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Abstract 23 

Idelalisib is a highly selective oral inhibitor of phosphoinositide 3-kinase-delta (PI3Kδ) indicated 24 

for the treatment of patients with relapsed chronic lymphocytic leukemia in combination with 25 

rituximab. Despite additive clinical effects, previous studies have paradoxically demonstrated 26 

that targeted therapies potentially negatively affect anti-CD20 mAb effector mechanisms. To 27 

address these potential effects, we investigated the impact of PI3Kδ inhibition by idelalisib on 28 

the effector mechanisms of rituximab and obinutuzumab. At clinically relevant concentrations, 29 

idelalisib minimally influenced rituximab- and obinutuzumab-mediated Ab-dependent cellular 30 

cytotoxicity and phagocytosis on human lymphoma cell lines, while maintaining the superiority 31 

of obinutuzumab-mediated Ab-dependent cellular cytotoxicity. Consistent with this, idelalisib 32 

did not influence obinutuzumab-mediated B cell depletion in whole blood B cell depletion 33 

assays. Further, idelalisib significantly enhanced obinutuzumab-mediated direct cell death of 34 

chronic lymphocytic leukemia cells. In murine systems, in vivo inhibition of PI3Kδ minimally 35 

interfered with maximal rituximab- or obinutuzumab-mediated depletion of leukemic targets. In 36 

addition, the duration of both rituximab- and obinutuzumab-mediated depletion of leukemia cells 37 

was extended by combination with PI3Kδ inhibition. Collectively, these data demonstrate that 38 

PI3Kδ inhibition does not significantly affect the effector mechanisms of rituximab or 39 

obinutuzumab and provides an effective therapeutic combination in vivo. Therefore, 40 

combinations of obinutuzumab and idelalisib are currently being assessed in clinical studies,.41 
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Introduction 42 

PI3Kδ represents the most prominent PI3K isoform in B lymphocytes. As such, PI3Kδ is central 43 

to multiple signaling pathways that drive the proliferation, survival, homing, and retention of 44 

malignant B cells within primary and secondary lymphoid organs. Accordingly, PI3Kδ 45 

represents a prime target for therapeutic intervention in B cell malignancies and is effectively 46 

targeted by idelalisib, a highly selective oral inhibitor of PI3Kδ (1, 2). Idelalisib functions by 47 

selective prevention of ATP binding to the catalytic domain of PI3Kδ, thereby preventing 48 

phosphorylation of phosphatidylinositol and subsequent serine/threonine protein kinase B 49 

phosphorylation (3). In the United States, idelalisib is indicated, in combination with rituximab, 50 

for the treatment of patients with relapsed chronic lymphocytic leukemia (CLL) and as 51 

monotherapy for relapsed follicular B cell non-Hodgkin lymphoma (FL) and relapsed small 52 

lymphocytic lymphoma (4). In the European Union, idelalisib is indicated, in combination with 53 

rituximab or ofatumumab, for the treatment of patients with relapsed CLL, as first-line therapy in 54 

CLL patients with the 17p deletion or TP53 mutation who are deemed unsuitable for 55 

chemoimmunotherapy, and as monotherapy for patients with refractory FL (5). 56 

Type I anti-CD20 mAbs, such as rituximab, rapidly induce the redistribution of CD20 within the 57 

plasma membrane to a low-density, detergent-insoluble membrane compartment, which may 58 

affect binding properties and effector functions that control the therapeutic effect of anti-CD20 59 

mAbs (6, 7). In contrast, type II anti-CD20 mAbs (such as obinutuzumab) do not induce 60 

significant CD20 redistribution and as such impart enhanced therapeutic effects, including direct 61 

killing of cellular targets by homotypic adhesion (7–9). In addition to its type II properties, 62 

obinutuzumab is glycoengineered and consequently offers enhanced affinity for FcγRIII and 63 
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increased ADCC and Ab-dependent cellular phagocytosis (ADCP) in comparison to rituximab 64 

(10, 11).  65 

Obinutuzumab has been approved for the first-line treatment of CLL patients in combination 66 

with chlorambucil in the United States and Europe and for first line treatment of fNHL in Europe 67 

based on head-to-head trials comparing obinutuzumab containing regimen to the respective 68 

rituximab containing regimen using a flat dose of 1000 mg for obinutuzumab and 375 mg/m2 for 69 

rituximab, as well as for the treatment of rituximab-refractory FL patients (12, 13). In first-line 70 

diffuse large B cell lymphoma obinutuzumab did not show no superior outcome (15).  71 

Because anti-CD20 mAbs are standard of care, it is important to understand whether new 72 

targeted agents affect their function. Previous work has shown that the covalent Bruton’s 73 

tyrosine kinase (BTK) inhibitor ibrutinib can interfere with immune effector function and, 74 

ultimately, in vivo efficacy of rituximab in preclinical models (16). Because PI3K isoforms also 75 

play a role in immune effector cells and FcγR signaling (17), we investigated the effect of PI3Kδ 76 

inhibition by idelalisib on the immune effector functions of rituximab and obinutuzumab and the 77 

efficacy of in vivo anti-CD20 mAb therapy in a murine model of CLL.  78 

79 
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Materials and Methods 80 

Reagents and chemicals   81 

Idelalisib was synthesized at Gilead Sciences, Inc. (Foster City, CA), dissolved in DMSO at 10 82 

mM and stored at –20°C. Rituximab and obinutuzumab were provided by Hoffmann-La Roche 83 

AG (Basel, Switzerland). Palivizumab was used as a negative control and was produced at 84 

Gilead Sciences, Inc.  85 

Cell culture   86 

WIL2-S cells were obtained from the American Type Culture Collection (Manassas, VA) and 87 

maintained in IMDM, supplemented with 10% ultra-low Ig FBS and 1% penicillin-streptomycin 88 

(all Life Technologies [Thermo Fisher Scientific], Grand Island, NY). Z-138 cells were a gift 89 

from Dr. Martin Dyer at the University of Leicester and maintained in RPMI 1640 with 10% 90 

FCS and 1% GlutaMAX (Thermo Fisher Scientific). Frozen CLL PBMC target cells were 91 

thawed and washed in RPMI with 10% FCS (Sigma Aldrich, St. Louis, MO), 2 mM glutamine, 1 92 

mM sodium pyruvate, 100 U/ml penicillin, and 100 µg/ml streptomycin (all Life Technologies) 93 

before resuspending in PBS (Severn Biotech Ltd., Kidderminster, UK) at 1 × 107 cells/ml. 94 

Effector cells (PBMCs) were isolated from anonymized leukocyte cones (University of 95 

Southhampton Tissue Bank, Southampton, UK) using lymphoprep (AXIS-SHIELD, Alere 96 

Technologies AS, Oslo, Norway) density gradient centrifugation. The buffy coat layer was 97 

removed with a pasteur pipette, washed three times with PBS (2 mM EDTA) at 300 × g and 98 

resuspended in RPMI at 20 × 106 cells/ml. NK cells were enriched from leukapheresis blood 99 

product derived from healthy donors (AllCells, Alameda, CA). PBMCs were isolated by 100 

standard Ficoll density gradient centrifugation technique, and NK cells were enriched using a 101 
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negative-selection immunomagnetic enrichment kit (Stem Cell Technologies, Vancouver, 102 

Canada) according to the manufacturer’s instructions. Enriched NK cells were incubated 103 

overnight in RPMI 1640 with GlutaMAX supplemented with 10% ultra-low Ig FBS and 1% 104 

penicillin-streptomycin at 37°C in a 5% CO2 incubator before NK cells were used for 105 

experiments.  106 

For macrophage polarization, frozen CD14+ monocytes enriched by negative selection were 107 

thawed and cultured in T75 tissue flasks in AIM-V media (Life Technologies) with 60 ng/ml M-108 

CSF (PeproTech, Rocky Hill, NJ). On day 7, monocyte-derived macrophages (MDMs) were 109 

washed and plated in AIM-V with polarizing cytokines. For differentiation to M1 macrophages, 110 

cells were plated for 24 h in 100 ng/ml IFN-γ (R&D Systems, Minneapolis, MN), and 100 ng/ml 111 

LPS (derived from E. coli strain 055:B5, Sigma Aldrich), and for M2c macrophages, cells were 112 

plated for 48 h in 10 ng/ml IL-10 (R&D Systems). 113 

ADCC assay   114 

PBMCs were prepared by Histopaque (Sigma Aldrich) density centrifugation of fresh blood 115 

obtained from healthy human donors. WIL2S target cells (2.5 × 104 cells/well) were incubated 116 

with human isolated PBMCs (6.25 × 105 cells/well), as well as titrations of obinutuzumab or 117 

rituximab (0.01–1000 ng/ml) in the presence or absence of 256 nM idelalisib in AIM-V medium 118 

for 4 h in a humidified incubator at 37°C,5% CO2. 10 µl/well of a 1:10 pre-dilution  of anti-119 

CD107a-PE Ab (BioLegend 328608 [San Diego, CA]) was added into the culture to determine 120 

NK cell degranulation. Tumor cell lysis was assessed after 4 h of incubation at 37°C, 5% CO2 by 121 

quantification of lactate dehydrogenase (LDH) released into cell culture supernatants (LDH 122 

detection kit, Roche Applied Science, #11 644 793 001). Maximal lysis of the target cells 123 
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(=100%) was achieved by incubation of target cells with 2% Triton X-100. Spontaneous release 124 

(=0%) refers to target cells coincubated with effector cells without Abs. ADCC was calculated 125 

using the following formula:126 

sample release spontaneous releasePercentage ADCC 100.
maximal release spontaneous release

⎛ ⎞⎡ ⎤−
= ×⎜ ⎟⎢ ⎥−⎣ ⎦⎝ ⎠

 127 

For the assessment of NK cell degranulation, surface staining for CD3 (PE-Cy7, anti-human 128 

CD3 Ab, BioLegend, 300420) and CD56 (APC anti-human CD56, BioLegend, 318310) was 129 

performed. After 30 min incubation at 4°C in the dark, cells were washed twice with 150 µl/well 130 

PBS/0.1% BSA and fixed using 100 µl/well BD FACS Lysing Solution (BD Biosciences, 131 

349202). Samples were analyzed using a BD FACSCanto II. 132 

WIL2-S were resuspended at 2 × 106 cells/ml in ADCC assay media consisting of RPMI without 133 

phenol red (Life Technologies) supplemented with 1% low Ig FBS (Life Technologies) and 1% 134 

penicillin-streptomycin. Target cells were plated in a 96-well, deep-well plates in triplicate. 135 

Idelalisib or 0.2% DMSO was added to target cells and incubated for 40 min at 37°C in 5% CO2. 136 

Obinutuzmab, rituximab, or palivizumab were prepared in ADCC assay media. After incubation 137 

for 40 min in compound or vehicle, each Ab was added to target cells and incubated at room 138 

temperature for 20 min before ADCC assay setup. Effector cells (PBMCs or enriched NK cells) 139 

were incubated with idelalisib or 0.2% DMSO and incubated for 1 h at 37°C, 5% CO2. Effector 140 

cells were added to wells containing target cells to reach an E:T ratio in a range from 1:1–30:1 141 

comparable to those used by Kohrt et al (16). Control wells included target cells alone with 142 

mAbs in combination with and without idelalisib, as well as target cells alone. Additionally, 143 

effector cells alone in the presence or absence of idelalisib were plated as controls. The plates 144 

were incubated for 4 h at 37°C in a 5% CO2 incubator. LDH release was measured using a 145 



13Oct2017  9 
 

cytotoxicity detection kit (Roche Applied Science, Indianapolis, IN) following the 146 

manufacturer’s instructions. Absorbance values were measured using a SpectraMax microplate 147 

reader (Molecular Devices, Sunnyvale, CA) set at 490 nM with a reference wavelength at 650 148 

nM. ADCC was calculated using the previously described formula. Percent of maximum was 149 

calculated using the following formula: 100− ( normal  activity − inhibited  activity ÷150 

normal  activity   ×  100 ) with normal activity being the percent of ADCC without the 151 

addition of idelalisib.  152 

CLL Cells: Frozen CLL PBMC target cells were thawed and washed in media before 153 

resuspending in PBS (Severn Biotech) at 1 × 107 cells/ml. Ten microliters of calcein AM (1 154 

mg/ml, Life Technologies) was added per milliliter, and cells were incubated at 37°C in 5% CO2 155 

for 30 min with periodic mixing. Cells were washed three times (300 × g, 5 min) with PBS (10% 156 

FCS) and resuspended in media at 9 × 105 cells/ml. Effector cells (PBMCs) were isolated from 157 

anonymized leukocyte cones (University of Southhampton Tissue Bank, Southampton, UK) 158 

using lymphoprep (AXIS-SHIELD) density gradient centrifugation and resuspended in media at 159 

20 × 106 cells/ml.	  Target and effector cells were separately preincubated with either no drug, 160 

vehicle (DMSO), or idelalisib (1 µM to 1 nM) for 40 min at 37°C in 5% CO2. A total of 90 µl of 161 

target cells were transferred to a round-bottomed, 96-well plate (Thermo Fisher Scientific), and 162 

Ab was added to a final concentration of 10 µg/ml. Cells were incubated for an additional 20 163 

min, after which 100 µl of effector cells with matching pretreatment were added (E:T ratio, 25:1) 164 

and the plate briefly pulse centrifuged and incubated for 4 h at 37°C, 5% CO2. After incubation, 165 

the plate was centrifuged at 200 × g for 5 min and 90 µl of supernatant transferred to a white-166 

walled, 96-well plate. Calcein release was measured using a VarioSkan plate reader (Thermo 167 

Fisher Scientific; excitation 494 nM, emission 515 nM) and lysis calculated as a percentage of 168 
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maximum lysis (4% Triton X-100) after subtraction of background (target cells plus effector 169 

cells without Ab). 170 

ADCP assay 171 

Idelalisib was added to plated macrophages in AIM-V media and incubated at 37°C for 1 h, 172 

followed by addition of rituximab or obinutuzumab. WIL2-S target cells were labeled with 173 

CellTracker Red (CTR; Molecular Probes; Thermo Fisher Scientific) as per the manufacturer’s 174 

protocol and then combined with the macrophages at an E:T ratio of 3:1. The cocultures were 175 

incubated for 2 h at 37°C. Cells were then stained with FITC anti-CD14 (BD Biosciences) and 176 

FITC anti-CD11b (eBioSciences) and analyzed on an LSR II cytometer (BD Biosciences).   177 

Cells within the live cell gate containing CD14+ M1 or M2c macrophages and CTR+ target cells 178 

were further separated within a dot plot quadrant. FITC+ effector macrophages were placed in 179 

the upper left quadrant of the y-axis and CTR+ target cells in the lower right quadrant of the x-180 

axis. Double positive cells (FITC+CTR+) in the upper right quadrant represent phagocytized 181 

target cells, and percent phagocytosis was calculated as 182 

%  double  positive  cell÷[%  double  postive  cells+%  target  cells  alone] ×100. 183 

B cell depletion in human whole blood 184 

Normal B cell depletion was also assessed using fresh heparinized human blood from healthy 185 

volunteers. Briefly, fresh blood was collected in heparin-containing syringes. Blood aliquots 186 

(180 µl/well) were placed into 96-well, deep-well plates, supplemented with 10 µg/ml 187 

obinutuzumab or rituximab (10 µl/well) in the absence or presence of idelalisib and incubated for 188 

1 day at 37°C in 5% CO2 in a humidified cell incubator. After incubation, blood was mixed by 189 
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pipetting up and down before 35 µl/well blood aliquots were transferred in 96-well, round-190 

bottom plates and incubated with fluorescent anti-CD45 (anti-human CD45 APC, BioLegend, 191 

304037), anti-CD19 (anti-human CD19 PE, BioLegend, 302208), and anti-CD3 (anti-human 192 

CD3 PECy7, BioLegend, 300420). After 15 min incubation at room temperature, FACS lysis 193 

solution (BD Biosciences) was added to lyse erythrocytes and to fix cells prior to flow 194 

cytometry. B cell depletion was evaluated using Ab-untreated samples as a 100% control and the 195 

following formula: 196 

[ ]( )100100 B/T cell ratio in sample containing antibody .
B/T cell ratio in control

⎛ ⎞⎡ ⎤− ×⎜ ⎟⎢ ⎥⎣ ⎦⎝ ⎠
 197 

The average B cell depletion and standard deviations of the triplicates of each experiment were 198 

calculated. 199 

CLL cell death assay 200 

CLL subject whole blood was obtained through Bioreclamation (Westbury, NY), and PBMCs 201 

were collected by Ficoll separation and cryopreserved in freezing medium (50% IMDM, 40% 202 

FBS, and 10% DMSO). Frozen primary CLL PBMCs were thawed, washed, and rested for 3–5 h 203 

in RPMI 1640, 10 mM HEPES, pH 7.4, 1 mM sodium pyruvate, 2 mM GlutaMAX, 55 µM ß-204 

mercaptoethanol, 100 U/ml penicillin/streptomycin, 10% FBS at 37°C prior to plating. Cells 205 

were then plated at 1.0–2.5 × 106 cells/ml in combination with idelalisib and antibodies. Assay 206 

plates were incubated for 1 h prior to stimulation with αIgM/αIgG (20 µg/ml) and αCD40 (20 207 

µg/ml). Cells were incubated at 37°C with 5% CO2 for 66 h. Cells were transferred to a deep-208 

well plate and washed with 1 ml cation-free PBS (PBS–/–). Cells were resuspended in Live/Dead 209 

Aqua (Life Technologies) according to manufacturer’s instructions. After viability staining, cells 210 
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were labeled with CD5-PE, CD19-BV421, and annexin V-APC, washed, fixed with 4% 211 

paraformaldehyde, and acquired on a CantoII cytometer (BD Biosciences). CD5+CD19+ cells 212 

were identified and gated for analysis. The CD5+CD19+ population was plotted annexin V-APC 213 

vs live/dead. Quadrant gates were drawn where Q1 is annexin V– and live/dead+, Q2 is annexin 214 

V+ and live/dead+, Q3 is annexin V+ and live/dead–, and Q4 is double negative. Results are 215 

reported as the sum of Q1, Q2, and Q3 as a percent of the total cells. 216 

Animals 217 

Mice were maintained in local facilities and experiments approved by local ethical committees 218 

under UK Home Office license PPL# PB24EEE31. Eµ-TCL1 transgenic (Tg) mice were 219 

obtained from Dr. Egle (Salzburg Cancer Research Institute, Salzburg, Austria) with the consent 220 

of Dr. Pekarsky and Professor Croce (Ohio State University, Ohio, USA). Eµ-TCL1 Tg animals 221 

were crossed with human CD20 Tg C57BL/6 mice (a kind gift from Professor Shlomchik, 222 

University of Pittsburgh School of Medicine, Pittsburgh, USA), previously described in Ahuja et 223 

al (18) and monitored for disease presentation. Terminal animals were sacrificed and splenocytes 224 

harvested and cryopreserved. Sex-matched C57BL/6 or severe combined immunodeficiency 225 

syndrome (SCID) mice were inoculated with 1 × 107 splenocytes derived from Eµ-TCL1 Tg or 226 

CD20 Tg Eµ-TCL1 Tg mice, respectively, and monitored for disease presentation by weekly 227 

blood sampling and flow cytometry. Following disease presentation, mice were treated with 250 228 

µg anti-mouse CD20 (clone 18B12 mouse IgG2a), 250 µg rituximab (hIgG1), or 250 µg 229 

obinutuzumab (hIgG1) by i.p. injection alongside 10 mg/kg GS-9820 per os BID or an 230 

appropriate vehicle control, as described previously (19). Disease progression/therapeutic 231 

responses were subsequently monitored by blood sampling and flow cytometry.   232 
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Results 233 

Impact of idelalisib on immune effector functions of rituximab and obinutuzumab  234 

The potential impact of idelalisib on the immune effector functions of rituximab and 235 

obinutuzumab was first evaluated by measuring ADCC against B cell lymphoma line WIL2S in 236 

primary PBMC cultures with titrated amounts of Ab, in the presence or absence of a single 237 

concentration of idelalisib, representative of the cell culture medium protein-binding–adjusted 238 

maximum peak concentration (Cmax) of 256 nM. As expected, the magnitude of ADCC mediated 239 

by obinutuzumab was greater than that of rituximab, and the addition of idelalisib showed little 240 

to no effect on ADCC with either Ab (Fig. 1A). Effector NK cell surface expression analysis by 241 

flow cytometry showed a concentration-dependent increase in the frequency of CD107a+ NK 242 

cells with both rituximab and obinutuzumab, with obinutuzumab inducing more profound effects 243 

than rituximab (Fig. 1B). Addition of idelalisib reduced the frequency of CD107a+ cells and 244 

density of surface CD107a (data not shown) with both obinutuzumab and rituximab starting at 245 

0.1 ng/ml and 10 ng/ml, respectively. When ADCC was evaluated over varying E:T ratios using 246 

isolated NK cells (effectors) and WIL2-S (target) and at saturating concentrations of rituximab 247 

and obinutuzumab (10 µg/ml), idelalisib had no effect on ADCC when tested over a dose range 248 

from 5–500 nM (Fig. 2).   249 

The effect of idelalisib over a range of concentrations (1-1000 nM) was evaluated in ADCC 250 

assays using a fixed E:T ratio and saturating amounts of obinutuzumab or rituximab. Idelalisib 251 

did not affect rituximab- or obinutuzumab-mediated ADCC in the context of the maximal ADCC 252 

activity of each anti-CD20 Ab (Fig. 3A). The impact of FcγRIIIa genotype was assessed with 253 

NK effectors derived from donors with FcγRIIIa 158 phenylalanine homozygous (F/F), 254 
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phenylalanine/valine (F/V), or valine homozygous (V/V) genotypes. Idelalisib at concentrations 255 

up to 1 µM had no significant effect on rituximab- or obinutuzumab-mediated ADCC in 256 

FcγRIIIa 158 F/F and F/V genotypes (Fig. 3B). ADCC with the FcγRIIIa 158V/V effectors was 257 

slightly affected by treatment with idelalisib (~15% inhibition) at the highest concentration 258 

tested.   259 

Impact of idelalisib on ADCC with primary CLL specimens 260 

Next, obinutuzumab- or rituximab-mediated ADCC in the presence of idelalisib using primary 261 

CLL PBMCs as targets was assessed. Both obinutuzumab and rituximab were effective at 262 

inducing ADCC at a saturating concentration of Ab (10 µg/ml), with obinutuzumab inducing 263 

47% ADCC and rituximab inducing 20% ADCC (Fig. 3C-D). The amount of ADCC remained 264 

largely unchanged for both Abs in combination with idelalisib over a clinically relevant 265 

concentration range.   266 

In addition to ADCC, the effects of idelalisib on obinutuzumab- and rituximab-mediated ADCP 267 

were assessed. Primary human MDMs were generated, polarized, and ADCP with obinutuzumab 268 

or rituximab evaluated. ADCP with both Abs was more robust with M2c-directed macrophages 269 

(rituximab 61 ± 8%, obinutuzumab 57 ± 14%) than M1 (rituximab 20 ± 5%, obinutuzumab 20 ± 270 

2%). M2c- and M1-polarized macrophages maintained their ability to effectively phagocytose 271 

target cells at up to 300 nM idelalisib, equal to the protein-adjusted Cmax (Fig. 4A, 4B).  272 

Whole blood Ab-mediated B cell depletion in the presence of idelalisib 273 

The effects of idelalisib in an autologous B cell depletion assay using a dose-titration of 274 

obinutuzumab was assessed in the presence of clinically relevant concentrations of idelalisib 275 
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(760 nM and 4200 nM, minimal concentration [Cmin] and [Cmax]in whole blood). In both donors, 276 

B cells were depleted dose dependently in the presence of increasing concentrations of 277 

obinutuzumab (Fig. 5A). Although there was a slight trend toward inhibition of B cell depletion 278 

in one donor, there were no statistically significant effects with idelalisib across the range of 279 

obinutuzumab concentrations. Autologous B cell depletion was also tested in the presence of 280 

titrated idelalisib (54–6810 nM) in combination with saturating concentrations of either 281 

obinutuzumab or rituximab in three donors. B cell depletion by obinutuzumab was largely 282 

unaffected by idelalisib (Fig. 5B). In contrast, B cell depletion by rituximab in combination with 283 

idelalisib varied across donors, with the most inhibition seen only at the highest concentration. In 284 

all donors tested, idelalisib alone showed no B cell depletion at any concentrations. 285 

Direct induction of cell death in primary CLL specimens 286 

Next, we examined the ability of idelalisib, obinutuzumab, or the combination to induce direct 287 

cell death in primary CLL cultures, stimulated with anti-IgM/IgG/CD40 to mimic prosurvival 288 

signaling within the tissues. Idelalisib (30–480 nM) showed a small but significant increase in 289 

cell death (8–10%) across all doses, whereas obinutuzumab (0.5–5 µg/ml) showed a dose-290 

dependent induction of cell death of 2–21%, most prominent at 5 µg/ml (Fig. 6). However, more 291 

striking was the ability of the combination of idelalisib (480 nM) and obinutuzumab (5 µg/ml) to 292 

elicit a statistically significant increase in cell death (39%) above either single agent alone.  293 

In vivo therapy of Eµ-TCL1 Tg leukemia-bearing mice 294 

We next assessed the impact of PI3Kδ inhibition upon the extent and duration of anti-CD20–295 

mediated B cell depletion in a murine model of CLL, the Eµ-TCL1 Tg mouse model (20). Owing 296 

to the unsuitability of idelalisib for use in a murine setting due to unfavorable pharmacokinetic 297 
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properties (19; Gilead Sciences, Inc., unpublished observations), we utilized the structurally 298 

related surrogate PI3Kδ inhibitor GS-9820. Treatment of leukemia-bearing animals with a 299 

suboptimal dose (250 µg/mouse) of anti-mouse CD20 (18B12 mouse IgG2a), or anti-human 300 

CD20 mAb (rituximab or obinutuzumab [250 µg/mouse both hIgG1 ]) imparted a rapid and 301 

significant reduction in the leukemic burden of treated animals 48 h post-treatment (Fig. 7A). 302 

Consistent with previous studies, initial depletion of target cells with obinutuzumab 303 

outperformed that achieved with rituximab (p<0.005). In this model system, concomitant PI3Kδ 304 

inhibition (via GS-9820) induced a statistically significant reduction in the extent of 305 

obinutuzumab-mediated depletion and a trend toward reduction in both rituximab and 18B12 306 

treatment settings. In a monotherapy setting, GS-9820 provided a modest therapeutic benefit and 307 

effectively reduced the extent of leukemia deposits within secondary lymphoid organs (19) (Fig. 308 

7B, 7C and supplementary figure). Therefore, the apparent reduction in anti-CD20–mediated 309 

depletion 48 h post-treatment in the presence of PI3Kδ inhibition may reflect a redistribution of 310 

target cells into the periphery, as is observed in clinical trials (21), rather than inhibition of Ab 311 

effector mechanisms. In support of this, concomitant administration of a PI3Kδ inhibitor to a 312 

single dose of either anti-mouse or anti-human CD20 mAbs provided a more durable depletion 313 

of leukemic cells over the long term and significantly enhanced overall survival in comparison to 314 

Ab therapy alone (Fig. 7B, 7C). Although obinutuzumab appeared to outperform rituximab in a 315 

short-term depletion setting, significant variation in the long-term superiority of one agent over 316 

the other was observed between Eµ-TCL1 Tg tumour lines (supplementary figure). This 317 

observation is most likely attributable to the suboptimal nature of the antibody dosing strategy. 318 

These data identify that, despite the marginal impact of PI3Kδ inhibition on in vitro Ab effector 319 



13Oct2017  17 
 

mechanism assays and in vivo depletion in the first 48 h with obinutuzumab, these combinations 320 

provide additional benefit in the duration of leukemic depletion in a therapeutic model. 321 

322 
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Discussion 323 

The recent regulatory approvals of multiple new targeted therapies, including the anti-CD20 324 

mAb obinutuzumab, have provided many treatment options for patients with CLL. Multiple 325 

small molecule inhibitors that target the BCR pathway have been approved for use in CLL, with 326 

idelalisib approved for use with rituximab in relapsed and refractory CLL (4, 5). A key step in 327 

the clinical integration of these therapies is a clear understanding of how these agents might be 328 

combined. Our studies evaluated the effect of idelalisib (or its surrogate GS-9820) at 329 

physiologically relevant concentrations on direct killing, ADCC, ADCP, and in vivo therapy in 330 

combination with rituximab or obinutuzumab. Rituximab is a type I Ab, whereas obinutuzumab 331 

is a type II glycoengineered Ab that has enhanced affinity for FcγRIIIa on effector cells, which 332 

leads to enhanced ADCC (11, 22). Differences between the two classes of Abs have also been 333 

shown for direct cell killing (9, 23), complement-dependent cytotoxicity (6), and binding-334 

induced CD20 internalization (24), but they seem to have comparable effects on ADCP (10, 25, 335 

26). 336 

Our results using both obinutuzumab and rituximab in ADCC assays corroborate previous 337 

studies that show obinutuzumab is better at ADCC regardless of the CD20 levels of the target, 338 

Ab concentration, or E:T ratio used in the assay (10). Our studies showed that idelalisib had no 339 

effect on anti-CD20 ADCC with either obinutuzumab or rituximab, in contrast to other studies 340 

that utilized higher concentrations than are used in the clinic (27, 28). Previous reports have 341 

shown that the F/V polymorphism of FcγRIIIa can impact both NK cell binding to Ab (29), as 342 

well as progression-free survival when evaluated in the context of rituximab treatment in 343 

genotyped patients (30). 344 
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When the impact of idelalisib was assessed in vitro on NK cells with known FcγRIIIa 345 

polymorphisms, idelalisib showed no inhibition of ADCC regardless of genotype. Our findings 346 

also demonstrated that F/F and F/V polymorphisms were no less effective in ADCC cell assays 347 

with obinutuzumab. Characterization of NK cells from PI3Kδ kinase-dead or knockout mice 348 

show altered NK cell migration, extravasation, receptor activation, and cytokine production, 349 

although alterations in cytotoxicity toward tumor cells in vitro or in vivo was not observed (31–350 

33). In our in vitro studies investigating the effects of idelalisib on NK cell-mediated ADCC, not 351 

only did we see a lack of inhibition of NK cell function, but we also observed that CD20 levels 352 

on the target cells are not altered by PI3Kδ inhibition (data not shown). Additionally, unlike 353 

ibrutinib, which has been shown to suppress ADCC and ADCP function due to strong inhibition 354 

of IL-2–inducible tyrosine kinase (ITK), idelalisib has no activity on BTK or ITK (16, 34, 35). 355 

MDMs, polarized to either M2c or M1, showed robust phagocytosis of target cells, with M2c 356 

demonstrating superior activity. Idelalisib had no effect on macrophage ADCP function on either 357 

subset up to the protein-adjusted Cmax concentration of ~300 nM. The robust phagocytosis of 358 

myeloid cells in this in vitro assay suggests that idelalisib treatment has little to no impact on 359 

macrophage function. More significantly, there is no effect of idelalisib on anti-CD20–mediated 360 

B cell depletion from whole blood in healthy donors, an assay that may best model the clinical 361 

experience due to the integration of multiple mechanisms for depletion (i.e., ADCC, 362 

complement-dependent cytotoxicity, induction of cell death). In agreement with these findings, 363 

the coadministration of a surrogate PI3Kδ inhibitor (GS-9820) alongside suboptimal doses of 364 

anti-mouse CD20, rituximab, or obinutuzumab only minimally influenced maximal depletion of 365 

leukemic targets in a murine model of CLL in vivo. These observations indicate that key Ab 366 

effector mechanisms are not significantly affected in vivo by PI3Kδ inhibition and any apparent 367 
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reduction in anti-CD20–mediated depletion in the presence of PI3Kδ inhibition may reflect a 368 

redistribution of target cells into the periphery, as is observed in clinical trials (21). More 369 

significantly in this model, coadministration of PI3Kδ inhibition alongside anti-CD20 mAbs 370 

imparted a more durable depletion of leukemic targets and enhanced therapeutic effects. These 371 

observations are reminiscent of clinical trial results demonstrating the therapeutic enhancement 372 

of rituximab therapy offered by coadministration of idelalisib in relapsed CLL patients (21).  373 

When the combination of idelalisib with obinutuzumab was evaluated in terms of cell death 374 

induction of primary donor CLL cells, strong additive anti-tumor activity was confirmed. This 375 

unexpected enhanced activity, in conjunction with the lack of idelalisib inhibition of 376 

obinutuzumab-mediated ADCC and ADCP activity, suggests that a glycoengineered type II anti-377 

CD20 Ab may function as effectively as, or better than, a type I Ab in combination with 378 

idelalisib.  379 

In conclusion, at clinically relevant doses, idelalisib does not have significant effects on 380 

rituximab- or obinutuzumab-driven ADCC, ADCP, or B cell depletion activity. Additionally, the 381 

obinutuzumab and idelalisib combination appears to have additive activities on direct killing of 382 

CLL cells and control of leukemic burden in vivo as compared with either agent alone. These 383 

studies provide preclinical rationale that the addition of idelalisib to type II antibodies such as 384 

obinutuzumab are likely to be effective clinically without negatively impacting any Ab-mediated 385 

immune functions. Based on these findings obinutuzumab is being/has been tested in 386 

combination with idelalisib in clinical trials (NCT02962401, NCT02968563, NCT01980875, 387 

NCT02445131). 388 

389 
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FIGURE 1. Effect of idelalisib on anti-CD20–mediated ADCC using healthy donor PBMC. (A) 540 

Human PBMCs were used as effectors with the –WIL2S cell line at an E:T ratio of 25:1. Anti-541 

CD20 mAb potency was assessed by LDH release after 4 h in the presence or absence of 542 

idelalisib (256 nM) over a range of Ab concentrations (0.01–1000 ng/ml) (n = 3, in triplicate). 543 

(B) PBMCs were analyzed from the ADCC assay for %CD107a+ cells by gating on CD3–544 

CD56intermediate population (NK cells) and median fluorescence determined for CD107a by flow 545 

cytometry as a measure of NK cell degranulation.  546 

A       B
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FIGURE 2. Idelalisib did not have an effect on ADCC mediated by  (A) rituximab or (B) 

obinituzumab with healthy donor NK cells. Enriched NK cells were used as effectors with the 

WIL2-S cell line as target over varying E:T ratios. Anti-CD20 mAb potency was assessed at a 

saturating concentration (10 µg/ml) in the presence or absence of idelalisib (5–500 nM) by 

LDH release after 4 h (n = 3, in triplicate). Palivizumab was used as a negative control Ab. NK 

cells and WIL2-S were incubated without Ab as an Ab-independent cellular cytotoxicity 

(AICC) control.  
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FIGURE 3. Effect of idelalisib on anti-CD20–mediated ADCC: impact of effectors, targets, and 548 

FcγRIIIa genotype. (A) Enriched NK cells were used as effectors with the WIL2-S cell line (E:T 549 

ratio, 10:1) and saturating anti-CD20 mAb (10 µg/ml), with the maximum ADCC measured by 550 

LDH release after 4 h. Idelalisib activity was assessed (1-1000nM) in combination with anti-551 

CD20 mAb and normalized to percent of maximum cytotoxicity for each donor with Ab only (n 552 

= 9, in triplicate). (B) The role of FcγRIIIa polymorphisms was assessed in enriched NK cells of 553 

the 158 F/F, F/V, and V/V genotypes (n = 2 of each) in an ADCC as described above. (C and D) 554 

Human PBMCs were used as effectors with CLL cells as targets at an E:T ratio of 25:1. Anti-555 

CD20 mAb potency was assessed by calcein release after 4 h in the presence of a range of 556 

concentrations of idelalisib (1–1000 nM) and a single Ab concentration (10 µg/ml) using 557 

obinutuzumab (C) or rituximab (D) (n = 4). 558 
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 FIGURE 4. Effect of idelalisib on anti-CD20–mediated ADCP with M2c- and M1-polarized 559 

macrophages. MDMs were polarized in vitro toward M2c-phenotype (A) or M1-phenotype (B) 560 

and used in ADCP assays with WIL2-S cell line as targets (E:T ratio, 3:1) to evaluate the activity 561 

of idelalisib (3-1000nM) in the presence of anti-CD20 mAb (150 ng/ml). Percent phagocytosed 562 

target cells were quantified by flow cytometry and normalized to ADCP activity with Ab alone 563 

(n = 3, in triplicate). 564 

A                 B 
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FIGURE 5. Effect of idelalisib on anti-CD20–mediated whole blood B cell depletion from 565 

healthy volunteers. (A) Dose-dependent B cell depletion with obinutuzumab in the presence of 566 

clinically relevant concentrations of idelalisib (760 nM and 4200 nM, Cmin and Cmax in whole 567 

blood) in two representative donors. (B) B cell depletion in the presence of a dose-titration of 568 

idelalisib (54-6810 nM) in combination with saturating concentrations of either obinutuzumab or 569 

rituximab (10 µg/ml; the dotted line represents Ab alone effect) in three representative donors. 570 

CD45+ cells were gated, and the depletion of B cells (CD19+) was calculated by flow cytometry. 571 

 

A 
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FIGURE 6. Effect of idelalisib and obinutuzumab on direct cell death induction of CLL cells. 572 

Increasing concentrations of idelalisib (30–480 nM) or obinutuzumab (0.5–5 µg/ml), or a 573 

combination of 480 nM idelalisib plus 5 µg/ml obinutuzumab, were added to CLL cultures 574 

stimulated with anti-IgM/IgG/CD40 and incubated for 66 h. CLL cells were gated as 575 

CD5+/CD19+ double positive and annexin V+/viable cells and quantitated by flow cytometry (n = 576 

12, in triplicate). Statistical comparisons are pairwise comparisons in the same donor. 577 

 

578 
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FIGURE 7. Anti-CD20–mediated depletion of leukemic targets in vivo. (A) Animals bearing 579 

either Eµ-TCL1 Tg (left) or human CD20 Tg Eµ-TCL1 Tg leukemias (right) were treated with 580 

250 µg anti-CD20 mAbs (anti-mouse CD20 clone 18B12 mIgG2a, rituximab hIgG1 (RTX), 581 

obinutuzumab hIgG1 (OBZ)) alongside 10 mg/kg GS-9820 administered per o.s. BID or an 582 

appropriate vehicle control and monitored for peripheral leukemia levels 48 hours later by flow 583 

cytometry. Data are normalized to pre-treatment values.  (B) Eµ-TCL1 Tg tumor (Eµ-TCL1 Tg 584 

020) bearing animals from (A) were maintained on PI3Kδ inhibition treatment or an appropriate 585 

vehicle control for the duration of the experiment and monitored for leukemia levels by weekly 586 

blood sampling and flow cytometry. The middle panel demonstrates a representative example of 587 

the peripheral leukemic fraction 4 weeks post-treatment, expressed as % of total lymphocytes. 588 

GS denotes GS9820. (C) Human CD20 Tg Eµ-TCL1 Tg tumor (hCD20 Tg Eµ-TCL1 Tg FU2) 589 

bearing animals from (A) were maintained on PI3Kδ inhibition treatment or an appropriate 590 

vehicle control for the duration of the experiment and monitored for leukemia levels by weekly 591 

blood sampling and flow cytometry. Data are represented as %CD5+ B220+ present in the 592 

lymphocyte gate. Statistical analyses were performed by paired/unpaired Student t-test in (A) 593 

and two-way ANOVA or log-rank survival analysis in (B–C). *p < 0.05, **p < 0.005, ***p < 594 



13Oct2017  38 
 

0.0005, ****p < 0.000005. ns, not statistically significant. Error bars represent SEM.595 

 596 

 

Supplementary Figure. Tumor tissue deposits and the relative efficacy of rituximab and 

obinutuzumab. (A) Animals bearing an alternate Eµ-TCL1 Tg leukemia (Eµ-TCL1 Tg U3) were 

treated with 250 µg anti-mouse CD20 alongside 10 mg/kg GS-9820 administered per o.s. BID or 

an appropriate vehicle control and monitored for peripheral leukemia levels by blood sampling 

and flow cytometry (shown left). Splenomegaly was assessed by palpation 3 weeks post 
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treatment and scored by an arbitrary system, in which a non-tumor bearing C57BL/6 is scored as 

0 and a tumour bearing spleen 1 inch in length scored as 3. GS denotes GS9820. (B) Animals 

bearing different hCD20Tg Eµ-TCL1 Tg tumors (either FU2 or EC2) were assessed for the 

relative efficacy of rituximab (RTX) or obinutuzumab (OBZ) therapy (both hIgG1).  Animals 

were treated with 250 µg RTX or OBZ once leukemias were detectable in the blood and 

monitored for disease progression by blood sampling and flow cytometry. Error bars represent 

SEM. Statistical analysis was performed using an un-paired Student’s T test. * = p< 0.05, ** = 

p< 0.005, *** = p< 0.0005, **** = p< 0.00005.   

 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


