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Abstract

Purpose—Activation of Toll-like Receptors (TLR) 7 and 8 by engineered agonists has been shown
to aid in combating viruses and tumors. Here, we wished to test the effect of TLR7/8 activation on
monocyte Fcy receptor (FcyR) function, as they are critical mediators of antibody therapy.

Experimental Desigh—The effect of the TLR7/8 agonist R-848 on cytokine production and
antibody-dependent cellular cytotoxicity (ADCC) by human peripheral blood monocytes (PBM) was
tested. Affymetrix microarrays were done to examine genomewide transcriptional responses of
monocytes to R-848, and Western blots were done to measure protein levels of FcyR. Murine bone
marrow-derived macrophages (BMM) from wild-type and knockout mice were examined to
determine the downstream pathway involved with regulating FcyR expression. The efficacy of R-848
as an adjuvant for antibody therapy was tested using a CT26-HER2/neu solid tumor model.

Results—Overnight incubation with R-848 increased FcyR-mediated cytokine production and
ADCC in human PBM. Expression of FcyRI, FcyRIla and the common y-subunit was increased.
Surprisingly, expression of the inhibitory FcyRIIb was almost completely abolished. In BMM, this
required TLR7 and MyD88, as R-848 did not increase expression of the y-subunit in TLR7~~ nor
MyD88~~ cells. In amouse solid tumor model, R-848 treatment superadditively enhanced the effects
of antitumor antibody.
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Statement of Translational Relevance.

Antibody therapy against tumors has proven to be a valuable tool in combating cancer, but has been shown to be only partially effective
or ineffective for many patients. Because of this, there is a continued attempt to find means of enhancing the efficacy of antibody treatment.
Here, we provide both functional and mechanistic evidence that activation of TLR7/8 enhances FcyR expression and activity. Treatment
with the TLR7/8 agonist R-848 leads to enhanced destruction of antibody-coated tumor cells by monocytes in vitro, and to attenuated
growth of solid tumors in vivo. Hence, TLR7/8 agonists may be an effective adjuvant for antibody therapy.
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Conclusions—These results demonstrate an as-yet undiscovered regulatory and functional link
between the TLR7/8 and FcyR pathways. This suggests that TLR7/8 agonists may be especially
beneficial during antibody therapy.
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Introduction

Monocyte Fcy receptors (FcyR) mediate clearance of IgG-immune complexes and 1gG-coated
tumor targets. Binding of 1IgG complexes to FcyR results in receptor clustering, which activates
downstream events such as phagocytosis (1), release of reactive oxygen species (2) and
cytokine production (3).

The strength of FcyR response is largely determined by the ratio of activating (FcyRI, FcyRlla,
FcyRI1I and the y-subunit) to inhibitory (FcyRIIb) receptors, as mice genetically deleted for

FcyRI1Ib show markedly enhanced antibody-mediated tumor clearance in vivo (4). Conversely,
mice lacking the common y-subunit show very poor antibody-dependent cytotoxicity as mice
do not express the y-subunit-independent FcyRlIla (5). It has also been shown that Toll-like

receptor (TLR) activation can enhance FcyR expression and function. For example, the TLR4
ligand lipopolysaccharide (LPS) has been shown to increase FcyR-mediated phagocytosis (6)
and tumor cell lysis (7). Unmethylated DNA (CpG oligonucleotides), which activates TLR9,
has also proven effective, enhancing antibody-dependent cellular cytotoxicity against tumors

(8).

Agonists of TLR7 and TLR8 have come to light as an effective means of enhancing immune
responses. The TLR7 agonistimiquimod has been shown in vivo to reduce the growth of MC-26
tumor cells (9), an effect abolished by blocking Interferon-a. Both TLR7 and TLR7/8 agonists
show antitumor (10) and antiviral (11) activities. Their major mode of action seems to be
induction of cytokine production, leading to stronger proinflammatory responses (12).

Here, we have studied the effects of the TLR7/8 agonist R-848 on human monocytes within
the context of FcyR expression and function. Results show that R-848 regulates FcyR transcript
and protein, upregulating the activating FcyR and downregulating the inhibitory FcyRIIb.
Studies using BMM from wild-type and knockout mice showed that TLR7 and MyD88 are
required for the changes in FcyR. Functional assays showed that R-848 treatment synergizes
with FcyR function both in vitro and in a murine solid tumor model. Hence, TLR7/8 is a novel
regulator of FcyR expression and function, suggesting that TLR7/8 agonists may be especially
effective as adjuvants for antibody therapy.

Materials and Methods

Antibodies and Reagents

R-848 (Resiquimod) was purchased from Alexis Biochemicals and dissolved to 10 mM in
DMSO, then to 1 mM in RPMI-1640 for working stock. Brefeldin A was purchased from
BioLegend (San Diego, CA) and used according to manufacturer instructions. PCR primer sets
(FcyRla, QT00013475; FcyRlla, QT01667099; FcyRIIb, QT00086842; y-subunit,
QT00055853; TRAF3, QT00080990; GAPDH, QT01192646) were from Qiagen (Valencia,
CA). Trizol was purchased from Invitrogen (Carlsbad, CA). Reverse transcriptase, random
hexamers and SYBR Green PCR mix were purchased from Applied Biosystems (Foster City,
CA). F(ab’), of anti-FcyRI (32.2) and anti-FcyRlIla (1V.3) were obtained from Medarex
(Annandale, NJ). The anti-FcR-y-subunit was from Upstate Cell Signaling (Lake Placid, NY).
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Rabbit polyclonal antibodies specific to hFcyRIla and hFcyRI1b were generated as previously
described (13). Actin, GAPDH and HRP-conjugated antibodies were from Santa Cruz
Biotechnology (Santa Cruz, CA).

Western blotting and ELISAs

Cells were lysed in TN1 buffer (50 mM Tris (pH 8.0), 10 mM EDTA, 10 mM NayP,07, 10
mM NaF, 1% Triton X-100, 125 mM NaCl, 10 mM NazgVOy,, 10 pg/ml each aprotinin and
leupeptin). Postnuclear protein-matched lysates were boiled in Laemmli sample buffer and
separated by SDS-PAGE, transferred to nitrocellulose membranes, probed with the antibody
of interest, then developed by ECL (GE Healthcare, Buckinghamshire, UK). Cell supernatants
were collected, centrifuged at full speed to clear cellular debris, then assayed for cytokine via
sandwich ELISA (R & D Systems, Minneapolis, MN) according to manufacturer protocol.

Real-time RT-PCR

RNA was extracted from PBM using Trizol, reverse transcribed to cDNA, then run in triplicate
for each donor on an Applied Biosystems Step One Plus system, with automatically-calculated
thresholds. Relative expression was calculated as 22ACt, with ACt calculated by subtracting
the average Ct of 2 housekeeping controls (TRAF3 and GAPDH) from the experimental sample
Ct (14).

BMM isolation and culture

L929 cells, generously provided by Dr. Stéphanie Seveau (The Ohio State University), were
used to generate conditioned media for culturing of murine bone marrow-derived macrophages
(BMM) (15). L929 were incubated in minimum essential media (Invitrogen) containing 10%
heat-inactivated FBS (Hyclone, Logan, UT), nonessential amino acids, sodium pyruvate and
penicillin / streptomycin (Invitrogen). Conditioned media from the L929 cells was collected
after 7 days, passed through a 0.22 um filter and added to the BMM media. BMM were cultured
from femurs of wild-type, TLR7/~, MyD88~/~, TRIF/~ and Cryopyrin~~ C57/BI6 mice
(16) by flushing the marrow from femurs and plating cells on plastic dishes in D-MEM
(Invitrogen, Carlsbad, CA) containing 10% FBS, 0.1% B-mercaptoethanol (BioRad, Hercules,
CA) and 30% conditioned media from L929 cells. After 6-7 days, nonadherent cells were
washed away using PBS, then the remaining BMM used for experiments.

PBM isolation

Peripheral blood monocytes (PBM) were isolated from Red Cross leukopaks via Ficoll
centrifugation (Mediatech, Manassas, VA) followed by CD14-positive selection using MACS
(Miltenyi Biotec, Inc.) as previously described (14). PBM were resuspended in RPMI-1640
containing 10% heat-inactivated FBS (Hyclone), penicillin / streptomycin and L-glutamate
(Invitrogen). The purity of monocytes obtained was >97%, as determined by flow cytometry
with CD14 antibody.

Microarray analysis

RNA was extracted from PBM using Trizol (Invitrogen), then labeled and hybridized to
Affymetrix (Santa Clara, CA) hgu133plus2 chips at The Ohio State University Medical Center
Microarray-Genetics core facility. Resulting data files were preprocessed and analyzed using
R (17) and BioConductor (18), testing for differentially expressed genes using the “limma”
package (19).
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Antibody-dependent cellular cytotoxicity (ADCC) assay

ADCC assays were performed as described previously (20;21). Briefly, PBM were incubated
overnight with or without 1 pM R-848 or 10 ng/ml IFNy and were used as the effector cells.
MDA-MB-468 breast cancer cells were used as the targets. These cells were incubated at 37°
C with 0.3 mCi 51Cr for 30-60 minutes, then incubated with no antibody, 10 pg/ml of
Rituximab (negative-control antibody), or with cetuximab. Monocytes and MDA cells were
then coincubated at a 50:1 ratio in v-bottom 96-well plates for 18 hours. Supernatants were
harvested and counted for radiolabeled Chromium using a gamma counter. Percent cytotoxicity
was calculated as [(sample — minimum control) / (maximum control — minimum control) *
100], where minimum controls were target cells incubated alone and maximum controls were
target cells incubated alone and lysed using 10% SDS. To derive values for antibody-dependent
cytotoxicity, values from no-antibody controls were subtracted from values from cetuximab-
treated targets.

Murine solid tumor model

CT26-HER2/neu colon carcinoma cells (22) were grown in RPMI-1640 media supplemented
with 10% FBS, penicillin / streptomycin and L-glutamate, washed to remove non-adherent
cells, then resuspended using enzyme-free cell dissociation buffer (Invitrogen). Cells were
centrifuged and resuspended at 10x108 per ml in RPMI-1640. The murine tumor model was
performed in accordance with Penichet et al., 1999 (22) and Roda et al., 2006 (21). Briefly, 5-
week-old female Balb/cJ mice (Jackson Laboratories, Bar Harbor, ME) were injected
subcutaneously with 1x10° of syngeneic CT26-HER2/neu cells. Mice were left for 7 days to
allow tumors to develop. Intraperitoneal injections with treatments were then performed 3
times per week, and tumor measurements done on each treatment day. Tumor volumes were
calculated as [0.5 x (length measurement) * (height measurement)?], where length was the
longest diameter of the tumor. Treatments consisted of 4D5 anti-HER2 antibody at 20 mg/kg,
R-848 at 2 mg/kg, 4D5 plus R-848, or DMSO vehicle control. All in vivo experiments were
performed in strict accordance to guidelines set by the Institutional Animal Care and Use
Committee.

Statistical analyses

Results

For all experiments performed in vitro, Student’s t-tests were used to test for statistically
significant differences. Statistics for the murine solid tumor model experiment were done by
the Center for Biostatistics at The Ohio State University. Briefly, data were transformed by
cube root, then a linear mixed model was applied, followed by an interaction contrast to test
for synergy. SAS (SAS Institute, Inc., Cary, NC) software was used to analyze the in vivo
experiment.

R-848 enhances FcyR function

The TLR7/8 agonist R-848 has been shown to increase cytokine production (23), so we asked
whether it would lead to an additive or synergistic increase in FcyR-mediated cytokine
production. To test this, we incubated PBM overnight with 1 uM R-848, then plated them on
immobilized IgG to cluster the FcyR. As shown in Figure 1A, R-848 treatment alone caused
PBM to secrete TNFa. However, when R-848 treatment and FcyR activation were combined,
there was a superadditive level of TNFa secretion. This suggests that the TLR7/8 pathways
functionally synergize with FcyR.

Next, we examined the ability of R-848 to enhance destruction of antibody-coated tumor cells
in vitro. We treated human PBM overnight with or without 1 uM R-848, then tested them in
an ADCC assay (24;25) using cetuximab-coated MDA-MB-468 cells. Because it has been
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shown that IFNy can enhance ADCC in human monocytes (26-28), we also used 10 ng/ml
IFNYy as a positive control. Results showed that R-848 treatment significantly increased
antibody-dependent cytotoxicity, even to levels approaching those seen after IFNy treatment
(Figure 1B). Hence, R-848 promotes destruction of antibody-coated tumor target cells in
vitro.

Microarray analysis of R-848

R-848 alters

We next examined the genomewide transcriptional responses of monocytes to R-848 in an
effort to gain insights on how it enhanced monocyte function. To do this, we incubated PBM
with 1 M R-848 for 18 hours, extracted RNA and performed Affymetrix microarray analysis.
We then searched for significantly different transcripts within the “immune response” or
“inflammatory” ontologies that were upregulated 2-fold or more and with an average log,
expression of 3 or higher. There were a total of 119 unique transcripts, shown in Table 1. As
expected based on previous literature, we found upregulation of cytokines such as IL-6, IL-12
p40 and TNFa. Fcy receptors are critical for antibody-mediated clearance of tumor cells, such
as that seen in Figure 1B (29). It was possible that part of the R-848-mediated enhancement of
this clearance was due to upregulation of these receptors, and this was found in the analysis
results (Table 1, gray highlights). Unlike this upregulation of activating FcyR, the array data
showed a 6-fold downregulation of the inhibitory FcyRI1b (data not shown). These results
suggest that R-848 regulates FcyR at the transcriptional level and that this may largely account
for the increased FcyR-mediated cytokine production and ADCC.

FcyR protein expression

We next verified that the altered transcription of FcyR led to changes in protein expression and
tested for the lowest required dosage. We treated PBM overnight with 0, 0.01, 0.1 or 1.0 pM
R-848, or with 0, 1, 10 or 100 UM R-848. Western blots were done to measure expression of
FcyRIla, the common y-subunit, and FcyRI1b. As shown in Figures 2A and 2B, a dosage of 1
UM was sufficient to alter FcyR expression and higher dosages did not lead to greater changes.

To confirm that changes in FcyR also occurred on the cell surface, we treated PBM overnight
with 1 pM R-848 and measured surface expression of FcyRla and FcyRlla using flow
cytometry. Compared to untreated PBM, there were significant increases after R-848 treatment
(Figure 2C). Overnight treatments (14—18 hours) with R-848 elicited changes in FcyR, so we
next tested whether short (1-3 hours) treatment times would be sufficient. Hence, we treated
PBM for 1, 3 or 14 hours, then measured FcyR by Western blotting. Results showed that
increases in FcyRIla occurred at the late stage (Figure 2D, top panel), while small increases in
the y-chain appeared at 3 hours but were higher at 14 hours (Figure 2D, middle panel). However,
decreases in FcyRI11b protein were seen within one hour (Figure 2D, bottom panel), while the
transcript for FcyRI1b remained to 4 hours (data not shown). This suggests that R-848 triggered
an immediate degradation of the FcyRI1b protein, followed by a later reduction in FcyRIIb
transcript.

Secreted factors mediate increases in activating FcyR

Results from the microarray analysis showed that numerous cytokines were upregulated, many
of which were known to influence FcyR expression. To test whether secretion of these
cytokines may have been responsible for the R-848-mediated changes in FcyR, we pretreated
PBM for 30 minutes with Brefeldin A, an inhibitor of secretion. Following this, PBM were
treated for 12 hours with R-848 and FcyR expression was measured by both real-time RT-PCR
and Western blotting. Results showed that pretreatment with Brefeldin A prevented the R-848-
mediated increases in FcyRI, FcyRl1la and y-subunit transcripts, while the decrease in FcyRIIb
was not affected (Figure 3A). Similarly, Western blotting showed that Brefeldin A pretreatment
inhibited the R-848-mediated increases in FcyRlla and the y-subunit, but did not prevent the
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reduction in FcyRIIb (Figure 3B). These results suggest that R-848 drives production of
secreted factors that act in an autocrine / paracrine fashion to increase expression of the
activating FcyR, but that the effect of R-848 on FcyRIIb is mediated through a different
mechanism.

Mechanisms of R-848-mediated regulation of FcyR

We next wished to test whether a similar effect of R-848 on FcyR expression would occur in
mice, and determine the mechanism by which R-848 mediates its effects. R-848 signals through
the MyD88 adapter protein (30) and the Nalp3/Cryopyrin cytosolic sensor (31). To determine
which were required for regulation of FcyR and to rule out a role for the MyD88-independent
TRIF, we isolated bone marrow macrophages (BMM) from wild-type, TLR7 /-, MyD88 /-,
TRIF~ and Cryopyrin™~ mice. BMM were treated overnight with or without R-848, then
expression of the y-subunit was measured by Western blotting. Of note, FcyRlIla is not
expressed in mice (32). As shown in Figure 4A (top and middle panels, respectively), neither
TLR77/~ nor MyD88~/~ cells showed R-848-mediated increases in the y-subunit. However,
R-848 did increase y-subunit expression in Cyropyrin- and TRIF- knockout BMM (Figure 4A,
top and bottom panels, respectively). These results indicate that R-848-mediated effects on
FcyR require TLR7 and MyD88. As a functional control, TNFa production was also examined
in supernatants from BMM treated with or without R-848. Results were in accordance with
those previously reported by Hemmi et al. (30), showing that TLR7 /- and MyD88~/~ cells
did not produce TNFa in response to R-848 (Figure 4B). Because R-848 does not appear to
activate mouse TLR8 (33), all of its effect would be expected to require TLR7. In humans,
however, R-848 can activate both TLR7 and TLR8 (33) and can signal through MyD88-
independent pathways (31). Hence, further experiments will be required to rule out the
involvement of a MyD88-independent pathway or a possible interaction between TLR7 and
TLR8 activation in humans.

R-848 reduces tumor growth in vivo

Results showed that R-848 could regulate FcyR expression and synergize with FcyR function,
S0 we next asked whether R-848 could improve antibody therapy in vivo. To test this, we
employed a solid tumor model using CT26 cells expressing human HER2/neu (21;22). Here,
CT26-HER2/neu colon carcinoma cells were subcutaneously injected into syngeneic Balb/cJ
mice. After 7 days to allow tumors to develop, mice were injected intraperitoneally with
antibody alone, R-848 alone, R-848 plus antibody, or vehicle alone 3 times per week. Tumors
were measured on each treatment day. After 13 days, there was a significantly reduced rate of
growth in the mice receiving R-848 plus antibody (Figure 5). Statistical tests showed synergism
between 4D5 and R-848 (p=0.03) for reducing the rate of tumor growth. Hence, R-848 plus
antitumor antibody leads to synergistic reduction of tumor growth in vivo.

Discussion

Here, we have demonstrated a link between the Toll-like Receptor 7/8 and the Fcy receptor
pathways, in which TLR7/8 activation regulates FcyR expression. There is also functional
synergism between these two pathways, leading to enhanced FcyR-mediated cytokine release
and to a decreased rate of tumor growth. As such, TLR7/8 agonists may be of special benefit
in conjunction with antibody therapy against tumors.

Several possible mechanisms may account for the functional synergism between TLR7/8
activation and FcyR activity. Firstly, as shown in Figure 2 and Table 1, there was increased
expression of the activating FcyR and a marked reduction in the inhibitory FcyRI11b. This would
promote superadditive responses, as the FcyR would respond more strongly to any given
stimulus. With regard to the synergism seen in the murine solid tumor model (Figure 5), other
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factors may also contribute. T cells, B cells, dendritic cells and monocytes/macrophages can
all respond to TLR7/8 ligands (34), although it has also been reported that T cells may respond
only indirectly (35). Natural Killer (NK) cells are themselves unaffected by R-848 treatment
but respond to monocyte-derived cytokines following R-848 treatment ((36) and data not
shown). In mice it has been shown that R-848 elicits cytokine production (23), as well as driving
leukocytes from circulation to peripheral organs (35). Together, these two effects might work
with the increased FcyR to enhance the antitumor response. Firstly, greater cytokine production
would lead to more activation of the immune cells. Secondly, since migration of leukocytes
into peripheral organs is stimulated, presumably there would also be more leukocytes migrating
to the tumor site as well (35). In addition, R-848 may have shifted the macrophages toward an
M1 phenotype and this would have significantly enhanced their ability to combat the tumors.
Tumor-associated macrophages possess an M2 phenotype and promote invasion (see (37;38)
for review). However, it has been shown that treatment of squamous cell carcinoma with
imiquimod, a TLR7 ligand approved for clinical use, leads to an M1 and Th1 phenotype (39).
Collectively, these factors may have contributed to the synergism we observed between
TLR7/8 and FcyR. Studies are ongoing to determine the precise mechanisms.

The cytokine response itself is likely responsible for the increase in activating FcyR, and might
have been responsible for changes in FcyRI1b as well. Upregulation of FcyR by TLR4 has been
previously shown in a murine model of arthritis, and was found to be largely mediated by IL-10
production (40). IL-10 can lead to increases in activating FcyR (41-43) as well as that of the
inhibitory FcyRIIb (43;44). In contrast to this general upregulation, however, we found a
striking decrease in FcyRI1b after TLR7/8 activation. Previous work has shown that IL-4 works
with 1L-10 to promote expression of FcyRIIb (13;44), but our microarray analysis found an
almost 40-fold increase in IL-10 with no increase in IL-4 after R-848 treatment. Concurrently,
TNFa and IFNy, both known to decrease FcyRIIb expression (44;45), were strongly
upregulated.

Hence, it seemed likely that the specific cytokine milieu elicited by R-848 was responsible for
the changes in FcyR expression. Indeed, this was likely the case for the upregulation of
activating FcyR, as blocking secretion with Brefeldin A abolished the R848-mediated changes.
However, Brefeldin A did not prevent the R848-mediated decrease in FcyRIlb (Figure 3B).
Further, FcyRI1b protein was decreased within 1 hour (Figure 2D), while FcyRI1b transcript
remained to 4 hours (data not shown). These results strongly suggest a differential regulation
of activating versus inhibitory receptors by R-848, where autocrine / paracrine factors drive
the upregulation of activating receptors and different mechanisms — perhaps ubiquitination and
proteasomal degradation — cause the almost-immediate decrease in FcyRlIIb.

There is a chance that the culture conditions (10% FBS rather than autologous sera) influenced
the maturation and responses of the monocytes. For example, the quantities of many growth,
survival or apoptosis factors that monocytes would normally be exposed to within circulation
would have been different with the FBS culture. However, the negative controls within the
experiments suggest that R-848 itself drove at least the majority of the FcyR and cytokine
responses.

Results from the ADCC (Figure 1B) and the murine solid tumor (Figure 5) experiments suggest
that although imidazoquinolines have previously been shown to be effective by themselves
against certain tumors, they may prove especially useful as adjuvants to antibody therapy. In
fact, it is plausible that part of the antitumor effect of R-848 is mediated by autoantibodies
against the tumor. Such autoantibodies have been well-documented in humans (46). We found
that cotreatment with antibody and R-848 led to the greatest effects (Figure 4 & Figure 5), but
itis likely that more effective antibodies may elicit an even stronger TLR7/8 — FcyR synergism.

Clin Cancer Res. Author manuscript; available in PMC 2011 April 1.
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any antibodies have been engineered for better FcyR binding (47;48), and these may prove
pecially powerful when combined with TLR7/8 agonists.

summary, we have identified a unique regulatory link between TLR7/8 and FcyR. This not

only has implications for the clinical setting, but also uncovers a novel biological regulatory
pathway of Fcy receptors.

Abbreviations

TLR Toll-like receptor

FcyR Fc-gamma receptor

PBM peripheral blood monocytes
BMM bone marrow-derived monocytes
TNFo Tumor Necrosis Factor-alpha
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Fig. 1.

R-848 enhances FcyR function. (A) PBM were treated overnight with 1 uM R-848 (R848) or
were left untreated (UT). Following this, they were incubated in 96-well plates with (IgG) or
without (none) immobilized 1gG for 24 hours. Supernatants were collected and analyzed for
TNFo by sandwich ELISA. Error bars represent standard deviation of 3 separate donors.
Asterisks denote statistical significance at p<0.05. N.D. is Not Detected. (B) R-848 enhances
monocyte ADCC. Human PBM from 4 donors were incubated overnight with 1 uM R-848 or
10 ng/ml IFNYy, then tested in an ADCC assay (described in Methods) with cetuximab-coated
MDA-MB-468 cells. The percent cytotoxicity after subtraction of no-antibody controls is
plotted. Error bars represent standard deviation. Asterisks denote statistical significance versus
UT (p<0.01).
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Dose response to R-848. (A-B) PBM were incubated with 0, 0.01, 0.1 or 1.0 pM (A) or 0, 1,
10 or 100 uM (B) R-848, with DMSO concentrations equalized across all treatments. Western
blotting was done to measure FcyRIla (top panels), the y-subunit (middle panels) and FcyRIlb
(bottom panels). Blots represent 3 independent experiments. (C) Flow cytometry was done to
measure surface expression of FcyRI (top panel) and FcyRIla (bottom panel) using F(ab”),
fragments of 32.2 and IV.3 antibodies respectively, followed by F(ab”), goat anti-mouse FITC.
The percent increases over untreated (UT) were plotted as bar graphs. Asterisks denote
statistical significance at p<0.05 and error bars represent standard deviation, n=3. (D) Time
course of R-848 influence on FcyR expression. PBM were incubated for 0, 1, 3 or 14 hours
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with 1 uM R-848, then protein lysates extracted and analyzed by Western blotting for FcyRIla

(top panel), the y-subunit (middle panel) or FcyRIIb (bottom panel). Blots represent 3
independent experiments.
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Fig. 3.

Requirement of secreted factors for R-848-mediated changes in FcyR expression. (A) PBM
were pretreated with or without Brefeldin A for 30 minutes and treated for 12 hours with or
without 1 uM R848. RNA was extracted and FcyR expression measured by real-time RT-PCR.
DMSO (vehicle control), R-848 alone and R-848 plus Brefeldin A pretreatment were compared
for FcyRI (top left), FcyRlla (top right), the y-subunit (bottom left) and FcyRIIb (bottom right).
Graphs are representative of 3 independent experiments. Error bars represent standard
deviation. (B) PBM (n=3) were pretreated with or without Brefeldin A for 30 minutes, then
treated for 12 hours with or without 1 pM R848. Protein lysates were collected and Western
blots done to detect FcyRlla (top), the y-subunit (middle) and FcyRI1b (bottom). DMSO
(vehicle control), R-848 alone and R-848 plus Brefeldin A pretreatment were compared. Actin
or GAPDH reprobes were done for each blot to verify equivalent loading.
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R-848 requires TLR7 and MyD88 to regulate FcyR expression. (A) Murine bone marrow-
derived macrophages (BMM) were isolated, treated overnight with or without 1 uM R-848,
then protein lysates extracted and analyzed by Western blotting for expression of the y-subunit.
Top panel: BMM from wild-type (WT) versus TLR7 knockout (TLR7 /") were compared.
Middle panel: BMM from WT versus MyD88 (MyD88 /) and Cryopyrin (Cryo/~) knockouts
were compared. Bottom panel: BMM from WT versus TRIF knockouts (TRIF ) were
compared. All blots represent 3 independent experiments. (B) Cytokine response of BMM to
R-848. BMM from wild-type, TLR7 /-, MyD88~/~, TRIF/~ and Cryopyrin~~ mice were
treated overnight with 1 uM R-848 or left untreated (UT). Supernatants were analyzed by
sandwich ELISA for TNFa. Graph is representative of at least 3 different experiments per
genotype. N.D. Not detected.
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Fig. 5.

R-848 enhances antibody therapy in vivo. Balb/cJ mice (n=3 per group) were injected
subcutaneously with 1x10% CT26-Her2/neu cells and left for 7 days for tumors to develop.
Mice were then injected intraperitoneally on every other day with DMSO vehicle, anti-Her2
(4D5) plus DMSO, R-848, or 4D5 plus R-848. Tumor sizes were measured (see Methods)
every other day for 2 weeks. Asterisks denote statistical significance (p<0.05).

Clin Cancer Res. Author manuscript; available in PMC 2011 April 1.




Page 17

7O ‘€ Ajweyqns Joydsoal lesjonu  80-38'€  ¥TL6.8'Y TOEUN 3 Jsquisw 'y Ajiwey urewop uns| 8dA-D 0200 ¥E8YTY'T 30310

€ Buturejuod urewop ulAd ‘Ajiwey 4IN- 920°0 8G7625°€ €dYIN @ Jaquisw 'y Ajiwey urewop unoa| 8dAi-0  G0-36°€ L€262L'S aro3o

T ®11-(2 POALIBP-PIOIYIAIL) J0joRy Jedjonu  $0-3E'T  T8YLY'E T7234N Z oselajsueiiofns djeIpAyoqred 1000 8TYBYOY ZLSHO
TV ‘sutewop-y Buluueds-sueiquslA - 9000 TTTS8Z'E TYYSI g J0joe) Jusw|dwod  80-AY'T  GESKY'6S 840

asedi| apuvdA|ouow €200 8v9079°C 119N anajow £8AD €000 8€8GYY'C €800

19AR) UBBURLIBNPBINL  TOO'0  T99E0'YT AN 8Inoslow 08d0  GO-I6'T  95992°8T 082

Josinoaid €3 Juswid|dwoD o) kel 0€0°0  8ESSTH'E  L8EG9D0T 8nosjow 6500 60-36'C  S8T90°6T 6500

9 ‘J0)daoai ax1|-uningojBounwuw 8)A00Mn8l  9T0'0  Z0ZYSST vadTI7 8Inoslow G6A0  90-3ET  €06EELY 5500
€9 ‘103de0a1 ax1l-ulngojBounwwi ak0yna]  90-3G'T  €28EL0'E €417 aInoslow 0yad 8200 LYEZETE 0vao
24 “10)dsoa1 ax1-ulingojBounwwi 8)A00%N8]  80-36°L  §62060°L z94711 3nosjow ¢/zAD  60-39°€  8OVLTE v.2ad
19 ‘101de0a1 aj1|-ulngojBounwwi 81£004ns7  80-36'L  GLVESE'D 194717 8Inosjow €9TAD  90-3CT 2029682 €91a0
gV '101daoal axi|-utngojfounwiwi 81400%Nd]  60-36'C  622ET'SE evdI L puebl| (Jnow O-D) supowsyd  0v0'0  622TSC Y L7100
2V ‘10ydsoal xIl-ulngojBounwiwi 8140038 €000 G88TL6'T Zvdn v puebl| (Jnow O-0) aupjowsyd  90-39°'T  TIEL'ST #7100
TV '10)dda1 j1-utngojBounwwi 81K00MN3]  ZT-32°€  LTG26°LC vy € puebi| (40w O-0) duBjOWdYd  90-3¥'T  ¥86YE 0L €100
2 ujo4d 01100340 a)kooydwA] - 40-38'€  9056.6'C 2do1 0z puebl| (4now 9-0) supjowayd  20-30°€  62¥YL'SS 02122

T 101da0a1 1|-B] pajeroosse-aikooqna]  90-3G5'7  LG8TTS'L TdIV] Z puebl| (Junow O-0) upjowisyd  ¥Z0'0  86VSZ'9 2100
(081d) WTT@D Usbnue) T eydle ‘unBaul  S0-T¥'9  Z806YI'E VoLl 6T puebl| (}now O-0) supjowsyd  60-3T%  ¥.18°06T 67100
asefi| urerold uninbign €3 Bojowoy Ayon  500°0 TY65v8'9 HOLI 8T puebl| (Jnow 9-0) supjowayd  90-38'v  692ZTS'8 81100

Z 9SeuDy pajeroosse-103deoal T-upinaelul - 80-32°€  £5067°5C AVE]| gewoydwAl 110 1180-9  TT-38'C  £9558Y'Y 9709
gupnapislul G000 €/8L°€ Eall g ewoydwAl/ 110 1190-9  90-3r'T  678ELE'T €109

Joydaoal L upnapisiul - £0-38'T  .887'SY ETAl] T apndadAjod ‘aselejsuenjAsoroered -'Te18q  90-3G'T  909€20.  TLIvOPE

1sonpsuel) [eubls g uppnapRIl  TOO'0  Z9TL6L'E 15971 g ulodenbe  80-32'T  TLP09S'S 6d0OV

(2 ©19q ‘uosapialul) 9 UBNBIAIUL  60-3F'S  G620°68Y 9l ¢ “Juisloidodijode  Gy0'0  98T06ZC €104V

10)daoal p upnalBIl  90-3ET  LEETHET Al 10daoal o110ads-jonpodd pus uone|AsodA|b Ape G0-38'6  LOITL'E EER

ewiweb ‘Joydsdsl z upnaial - 000 STISZK'Z Al a0ens ‘10)deoal -z-eleq ‘olbisusipe  90-3.'8  6VZEL'IT zaday

eydie ‘Joydsoel Z upinBiBIUl  L0-39'T  9/LZESEY vzl l0ydeoai ey suisouspe  ZT-38'8 9805507 VZv¥OQY

isiuoBejue J0jdeoal T upinapRIul  L0-3SY  L€L9'SE NATTI 8SBUILIESP BUISOUBPR  GO-I¥'T  OVELIEY vay

lend o4 JoquiAs uonduoseg  |end o4 loquiAs

Clin Cancer Res. Author manuscript; available in PMC 2011 April 1.

Butchar et al.

“H4Ao4 Buneanae ayy ae Aelb ul pa1ybijybiH "pa129|as atam , Alojewiwre]jul,, 1o ,asuodsal
aunuwiwil,, Jo sa160]01u0 Y1im pue Jarealb 1o € Jo uolssaldxa zboj abelane yiim ‘1a1ealb 10 g Jo sasealoul-pog yim sidiiosuel | sisAeur Aelieodiw X11sWAL Y 01
pa10algns uayl pue 878-Y IAIT T INOY1IM 1O YlIM 1YBIUIBAO Pa1RgNIUL 813M SIOUOP JUSJBIP € WOIS INEd '8778-H UNM pareal) salAoouou Jo sisAjeue Aelieoldl|n

TalgeL
NIH-PA Author Manuscript

NIH-PA Author Manuscript NIH-PA Author Manuscript



Page 18

Butchar et al.

10} 8BUBYOX® BPIO3IONU BUIUENH T ABA  0-38'T  968EEZL TAVA 6 Joquaw ‘Ajiwey T upinepeIul - G0-3.°€ 80EES8T 641711
T S1189 projaAw uo passaidxa Joydsoas Bulsbbly  90-3T°9  €/€6€5'9 TINTYL elaq ‘T uBnalil - 60-3L°L  €6E£L0°92 arl
6 J8quuaL *10J0By SIS0I0BU JOWN}  GO-36'8  6Y0TZS'E 64SANL eydje ‘T upnalialul - 80-3¥'8  60CK6TY VIl
6 1oquWaw ‘10)daoal 10J0BY SISOI0BU JOWN}  0Z0'0  ZZ8S9'T  64SHANL ovd ‘gzT upnalisul - $0-39'Z  ¥088E'E gzt
9 urzjoid paonpui-eydie ‘103oey SIS0I0BU Jowin}  0-38'9  9£599'¥T  9dIVANL OT UpNeall  80-FE'E€  YBEL'6E Al
T uig04d paonpui-eydje ‘1030e) SIS0408U Jown)  ¥0-36'T  2TEZ'C TdIVANL ewweb ‘uosspBIul  YO-IY'T  €28T9°92 ON4I
Z J9qWidW ‘10J0ey SIS0I0BU JOWN}  L0-T'E  L6G6'CT 4NL TTTOdSH uteloid [eoneypodAy 8000 +2582°9 TTTOdSH
v loidaoal MI-II0} €600 66222h'T PaIL TH Joydaoal suwelsly  90-32°.  ¥68€0°0T THYH
T l01daoal MII-II0} G000  9¥8SS0°T Td1L v, eselflgoesp auoisly GO0 6S6TYTC  VLOVAH
ZeseujwenBsuell  80-35%  L620°9T ZNDL apndad [eiqosolwnue upiodey  ZT-3p'T  G9G2E'6S dINVH
T 8seup| BUIpUIG-MNVL  G0-32°€  €8959.L°C Gl (ewoouesodi) Jueubijew ur (QT:gT)iu) uoisnd  9TO'0  G95E00°9 snd
2 ueisuod ewiweh J0)dsosl |90 1L TTO0  ¥22€TT ddvl T I-10)dadal apndad |Awioy  60-36'S  600vS ¥E T74d4
(er@D ‘uleisoynay) upoydorers /200 ¥9V6ZTE NdS 7 J0)dsoas opndad |Awloy  #0-30°€  L0SSLSE Tddd
oseun MI-TANS  TO00  9€98ET'L  MITANS Td X0q peaypiioy  90-30°€  S60VH'E TdX0d
T Joquisw ‘TT Ajiwrey Jarued ainjos  80-3z°,  GZzeT’0T  TVITOTS
D€ ‘payeloss ‘dlseq Hoys ‘ulngojfounwiwi ‘ewss  TT-30°T  8T¥S8'2Z  OEVINIS
6V U1ajoid Bulpuiq winojed Q0TS 9000 €0.92°€ 6Y00TS
8V ujoid Bulpuig wnpjed 0TS  ¥0-3T°C  9¥/8T'ST 8v00TS
2TV uleloid Buipuig wnioeo 0TS ¥10°0  STZEET'E  CIVOOTS [11 10308} uopeINBeod  90-3€'S  LS06T'8T ed
Q6T uejoid JaBuy Bul  G0-30°9  Z6YTE0T  G6TdNY T Bojowoy 9za SI-A  YO-IEY  VEBISET 1513
C 8seuy| aujuoalyl-auLas funoelajul-10dagal - y€0°0 2T806T'C IdIY unfaids  $0-3€°€  €0¥086'Y 9343
God ‘v Bojowoy [81-A  ¥0-3r'y  LZS9E'TT VI3 € auab paonpul snuiA ueg-ulslsd3  £0-32'6  1855C'ST €193
T 3JeAIsqns UIX0} Wnuiniog €0 palejal-sed G000 Ly8Y8LE TOoVY g asepndad-jApndedip 1200 €T2807°€ 8ddd
elaq 1-711 Aq paonpur A|pides ‘pajejas-uixenuad  1-38'9 LSSV VE €X1d apndadAjod €189 ‘Gyz-q aWwoIydoIkd 2000 2G86TLE agA0
2 aseypuAs apixossdopus-ulpuelfeisoid  0T-357  T2Z'TeT 7891d G puedl| (Jnow O-X-0) Bupjowsyd  G0-38'9  L660%'ST §10X0
eydje ‘0 aseupj uioid  0TO'0  692€8T'E vOMdd € puebl| (Jnow O-X-0) supjowayd  0-39°'L  66TLLLT €10X0
mourew suoq ‘g ueakjBosioud  10-38'v  ¥9S6YL'E 794d 2 puell] (4now O-X-0) sunjowsyd  GO-IT'T  8YSE6S'8 210X0
T Bujureluoo urewop |134d - S0-3€'T  T8S¥6'E  TAITIAd €T puebl| (Jnow O-X-0) supjowsyd  60-30C  ¥IL6'9TT €TTOX0
7X0q03Woy ZsseoN0Od ~ S0-36%  €2T5€C Zd4znod T puebl| (Jnow O-X-0) supjowsyd  ZT-32°T  L9€88L6 T10X0
ursjoud uoneinyew swoseslodd  y0-32'€  659ZES'T diNod € Jojoe) Burrenwins Auojod  £0-30'7  STYTZ'9E €450
Z pueb| T yreap |90 pawwelfoid  90-35°2  GE895L  ©11ADAd uaold Buipuig € eydre ‘Al 8dAs ‘uabelod  $0-32y  GTSE09C  JFEVHIOD
T surewopo.oiw pidioBuydsooA|6 /m oosse ueloid-d - 80-39'z  TEEO0'ET T9Vd uueIsnP 1200 ¥6.682°C n1o
uonduosag  |ead o4 JoquiAs uonduiosag  end o4 loquiAs

NIH-PA Author Manuscript

NIH-PA Author Manuscript

NIH-PA Author Manuscript

Clin Cancer Res. Author manuscript; available in PMC 2011 April 1.



Page 19

Butchar et al.

uig104d A10ssadoe J01dadal T uynajlalul

¥0-32'T  Tyve8E'E dvdTl

uonduosag  |ead

o4

JoquiAs uondiiosag

fend o4 loquis

NIH-PA Author Manuscript

NIH-PA Author Manuscript

NIH-PA Author Manuscript

Clin Cancer Res. Author manuscript; available in PMC 2011 April 1.



