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Abstract

The hul4.18-IL2 (EMD 273063) immunocytokine (IC), consisting of a GD;-specific mAb
genetically engineered to two molecules of IL2, is in clinical trials for treatment of GD,-
expressing tumors. Anti-tumor activity of IC in vivo and in vitro involves natural killer (NK)
cells. We studied the kinetics of retention of IC on the surface of human CD25'CD16'NK cell
lines (NKL and RL12) and GD,"'M21 melanoma after IC binding to the cells via IL2R and GD,,
respectively. For NK cells, ~50% of IC was internalized by 3 h, and ~90% by 24 h of cell
culture. The decrease of surface IC levels on NK cells correlated with the loss of their ability to
bind to tumor cells and mediate ADCC in vitro. Unlike NK cells, M21 cells retained ~70% of IC
on the surface following 24 h of culture and maintained the ability to become conjugated and
lysed by NK cells. When NKL cells were injected into M21-bearing SCID mice, intratumoral
delivery of IC augmented NK cell migration into the tumor. These studies demonstrate that once
IC binds to tumor, it is present on the tumor surface for a prolonged time, inducing the

recruitment of NK cells to the tumor site followed by tumor cell killing.



Introduction.

The humanized 14.18-IL2 immunocytokine (hul4.18-IL2 IC) is the second-generation form of
the original ch14.18-IL2 [1]. It is comprised of the humanized 14.18 anti-disialoganglioside
(GDy) antibody V regions that are joined at the genetic level to the human C kappa and C gamma
heavy chains, the latter of which is fused at the carboxyl terminus to human IL2. The hul4.18
mADb can recognize GD, expressed on human melanomas [2, 3] and neuroblastomas (NB) [4, 5],
and potentially on some other human tumors expressing GD,, including small cell lung cancers
[6], certain sarcomas [7, 8] and intracranial tumors [9]. Presently, IC is being tested in clinical
trials in NB and melanoma [10, 11]. In these clinical studies it was found that NK cells from
patients mediate more potent lysis of GD2" tumor cells in vitro when obtained after they received
in vivo treatment with hul4.18-IL2 [10]. In A/J mice bearing NXS2, a GD," mouse NB,
treatment with the hul4.18-IL2 IC induced strong NK cell-dependent antitumor responses
against local and metastatic disease which significantly exceeded the antitumor effects of the

mADb combined with IL2 [12, 13].

Following administration of radiolabeled ICs in vivo, localization to the tumor has been
documented [14, 15]. This phenomenon is appreciably more pronounced when IC is injected
intratumorally (IT) [16]. Accumulation of IC in the tumor is accompanied by augmented
migration of the immune cells into the tumor [17]. However, it remains unclear whether IC
accumulates in the tumor passively, while being bound to IL2- or Fc-receptor expressing T cells
and NK cells migrating to the tumor, or whether accumulation of IC in the tumor occurs first via
direct binding to tumor antigen, followed by active recruitment and adhesion of T and NK cells

to the tumor via binding of their IL2R to the IL2-component of IC.

Once bound to the cell surface, the IC would be subject to biological processes of the cell



membrane, including possible internalization via antigen or IL2R internalization. Indeed, IL2Rs
become rapidly internalized upon binding IL2 molecules [18-20]. Both high-affinity (i.e.
composed of o [CD25]-, B [CD122]- and y [CD132]-subunits) and intermediate-affinity (i.e.
composed of only B- and Yy-subunits) IL2Rs can be internalized upon IL2 binding [21, 22].
Human peripheral blood-derived NK cells express intermediate-affinity IL2Rs but also can
express high-affinity IL2Rs upon activation [23-25]. Similarly to IL2Rs, ganglioside antigens on
certain types of tumor cells can also mediate internalization of monoclonal antibody-surface

antigen complexes [26, 27].

In this study we evaluated the stability of hul4.18-IL2 IC on the surface of human GD2" tumor
cells (M21 melanoma) and IL2R'NK cells (NKL and RL12 human NK cell lines). We found
that melanoma and NK cells internalize hul4.18-IL2 IC, but NK cells internalized IC at a much
higher rate. It was also found that internalization of cell-surface bound IC by NK cells
diminished their subsequent ability to conjugate to GD2" M21 cells and effectively lyse them. IC
internalization by M21 cells (as well as by mouse NXS2 NB cells) occurred at a significantly
slower rate; tumor cells pre-armed with IC could be effectively targeted and lysed by NK cells at
any of the time-points tested. When hul4.18-IL2 IC was injected intratumorally, it was
detectable on the M21 tumor cell surface even 24 hr after IC injection, and coincided with
augmented migration of resident and adoptively-transferred NK cells into the tumor. Thus, the
stability of hul4.18-IL2 IC binding to both tumor cells and immune effectors, and the relative
residence time on the cell surface, is affected by differences in internalization between the

antibody target and the cytokine receptor.



Materials and Methods

Hu14.18 Ab and IC. The GD;-specific humanized 14.18 Ab and 14.18-1L2 IC, that have been
described previously [1, 28, 29], were obtained from EMD-Lexigen Research Center (Billerica,
MA). One microgram of hul4.18-IL2 IC contains approximately 3000 IU of IL-2 activity, as
previously determined [30]. Custom labeling of hul4.18 Ab or hul4.18-IL2 IC with FITC was
preformed by using EZ-Label FITC protein labeling kit (53004) (PIERCE, Rockford, IL). The
products were purified by using Slide-A-Lyzer Mini Dialysis Unit (3,500 MWCO) (also from
PIERCE).

Cell lines. NKL [31] and RL12 (a human serum-dependent subline of human leukemia NKL,
obtained from Dr. Paul Leibson of the Mayo Clinic, Rochester MN) human NK cell lines were
grown in complete RPMI-1640 cell culture medium supplemented with 10% FBS (Sigma-
Aldrich, St. Louis, MO), 5% of fresh human serum (HS) obtained from healthy donors, 2 mM L-
glutamine, 100 U/ml penicillin/streptomycin, and 25-250 U/ml of exogenous recombinant human
IL2 (TECIN; Hoffmann-La Roche, Inc., Nutley, NJ) at 37°C in a humidified 5% CO;
atmosphere. Under certain experimental conditions, NKL and RLI12 cells were grown in
complete medium but without exogenous IL2 for 24 hr prior to using in experiments. K562
human chronic myelogenous leukemia, M21 human melanoma, L5178Y mouse T cell
lymphoma, CT26 mouse colon carcinoma cell lines were cultured in complete RPMI-1640 cell
culture medium formulated as detailed above but without human serum and IL2. NXS2 mouse
NB cell line was grown in complete DMEM medium.

Labeling of cells with intravital dyes. CFSE [carboxyfluoroscein succinimidyl ester, excitation:
490 nm, emission: 518 nm] and BODIPY 630/650-X, [SE 6-(((4,4-difluoro-5-(2-thienyl)-4-bora-

3a,4a-diaza-s-indacene-3-yl)styryloxy)acetyl) = aminohexanoic acid, succinimidyl ester,



excitation: 630 nm, emission: 650 nm] were purchased from Invitrogen (Carlsbad, CA). Prior to
labeling, the cells were washed twice with room temperature-warm PBS to eliminate serum
residua, re-suspended in 10 ml of 37°C-warm PBS supplemented with 5 mM of CFSE or 1 mM
of BODIPY, and incubated for 15 min at 37°C. The labeled cells were washed once with ice-cold
10% FCS PBS (to neutralize free, cell-unbound label), resuspended in complete cell culture
medium and thereafter incubated at 37°C in a humidified 5% CO, atmosphere for 0-3 days prior
to using in in vitro and in vivo experiments.

Arming cells with hu14.18-IL2 IC. M21, NXS2, NKL, RL12 and L5178Y cells (3x10°/0.1 ml)
were incubated for 1 hr on ice with 2 pg/sample of FITC-labeled hul4.18-IL2 IC followed by
cell washing with ice-cold PBS + 2%FCS.

Flow cytometry. The following anti-human or anti-mouse antibodies were used: anti-mouse
CD16/CD32-FITC (clone 2.4G2); anti-mouse CD25-FITC (3C7); anti-human CD16-FITC
(3G8), anti-human CD25-FITC (M-A251), all from BDBioscience; anti-mouse CD49b-FITC
(DX5) was purchased from eBioscience (San Diego, CA). PE- or Allophycocyanin (APC)-
conjugated polyclonal goat anti-human IgG (G-a-H) were purchased from eBioscience or Open
Biosystems (Huntsville, AL). The cells (3x10°/0.05 ml) or single cell tumor preparations were
incubated on ice for 40 min with 1 pg/ml of hul4.18 Ab, hul4.18-1L2 IC, other specific antibody
or isotype-matched control IgGs, and the unbound antibody was washed off. The flow
cytometry analysis was performed on CellQuest software of FacsCalibur flow cytometer (BD
Biosciences). Analysis of acquired data was performed using FlowJo software (Tree Star, Inc).
Mean Fluorescence Intensity (MFI) ratio calculation. The MFI ratio was calculated by
dividing the flow cytometric MFI value of cells stained with antigen-specific mAb by the MFI

value for the same cells stained with isotype-matched control immunoglobulin. This approach



allows for comparison of multiple test samples within a group and between different groups.
Effector cell — target cell conjugate formation essay. CFSE-labeled NKL or RLI12 cells
(1.5x10°/0.1) and BODIPY 630/650-labeled M21 melanoma cells (1.5x10°/0.1 ml, unless
indicated otherwise) were mixed together in flow cytometry sample tubes (Falcon-35 5-ml
polystyrene tubes) in complete RPMI-1640 medium with or without 1 pg/ml hul4.18 Ab, 3000
U/ml IL2 (the amount of IL2 contained in 1 pug of IC), 1 pg/ml hul4.18 Ab + 3000 U/ml IL2, 1
ug/ml hul4.18-1L2 IC or 1 pug/ml hul4.18-IL2 IC+ 3000 U/ml IL2, and loose pellet was formed
by the cell mixture centrifugation at 500 rpm/1 min followed by incubation of the pelleted cells
for 30 min at 37°C. Under certain experimental conditions, the tumor cells or NK cells were pre-
armed with hul4.18-IL2 IC, as described above, prior to mixing together in the flow cytometry
tubes for conjugate formation. After 30 min of incubation the pellet was gently agitated by
tapping the tube on the firm surface and the cells were tested by flow cytometry for M21-NK cell
conjugate formation.

IC internalization assay. M21, NXS2, NKL, RL12, L5178Y cells (3x10°0.1 ml of complete
cell culture medium without HS and IL2) were armed with 2 pg of FITC-conjugated IC on ice
for 1 hr, and the excess of IC was removed by cell washing in ice-cold PBS. The cells were re-
suspended in complete medium without HS and IL2, distributed into 1 ml polypropylene
eppendorf tubes and placed on 37°C water in a humidified 5% CO, atmosphere. After 0-24 hr of
IC-armed cell incubation, the pellets were harvested by pipetting, washed with ice-cold PBS to
remove the shed IC and thereafter labeled with secondary APC-conjugated goat anti-human IgG
for any IC still present on the surface. The double-labeled cells were analyzed for both FITC and
APC by flow cytometry. As a control for IC-FITC, a mouse anti-human IgG-FITC was used.

The MFI ratios were determined by dividing FITC/APC MFI values of samples that were armed



with IC-FITC and later stained with secondary goat anti-human IgG-APC by the FITC/APC MFI
value of the sample that was armed with mouse anti-human IgG-FITC and goat anti-human IgG-
APC. This approach allows for comparison of multiple samples within a group and between
different groups-delete. The kinetics of IC internalization is expressed as % of relative retention
of FITC/APC MFI values of samples incubated at 37°C for 0.5-25 hr from the maximal values of
FITC/APC MFI ratios of the sample that was incubated at 37°C for 0 hr.

Cytotoxicity assay. The 4-hour >'Cr-release cytotoxicity assay was performed as described
previously [32]. 1.5x10°, 0.75x10x’ or 0.375x10° NKL or RL12 effector NK cells were mixed in
quadruplicates in U-bottom microwell cell culture clusters (Costar) with 5x10° cells/well of >'Cr-
pulsed GD,"M21 or GD, K562 target cells in 30:1, 15:1 or 7.5 effector-to-target (E:T) ratios,
respectively, in complete RPMI1640 medium (without HS) with or without 1 pg/ml hul4.18 Ab,
3000 U/ml IL2, 1 pg/ml hul4.18 Ab + 3000 U/ml IL2, 1 pug/ml hul4.18-IL2 IC or 1 pug/ml
hul4.18-1IL2 IC+ 3000 U/ml IL2. Under certain experimental conditions, effector or target cells
were pre-armed with hul4.18-IL2 IC, as described above, prior to using in the cytotoxicity assay.
In other experiments, 1x10°/ml NK cells were pre-incubated on ice with 10 pg/ml anti-CD25
mAb (anti-TAC, mouse IgG1, clone GL439) for 1 hr followed by two washings with ice-cold
PBS prior to being admixed with the tumor target cells. After the cells were mixed in wells, the
loose pellets were formed by 0.5 min centrifugation at 100 rpm followed by incubation of the
pelleted cells for 4 min at 37°C in 5% CO, humidified atmosphere. After 4 hr incubation, the
supernatant was harvested utilizing the Skatron harvesting system (Skatron, McLean, VA) and
cytotoxicity values (%) were calculated at each E/T ratio as reported previously [33].

In vivo tumor model and intratumoral (IT) treatment. Eight to ten week old SCID mice

(Harlan Sprague Dawley, Madison, WI), were housed, cared for, and used in accordance with the
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Guide for Care and Use of Laboratory Animals (NIH publication 86-23, National Institutes of
Health, Bethesda, MD, 1985).

M21 cells (5x10°0.1 ml) were implanted subcutaneously into abdominal flank, and tumor
growth was monitored. On day 27, when average tumor size was 200-250 mm® (7-9 mm in
diameter), the animals were randomly divided into 3 groups (n=3/group) and treated IT with 3
daily injections of 50 ul of PBS (PBS x 3, group 1), two days of 50 ul PBS and one with 10 ug
hul4.18-IL2 1C/0.05 ml PBC (PBS x 2/IC x 1, group 2), or 3 consecutive daily injections of 10
ug 1C/0.05 ml PBC (IC x 3, group 3). Immediately after the last injection of PBS (group 1) or IC
(groups 2 and 3) all mice were injected intravenously (IV) with 5x10%0.2 ml of BODIPY-labeled
NKL cells. Twenty-four hours after NKL cell injection the animals were euthanized, the tumors
were harvested and processed to a single cell suspension. The resultant cell samples from each
mouse were tested by flow cytometry for prevalence of resident CD49B"NK cells and implanted
BODIPY 'NKL cells, as well as for presence of hul4.18-IL2 on the surface of tumor-infiltrating
NK cells or tumor cells/non-tumor stroma cells.

Statistical analysis. A two-tailed Student’s #-test was used to determine significance of

differences between experimental and relevant control values within one experiment.
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Results

Cell immunophenotype determines specificity of mechanism of hu14.18-1L2 IC binding.

The hul4.18-IL2 IC can bind to the cells expressing GD, antigen, via its antigen-binding site. It
also can bind to cells expressing IL2Rs, via its Fc region-bound IL2 molecule, just as it can bind
to cells expressing FcRs, via the Fc region of the mAb. To analyze potential interactions of IC
with the effector and target cells used in this study, we first determined the GD,, FcR and IL2R
phenotype of two human NK cell lines, NKL and RL12, and well as two tumor cell lines, human
M21 melanoma and mouse NXS2 NB (Fig. 1). Both of the NK cell lines constitutively express
high levels of CD25 (IL2Ra chain) but very low levels of CD16 (FcRylll) (Fig 1A, B), and
neither expresses GD,. In contrast, neither M21 nor NXS2 cells express CD25 or CD16 but both
are recognized by the hul4.18 mAb, demonstrating their GD, expression. Hence, NKL, RL12,
M21 and NXS2 cells all bind the hul4.18-IL2 IC (Fig. 1A,B). These findings suggest that
hul4.18-IL2 IC binds to these NK cells via the high affinity form of IL2R containing CD25, and
to tumor cells via GD,. CD25-specificity of hul4.18-IL2 IC was confirmed by separate analyses
where IC binding to NKL and RL12 cells was inhibited by pre-incubating them with anti-CD25
(anti-TAC) mAb (see Figs. 4A, 4B and 5 in Gubbels et al companion study?). Furthermore, the
binding of the hul4.18 mAb to GD," tumor cells but not to CD25" NKL or RL12 cells further
confirms that hul4.18-IL2 IC binds to NKL and RL12 via CD25. Cells that do not express GD»,
CD16 or CD25 (K562, Fig. 1Bi, and CT26, Fig. 1Bii) do not bind hul4.18 mAb or hul4.18-1L2
IC. The amount of hul4.18-IL2 IC (and hul4.18 mAb) bound to the cells correlated with the
level of CD25 and GD, expression (Fig. 1B). L5178Y cells, expressing the highest level of
CD25 shown (Fig. 1Bi) bound more hul4.18-IL2 IC than did NKL or RL12 cells. Similarly,

M21 cells, expressing more GD, than NXS2 cells bound more hul4.18-IL2 IC than did NXS2
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cells (Fig. 1Bii). The binding of hul4.18-IL2 to NK cells expressing only the intermediate form
of the IL-2R [i.e. unstimulated human donor peripheral blood mononuclear cells (PBMC)-
derived NK cells] was not studied. However, in a parallel study (Figs 1 and 2 in Gubbels et al’) it
has been demonstrated that another immunocytokine, KS-IL2 IC can effectively facilitate
conjugate formation between ovarian cancer cells and NK cells derived from PBMC of healthy
donors and ovarian cancer patients. Since most NK cells (both PBMC derived and human NK
cell lines growing in vitro) express at least low levels of the intermediate affinity receptor, and
proliferate in response to IL-2, it is possible that the amount of hul4.18-IL2 binding to CD122
needed to induce proliferation may be too small to detect using the flow cytometric methods
employed in this study.

As levels of CD25 expression can be modulated by exposure to exogenous IL2 [34], we next
tested if different cell culture conditions would affect the level of hul4.18-IL2 IC binding to
NKL and RL12 cells (Fig. 1C). NKL and RLI12 cells, grown under our standard in vitro
conditions in medium supplemented with 25 U/ml of IL2, were either grown for 7 days in the
presence of high IL2 concentration (200 U/ml) or were IL2 deprived for 24 hr prior to testing for
CD16/CD25 expression and hul4.18-IL2 IC binding. As shown, culturing in the presence of 200
U/ml of IL2 upregulated CD25 expression on NK cells as well as augmented the capacity to bind
hul4.18-1L2 IC, whereas IL2 deprivation led to down-regulated CD25 expression and decreased

IC binding, especially for RL12 cells (Fig 1C).
Hu14.18-IL2 IC facilitates conjugation of NK with GD," tumor cells resulting in tumor cell

lysis

We have recently found that hul4.18-IL2 IC facilitates the conjugation of fresh PMBC-derived
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NK cells to GD," tumor cells, and that these conjugates exhibited a polarized immune synapse
facilitated by the IL2Rs of the effector cells (J.A.A.G, data not shown). Here we tested the
cytotolytic activity of these IC-facilitated conjugates. We first confirmed that hul4.18-IL2 IC
facilitated conjugate formation between NKL and GD," M21 cells (Fig. 2A) and demonstrated
that a similar result is obtained with the RL12 cells (Fig. 2B). In medium alone, only ~2% of the
mixed cells were engaged in formation of conjugates that involved at least one tumor cell and
one NK cell (upper right quadrant on each histogram in Fig. 2A and 2B). Incubating the cells in
the presence of hul4.18 mAb or IL2, alone or in combination, did not significantly increase the
number of cells forming hetero-conjugates. In contrast, the presence of hul4.18-IL2 IC led to
formation of conjugates (involving 17-22% of the events detected by flow cytometry) within the
first 30 min of incubation (Fig. 2). Addition of exogenous IL2, similarly to the control setting of
hul4.18 mAb + IL2, at 3000 U/ml did not visibly interfere with the process of functional
conjugation facilitated by hul4.18-IL2 IC. Separate analyses have shown these conjugates are
mediated through the high affinity IL2Rs of the effector cells as anti-CD25 (anti-TAC) mAb
dramatically inhibits conjugate formation (Figs 4B, 4C and 5 in Gubbels et al’). When NKL or
RL12 cells were tested for conjugate formation with GD, K562 cells, no significant differences
between hul4.18 mAb and hul4.18-IL2 IC were observed, with only 3-5% of the cells forming
conjugates (I.N.B., data not shown). Figure 2C (i, M21+NKL and ii, M21+RL12) summarizes
results of 3 experiments performed under identical conditions.

Mixing NKL effectors with M21 targets in the presence of IC at a 1:1 E:T ratio led to formation
of conjugates between ~28% of mixed NKL and M21 cells (Fig. 3B) and involving 45% (Fig.
3C) of total M21 cells during the first 30 min of the assay. We asked if increasing the E:T ratio

would increase the percentage of M21 cells that were conjugated with effector cells. At the
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3.75:1 E:T ratio more than 80% of the M21 cells were bound to NKL cells (Fig 3B, C), and 90%
of the M21 cells were bound to NKL cells at the 7.5:1 E:T ratio. At the ratios of 15:1 and 30:1
greater than 95% and 99% of M21 cells, respectively, were conjugated to NKL cells (Fig 3C).
Similar results were found with RL12 cells (data not shown). In contrast, the percentage of M21
cells involved in conjugates in the presence of hul4.18 mAb was less than 16%, even at the 15:1
and 30:1 E/T ratios (Fig. 3A, C).

In next series of experiments NKL (Fig. 4Ai,iii) and RL12 (Fig. 4Aii,iv) cells were tested for
killing of the GD,” M21 (Fig. 4Ai,ii) and the GD, K562 (Fig. 4Aiii,iv) cells. Greater
cytotoxicity was mediated against M21 cells in the presence of hul4.18-IL2 IC as compared to
hul4.18 mAb. Adding equivalent amounts of IL2 with hul4.18 mAb did not enhance target lysis.
In contrast, comparable killing was seen on K562, regardless of whether hul4.18-IL2 or hul4.18
mAb + IL2 was added. M21 tumor cell lysis was markedly inhibited when effector cells, NKL
(Fig. 4Bi) or RL12 (Fig. 4Bii), were pre-coated with anti-CD25 (anti-TAC) mAb prior to being
admixed with the M21 tumor cells. This is consistent with the results shown in Fig. 5 of the
companion study by Gubbels et al.’, and suggests that conjugation of NK cell effectors with
tumor cell targets facilitated by mAb-IL2 IC augmented cytotoxicity and requires interaction of

IC and the IL2R present on effectors.

Differential stability of hul4.18-IL2 IC binding to GD, CD25" NK cells and GD," CD25

tumor cells reflects differential IC internalization

The half-life of high-affinity IL2R expression on the cell surface is approximately 10-20 minutes
[18, 20]. Shortly after IL2 binding, the IL2-IL2R complex becomes internalized, and this process

seems to be independent from the presence of IL2 in the microenvironment but rather depends
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upon temperature [19]. The IL2 molecule, as well as B- and y-chains of IL2R are then degraded,
whereas the o-chain (CD25) is recycled to the cell surface. At 37°C more than 50% of IL2 bound
to high affinity IL2Rs becomes internalized within the first 10-20 minutes, and more than 80% -
by one hour [18-20, 35].

Similarly, monoclonal antibodies that recognize membrane surface antigens, can either be
internalized, or shed, or remain relatively stable on the cell surface. This process is also
temperature and cell type dependent and is affected by character and membrane location of the
antigen as well as the class of monoclonal antibody recognizing it. As the gangliosides expressed
by tumor cells are relatively stable membrane components, antibodies that bind to them may
remain on the cell surface for a longer period of time, with slow shedding or internalization [26,
27].

Because hul4.18-1L2 IC is a bispecific fusion protein that binds to both the GD, and IL2Rs (Fig.
1), the fate of the IC once bound to either GD,” M21 cells or NK cells was investigated (Figure
5). We hypothesized that at least three potential possibilities could occur: Ai) hul4.18-IL2 IC
internalization, Aii) stable binding of IC, or Aiii) loss of surface-bound IC via shedding without
internalization.

To address this hypothesis, we used FITC-labeled hul4.18-IL2 IC (IC-FITC) as well as APC-
labeled secondary polyclonal goat anti-human IgG antibody (IgG-APC) that would specifically
recognize human IgG (IC) but not other proteins. M21, NKL and RL12 cells were pre-armed on
ice with saturating concentrations of FITC-labeled hul4.18-IL2 IC and excess IC was washed
out. The amount of IC present on the cell surface at this time (time point O hr) should correspond
to 100% of the IC bound to the cell. Thus the amount of IC-FITC detected on the cell surface by

FITC detection, and the amount of IC on the cell surface detected by the secondary anti-human
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IgG-APC reagent, at time = 0 were defined as 100% for both FITC and APC.

In the case of IC-FITC internalization, FITC would presumably be retained in the cells (but not
on the surface) without significant FITC metabolism and quenching [36]. If all of the IC were
internalized, the amount of human IgG (IC-FITC) available on the cell surface for recognition by
the anti-IgG-APC, would become absent, resulting in reduction of APC fluorescence of the cells
with internalized IC-FITC. A diagram showing the hypothetical pattern for the anticipated
FITC/APC fluorescence decline under the circumstances of complete hul4.18-IL2 IC
internalization is shown in Fig. 5Ai. Previously published data on the kinetics of IL2-IL2R
complex internalization [18, 20] were used as a model.

In the hypothetical case of complete stable binding of hul4.18-IL2 IC to the cell surface (no
shedding or internalization), most of the cell surface bound IC-FITC would still be available for
detection with anti-IgG-APC and thus no decline in either FITC or APC fluorescence would be
anticipated. A diagram showing this pattern for the anticipated FITC/APC fluorescence is
presented in Fig. 5Aii. Should all of the cell surface-bound IC-FITC be shed, there would be a
reduction of FITC fluorescence. Since less IC-FITC would be available for recognition with IgG-
APC, the APC fluorescence will also decrease. This hypothetical pattern is presented in Fig.
SAiii.

First we tested our hypothesis by comparing FITC and APC fluorescence of NKL (Fig. 5Bi,ii)
and M21 (Fig. 5Biii,iv) cells at 0 and 24 hours after pre-arming the cells with hul4.18-1L2 IC.
Both NKL and M21 cells retained 75-85% of FITC fluorescence after being in culture for 24 hr,
indicating that most of the FITC labeled hul4.18-IL2 had been retained on the surface or
internalized, rather than being shed. In contrast, the anti-human IgG-APC fluorescence of NKL

cells had diminished dramatically (from 330 MFI at 0 h to 12 MFI at 24 h), indicating that most
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of surface-bound IC-FITC had been internalized. At 24 h, the M21 cells still retained most of
their IgG-APC signal (2340 MFI at 0 h and 1588 MFI at 24 h), indicating that most of their IC-
FITC was retained on the surface.

Next we evaluated the kinetics of IC cell surface-retention and internalization for IL2-dependent
GD,CD25" NKL (Fig. 5Ci,iv) and RL12 (Fig. 5Cii,v) NK cells, and IL2-independent GD5’
CD25" L5178Y T lymphoma cells (Fig. 5Ciii,vi) and for two CD25°GD," tumor cell lines M21
and NXS2 (Fig. 5Ciii,vi), based on analysis of reduction of FITC (Fig. 5Ci-iii) and APC (Fig.
5Civ-vi) signals. We additionally tested if modulations in the growth conditions of NK cells
(increased IL2 concentration in medium or IL2-deprivation, as shown in Fig. 1C) have an impact
on the stability of hul4.18-IL2 IC binding to the cell surface. Even though NKL and RL12 cells
grown in the presence of high concentrations of IL2 (200 U/ml) bind more IC at time 0 h (Fig.
1C), we observed no significant difference in the rate of hul4.18-IL2 IC internalization by these
cells as compared to the cells propagated in standard (25 U/ml) IL2 concentrations: at 6 hr IC-
FITC fluorescence was almost unchanged from the levels detected at time point O hr, whereas
anti-IgG-APC fluorescence declined by 60-75% at 6 h. Likewise, no significant difference in the
kinetics of hul4.18-IL2 IC internalization was found when cells were deprived of IL2 prior to
pre-arming with IC, although a reduction of the amount of IC bound to the cells at 0 h was noted
and likely reflected down-regulation of CD25 expression. Similar results were documented for
NKL (Fig. 5Ci,iv) and RL12 (Fig. 5Cii,v) cells. The IL2-dependence status [IL2-independent
CD25"L5178Y (Fig. 5Ciii,vi) cells vs. IL2-dependent CD25'NKL (Fig. 4Ci,iv) and CD25 RL12
cells (Fig. 5Cii,v)] also had no detectable impact on the kinetics of hul4.18-IL2 IC
internalization; the pattern seen for L5178Y is very similar to that seen for NKL and RL12. In

contrast, both CD25°GD," tumor cells, M21 and NXS2 (Fig. 5Ciii,vi) lost less than 30% of their
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surface-bound hul4.18-IL2 IC over the 24 hr culture at 37°C (as measured by APC
fluorescence). Hence, it appears that both effectors and targets can internalize the surface-bound

IC when incubated at 37°C, but this effect is mediated more rapidly via IL2Rs than by GD,.

Internalization of IC by NK cells modulates their effector function

To test if internalization of surface-bound hul4.18-IL2 IC had an effect on the ability of IC-
armed cells (effectors or targets) to form conjugates (Fig 6), either NKL cells (Fig. 6iv) or M21
cells (Fig. 6iii) were pre-armed with hul4.18-1L2 IC, washed and cultured for 1, 6 or 24 hr prior
to being tested in the conjugate formation assay. As a control, cells were allowed to form
conjugates in the continued presence of either hul4.18 mAb (Fig. 6i) or hul4.18-IL2 IC (Fig.
6ii) or immediately after (i.e. at time point 0 hr) the cells were pre-armed with hul4.18-IL2 IC.
As expected, NKL and M21 cells formed more conjugates in the continuous presence of IC but
not mAb (Fig. 6i, ii). Although we found a slight reduction in the amount of IC on the surface of
M21 cells over time while incubated at 37°C, this did not affect their ability to become engaged
with IC-unarmed NKL cells (Fig. 6iii) as the percentage of conjugates formed with M21 cells 24
hr after pre-arming was almost the same as for the cells that were pre-armed 0, 1 and 6 hr before
the assay. In contrast, NKL cells pre-armed with IC formed fewer conjugates even at time 0 than
the pre-armed M21 cells (Fig.6iv vs. Fig. 6iii at 0 h), likely reflecting the lower amount of IC that
binds to NKL as compared to M21 (Fig. 1A and Fig. 4B). After the pre-armed NKL were
incubated at 37°C for 1, 6 or 24 h, further decreases were seen in their ability to form conjugates;
at the 24 hr time point the % of conjugates was similar to the number of conjugates formed in the
presence of hul4.18 mAb (7.7% vs. 5.6%, respectively). Hence, rapid internalization of hul4.18-

IL2 IC by pre-armed NK cells (Fig. 5Ci,ii,iv,v) can diminish their ability to subsequently link to
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tumor cells, whereas pre-armed tumor cells can still be effectively targeted by NK cells even 24
hr after IC binding to the tumor cell surface.

To test if internalization of IC by pre-armed NK cells impacts the hul4.18-IL2 IC-facilitated
cytotoxicity, pre-armed NKL (Fig. 7Ai,ii) and RL12 (Fig. 7Adiii,iv) cells were tested for lysis of
GD,"M21 (Fig. 7Ai,iii) or GD,’ K562 (Fig. 7Aii,iv) cells at different time points after IC-arming.
The results suggest that immediately after the arming (0 h) both NKL and RL12 cells could
effectively lyse M21 cells at a level similar to that observed when hul4.18-IL2 IC was
continuously present in the medium. The cytotoxicity levels were reduced at all E/T ratios by
~50% and ~75% at the 6 hr and 24hr time-points, respectively (Fig. 7Ai,iii). Full recovery of
cytotoxicity by the 24 hr IC—pre-armed NKL (or RL12) cells could be achieved if 1 pg/ml of
exogenous hul4.18-1L2 IC was added to the culture (I.N.B., data not shown). As noted in Fig. 3,
no augmented cytotoxicity against K562 cells by IC-armed NK cells was mediated (Fig. 7Aii,iv).
In contrast to the pre-armed NK cells, IC-armed M21 cells were efficiently lysed by unarmed
NKL (Fig. 7Bi) and RL12 (Fig. 7Bii) cells at any of the time points after the arming regardless of
the loss of some of the hul4.18-IL2 IC from the cell surface (Fig. 5Ciii,vi). These results are
consistent with the results shown in Fig. 6iii where efficient conjugate formation at all time-
points was documented. While the level of cytotoxicity seen in Figs. 7Aii and 7Aiv on K562
appears enhanced by IC and likely reflects NK stimulation by the IL2-component of IC, this was
not always reproducible; in 4 separate experiments (not shown) this difference was not

significant (p>0.10).

Hu14.18-IL2 IC preferentially binds to targets in a mixture of tumor and NK cells

Hul4.18-IL2 IC effectively mediates conjugation of tumor cells with NK cells when
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continuously present in medium (Fig. 2), even though the MFI of IC binding to NK cells is less
than to tumor cells (Fig. 1) and IC is internalized more rapidly by NK cells than by tumor cells
(Fig 5). To potentially simulate the in vivo setting of IC administration, we tested the binding of
hu14.18-IL2 IC to a mixture of un-armed M21 tumor cells and NK cells at 37°C.

1.5x10° NKL (Fig. 8Ai, blue population) and 1.5x10° M21 cells (Fig. 8Ai, red population) were
mixed in a 1:1 E:T ratio in the presence of 1 pg/ml of hul4.18 mAb (Fig. 8Aii,v) or hul4.18-IL2
37°C for 30 min. Cell surface-bound hul4.18 mAb and IC were detected with anti-human IgG
mAb similar to the strategy in Fig. 5 (Fig. 8Aiv-vi). Cells kept in medium alone (no mAb or IC)
were used as a control (Fig. 8 Aiv). Distribution of hul4.18 mAb and hul4.18-IL2 IC on single,
i.e. unconjugated cells (red — M21, blue — NKL) as well as on M21/NKL conjugates (green) is
shown in Fig. 8Av,vi. We found that both hul4.18 mAb and hul4.18-IL2 IC were bound to
unconjugated M21 cells (Fig. 8Av,vi). The hul4.18-IL2 IC was also bound to M21/NKL cell
conjugates (Fig. 8Avi). NKL cells were stained negatively for hul4.18 mAb (Fig. 8Av) and only
weakly positive for hul4.18-1L2 IC (Fig. 8 Avi).

To further address the relative binding of mAb vs. IC to the mixed M21 and NKL cells, we
titrated concentrations of hul4.18-IL2 IC to ascertain that the IC concentration of 1 pg/ml was
not a major limiting factor for the low binding of IC to the population of unconjugated NKL
cells. At both low (0.25 pg/ml) and high (4 pg/ml) hul4.18-IL2 IC concentrations, IC staining is
far more prominent on unconjugated M21 cells (Fig. 8B, white triangles) and on M21/NKL cell
conjugates (Fig. 8B, black squares), with smaller levels of IC present on unconjugated NKL cells

(Fig. 8B, black circles).
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Intratumoral hu14.18-1L2 IC treatment results in migration of NK cells into the tumor.

It was previously shown that systemic [i.e. intravenous (IV)] treatment with hul4.18-IL2 IC
results in pronounced antitumor effects against mouse NXS2 NB [13], with even greater local
and systemic effects obtained when the IC is delivered IT [16]. However, little is known about
the ability of such IT treatment to facilitate migration of NK cells into the tumor. We evaluated
this using a previously described adoptive transfer xenograft model [37].

C.B17/SCID mice bearing subcutaneous human M21 melanoma tumors received either one or
three IT injections of 10 pg hul4.18-IL2 IC. To control for mechanic factors associated with IT
injections, mice from the control group received 3 IT injections of 50 ul PBS. Immediately after
the last PBS or IC treatment, all mice were adoptively transferred with 5x10° BODIPY-labeled
NKL cells by IV injection. Twenty four hr after NKL cell infusion the tumors were harvested,
processed into single cell suspension and evaluated for the presence of endogenous mouse
CD49B" NK cells as well as the presence of BODIPY " NKL cells. A representative sample from
a mouse that received 3 daily IC treatments is shown in Fig. 9A. A summary of NK/NKL cell
prevalence in the tumors from all mice in each of the three treatment groups is shown in Fig. 9B.
The results suggest that even a single IT injection of hul4.18-IL2 IC induced migration of both
resident and adoptively transferred human NK cells into the tumor, and the effect of three IT IC
treatments was greater than that of a single treatment (Fig. 9B). A single IT IC treatment was also
marginally better at induction of NKL cell migration than a single IV treatment with the same
amount of IC (I.N.B., preliminary data not shown).

We also asked whether IC was still present in the tumor 24 hr after the last IT treatment and on
which cells it might be bound. The single cell samples from the harvested tumors were labeled

with secondary PE-conjugated polyclonal goat anti-human IgG antibody as well as with FITC-
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conjugated anti-murine NK mAb (anti-CD49B-FITC). The cells were analyzed for IC binding
(PE staining) by gating on CD49B-FITC" (murine NK cells), on BODIPY (human NK cells) or
on FITC'BODIPY" cells (murine tumor and non-NK stromal cells) of the samples (Fig. 8A). We
found that IC was detectable on the surface of FITCBODIPY™ cells (M21 tumor cells + non-NK
stroma) and was not detectable on the surface of either mouse resident CD49B 'NK cells or
injected BODIPY ™ human NK cells (Fig 9C). The number of IC treatments (1 vs. 3) did not have

a visible effect on the amount of IC present on FITC' BODIPY cells (Fig. 9C).
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Discussion

In this study we evaluated the stability of binding of IC to GD, CD25CD16  tumor cells and
CD25'GD,CD16™ NK cells, and evaluated in vitro the impact of IC internalization on the
effector-to-target conjugation and cytotoxicity processes. NK cells were found to rapidly
internalize IC similar to that previously described for soluble IL2; this internalization did not
depend on the amount of IC bound to the NK cell surface (Fig. 1Bi,ii, and Fig. 5Ci,ii,iv,v), the
concentration of exogenous IL2 (Fig. 1C., and Fig. 5Ci,ii,iv,v) in the microenvironment or
overall IL2-dependance of the CD25" cells (Fig. 5C). Loss of IC from the cell surface of pre-
armed NK cells resulted in a significant reduction in their capacity to form conjugates with (Fig.
6iv) and kill (Fig. 7A) tumor cells. However, these functions were easily recovered by supplying
additional hul4.18-IL2 into the mixed M21/NKL cell cultures (I.N.B., not shown). While the
effector cells evaluated here (NKL and RL12) express the high-affinity IL2R (o3y), it is possible
that the kinetics of IC internalization by effectors expressing only intermediate-affinity IL2R (B7)
may be different. Furthermore, concomitant CD16 expression by NK cells may substantially
alter the process of internalization and cytotoxicity by enabling further binding of IC to the cell
surface of effectors and by providing additional stimuli via activating FcyRIII. However, it
appears that IC-facilitated cellular cytotoxicity can be mediated by CD25'NK cells that lack
expression of CD16, with CD25 serving as both anchoring and stimulatory ligand. In contrast,
the kinetics of IC internalization by GD,-positive tumor cells was considerably slower (Fig. 5C),
as compared to NK cells; the stable surface binding of IC to these tumor cells allowed for
efficient conjugation of IC-armed GD2" tumor cells to IC-unarmed NK cells (Fig. 6iii), and
resulted in efficient tumor cell lysis (Fig. 7B).

While the binding of hul4.18-IL2 IC to M21 cells is mediated by the IC’s GD»-specific tumor
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antigen recognition mAb component, the ability of IC to facilitate effector-to-target conjugate
formation and tumor cell lysis (particularly by CD25'CD16  effectors) reflects the bispecific
design of the IC molecule, and its IL2 components. Similar functional results, showing enhanced
NKL-tumor cell conjugation, were recently demonstrated using a separate I1C, the huKS-IL2 IC
(Gubbels et al.?) that specifically targets the KS1/4 [epithelial cell adhesion molecule (EpCAM)]
antigen expressed on lung [38], ovarian [39], colon and other adenocarcinomas [40]. Conjugate
formation between GD2"M21 cells or KS'TOVCAR ovarian carcinoma cells and CD25'NK
effectors (NKL or RL12 cells), facilitated by hul4.18-IL2 IC or huKS-IL2 IC, respectively, was
markedly inhibited by pre-treating NK cells with anti-CD25 (anti-TAC) mAb (Gubbels et al.’).
IC target-specificity was shown by the absence of effector-tumor conjugate formation between
NKL and M21 (GD, EpCAM) cells in the presence of saturating concentrations of huKS-1L2 IC
(Gubbels et al. *). Most importantly, within the NKL-tumor cell conjugates, the IC bound to the
surface of the tumor cells remained evenly distributed all over the tumor cell surface, while the
IC and CD25 molecules on the surface of the NKL cells co-polarized to the active immune
synapse at the junction of the NKL and tumor cell (Gubbels et al. *). These studies indicate that
the high affinity IL2R, upon encountering cell-bound IL2 (as IC bound to tumor cell), functions
as a potential adhesion molecule as well as a signaling molecule, and participates in activated
immune synapse formation. Prospective studies with human NK cells, both resting and IL2-
activated, will address the conjugate formation, cytotoxicity and cytokine profile of patient
effectors ex vivo.

Despite ostensibly uniform binding of IC to NK and M21 cells within a sample (Fig. 1A), it was
never possible to achieve 100% conjugation of all tumor cells with all NK cells when the cells

were mixed at 1:1 E:T ratio (Fig. 2, Fig 3). However, shifting the E:T ratio in favor of NK cells
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(Fig. 3) results in a greater percentage of the tumor cells becoming conjugated with the NK cells.
This greater percentage of conjugation at higher E:T ratios is paralleled by better cytotoxicity
(Fig. 4A). When E:T ratios were less than 1:1 (i.e., more tumor cells compared to effectors), only
a fraction of tumor targets were conjugated with NK cells and resulted in diminished cytotoxicity
(I.N.B, data not shown). Many biological factors, such as overall density and character of surface
distribution of additional adhesion receptor-ligand pairs on both effectors and targets (i.e: NK
activating receptors, such as NKG2D, and its ligands), size of the cells, etc., may have a
functional impact on the quantitative equilibrium of conjugation between the NK and tumor
cells. Regardless of which effector line was evaluated in this study, the inclusion of the hul4.18-
IL2 IC (versus IL2 alone, hul4.18 mAb alone or the IL2 and mAb together) unequivocally
resulted in the highest level of conjugation formation between NKL or RL12 cells and the GD,"
tumor cells (Fig. 2).

Another aspect of IC biology was revealed by comparing the amount of IC bound to single M21
or NKL cells, or to conjugated M21/NKL cells, after 30 min of mixed cell pellet incubation at
37°C (Fig. 8). Cell-bound IC was predominantly targeted to tumor cells (Fig. 8Avi, red cell
population), rendering them vulnerable to killing by NK cells. In contrast, NK cells (Fig. 8Avi,
blue cell population) had a much smaller amount of IC on their surface. NKL/M21 cell
conjugates (Fig. 8 Avi, green cell population) contained IC at a level comparable to the levels
observed on unconjugated M21 cells. Increasing the concentration of IC in the culture medium
(Fig. 8B) did not significantly alter the pattern of IC binding to the cells in the cell mixture, with
M21 cells always demonstrating significantly greater binding of IC relative to NKL cells. While
this may reflect the greater cell-surface density of GD, antigen on M21 as compared to that of

high affinity IL2Rs on the NK effectors, it is also possible that most IC bound to NKL cells at
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37°C is rapidly internalized (Fig. 5) and no longer detectable.

As a potential in vivo correlate of our in vitro binding studies, we demonstrated that intratumoral
injections of hul4.18-IL2 IC in SCID mice resulted in augmented recruitment of NK cells into
the tumor (Fig. 9A,B). In several preliminary experiments, we did not detect significant influx of
NK cells into the tumor when IC was administered intravenously; this likely reflects the non-
optimized conditions employed. The number of adoptively transferred human NKL cells found
in the tumor was greater for the animals receiving 3 daily IT injections than a single IT dose of
IC. This effect required IC treatment, as injections of PBS in control animals did not induce
active migration or passive extravasation (due to mechanical disturbance of the tumor) of either
resident mouse CD49B'NK cells or adoptively transferred human BODIPY ™ NKL cells.
Interestingly, when the single cell preparations from the harvested tumors were tested for the
presence of IC on the cell surface, the IC was found only on tumor cells but not on NK cells (Fig.
9C). It is possible that the tumor-infiltrating NK cells have rapidly internalized any IC bound to
them after IT treatment, whereas the slower internalization kinetics of IC on the surface of tumor
cells enabled its detection at the time of tissue harvest. It is unlikely that this increased number of
NK cells in the tumors was due to immunotherapy-induced tumor cytoreduction, as decreased
tumor sizes was not observed during the 96 hr of the experiment (I.N.B., data not shown).
However, we anticipate that continued (i.e. beyond 96 hr) therapy with the combination of
adoptively transferred NK effectors plus IT delivery of IC would result in even greater
accumulation of NK cells in the tumor compartment leading to immunotherapy-induced tumor
cytoreduction.

The phenomena of differential internalization and surface labeling of tumor vs. effector cells

with IC may have some practical implications in the setting of in vivo treatment, and may
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potentially relate to antitumor activity seen recently in the Phase II clinical setting [43]. In our
preliminary experiments we found that IC bound to the surface of pre-armed NKL cells did not
facilitate their migration into the tumor once the IC-armed NKL cells were adoptively transferred
into the systemic circulation of M21 tumor-bearing mice (I.N.B., data not shown), possibly due
to rapid IC internalization prior to NK cells reaching the tumor. In contrast, IT therapy with IC
did facilitate recruitment of NK cells into the tumor compartment. Prior studies with radio-
labeled IC show specific in vivo localization to tumor sites after IV injection of IC, with even
greater amounts of IC localization to tumor sites after direct IT administration [16]. Despite the
relatively short half-life of IC in the circulation after IV injection [10,41,42], the studies
presented here suggest that once the IC gets to the tumor cells in vivo, it would appear to remain
there for some time. The IC that remains on the tumor surface would then facilitate conjugate
formation with NK effectors that express IL2Rs, subsequently resulting in IC-mediated

cytotoxicity.
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Figure legends

Figure 1. Binding of hu14.18-1L2 IC and hul4.18 mAb is determined by pattern of CD16,
CD25 and GD; expression on NK cells and tumor cells. 4. Expression of CD16 (grey open
peaks) and CD25 (grey filled peaks) vs. staining with isotype IgG (black filled peaks) on NKL
cells (7)) and M21 cells (@ii). Binding of hul4.18 mAb (grey open peaks) and hul4.18-IL2 IC
(grey filled peaks) or isotype IgG (black filled peaks) to NKL cells (ii) or M21 cells (iv).
Numbers represent geometric mean values of the mean fluorescent intensity (MFI) of the
staining with specific or control IgG Ab. B. Comparison of binding by anti-CD16, anti-CD25,
hul4.18 mADb or hul4.18-IL2 IC to NKL, RL12, L5178Y or K562 cells (i), or M21, NXS2 or
CT26 cells (ii). Results are presented as Mean + SE (n = 4 independent experiments with similar
design) of MFI ratios calculated by using geometric mean values of the MFI as described in
Materials and Methods. * - p < 0.05; # - p > 0.05 C. Comparison of binding by anti-CD16, anti-
CD25, hul4.18 mAb or hul4.18-IL2 IC to NKL or RL12 cells grown in 25 U IL2/ml, deprived
of IL2 for 24 h, or cultured in 200 u/ml for 7d prior to staining. Results are presented as MFI
ratios. Results are presented as Mean * SE (n = 3 independent experiments with similar design)
of MFI ratios calculated by using geometric mean values of the MFI as described in Materials
and Methods. * - p <0.05; # - p > 0.05

Figure 2. A, B. IC facilitates conjugation of NK and tumor cells in vitro. BODIPY 630/650-
labeled M21 cells (1.5x10°/0.1 ml) and CFSE-labeled NKL (A4, 1.5x10°/0.1 ml) or RL12 (B,
1.5x105/0.1) cells were mixed together in sample tubes in complete RPMI-1640 medium with or
without 1 pg/ml hul4.18 mAb, 3000 U/ml rIL2, 1 pg/ml hul4.18 mAb + 3000 U/ml rIL2, 1
pg/ml hul4.18-IL2 IC or 1 pg/ml hul4.18-IL2 IC+ 3000 U/ml rIL2, and a loose pellet was

formed by centrifugation at 500 rpm/1 min followed by incubation of the pelleted cells for 30
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min on a 37°C water bath. After 30 min of incubation the pellet was gently agitated and the cells
were tested by flow cytometry for M21-NK cell conjugate formation. The numbers in each
quadrant indicate the percentage of events: single NK cells (left upper quadrant), single M21
cells (right lower quadrant) and conjugates containing at least 1 M21 cell and 1 NK cell (right
upper quadrant). C. Summary of NKL (Ci) and RL12 (Cii) effector cells plus M21 tumor cell
conjugate formation experiments (n = 3). The assays were performed as described above and in
Materials and Methods section. Results are presented as Mean + SE of percentage total number
of cells, mixed in 1:1 E/T ratio, involved in conjugates, as opposed to single cells, by using
geometric mean values of the MFI. * - p <0.05; #- p > 0.05

Figure 3. Increasing E:T ratio increases percentage of M21 cells in conjugates.

NKL cells (1.5 x 10%/0.1 ml) were mixed with 1.5, 0.4, 0.2, 1 or 0.050 x 10%/0.1 ml M21 cells to
achieve E:T ratios of 1:1, 3.75:1, 7.5:1 (A,B), 15:1 or 30:1 (C, and not shown in A, B) ratios.
These mixtures were cultured in medium with 1 pg/ml of hul4.18 mAb (A) or hul4.18-1L2 IC
(B), and conjugates were allowed to form at 37°C. After 30 min of incubation the pellets were
gently re-suspended and tested by flow cytometry for M21-NK cell conjugate formation.
Conjugates were scored as in Figure 2. C. For the purpose of calculating the distribution of M21
cells that were conjugated to NKL cells, versus free (unconjugated) M21 cells, the following
calculations assume that each event seen by flow cytometry represents either a single M21 cell, a
single NKL cell, or a conjugate consisting of 1 M21 and 1 NKL cell. However, it remains
possible that some of the events detected by flow (particularly in the right upper quadrant) may
have more than a single M21 or single NKL cell. The percentage of M21 cells in conjugates =
100% - [(x/y) x 100%] where x is absolute number of unbound M21 cells calculated from the

percentage of events in lower right quadrants in A and B, and y is the absolute number of total
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M21 cells mixed with NKL cells prior to adding hul4.18 mAb or hul4.18-IL2 IC. The results
are representative of two independent experiments.

Figure 4. IC facilitates NK-mediated cytotoxicity in vitro. NKL (Ai,iii) or RL12 (Aii,iv) cells,
grown in medium supplemented with 25 U/ml of IL2, were tested for cytotoxicity against 5x10°
M21 (i,ii) or K562 (iii,iv) in the presence of 1 pg/ml hul4.18 mAb, 3000 U/ml rIL2, 1 pg/ml
hul4.18 mAb + 3000 U/ml IL2, or 1 pg/ml hul4.18-IL2 IC, as described in Materials and
Methods section. Results are presented as % cytotoxicity mediated at different E:T ratios, and are
representative of at least two independent experiments. B. NKL (B#) or RL12 (Bii) cells were
tested for cytotoxocity against 5x10° M21 cells in the presence of 1 pg/ml hul4.18 mAb or 1
pg/ml hul4.18 mAb + 3000 U/ml IL2 after some NKL and RL12 cells had been pre-coated with
excess (10 pg/ml) of anti-CD25 (anti-TAC) mAb for 1 hr. This experiment was performed one
time.

Figure 5. Kinetics of hul4.18-IL2 IC internalization by GD," tumor cells and CD25"
lymphoid cells. A. Three alternative possible patterns for the anticipated retention (%) of FITC
(bound to hu14.18-IL2 IC) or APC (bound to secondary goat antibody against human IgG) in the
hypothetical case of complete internalization (i), complete stable surface binding (if) and
complete loss due to shedding (iii) over a 24 hour period for the hul4.18-IL2 IC bound to the
surface of CD25+ cells. Previously published data on analysis of IL2R internalization were used
to generate these 3 hypothetical plots. B. Hul4.18-IL2 IC-FITC — armed NKL (i, ii) or M21 (iii,
iv) cells (3x10°/0.1 ml) were cultured for 0-24 hr at 37°C. After 0-24 hr, the cells were labeled
with goat anti-human IgG-APC to detect any IC-FITC still present on the surface. The double-
labeled cells were analyzed by flow cytometry for both FITC (i, iii) and APC (ii, iv). The

numbers shown are MFI geometric mean values at 0 hr (black open peaks) or 24 hr (grey filled
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peaks). Black filled peaks demonstrate the FITC signal from control IgG-FITC (rather than IC-
FITC) (i, iii) or the APC signal from the IgG-FITC labeled cells developed with goat anti-human
IgG-APC (ii, iv). C. Comparison of time-dependent alterations of FITC (i-iii) and APC (iv—vi)
dual fluorescence over 24 hr, for cells pre-armed with hul4.18-IL2-FITC and stained at the
indicated times with goat anti-human IgG-APC. NKL (i, iv) and RL12 (@i, v) NK cells grown in
different culture conditions prior to IC-arming (the legend box in panel Civ clarifies the I1L2
culture conditions used for the cells shown in Ci, ii, iv and v). Tumor cells (GD, CD25" L5178Y
T cell lymphoma, GD," CD25 M21 and GD," CD25 NXS2) are shown in iii for FITC and in vi
for APC. Results are representative of at least 4 independent experiments, and expressed as % of
fluorescence retention at 0.5, 1, 6, 12 and 24 hr (compared to 0 hr = 100%) after IC-arming of
the cells. The results are representative of three independent experiments.

Figure 6. IC internalization decreases M21 tumor cell — NK cell conjugate formation.
BODIPY630/650-1abeled M21 cells and CFSE-labeled NKL cells were tested for conjugate
formation 0, 1, 6 or 24 hours after the M21 (iii) or NKL (iv) cells were pre-armed with hul4.18-
IL2 IC and then washed. As a control, M21 and NKL cells were tested for conjugate formation in
the continued presence of 1 pg/ml of hul4.18 mAb (i) or hul4.18-IL2 IC (ii). The figure is
representative of four independent experiments with similar results.

Figure 7. IC internalization decreases NK cell mediated M21 tumor cell killing. A.
Hul4.18-IL2 IC — pre-armed NKL (i, ii) and RL12 (iii, iv) cells were tested for lysis of *'Cr-
pulsed M21 (i, iii) and K562 (ii, iv) cells at 0, 6 and 24 hr after NK cell pre-arming with IC, or in
the continued presence of 1ug/ml of hul4.18-IL2 IC (IC in medium). B. NKL (i) or RL12 (ii)
cells were tested for lysis of IC-armed *'Cr-pulsed M21 melanoma cells at 0, 6 and 24 hr after

the M21 tumor cell hul4.18-IL2 IC arming or in the continued presence of 1ug/ml of hul4.18-
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IL2 IC. The figure is representative of two independent experiments with similar results.

Figure 8. Binding of IC to GD2" tumor cells and CD25" NK cells involved in conjugates vs.
those not conjugated. 1.5x10° BODIPY-labeled M21 cells (Ai-vi, red color population) were
mixed with 1.5x10° CFSE-labeled NKL cells (Ai-vi, blue color population) in 1:1 E:T ratio in
medium alone (i,iv) or in the presence of 1 pg/ml of hul4.18 mAb (ii, v) or 1 pg/ml of hul4.18-
IL2 IC (i@ii, vi). The forward and side scatter of the mixed population cultured with medium alone
(no mAb or IC) is shown (Ai) Conjugates were allowed to form at 37°C for mixtures of NKL and
M21 in medium, mAb or IC. After 30 min of incubation, the cell mixtures were washed once
with ice-cold PBS and stained with 1 pg/ml of goat anti-human IgG-PE for 40 min on ice. Based
on gating for BODIPY and CFSE (Aii for mAb and Aiii for IC, not shown for medium alone)
cells were gated for unconjugated M21 cells (BODIPY CFSE, the red population in Ai-vi), for
unconjugated NKL cells (BODIPY CFSE’, the blue population in Ai-vi), and for conjugates
cytometry for PE fluorescence (in iv, v and vi) of the unconjugated M21 cells (red), unconjugated
NKL cells (blue) and M21-NKL cell conjugates (green). B. 1.5x10° BODIPY-labeled M21 and
1.5x10° CFSE-labeled NKL cells were mixed in 1:1 E:T ratio in the presence of 1 pg/ml of
hul4.18 mAb or 0.25-4 pg/ml of hul4.18-IL2 IC for 30 min at 37°C to allow conjugates to
form. After 30 min of incubation, the cell mixtures were washed once with ice-cold PBS and
stained with 1 pug/ml of goat anti-human IgG-PE for 40 min on ice, and then tested by flow
cytometry for PE fluorescence. Results are presented as MFI ratio of PE fluorescence for the
unconjugated M21 cells (BODIPY ' CFSE), for the unconjugated NKL cells (BODIPY CFSE"),
and for the conjugates themselves (BODIPY  CFSE"). The figure is representative of two

independent experiments with similar results.
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Figure 9. IT IC injection facilitates migration of NK cells into the tumor. CB.17/SCID mice
(n=12) bearing subcutaneous M21 human melanoma tumors were treated IT with PBS or IC on
day 27-29 of tumor growth. Group 1 received 50 pl PBS on days 27, 28 and 29 (PBS x 3); group
2 received 50 pl PBS on days 27 and 28 and 10 pg IC in 50 pl PBS on d 29 (PBS x 2/ IC x 1),
group 3 received 10 pg IC on days 27, 28 and 29 (IC x 3). On day 29, immediately after the last
injection of PBS (group 1) or IC (groups 2 and 3) all mice were injected IV with 5x10%/0.2 ml of
BODIPY-labeled NKL cells. On day 30, 24 hr after the NKL cell injection, the tumors were
harvested and processed to a single cell suspension. The resultant cell samples from each mouse
were counterstained with anti-CD49B-FITC, and samples were tested by flow cytometry for
prevalence of mouse resident CD49B" NK cells and BODIPY ' NKL cells. A representative
pattern of staining from a mouse that received 3 days of IT IC (IC X 3) is shown in panel A.
Numbers indicate the relative prevalence (%, Mean + SEM, n=3) of mouse resident CD49B" NK
cells and implanted BODIPY "™ NKL cells of the IC X 3 group. A summary of results for each
group of mice is shown in panel B. Similar results were obtained in two independent
experiments. *p=0.06; **p=0.046; @p=0.02; #p=0.007. C. The same tumor cell samples shown
in B were also stained with 1 pg/sample of goat anti-human IgG-PE, which would bind
specifically to the IC remaining on the tumor or effector cells, following the in vivo IT IC
injections (for groups 2 and 3). By gating on FITC or on BODIPY, it was possible to detect the
IC bound to mouse resident CD49B"'NK cells, to adoptively transferred BODIPY NKL cells, as
well as to the CD49B/BODIPY" tumor/stroma cells. MFI of samples from the group that
received no IC treatment (group 1) were used as the reference control (defined as MFI-ratio of
1.0). MFI values from the two other experimental groups were compared to the control group.

The MFI ratios were calculated by dividing MFI values for each cell subset from groups that
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received IC treatment by the MFI value of that same cell subset from the control group that

received no IC injections. The results are representative of three independent experiments.
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