK cells, in advanced stages of ALL.*!
Previous reports have also suggested that the tumor microen-
vironment often restrains NK cell activity against different
cancer cells.*** So it is important to study the microenviron-
mental factors in MCL whether they inhibit NK cells’s ADCC
efficacy in patients. Inhibiting such factors, if any, as
a combination approach will enhance killing of MCL cells.
VAY-736 antibody showed binding to MCL cell lines and
patient cells and it stayed on the surface of cells for about
96 hours, which is favorable for an optimal ADCC perfor-
mance. High serum BAFF levels are often correlated with
poor drug response and relapse in lymphoma patients.'®**
Therefore, we tested competition of binding of this antibody
to MCL cells in the presence of exogenously added BAFF.
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Binding of BAFF-R antibody was compromised only in the
presence of extreme BAFF concentrations, which is unrealistic
for endogenous BAFF levels. This is in accordance with our
past observations using ALL cells.*' A chimeric antibody devel-
oped against natively folded BAFF-R protein was also reported
to perform ADCC against B cell cancers.*” This antibody might
have a different BAFF-R epitope binding compared to VAY-
736 as it performs anti-tumor activity as a mono-treatment
unlike VAY-736. It will be interesting to do a comparative
performance study of both antibodies.

Our data show a high in vitro and in vivo efficacy of
BAFF-R antibody in killing MCL cells. It is important to
analyze NK cells from these patients to analyze whether its
ADCC efhicacy is compromised. If NK cells are dysfunctional
in these patients, it is advisable to adoptively transfer NK
cells either autologous or allogeneic NK cells, after ex-vivo
expansion, as both cells showed efficacy in mediating MCL
killing. Based on our results, we strongly believe that
a combination of either neutralizing BAFF-R antibody or
BAFF-R inhibitors along with cytotoxic drugs might be
a more optimal therapeutic regimen for drug-resistant
MCL patients. Our data also confirm ADCC optimized anti-
BAFF-R antibody along with the adoptive transfer of NK
cells as a potential approach to target MCL.
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Key Points

® BAFF-R plays key role in the MCL cell survival and its modest knock-
down sensitizes MCL cells to cytarabine treatment

® VAY-736 binds to BAFF-R and antagonizes BAFF-mediated apoptosis
protection in MCL cells and NK cell-mediated cell cytotoxicity.
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