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Rituximab (RTX), a chimeric IgG1 monoclonal antibody directed against the CD20 antigen, has revolutionized the
treatment of B-cell malignancies. Nevertheless, the relapsed/refractory rates are still high. One strategy to increase the
clinical effectiveness of RTX is based on antibody-cytokine fusion protein (immunocytokine; ICK) vectorizing together at
the tumor site the antibody effector activities and the cytokine co-signal required for the generation of cytotoxic cellular
immunity. Such ICKs linking various antibody formats to interleukin (IL)-2 are currently being investigated in clinical trials
and have shown promising results in cancer therapies. IL-15, a structurally-related cytokine, is now considered as having a
better potential than IL-2 in antitumor immunotherapeutic strategies. We have previously engineered the fusion protein
RLI, linking a soluble form of human IL-15Ra-sushi+ domain to human IL-15. Compared with IL-15, RLI displayed better
biological activities in vitro and higher antitumor effects in vivo in murine and human cancer models. In this study, we
investigated the advantages of fusing RLI to RTX. Anti-CD20-RLI kept its binding capacity to CD20, CD16 and IL-15 recep-
tor and therefore fully retained both antibody effector functions (ADCC and CDC), and the cytokine potential of RLI. In a
severe combined immunodeficiency (SCID) mouse model of disseminated residual lymphoma, anti-CD20-RLI was found
to induce long-term survival of 90% of mice up to at least 120 days whereas RLI and RTX, alone or in combination, just
delayed the disease onset (100% of death at 28, 40 and 51 days respectively). These findings suggest that such ICK could

improve the clinical efficacy of RTX, particularly in patients with refractory B-cell ymphoma.

Introduction

Rituximab (RTX), a chimeric monoclonal antibody (mAb)
directed against the CD20 antigen, is currently used associated
with chemotherapy for the treatment of follicular non-Hodgkin’s
lymphoma (NHL), diffuse large B cell lymphoma' and chronic
lymphocytic leukemia (CLL).? CD20 is a non-glycosylated
trans-membrane protein of 33 to 37kDa that is expressed on the
surface of normal B cells from pre-B to mature-B cell stage, but
not on hematopoietic stem cells, progenitor B cells or plasmo-
cytes.> In B cell malignancies, like B cell NHL, CD20 is highly
expressed. Because CD20 is not down-modulated and rarely

shed,? it represents a good target for antibody-based immuno-
therapy. RTX binding to CD20 can lead to cell lysis through
several mechanisms including apoptosis, antibody dependent
cell-mediated cytotoxicity (ADCC), phagocytosis and com-
plement-mediated cytotoxicity (CDC).> Relapse or absence of
clinical response after RTX treatment is however significant, and
~half of the patients who receive it do not respond to RTX treat-
ment, probably because of the development by B cells of RTX
resistance, including a decrease of ADCC or CDC.%’ Thus, sev-
eral studies have aimed at enhancing the functional activities
of anti-CD20 antibodies by increasing their binding to CD16a
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(FeyRI1Ia),%? a receptor responsible for ADCC and expressed on
NK cells, neutrophils and macrophages.

An alternative approach to increase the effects of RTX is based
on its combination with agents that stimulate ADCC-competent
immune effector cells. Interleukin (IL)-2 is one of these agents;
it is a potent stimulator of both T and NK cells, and has already
been tested in association with RTX in pre- and Phase 1 clinical
studies.'"'? In such a context, an antibody-cytokine fusion pro-
tein (immunocytokine; ICK) linking an anti-CD20 antibody to
IL-2 has been developed and was shown to display higher antitu-
mor activity compared with the corresponding naked antibody,
in a severe combined immmunodeficient (SCID) mouse model
of disseminated residual human lymphoma.’

Among the most advanced ICKs targeting tumor antigens
and using various pro-inflammatory cytokines, those based on
IL-2 have shown promising results in Phase 2 clinical trials, but
with adverse effects resembling the ones observed with recombi-
nant IL-2."%"® Although displaying similar in vitro effects, IL-15,
a cytokine structurally related to IL-2, is considered as having a
better potential in antitumor immunotherapeutic strategies, and
has been shown to be 6 times less toxic than IL-2 in preclinical
studies.”® To mediate its actions, IL-15 binds to a receptor that
shares with the IL-2 receptor the IL-2/IL-15Rf3 and common vy
chains as transducing components. In addition, IL-2 and IL-15
each uses a private o chain (IL-2Ra and IL-15Ra) that con-
fers cytokine specificity and enhances the affinity of cytokine
binding."”*®* The mechanism of action of IL-15 in vivo, playing
a major role in tumor immunosurveillance, relies on its zrans-pre-
sentation by IL-15 producer cells expressing IL-15Ra (dendritic
cells, macrophages and epithelial cells) to responder cells (NK or
memory CD8* T cells) bearing the IL-15RB /vy receptor.” ' IL-15
is particularly crucial for the development of innate immune
cells, the cellular activation of T and NK cells, and the survival
of CD8* memory T cells.?**® Unlike IL-2, IL-15 does not induce
activation-induced cell death (AICD) of CD8* effectors cells*
and does not seem to exert an important influence on regula-
tory T cells that can dampen the antitumor immune responses.”
Furthermore, IL-15 has been shown to increase the ADCC activ-
ity of RTX against a lymphoma B cell line and against lymphoma
cells from CLL patients.’**” Recently, IL-15 trans-presentation
by B leukemic cells from CLL patients has been demonstrated
in vitro and was shown to stimulate and expand autologous NK
cells and to lead to B leukemic cell depletion, a process greatly
amplified in the presence of mAbs such as RTX or GA101 (an
optimized anti-CD20 antibody).?®

We previously described the existence of a soluble form of
the human IL-15Ra that results from the proteolytic cleavage
of membrane-anchored IL-15Ra by metalloproteases.”” Several
studies have subsequently revealed the higher stimulatory effects
of soluble IL-15Ra/IL-15 complexes over IL-15 alone in vitro and
in vivo.**?* Accordingly, we previously engineered a fusion pro-
tein (RLI), that consists of the NH2-terminal (amino acids 1-77,
sushi+) domain of IL-15Ra linked via a 20-amino acid linker
to IL-15.3 RLI was shown to exert higher biological activities
than IL-15 or even the non-covalent association of IL-15 with the
soluble IL-15Ra to drive in vitro cell proliferation through the
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IL-15RB/vy receptor,’ and to promote in vivo mobilization and
expansion of NK cells.* Moreover, when injected in mice, RLI
displayed an increased serum half-life compared with IL-15 and
revealed strong antitumor effects depending mainly on the NK
cell subset, in systemic B16 melanoma mouse model and human
HCT-116 colorectal cancer.?

We therefore aimed at engineering RLI-based ICKs that
could combine the tumor targeting and cytotoxic properties of
therapeutic mAbs, and the immune stimulating potencies of RLI
(Fig. 1). Such an ICK was first built on the basis of an antibody
targeting GD2, a sialic acid-bearing glycosphingolipids expressed
on many human neurectodermal tumors. Anti-GD2-RLI was
shown to extend mice survival in a lymphoma mouse model and
to decrease metastatic progression in a syngenic immunocom-
petent murine model of cancer.”” Here, we describe the biologi-
cal activities in vitro and the high anti-tumor potencies in vivo
of a RLI-based ICK targeting the CD20 antigen, highlighting
the potential therapeutic benefit of such fusion proteins in B cell
malignancies.

Results

Characterization of the anti-CD20-RLI ICK

ICK construction is depicted in Figure 2A. The anti-CD20-
RLI ICK was produced in transiently transfected CHO cells and
purified by Protein A affinity chromatography. SDS-PAGE anal-
ysis under non-reducing (NR) conditions revealed major bands
of 150 and 200kDa for RTX and anti-CD20-RLI respectively,
corresponding to the predicted molecular masses of the anti-
body and the fusion protein, with similar high degrees of purity
(Fig. 2B, left panel). SDS-PAGE under reducing (R) conditions
revealed two bands of 75 and 25kDa corresponding respectively
to the heavy chain of RTX fused with RLI and the light chain
of RTX (Fig. 2B, middle panel). The identity of anti-CD20-RLI
heavy and light chains was further established by western blot
analysis with an anti-IgG mAb (Fig. 2B, right panel, line 1) and
the anti-IL-15 B-E29 mAb (Fig. 2B, right panel, line 2, heavy
chain). The gel-filtration profile under native conditions showed
that the recombinant fusion protein is mainly a monomer with
some little propensity of dimer and trimer formation (Fig. 2C).

Binding of anti-CD20-RLI to CD20 and IL-15R was ana-
lyzed by flow cytometry. It bound to CD20* Raji cells with a
similar mean binding level as RTX (Fig. 3A, left panel). Raji cells
did not bind the irrelevant anti-GD2-RLI ICK, excluding that
part of the anti-CD20-RLI reactivity was through its cytokine
moiety. Anti-CD20-RLI was also able to bind to Kit225 cells
that express endogenous IL-15Ra, IL-15R and IL-15Ry chains
(Fig. 3A, middle panel) and to 32D cells that express endog-
enous IL-15RP and IL-15Ry chains (Fig. 3A, right panel). By
contrast, no binding was detected for RTX, indicating in that
case that anti-CD20-RLI bound through its cytokine moiety.

Binding of anti-CD20-RLI ICK to FcyRIlla (CD16a)
expressed on the surface of NK-92-CD16* cells®® was also studied
and compared with that of RTX. It was evaluated by measuring
the inhibition of the binding of the FITC-conjugated anti-CD16a
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Figure 1. A RLI-based immunocytokine targeting the CD20 antigen and its potential mechanisms of action. RLI was fused to the C-terminus of the anti-
CD20 antibody (RTX) heavy chain. The use of such fusion protein presents the advantages to trigger at the tumor site (B cell malignancies) the cytotoxic
effector functions of the anti-CD20 antibody moiety together with the cytokine co-signal required for the generation of cytotoxic cellular immunity

mADb 3G8 to NK-92-CD16* cells. Similar inhibition curves were
obtained with anti-CD20-RLI, RTX alone or in association
with RLI (Fig. 3B), 80% inhibitory effects being achieved with
10 wM of mAbs. By contrast, RLI did not affect the binding of
3G8 mAb to CD16a (Fig. 3B).

Kinetic analysis by surface plasmon resonance (SPR) of the
binding of anti-CD20-RLI to soluble immobilized IL-15RB/y
complex (Fig. 3C) was also performed and compared with that
of RLI. As expected, RLI bound to IL-15RB/y with an affinity
in the nanomolar range (k on = 3.5 x 10> M s'; k off = 7.6 x 10
s'; K, = 2.2nM). The anti-CD20-RLI also bound to IL-15RB /v,
but with an about 3-fold-higher affinity mainly due to a decrease
in the off rate (k on = 2.4 x 10° M' s'; k off = 1.7 x 104 s}
K, = 0.72nM).

Cytokine activities

In agreement with previous reports,***** IL-15 and RLI
induced the proliferation of Kit225 cells through IL-15Ra/B/y
at similar low concentrations (ED,; ~ 80 and 35pM, respec-
tively) (Fig. 4A). On these cells, anti-CD20-RLI showed a dose-
response effect similar to that of RLI (ED,; ~ 36pM). On 32D
cells that express IL-15RB/y, and as expected from our previ-
ous reports,” RLI was about 10-fold more efficient than IL-15
in inducing proliferation (ED,j = 122 vs 1259pM respectively,
Fig. 4B). In this case, the anti-CD20-RLI ICK was found to
exhibit an even higher (7-fold) potency (ED,; = 18pM) than RLL

A similar increased potency over RLI was already found in the
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case of anti-GD2-RLI, another RLI-based ICK.*” Any potential
participation of the anti-CD20 moiety of the ICK in its higher
activity was ruled out by the fact that: (1) 32Df cells did not
express CD20 under flow cytometric analysis; (2) RTX alone
did not induce their proliferation; (3) the effect of the ICK was
not modified by a saturating concentration of RTX (100 nM)
(not shown).

Detection of STATS5 phosphorylation in 32Df3 cells

Phosphorylation of STAT5 was evaluated in 32D cells,
stimulated either with IL-15, RLI or anti-CD20-RLI. Consistent
with our proliferation results, RLI was about 12-fold more effi-
cient than IL-15 in inducing the phosphorylation of STATS
(EDy, = 196 vs 2475pM, respectively, Figure 4C), and the anti-
CD20-RLI ICK was found to be 7-fold more potent than RLI
(ED,, = 28pM, Fig. 4C).

Antibody effectors functions

CDC was evaluated on the CD20* Daudi target cells. Cells
were incubated either with RTX, anti-CD20-RLI or anti-GD2
as negative control, in the presence of human serum as a source
of complement. Anti-CD20-RLI induced similar CDC as RTX
(Fig. 5A). Its effect was even slightly better on a molar basis than
that induced by the parental mAb. The specificity was assessed
by the absence of cytotoxicity when using the irrelevant antibody
anti-GD2 (Fig. 5A) and when using heat-inactivated serum (not
shown). ADCC was evaluated on the CD20* Raji target cells,
using purified NK cells from healthy donors as effector cells. Raji
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Figure 2. Production and purification of the anti-CD20-RLI ICK. (A) ICK construction, PL: Peptidic Linker within RLI fusion protein.* (B) SDS-PAGE under
non reducing (left panel) and reducing (middle panel) conditions (Lane 1: 5 g of RTX, line 2: 5 g of anti-CD20-RLI); western blot analysis using anti-IgG
Ab (right panel, line 1: 0.1 g of anti-CD20-RLI) or anti-IL-15 Ab (right panel, line 2: 0.1 pg of anti-CD20-RLI). kDa: kilo Dalton; Mw: Molecular weight. (C)
gel-filtration analysis of RTX (left panel) or affinity-purified anti-CD20-RLI (right panel) revealing mainly monomer.

cells were incubated either with RTX, RTX + RLI, anti-CD20-
RLI, anti-GD2 or RLI, the latter two being used as negative
controls. The effects were both effector-to-target cell (E/T) ratio-
dependent (not shown) and dose-dependent (Fig. 5B). Anti-
CD20-RLI induced a similar maximal ADCC as RTX alone or
associated with RLI, although it was somewhat less efficient than
RTX on a molar basis (EC,| = 26 pM vs 11 pM, respectively).
No cytotoxic activity was observed with RLI, and the anti-GD2
antibody showed only background lysis, thereby demonstrating
the antigen specificity of the assay.

ADCC was further investigated on CD19* B cell depletion
from whole blood of healthy donors. Similar dose-dependent
depletion curves and maximal effects were obtained with anti-
CD20-RLI and RTX (Fig. 6). CD3* T cells and CD56* NK
cells remained unaffected, demonstrating the CD19* B cell
specificity of the assay (not shown). RLI did not induce CD19*
cells depletion, nor did it interfere with the depleting effect of
RTX (Fig. 6).
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The activities of ICK and RTX were further compared
on NK-cell activation by measuring in vitro CDI16a down-
modulation and NK-cell degranulation (CD107-based assay),
using PMA/Cal treatment as positive control. Anti-CD20-RLI
induced 2- to 3-fold higher CD16 down-modulation (Fig. 7A)
and CD107 expression (Fig. 7B) on isolated human NK cells
than RTX, at all incubation periods studied. RLI used alone had
minor or no detectable effect.

Pharmacokinetics

Male C57BL/6 mice were injected intraperitonaly (i.p.) with a
single equimolar (80 pmol) dose of ant-CD20-RLI (16 pg), or
RTX (12 pg) (Fig. 8 and Table 1). Plasma levels were determined
using two ELISAs specific for human IgG or human IgG-IL-15
complex, respectively. For the ICK, both ELISAs gave similar results
throughout the experiments, indicating that there was no signifi-
cant alteration of the integrity of the anti-CD20-RLI fusion protein
for at least 300 h after i.p. administration. The pharmacokinetic
profile of RTX (half-life = 100h) was in agreement with previous
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reports in mouse (half-life around 70
h)% and human (half-lives of 76 to 206
h)."" In comparison, anti-CD20-RLI
showed a strongly reduced bioavail-
ability. Although displaying a similar
maximal peak of plasma concentration
(Cmax about 50 nM) as the parental
antibody, its half-life (8.5 h) and AUC
(1188 nM.h) were found 6- to 12-fold
lower than those of RTX (100 h and
7770 nM.h, respectively). Nevertheless,
the pharmacokinetic parameters of anti-
CD20-RLI were far higher than those
previously measured for RLI alone
(3 hand 35 nM.h),* indicating that the
fusion procedure markedly enhanced
the bioavailability of RLI (Table 1).

Anti-tumoral activity of
anti-CD20-RLI

The antitumoral efficacy of RTX
and anti-CD20-RLI were compared in a
Raji xenograft model. Raji proliferation
in vitro was not affected by either IL-15
or RLI, therefore ruling out any poten-
tial direct effect of the RLI moiety on the
tumor cells (data not shown). The mice
survival curves were plotted according
to Kaplan-Meier method and compared
using log-rank test (Fig. 9). RLI alone
at 2 pg did not significantly modify the
median survival (23 d compared with
21 d for vehicle treated mice, Fig. 9B).
RTX at an equimolar amount (12 pg)
was slightly effective, by increasing the
median survival rate to 27 d (Fig. 9B).
Injection of a higher dose (200 pg,
equivalent to 375 mg/m? a dose rou-
tinely used in human)* did not induce
a greater effect (Fig. 9A). However, the
association of RLI to RTX enhanced its
protective effect (median survival of 37
d). Unexpectedly, the antigen-irrelevant
anti-GD2-RLI ICK also resulted in an
increase of the median survival (52 d).
However, and spectacularly, treatment
with the equimolar amount of anti-
CD20-RLI (16 pg) resulted in long-
term survival of 90% of mice up to at

least 120 d (Fig. 9B).

Discussion

This study shows for the first time that targeting CD20
in a disseminated human lymphoma xenograft model with a
RLI-based ICK almost completely cures the disease, leading
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Figure 3. Characterization of the anti-CD20-RLI ICK. (A) Specific binding of anti-CD20-RLI and RTX
antibodies revealed by flow cytometry: Raji (left panel), Kit225 (middle panel) and 32D (right panel)
cells. Control Ab (filled pink); RTX (green line), anti-CD20-RLI (orange line) and anti-GD2-RLI (blue line).
(B) Binding of RTX and anti-CD20-RLI to human CD16-transduced NK-92 cells. CD16-transduced NK-92
cells were incubated with varying concentrations of RTX (O), RLI (M), anti-CD20-RLI (CJ) or the associa-
tion of RTX and RLI (®) for 30 min at 4 °C followed by FITC-conjugated anti-CD16 3G8 mAb and then
analyzed by flow cytometry. Percentages of inhibition of 3G8 binding were calculated as described in
“Methods.” (C) Binding affinities of RLI and anti-CD20-RLI for IL-15R3/y. SPR sensorgrams of binding to
immobilized soluble IL-15R3/y with increasing concentrations (3.125, 6.25, 12.5, 25, 50, 100 and 200nM)
of RLI (left panel) or anti-CD20-RLI (right panel).

to long-term survival. This anti-tumoral effect is much stron-
ger than those obtained with the naked antibody RTX used at
equivalent, and even much higher, doses that only delayed disease
onset. Similar antitumor effects have already been reported for an
IL-2-based ICK also targeting CD20 on a SCID mouse model,®
but, as IL-2-based ICKs elicit adverse events similar to those of
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Figure 4. Cytokine-dependent functional effects of anti-CD20-RLI. (A)
Kit225 or (B) 32D cell proliferation induced by increasing concentra-
tions of human IL-15 (A), RLI (H) or anti-CD20-RLI (CJ) was assessed by
Alamar blue reduction assay. (C) Phosphorylation of STAT5 was evalu-
ated in 32D cells stimulated during 30min by increasing concentrations
of human IL-15 (A), RLI (H) or anti-CD20-RLI (CJ). Data are means + SEM
of three experiments.

IL-2,5 anti-CD20-RLI should have the advantage of a better
safety profile.’® Future studies are required to address this point.

We first showed that fusing RLI to the anti-CD20 antibody
did not alter the recognition of the CD20 antigen. The cytotoxic
effector functions (ADCC, CDC, NK cell activation) of the anti-
body in vitro or ex-vivo (CD19* depletion) were also found to be
maintained, and even slightly increased in the case of CDC and
NK-cell activation. This suggests that fusing RLI to the antibody
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Figure 5. CDC and ADCC activities of anti-CD20-RLI. (A) For CDC, CD20
positive Daudi cells were incubated with increasing concentrations of
RTX (O), anti-CD20-RLI ((I) and anti-GD2 (A) as a negative control, in the
presence of human serum as a source of complement. Lysis of Daudi cells
was evaluated using *'Cr release assays. (B) ADCC was evaluated on Raji
cells at an E/T ratio of 10:1, in the presence of increasing concentrations
of RLI (M), RTX (O), RTX + RLI (@), anti-GD2 (A) and anti-CD20-RLI ()
and using human purified NK cells from healthy donors. Data are means
+ SEM of three experiments.

C-terminus did not decrease the binding of the latter to Fc recep-
tors or complement. The reason for the increased CDC activity
and NK cells activation remains to be understood. A direct con-
formational effect of RLI on Clq recognition appears unlikely
as the binding site of Clq on the CH2 domain of the antibody
heavy chain is located at a distance of its C-terminus. Concerning
NK-cell activation, anti-CD20-RLI and RTX were found to bind
similarly to FcyRIIla expressed by NK cells, indicating that their
increased activation is rather the result of a direct effect of RLI
than of an increased binding to Fc receptors of the antibody part
of the ICK. This is also consistent with the fact that the associa-
tion of RLI with RTX was as effective as the ICK. This is in agree-
ment with the results from Mogga? demonstrating that the direct
action of IL-15 on NK cells was responsible for the IL-15-induced
increase of RTX-mediated ADCC of PBMCs against CLL cells,
and with the recent work of Laprevotte?® demonstrating that NK
cells from CLL patients can be stimulated and expanded by B leu-
kemic cells trans-presenting recombinant human IL-15.
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As previously shown for anti-GD2-RLIL?* the anti-CD20-
RLI ICK kept a binding capacity to cell surface IL-15 receptors,
as revealed by flow cytometry. On Kit225 cells, it was found as
potent as RLI in inducing cell proliferation. On 32D cells that
express the By complex, RLI, in agreement with our previous
works,**3” was about 10-fold more efficient on a molar basis than
IL-15 in inducing cell proliferation as well as signal transduc-
tion (STATS phosphorylation). In this setting that mimics IL-15
trans-presentation, anti-CD20-RLI was found even 7-fold more
efficient than RLI both to induce STATS signaling and cell pro-
liferation. This increased potential is in line with its 3-fold-higher
binding affinity for a soluble IL-15RB/y complex compared with
RLI, and could reflect the ability of the ICK to engage two RLI
binding moieties. As already proposed in the case of the anti-
GD2-RLL? this increased efficiency over RLI could reflect a
more persistent receptor activation.

The SCID/Raji mouse model, where Raji cells have been
inoculated i.v. to SCID mice, has usually been used for the inves-
tigation of various therapeutic strategies against NHL. In this
model, the association of RLI to RTX in the ICK format was
found to spectacularly enhance the RTX anti-tumoral effect. All
mice except one receiving the ICK treatment were still alive up to
at least 120 d after the inoculation of Raji cells, without any clini-
cal sign of disease, whereas all mice receiving RTX were dead at
day 35 with a mean survival of 27 d. Linking RLI to RTX in the
ICK format was also essential for this high efficiency, the simple
non covalent association of RLI to RTX, although synergistic,
only increasing mean survival to 35 d.

Interestingly, the irrelevant ICK (anti-GD2-RLI) was shown
to display substantial efficiency, suggesting that a significant part
of the ICK antitumor effect is associated with a specific effect
of circulating RLI. These results are in agreement with those
of Gillies”® showing that an anti-CD20-IL-2 with decreased
ADCC activity (by removal of the N-linked glycan of the anti-
body) retained significant antitumor activity. Given the fact that
RLI treatment alone had no significant effect, they indicate that
the enhanced bioavailability of RLI as a result of its fusion to
an antibody plays a significant role. Indeed, the serum half-life
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Figure 7. Effect of anti-CD20-RLI on NK-cell activation. CD16A down
modulation (A) and CD107 expression (B) induced by RLI, RTX, RTX + RLI
and anti-CD20-RLI (10 wM) were evaluated in human isolated NK cells
after 1h (O), 2h (A) or 3h (H) incubation time. A combination of PMA and
Calcium lonophore was used as positive control. Data are means + SEM
of three experiments.

and AUC of RLI were increased by about 3-fold and 34-fold,
respectively, when fused to RTX and similar results were previ-
ously found with anti-GD2-RLIL?” Nonetheless, given the much
higher efficiency of anti-CD20-RLI over anti-GD2-RLI in the
Raji model, the anti-CD20 component of the ICK has an essen-
tial role, targeting the RLI to the tumor site where antibody cyto-
toxic functions and cytokine-immunostimulatory functions can
cooperate. ADCC triggered by human Fc in mouse model has
already been evidenced in vivo, using RTX and FCRy chain-
deficient mice® or NK cell-depleted mice."” The higher in vitro
activities of anti-CD20-RLI compared with RLI (7-fold higher
proliferative response through IL-15RB/7y) or anti-CD20 (higher
CDC and NK cells activation) likely participate to this increased
in vivo antitumor effect.

As expected, the fusion of RLI to the carboxy-terminus of
RTX shortened its circulating half-life (8.5 h vs 100 h), an effect
usually observed with immunocytokines®* and depending to
some extent on uptake by FCR-bearing cells as well as intracel-
lular proteolysis. In contrast to ch14.18-IL-2 (an anti-GD2-IL-2
fusion protein),* proteolytic cleavage of anti-CD20-RLI seems
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Figure 8. Pharmacokinetic profiles of anti-CD20-RLI. Male C57BL/6 mice
were injected with a single i.p. of 16 g anti-CD20-RLI (CJ) or 12 g of
RTX (O) and plasma concentrations were determined by ELISA at the
indicated points. *, P< 0.0001 vs anti-CD20-RLI, F test.

unlikely since similar plasma levels were detected using two
ELISA methods that distinguish between the Ab moiety and the
intact fusion protein. Given the similar binding of anti-CD20-
RLI and RTX to FcyRIIla, a modification of the recycling
through the binding to FcRn could explain the shorter half-life
of the ICK, but it remains to be evaluated.

All these results demonstrate the interest of targeting RLI
to the tumor site. Furthermore, given the facts that human
IgGs will at least bind human FCRys as efficiently as mouse
FcRys? and that human IL-15 is more active on human than
mouse NK cells,* an even higher effect of the RLI-based ICK
may be expected in human. The interest of targeting RLI to
the tumor site by the means of an anti-CD20 antibody has not
been reported so far. Our study highlights its therapeutic ben-
efits, which are related to the improved pharmacokinetic proper-
ties of the cytokine provided by the antibody, together with the
preservation and even increased effector properties of the latter
(ADCC, CDC, NK cells activation). This synergistic combina-
tion should allow a reduction of the therapeutic doses, limit the
side effects of both components and improve the clinical effi-
cacy of RTX, particularly in patients with refractory B-cell lym-
phoma. The better safety profile of IL-15 compared with IL-2
allows considering such fusion proteins as promising drugs in
cancer immunotherapy.

RTX resistance in the treatment of B-cell NHL is a com-
mon clinical occurrence present in about half of treatment-naive
patients and developing with repeated treatment in the remain-
der. However, its exact mechanisms remain poorly understood,
although potential implication of the three major pathways of
RTX action (complement fixation, ADCC, and apoptosis induc-
tion) has been proposed.” Whereas recognition of antigen-
bound RTX by Fc-receptor bearing monocytes appears to lead
to CD20-antibody complex shaving (leading to RTX resistance),
its recognition by NK cells leads to ADCC (leading to RTX effi-
cacy).”® Thus, anti-CD20-RLI, by inducing NK cells recruitment
and activation at the tumor site through its cytokine moiety,
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Table 1. Summary of the pharmacokinetic parameters of IL-15, RLI, anti-
CD20-RLI and RTX in male C57BL/6 mice following a single i.p. administra-
tion of a cytokine equivalent molar dose (160pmol)

RTX Anti-CD20-RLI RLI* IL-15%

Mw (kDa) 150 200 25 13

Dose (.g) 12 16 4 2.4

Dose (pmol) 80 80 160 160

... (nM) 43.2 50.8 34 4.7

o (D) 6 6 1 0.5

T,, (h) 100 8.5 3 05
AUC (nM.h) 7770 1188 35 5

Mw, molecular weight; Cmax, maximum plasma concentration; Tmax, time
to reach maximum plasma concentration; T1/2, half-life; AUC, area under
the curve; *Values taken from Bessard et al.*®

would favor ADCC over shaving. Anti-CD20-RLI would hence
be expected to be particularly suitable for patients whose resis-
tance to RTX treatment is known to be related to an ADCC
default. However, the SCID CB-17/Raji mouse model used in
this report expresses NK cells and myeloid cells but is devoid of
the T/B compartments. Further preclinical studies must there-
fore be performed to take into account the role of the adaptive
immune response component and to determine the preclinical
toxicity.

Materials and Methods

Reagents and animals

Seven-week-old male C57BL/6 mice and five-week-old female
SCID CB-17 mice were obtained from Janvier and Charles
River, respectively. Mice were maintained under pathogen-free
conditions and experiments were performed in accordance with
French laws and regulations. Recombinant human IL-15 was
obtained from Peprotech, Inc. and recombinant human IL-2
from Chiron. Recombinant human IL-15RB (224-2B/CF),
recombinant human common <y chain (384-RG/CF), murine
IL-3, mouse anti-human IL-15 mAb (MAB247) and its bioti-
nylated form (BAM247) were purchased from R&D Systems.
RLI was produced as described previously.** Control human
isotype IgG was purchased from Santa-Cruz Biotechnology,
peroxidase-conjugated polyclonal goat anti-human IgG (H+L)
(109-036—003) from Jackson ImmunoResearch, anti-human
IgG (H+L) (UP892370) from Interchim, mouse anti-human
IL-15 mAb (B-E29) from Gen-Probe and RTX, an anti-CD20
mAb from Roche. FITC-conjugated 3G8 mAb specific for
CD16, phycoerythrin-conjugated NKH-1 mAbs specific for
CD56, phycoerythrin-labeled anti-human anti-CD19 (A07769),
FITC-labeled anti-human anti-CD3/phycoerythrin-cyanin5-
labeled anti-human anti-CD56 (A07415) were purchased from
Beckman Coulter and are mouse IgGl. ScreenSureFire STATS
(p-Tyr694/699) Assays Kit (TGRS5S500) was from PerkinElmer.

Cell culture

All cell lines were grown at 37 °C under a humidified 5%
CO, atmosphere. Kit225 T lymphoma human cells,”" 32D
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lymphoblast murine cells,”> and CD16-transduced NK-92 cells,
used to evaluate the binding to CD16, were grown as described
previously.”’ The human Raji cell line (ATCC CCL-86) and
the human Daudi cell line (ATCC CCL-213) were cultured in
RPMI-1640 medium with 10% fetal calf serum (FCS) and 2
mM glutamine. NK cells, used as effector cells in ADCC experi-
ment, were prepared from peripheral blood mononuclear cells of
healthy donor of Etablissement Frangais du Sang of Nantes with
the human NK EasySepKit (StemCell Technologies, Inc.). All
human cell lines were authenticated less than 6 mo before the end
of the experiments by using Promega Power Plex 18 System for
DNA testing (DDC).

ICKs plasmids construction

The light chain and the heavy chain sequences of RTX were
cloned in pcDNAG6 and pcDNA3.1 Hygro, respectively (Life
Technologies Ltd). The IL-15 superagonist RLI?** was fused in
frame at the 3’ end of the RTX heavy chain. An irrelevant ICK
(anti-GD2-RLI) was also constructed with the heavy and light
chains of the anti-GD2 antibody as templates.?”

ICKs expression and purification

Expression plasmids pcDNAG6  blasticidine/anti-CD20-L
and pcDNA3.1 HYGRO/anti-CD20-H-RLI were transiently
transfected into CHO cells using Polyethyleneimine (Tebu-bio)
according to the manufacturer’s instructions. ICK production
was further conducted in Power CHO-2-CD medium (Lonza).
ICK were affinity-purified from culture supernatants by using a
HiTrap Protein A HP column (GE Healthcare). The eluted ICK
were dialyzed against PBS for buffer exchange, sterile-filtered
(0.22 wm), and stored at =80 °C. ICK concentrations were deter-
mined by measuring the absorbance at 280nm and their purities
were analyzed in NR and R conditions on SDS-PAGE, in R con-
ditions on western blot and in native conditions by Akta purifier
10 gel filtration on a Superdex S-200 size exclusion column (GE
Healthcare).

SDS-PAGE and western blot analysis

DPurified proteins were analyzed on 4-12% Bis-Tris Gels (Life
Technologies), as described previously.”” For western blot analysis
of purified proteins, an anti-human IgG (Interchim UP892370)
or an anti-IL-15 mAb (B-E29) were used as primary antibody
before a secondary horseradish peroxidase (HRP)-conjugated
anti-goat/anti-rabbit or anti-mouse antibody conjugated with
HPR.

ELISAs

Anti-CD20-RLI plasma levels were evaluated with two
ELISAs. The first ELISA used an anti-human IgG (UP892370)
as capture antibody and the biotinylated anti-IL-15 (BAM247)
also recognizing the IL-15 moiety in RLI, as revealing antibody.
The second used the same capture antibody as above and an anti-
IgG antibody (109-036-003) as revealing antibody, and was
also used to measure RTX plasma levels. The stability of RLI was
demonstrated by silver stain SDS-PAGE under R conditions (Fig.
S1) and by the fact that RLI maintains its in vitro proliferative
activity (Fig.S2), after freeze-thaw cycles.

Binding properties of ICKs

For CD20 or IL-15 receptor binding, Raji, Kit225 or 32D
(2 x 10°) were incubated 1h at 4 °C with either 10 pg/ml
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Figure 9. Effect of anti-CD20-RLI on survival of tumor-bearing SCID mice.
Mice were inoculated intravenously with Raji cells (2.5x10°). At days 5, 10,
15 and 20 after tumor inoculation, groups of 10 mice were treated with
(A) saline (open triangle), low dose (12 g, open circle) or conventional
therapeutic dose (200 g, filled gray circle) of RTX or (B) with equimolar
dose of saline, RLI (2 w.g), RTX (12 wg), RTX + RLI, anti-CD20-RLI (16 w.g)
or anti-GD2-RLI (16 .g). Mice were monitored daily and sacrificed at the
onset of hind leg paralysis. Percent survival of mice after treatment with
saline (V), RLI (H), RTX (O), RTX + RLI (@), anti-CD20-RLI (CJ) or anti-GD2-
RLI (). *, P< 0.001 vs saline, RLI, RTX, RTX + RLI and anti-GD2-RLI; #, P<
0.01 vs, saline, RLI, RTX and RTX + RLI; £, P< 0.01 vs saline, RLI and RTX; $,
P< 0.05 vs saline and RLI, Log-rank test.

anti-CD20-RLI, RTX or control isotype IgG. After reaction
with 1.25 pg/ml PE-labeled goat anti-human IgG as a second-
ary antibody (BD Biosciences), cell fluorescence was measured in
a Calibur flow cytometer and data were analyzed using FlowJo
Software (BD Biosciences).

The binding to FcyRIIIa expressed at the surface of CD16-
transduced NK-92 cells was performed as described previously.”
In brief, cells (10%) were incubated with indicated concentrations
of RTX, RLI, anti-CD20-RLI or the association of RTX and
RLI for 30 min at 4 °C followed by FITC-conjugated anti-CD16
3G8 mAD and analyzed by flow cytometry. Fluorescence analy-
ses were performed using Kaluza 1.2 version (Beckman Coulter).
Results were expressed as the percentage of inhibition of 3G8
mAb binding: (MFI in absence of rituximab — MFI in presence
of rituximab) x 100 / (MFI in absence of rituximab).>
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The binding to IL-15RB/y was further evaluated by SPR
studies. The SPR experiments were performed at 25 °C with a
BIAcore 3000 biosensor (GE Healthcare). Recombinant IL-15R3
and Ry were covalently linked to CM5 sensor chips using the
amine coupling method in accordance with the manufacturer’s
instructions, and the binding of increasing concentrations of RLI
or anti-CD20-RLI was monitored as described.”> The BIAeval
4.1 software was used to fit data.

Proliferation assays

The proliferative responses of Kit225 and 32D cells to IL-15,
RLI or anti-CD20-RLI was assessed by Alamar blue reduction
assay (AbDSerotec). Cells were starved in the culture medium
without cytokine during 24 h for Kit225 or 4 h for 32Df. They
were plated at 1 x 10 cells in 100 .l and cultured for 48 h in the
medium supplemented with increasing concentrations of IL-15,
RLI or anti-CD20-RLI. The effect of RTX (100nM) alone or
added to increasing concentrations of anti-CD20-RLI was also
evaluated. Alamar blue (10 pl) was added to each well and the
fluorescence was measured at excitation 560 nm and emission
590 nm using Fluoroskan Ascent FL reader (Thermo Electro
Corporation) after a 6h-incubation period at 37 °C.

Phospho-STATS5 assays

Detection of phospho-STATS (p-STATS) proteins was
assessed by AlphaScreenSureFire STATS assay kit (PerkinElmer).
Exponentially-growing 32D cells were washed and serum-
starved to reduce basal phosphorylation (4 h in cytokine-
deprived RPMI-1640 medium supplemented with 0.5% FCS
and 2 mM glutamine). After 30 min stimulation with increasing
concentrations of 1L.-15, RLI or anti-CD20-RLI at 37 °C, cells
were suspended in ice-cold PBS and cell pellets were lysed by
the addition of 50 wl of Lysis buffer with shaking for 15 min. A
portion of lysate from each condition (4 pl) was transferred to a
384-well ProxiPlate and assayed for p-STATS5. Briefly, a mixture
of Reaction buffer, Activation buffer, and AlphaScreen Acceptor
beads was prepared under low light conditions according to the
manufacturer’s instructions, and 5 .l of the assay mixture was
added to lysates in each well. The plates were sealed and cov-
ered in foil, and incubated at room temperature for 2 h. After
this, a mixture of Dilution buffer and AlphaScreen donor beads
was prepared under low light conditions, and 2 pl was added to
the wells. The plates were sealed and covered in foil, and incu-
bated at room temperature for 2 h. The signal in the wells was
then detected using an EnSpire Multimode Plate Reader (Perkin
Elmer). Lysates protein concentration was determined by BC
Assay Kit (Uptima) using BSA as standard.

ADCC and CDC assays

Lysis of Raji and Daudi cells was evaluated using >'Cr release
assays. Target cells (1 x 10°) were incubated at 37 °C with 75
nCi 'Cr (Na,'CrO,, Perkin-Elmer) during 1h and washed by
centrifugation. CDC and ADCC assays were performed as pre-
viously described.?”” NK cells were prepared from donor CD16"Y
genotype.

B cells depletion assay

Heparinized blood samples (100 pwl/well) from healthy human
donors were incubated 4h at 37 °C with indicated concentra-
tions of either anti-CD20-RLI, RTX, RLI or the association of
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RLI and RTX. After a 15min-incubation at room temperature
with PE-labeled anti-human anti-CD19, FITC-labeled anti-
human anti-CD3 and PE-Cy5-labeled anti-human anti-CD56,
cells were analyzed by flow cytometry.

NK-cell activation

For the study of functional responses of NK cells, culture
plates were sensitized overnight at 4 °C with a saturating con-
centration of RTX or anti-CD20-RLI (10 wM) as described.”
Isolated NK cells (10%), were laid down in anti-CD20-RLI-
sensitized culture plates or in RTX-sensitized culture plates in
the absence or in the presence of RLI (10 wM) or in unsensi-
tized culture plates in the presence of a combination of PMA
and Cal used as positive control (100 ng/ml and 500 ng/ml
respectively). NK cells were incubated for 1, 2 or 3 h at 37 °C
with PC5-conjugated anti-CD107a, and then labeled with PC7-
conjugated 3G8 (30 min, 4 °C) and analyzed by flow cytometry
as described.**

Pharmacokinetic experiments

C57BL/6 mice were injected i.p. with molar equivalent dose
of anti-CD20-RLI (16 pg) or RTX (12 pg). At various time
points (up to 312h), blood samples were taken (3 mice per point)
and immediately centrifuged, and the plasma was frozen at —20
°C. Proteins plasma levels were evaluated using two ELISAs (see
above) and biodisponibility parameters were calculated using a
one-compartment model with GraphPad Prism software.

Tumor model

The procedure (number CEEA-PdL.2011.36) was approved
by French Ethics Committee for animal experimentation num-
ber 6. Human lymphoma Raji cells (2.5 x 10°) were injected
intravenously (i.v.) in SCID mice.”” Mice (10 mice per group)
were then injected i.p. at days 5, 10, 15 and 20 after cells trans-
plantation, with saline or equimolar doses of RLI (2 pg), RTX
(12 pg), co-administration of RTX and RLI, anti-CD20-RLI
(16 pg) or anti-GD2-RLI (16 pg) as irrelevant ICK. A higher
dose of RTX (200 pg) was also tested. Paralysis of mice was
considered as the limit point for survival curves.

Statistical analysis

The data are presented as mean + SEM. The animal survival
data were analyzed using Kaplan and Meier survival analysis.
Statistical analysis used log-rank test for survival curves and
F-test for pharmacokinetic experiments. P values of less than
0.05 were considered significant.
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