








Figure 5: CDC activity of mAb 8B6 (©) at varying antibody concentrations against DUASO II cells (A, B), U251 cells
(C), and A172 cells (E). CDC activity of mAb 8B6 (o) (10 pg/ml) was assessed against the OAcGD2 positive DUASO II tumor-derived
cells at varying serum ratios. The results were compared to the effect of equal amounts of control antibody used as a negative control (e).
Results are presented as mean + SD. The expression of the inhibitors of complement activation, CD55 (D) and CD59 (F), on the CDC-
resistant glioblastoma cell lines, U251 (bold line) and A172 (grey line), was analyzed by flow cytometry. The cells stained with the isotype
control antibody are shown in black.
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antibody therapy [20]. This stable expression of OAcGD2 In conclusion, we have reported that OAcGD2

on GBM tumors is an important prerequisite for OAcGD2- ganglioside is expressed at high levels in glioblastoma
directed immunotherapies. Hence, as a specific glioblastoma tumor and that mAb 8B6 specific for OAcGD?2 efficiently
antigen, OAcGD2 has many attractive properties, including inhibits glioblastoma growth. These results warrant the
high tumor density, homologous tumor cell expression, and development of antibody constructs for application in
expression persistence post-immunotherapy. immunotherapy of GBM.
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Figure 6: (A) Anti-OAcGD2 mAb 8B6 inhibits glioblastoma tumor growth in vivo. Mice (n = 12) with established subcutaneous
U251 human glioblastoma xenografts (average volume ~150 mm?®) were treated with either PBS (m), control mADb (e), or mAb 8B6 (o).
Tumor growth was monitored and mice were euthanized for ethical consideration once the tumor volume exceeded 1000 mm?, which was
therefore considered the end point for each individual mouse. (B) Mean weight for each treatment group (m, PBS; e, control antibody; o,
8B6 antibody). Mean weight of group of mice (n = 12) at day 0 was defined as 100% weight. Results are presented as mean + SD.
(C) Tumors were collected on day 90 after mAb 8B6 immunotherapy perfusion. Strong immunostaining with biotinylated-8B6 mAb was
observed on U251 tumor cells in the mAb 8B6 treatment regimens. The control antibody was used as a negative control, as indicated. Three
U251 tumor xenografts from 3 different mice in the 8B6 and the control antibody experimental group were tested with the same result
respectively. Scale bar = 50 pm.
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MATERIALS AND METHODS

Cell lines

Human glioblastoma (GBM) cell lines (U251,
LN18, and A172) were obtained from the American Tissue
Culture Collection (ATCC, USA). Cell lines were used for
less than 6 months after resuscitation and were routinely
tested for Mycoplasma by PCR. We did not conduct any
genotypic authentication. U251 and A172 cell lines were
cultured in DMEM 4, 5 g/l glucose, supplemented with
10% fetal calf serum (FCS) and L-glutamine. LN18 cell
line was cultured in DMEM 4, 5 g/ glucose, supplemented
with 5% FCS and L-glutamine. All cell lines were cultured
with 100 units/ml penicillin and streptomycin. All culture
reagents were obtained from Gibco Life Technologies
(Carlsbad, CA, USA). They were maintained in culture at
37°C with 5% CO,,.

Primary glioma biopsy-derived cells

Tumor specimens were collected from patients
with a histologic diagnosis of GBM (WHO Grade IV
astrocytoma). Confirmation of tumor diagnosis and
grading was performed by neuro-pathologists at Nantes
University Hospital (Nantes, France). Tumors were
harvested at the time of surgical resection and immediately
put into culture after dissociation of the tumors using
the gentleMACs Dissociator (Miltenyi) according to
the manufacturer’s instructions. All specimen collection
and analysis were performed in accordance with the
Institutional Review Board-approved protocol and all
patients or their guardians provided written informed
consent (Comité de Protection des Personnes Quest IV,
protocol # DC-2012-1555). The cells were maintained in
an atmosphere of 5% CO, and 95% humidity in defined
medium (DMEM/Ham F12 containing 2 mM L-glutamine,
100 U/mL penicillin, 100 pg/mL streptomycin, B27
supplement, N2 supplement, 2 pg/ml heparin, 40 ng/ml
B-FGF and 40 ng/ml EGF) to form neurospheres. They
were used at early passage. We conducted genotypic
authentication using the CGH Array (ThermoFisher
Scientific, Waltham, MA, USA). All the cell cultures were
tested for Mycoplasma contamination by PCR before use.

Antibodies

Mouse IgG2a mAb 14G2a (y2a, kappa) specific
for GD2 was purchased from BD Biosciences (Franklin
Lakes, NJ). Mouse IgG2a mAb 7H2, a gift from Dr. J.
Portoukalian (Department of Dermatology, Edouard
Herriot Hospital, University of Lyon, France) specific
for O-acetyl-GD3, was used as a negative control.
Mouse IgG2a anti-OAcGD2 mAb 8B6 was constructed
by joining the complementary deoxyribonucleic acid for
the variable region of the parental murine IgG3 antibody

8B6 [9] with the mouse constant regions of the y2a heavy
chain and the kappa light chain. Appropriate light and
heavy expression vectors were co-transfected into chinese
hamster ovary (CHO-S) cells (Life Technologies). The
resulting antibody was affinity-purified from culture
supernatant using the Hitrap rProtein A FF column (GE
Healthcare Bios-Sciences, Uppsala, Sweden). The protein
A affinity chromatography step was followed by anion-
exchange chromatography on Sepharose Q for endotoxin
removal. The purity of mAb preparations was verified by
SDS-PAGE and size exclusion HPLC analyses. Endotoxin
quantitation was evaluated using the LAL kinetic
chromogenic assay (Lonza, Basel, Switzerland).

Immunohistochemistry on human glioblastoma
samples

Glioblastoma tissues were provided by the Tumor
Bank of the “Institut Régional du Cancer de Nantes
Atlantique” (Nantes, France). Samples were obtained
from patients at the time of surgery. All samples had
< 50% necrosis to be able to accurately assess OAcGD2
expression across specimens. All specimen collection
and analysis were performed in accordance with the
Institutional Review Board-approved protocol and all
patients or their guardians provided written informed
consent (Comité de Protection des Personnes Quest 1V,
protocol # DC-2012-1555). Frozen tissue sections of 10 um
thickness were treated with ice-cold acetone, rehydrated
with PBS and blocked with the Dako Real™ antibody
diluent reagent (Dako, Glostrup, Denmark). Antibody
8B6 was added onto the sections at a final concentration
of 10 pg/ml for 1 hour. After washing, the bound mAb
was detected by incubation of anti-mouse labeled polymer-
HRP (Dako). DAB was used as HRP substrate and sections
were counterstained with hematoxylin before immune
cytological evaluation. Anti-GD2 mAb 14G2a was used
as a positive control and mAb 7H2 as a negative control.
Slides were imaged with a Nanozoomer (Hamamatsu,
Hamamatsu City, Japan). Images were stored as TIFF
files with Adobe Photoshop. Staining was graded positive
or negative according to the presence or the absence of
immune reactivity, respectively. The intensity and location
of tissue staining were assessed by a comparison with the
positive and negative controls. Tissue was assessed and
graded by 2 independent observers and assessments were
re-reviewed by an anapathologist.

For detection of OAcGD2 in the U251 xenografts,
we use biotinylated mAb 8B6. The mAb 8B6 was
biotinylated wusing the EZ-Link Sulfo-NHS-LC-
Biotinylation kit (Pierce, Rockford, IL, USA) according
to the manufacturer’s instructions. Ten micrometer-
sections of the U251 xenografts were blocked with
the Dako Real™ antibody diluent reagent as described
above (Dako, Glostrup, Denmark). We then added 8B6-
biotinylated mAb onto the sections at a final concentration
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of 10 ug/ml for 1 hour. After rinsing, the bound mAb was
detected by incubation with Streptavidin-HRP. DAB was
used as HRP substrate and sections were counterstained
with hematoxylin before immune cytological evaluation.
Biotinylated-7H2 mAb was used as a negative control.
Slides were imaged and pictures were stored as described
above.

Analysis of cell-surface expression of OAcGD2
by flow cytometry

Analysis of cell surface OAcGD2-expression on
tumor cells was performed by indirect immunofluorescence
measured by flow cytometry. Briefly, cells were incubated
with either mAb 8B6 or 7H2 at 10 pg/mL for 60 min at
4°C. Antibody binding was detected by incubation with a
fluorescein isothiocyanate-labeled F(ab’), fragment of goat
anti-mouse IgG (Jackson Immunoresearch, Soham, UK)
for 60 min at 4°C. Cell fluorescence was analyzed using a
FACSCalibur flow cytometer (BD Biosciences, San Jose,
CA, USA) and CellQuestPro software (BD Biosciences).
Relative fluorescence intensities of 10,000 cells were
recorded as single-parameter histograms (log scale,
1024 channels, and 4 decades) and mean fluorescence
intensity (MFI) was calculated for each histogram. Results
were expressed as the MFI ratio 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 antibody. This approach
allows for comparison of multiple test samples between
different groups.

Cell growth inhibition

Cell viability was measured using the MTT assay
[21]. Cells (1 x 10% were suspended in 100 pL and
incubated for 24 hours at 37°C, 5% CO,. Monoclonal
antibodies were diluted in 50 pL specific medium and
added to 96-well microplates (BD, Franklin Lakes, NJ,
USA) to give a final concentration of 40, 20, 10, 5, 2.5,
and 1.25 pg/mL. After incubation for 24 hours at 37°C,
5% CO,, 10 uL methylthiazole tetrazolium (MTT)
stock solution (5 mg/mL, Sigma Aldrich, Saint Louis,
MO, USA) was added to each well and the plates were
incubated at 37°C for 4 hours. Then, 100 pL 10% SDS
were added and the plates were incubated for overnight at
37°C for color development. Optical density was recorded
at 570 nm and at 650 nm on a Multiskan reader (Thermo
Electron, Walthman, MA, USA).

Induction of cell death

Cells were seeded in 48-well culture plates and
incubated with the antibodies (50 pg/ml) for 24 hours.
Cells were washed, resuspended in PBS with propidium
iodide (10 pg/ml; Sigma Aldrich) and analyzed by flow

cytometry. Propidium iodide-stained cells were considered
as dead cells. A quantitative measurement of dead cells
was done by propidium iodide labeling histogram.

Complement dependent cytotoxicity (CDC)

Aliquots of tumor cells (2 x 10*) were incubated
with 80 uL antibody solution at various concentration
in the presence of 20 ul human serum as complement
source for 2 hours at 37°C. Cytotoxicity was determined
within the tumor cell population after addition of the
viability probe propidium iodide (PI; 10 pg/ml) using a
FACSCalibur flow cytometer (BD Biosciences, San Jose,
CA, USA) and CellQuestPro software (BD Biosciences).
The percentage of specific lysis was calculated as: (% non-
viable PI* 8B6-incubated tumor cells) — (% non-viable PI*
control antibody-incubated tumor cells).

Antibody-dependent cell cytotoxicity (ADCC)

An ADCC assay was performed as reported
previously [22]. Tumor cells were labeled with membrane
dye PKH-26 (Sigma Aldrich, St. Louis, MO, USA)
according to the manufacturer’s instructions. Aliquots of
the labeled cells (1 x 10* cells/100 pl) were incubated
with 50 pL antibodies in 96-well plates. The human NK-
92-RFcylIl+ cells were used as effector cells [23]. 50 uL
NK-92-RFcylIll+ cells at the indicated effector-to-target
ratio (E/T) were added to the tumor cells and incubated
for 24 hours at 37°C. Cell death within the PKH-26"
target cell population was then assessed by the addition of
TO-PRO-3 iodide (TP3) (Life Technologies, Grand Island,
NY, USA). The double-positive TP3* PKH26" dead target
cell population was detected by flow cytometry analysis
using a FACSCalibur flow cytometry (BD Biosciences) and
CellQuestPro software (BD Biosciences). The percentage
of specific lysis was calculated as 100x (non-viable double-
positive target cells)/(non-viable double-positive target
cells + viable PKH26" target cells). The lysis of the NK-
sensitive mouse T cell lymphoma YAC-1 was used as an
indicator of NK-92-RFcyIll+ activity [24].

Glioblastoma xenograft mouse model

Subcutaneous glioblastoma-bearing mice were
obtained by s.c. flank injection of 5 x 10° U251 cells in
8-week old female BALB/c nude mice obtained from
Charles River Laboratories (Bois des Oncins, France).
Subcutaneous tumor growth was measured at indicated
days after tumor implantation using the formula
[volume mm® = (length) x (width)> x 0.5]. Antibody
(250 pg, one injection) was given i.v. when the tumor
volume had reached ~0.1 cm?. For ethical considerations,
mice had to be euthanized once tumor volume exceeded
1,000 mm?, which was considered the end point for
each individual mouse. The mean tumor doubling time
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was calculated in each experimental group according to
Schwartz, 1961 [25]. This study was carried out in strict
accordance with the recommendations in the Guide for
the Care and Use of Laboratory Animals of the French
Department of Agriculture (agreement number 44-278).
The protocol was approved by the Committee on the
Ethics of Animal Experiments of the Région Pays de la
Loire (Permit Number: B4459).

Statistical analysis

Statistical analysis was performed using Prism
software (GraphPad Prism Software, La Jolla, CA,
USA). Results in the in vitro experiments were analyzed
with the unpaired #-test and are given as mean = SD. For
in vivo experiments, results from mAb-treated group were
compared with PBS- and CTL-IgG-treated group using
the unpaired #-test and are given as mean + SEM. A value
p < 0.05 was considered to be significant.
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