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AO-176 Binding to CD47 Expressed on Tumor Cells is Enhanced at Acidic pH

Blocking agents to inhibitory immune checkpoints has shown significant advances in cancer treatments and has
focused mainly on enhancing adaptive immune responses. CD47, a cell surface glycoprotein, is an innate
checkpoint receptor broadly expressed in normal tissues. Binding of CD47 to signal regulatory protein alpha
(SIRPα) on macrophages and dendritic cells triggers a “don’t eat me” signal that inhibits phagocytosis. Several
hematologic and solid tumors escape innate immune surveillance by overexpression of surface CD47 preventing
engulfment and clearance of tumor cells by phagocytes. Blocking the interaction of SIRPα/CD47 has been
shown to promote phagocytosis leading to reduction in tumor burden in several xenograft and syngeneic animal
models.
We have developed a humanized anti-CD47 antibody, AO-176, that blocks CD47: SIRPα interaction to stimulate
tumor cell phagocytosis but also exhibits several unique functional properties. The first property is the ability of
AO-176 to induce direct tumor cytotoxic cell death in hematologic and solid human tumor cell lines by a cell
autonomous mechanism (not ADCC), while sparing primary T cells and other normal tissues (endothelial,
skeletal and epithelial). Secondly, AO-176 has preferential binding to tumor cells compared to normal cells,
including ex vivo red blood cells (RBCs) (cynomolgus monkey and human), T cells, and other normal human
cells. The negligible binding to RBCs is expected not only to lower the antigen sink and not sequester AO-176
away from tumor cells, but also to minimize on-target clinical adverse effect observed following treatment with
other RBC-binding CD47 antibodies. When tested in cynomolgus monkeys, no adverse effects were observed
with respect to RBCs and correlated well with in vitro results. A third novel property of AO-176 is its enhanced
binding to tumor cells at acidic pH. AO-176 binds to human tumor cell lines with a mean or range of 20-fold
higher at an acidic pH of 6.5 compared to a physiological pH. Because the microenvironment of solid tumors has
an acidic pH of 6.4-7.2, this enhanced binding of AO-176 at low pH has the added advantage of tumor-specific
targeting. Lastly, we show that AO-176 demonstrated a dose-dependent anti-tumor activity in tumor xenograft
models. Taken together, the unique functional characteristics of AO-176, including induction of tumor-specific
cell-autonomous killing while sparing T cells and other normal tissues, enhanced binding to tumor cells at acidic
pH, tumor phagocytosis, reduced binding to RBCs and potent in vivo efficacy should allow for enhanced antitumor efficacy and reduction in off-target toxicity (anemia). We believe that AO-176 development will allow for
the generation of a therapeutically more superior anti-CD47 blocking antibody.

Cell Line

Tumor Type

EC50 pH 7.4

EC50 pH 6.5

Fold Change
in Binding

Jurkat

Acute lymphoblastic leukemia

0.39 µg/ml

0.07 µg/ml

6

Raji

B cell lymphoma

1.91 µg/ml

0.039 µg/ml

49

OV10-315

Ovarian Cancer

0.25 µg/ml

0.054 µg/ml

6

HCC827

Lung Adenocarcinoma

0.39 µg/ml

0.084 µg/ml

5

HCT116

Colorectal Cancer

3.52 µg/ml

0.77 µg/ml

5

OV90

Ovarian Cancer

0.13 µg/ml

0.078 µg/ml

1.6

SkOV3

Ovarian Cancer

1.27 µg/ml

0.064 µg/ml

20

NCI-H1975

Lung Adenocarcinoma

2.56 µg/ml

0.14 µg/ml

18

MCF7

Breast Cancer (ER and PR+, HER2-)

0.74 µg/ml

0.10 µg/ml

7

MDA-MB-231

Triple-negative Breast Cancer

2.70 µg/ml

0.11 µg/ml

25

(A) Orthotopic MDA-MB-231 triple negative
breast cancer cells were implanted in NSG
mice (N= 10/group). Mice were administered
PBS control or AO-176 (15 mg/kg)
intraperitoneal (IP) daily (QDX5) for 4 weeks
(Left Panel) and then density of tumor
infiltrating macrophages (MQ: CD45+ CD11b+
F4/80+) and dendritic cells (DCs) (CD45+
CD11c+) (N= 4/group) were evaluated on Day
29 by flow cytometry (Right Panel).
****P<0.0001, ** P<0.001. TGI: tumor growth
inhibition.
(B) Subcutaneous human Raji B cell
lymphoma cells were implanted into NSG mice
(N= 10/group). Mice received IgG2 (25 mg/kg)
or AO-176 (1, 10 or 25 mg/kg) as a single
dose on Day 0 by intravenous (IV) injections.
On Day 3 post dosing, the density of
macrophages and dendritic cells were
determined by flow cytometry. N=5 mice
/group. ***P<0.0001 for AO-176 at 10 and 25
mg/kg vs. IgG2 control and *p< 0.05 vs. IgG2.
TGI: tumor growth inhibition.

pH dependent binding of AO-176 to human CD47 was measured by solid-phase ELISA (A) and flow cytometry (B) on RAJI B Cell Lymphoma Cells. Increasing concentrations of AO-176 were
added to plates coated with recombinant human CD47 extracellular domain or to tumor cells followed by incubation with either HRP-labeled or fluorescent-labelled secondary antibody. (C)
Hematological and solid tumor cell lines were analyzed for differential binding of AO-176 at pH 7.4 and pH 6.5.

AO-176 Mediates Cell-Autonomous Early and Late Apoptotic Killing of Tumor Cells
A.

Jurkat

B.

OV90

AO-176 Inhibits Growth of Raji B cell Lymphoma by Promoting Macrophage/DC
Recruitment and Cytokine/Chemokine Induction In Tumor Microenvironment

AO-176: A Next-Generation Humanized anti-CD47 mAb
§
§
§
§
§
§
§
§
§

Humanized IgG2
Blocks CD47/SIRPα interaction to induce phagocytosis of tumor cells
Selectively and potently binds to human CD47 on tumor cell lines
Reduced binding to normal cells and negligible binding to human RBC without
hemagglutination
Greater binding affinity at acidic pH (TME is pH ~6-6.5; potential tumor targeting
mechanism)
Direct killing of tumor cells (non-ADCC); programmed cell death type III and previously shown
immunogenic cell death characterized by DAMP induction
Anti-tumor efficacy in human xenograft models
Increased macrophage and dendritic cell infiltrates to Raji and MDA-MB-231 tumors in vivo
Very well tolerated in IND enabling toxicology studies

AO-176 Preferentially Binds Tumor vs. Normal Cells and
Negligibly Impacts RBC or Other Normal Cells
Fc-mediated and direct AO-176 Activities Not
Seen in Normal Cells

•
•
•
•
•
•
•
•

ADCC

Cell autonomous killing by AO-176 was measured in (A) Jurkat (B) OV90 ovarian carcinoma cells incubated with 30 ug/ml of IgG2 control or AO-176 for 24 hours at 37°C. Cells were stained with
Annexin V to measure externalization of phosphatidylserine (Annexin V+), a marker of early apoptosis, and uptake of 7-AAD dye, an indicator of apoptotic cell death detected by flow
cytometry. The percentage in early apoptotic (Annexin V+/7AAD negative) and late apoptotic (Annexin V/7-AAD double positive) cells is illustrated. Additional cell lines that demonstrate similar
findings include RAJI,CFPAC, H-1437, H-1975, Detroit-562, CAL27, FaDu.

AO-176 Killing & Phagocytosis of Human Tumor Cells
Cell Line

Tumor Type

EC50 (% Max
Annexin V+)

Max
% Annexin V+

Jurkat

Acute lymphoblastic leukemia

0.63 µg/ml

45.6

Raji

B cell lymphoma

10 µg/ml

32

OV90

Ovarian Carcinoma

1.1 µg/ml

29

Detroit-562

Pharyngeal carcinoma

7.5 µg/ml

52.9

FaDu

Pharyngeal carcinoma

18.5 µg/ml

20.3

NCI-H1437

Lung Adenocarcinoma

9.9 µg/ml

34.4

NCI-H1975

Lung Adenocarcinoma

12.6 µg/ml

14

CFPAC-1

Pancreatic Adenocarcinoma

1.0 µg/ml

45

CFSE-labeled human Jurkat T cell leukemia (A) or human FaDu pharyngeal carcinoma (B) were cultured with human macrophages in the absence (No Drug) or presence of 0.01-10 ug/ml of
antibody and incubated at 37C for 2 hours. Phagocytosis was determined by the percentage of CFSE+CD14+ cells using flow cytometry.(C) Hematologic and solid tumor cell lines were treated
with AO-176 at various concentrations for 24 hours and analyzed for total Annexin V+ cells. The EC50 for % Annexin V+ (the concentration of AO-176 causing 50% maximal % Annexin V+), max
% Annexin V+ cells are shown for each cell line tested.

CDC
C1q binding
C3b deposition
Complement mediated hemolysis
Cytokine release
Platelet activation

AO-176 Does Not Kill Human T cells or Other Normal Cells

(A-C) Human Raji B cell lymphoma cells were injected subcutaneously into NSG mice. PBS vehicle control or AO-176 at 25 mg/kg was administered on days 0, 7, 14 & 21 by intravenous
injections (N=10/group). (B-C) Tumors were excised on Day 28 and (B) stained for H&E (Hematoxylin and Eosin), F4/80+ macrophages or mouse CD11c+ DCs (dendritic cells) or (C) tumor
cytokines and chemokines were quantified in tumor microenvironment (N=5 mice /group). **p< 0.01 and ****p< 0.0001 vs. vehicle control group. TGI: tumor growth inhibition.

Conclusions

Killing of non-tumor cells

§

§ AO-176 shows enhanced binding and function at acidic pH (such as in tumor microenvironment), a potential tumor
targeting mechanism.

AO-176 IND Enabling Toxicology Study

•

Dosed cynomolgus monkeys at 5, 50,
100 mg/kg IV once weekly x 5

•

Transient, minor changes in
hematology, only after first dose

§ In addition to promoting phagocytosis, AO-176 induces PCDIII as well as immunogenic cell death (ICD) in an ADCC
independent manner in both hematologic and solid tumor cell lines while sparing normal cells (i.e; T cells).
§ AO-176 resulted in significant tumor growth inhibition in B cell lymphoma and TNBC xenograft models.

- No dose response observed

•

AO-176 demonstrates preferential binding to tumor versus normal cells especially RBCs.

Very well tolerated:

§ The xenograft tumor growth inhibition was accompanied with recruitment of macrophages and dendritic cells (DCs) to
the TME for both Raji B cell lymphoma and MDA-MB-231 TNBC models.

- NOAEL = 100 mg/kg

§ Macrophage and DC infiltrates correlated with an increase in murine cytokines and chemokines in B cell lymphoma
xenograft.
(A) Comparison of binding of AO-176 to tumor cells (Jurkat) with reduced binding to human platelets, CD3 T cells, RBC, human aortic endothelial cells (HAEC), renal proximal
tubule epithelial cells (RPTEC), and skeletal muscle cells (SkMC). (B) Negligible binding of AO-176 to human RBC compared to a high binding anti-CD47 mAb defined as a CD47
mAb that binds equally well to both tumor and normal cells. (C) In vitro washed RBC hemagglutination assay showing agglutination with positive control CC2C6 (CD47 mAb) and
no hemagglutination with AO-176.

Cell autonomous killing by AO-176 was measured in (A) Human CD3+ T cells that were activated (anti-CD3 and CD28 stimulated) for 3 days and incubated at 37 °C simultaneously with 30 ug
/ml of IgG2 control or AO-176 for the last 24 hours of T cell activation (B) human aortic endothelial cells (HAEC) or (C) human skeletal muscle cells (SkMC) incubated with 10 ug /ml of IgG2 or
AO-176 or treated with 6 uM Camptothecin (Campto) for 24 hours at 37°C. (A-C) percentage of early (Annexin V+/7AAD negative) and late apoptosis (Annexin V/7-AAD double positive) is
illustrated.

§ AO-176’s unique killing profile coupled with phagocytosis induction and preferential binding to tumor versus normal cells
suggest that AO-176 will have an improved therapeutic index compared to current clinical candidates and supports
further clinical investigation.

