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AO-176, a highly differentiated clinical stage anti-CD47 antibody, is efficacious in pre-clinical models of 
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Abstract

Overexpression of CD47 by tumor cells exploits an immune checkpoint that

prevents tumor recognition and destruction by innate immune cells. Binding

of tumor CD47 to SIRPα on macrophages and dendritic cells triggers a

“don’t eat me” signal that. inhibits phagocytosis enabling escape from innate

immune surveillance. Blockade of the CD47/SIRPα axis enables immune

recognition and phagocytic clearance of tumor cells. We have developed a

clinical stage CD47 targeting antibody AO-176, that is highly differentiated

among agents in this class. AO-176 not only blocks the CD47/SIRPα

interaction to induce tumor cell phagocytosis, but also: a) preferentially binds

tumor versus normal cells, including negligible binding to RBCs; b) exhibits

improved binding at acidic pH as found in tumor microenvironments; and c)

directly induces solid and hematologic tumor cell cytotoxicity and damage-

associated molecular patterns (DAMPs).

Previously we have shown that AO-176 is efficacious in a variety of solid

tumor xenograft models as well as in models of multiple myeloma and AML1.

Here, we show the therapeutic potential of AO-176 in pre-clinical models of

lymphoma where CD47 is upregulated and associated with poor prognosis2.

Using a variety of cell based and in vivo models we show that AO-176

demonstrates increased binding to lymphoma cells at an acidic versus

physiologic pH and that this binding and blocking of the do not eat me signal

leads to enhanced phagocytosis of lymphoma cells either alone or in

combination with rituximab. In addition, we show that AO-176 induces

annexin V positivity in lymphoma cells as well as inducing a variety of

DAMPs that ultimately may aid in inducing immunogenic cell death of the

lymphoma cells. We also demonstrate that AO-176 is a potent tumor growth

inhibitor in lymphoma xenograft models and appears to induce secretion of

inflammatory cytokines.

Taken together, these data show that AO-176 has strong therapeutic

potential in lymphoma. AO-176 is currently being evaluated in clinical trials

of select solid tumors (NCT03834948) and multiple myeloma

(NCT04445701).

1 Mol Cancer Ther March 1 2020 (19) (3) 835-846; DOI: 10.1158/1535-7163.MCT-19-1079
2 J Hematol Oncol 13, 96 (2020). https://doi.org/10.1186/s13045-020-00930-1

AO-176 Binding to Lymphoma Cells is Enhanced at Acidic pH: 

Suggestive of High Tumor Receptor Occupancy

AO-176 Induces Phagocytosis of Lymphoma Cells Alone or Combined 

with Rituxan

AO-176 Induces Potent Single Agent Anti-tumor Activity In The Raji 

Lymphoma Xenograft Model

1 x 106 RAJI tumor cells were implanted subcutaneously into NSG mice and treatment was initiated when the tumors reached an average

volume of 100mm3. PBS or 25 mg/kg of AO-176 were administered IP Q7D for four consecutive weeks. At day 28 tumors were harvested and

processed for IHC or cytokine secretion.

AO-176 Induces Annexin V Positivity and DAMPs in Lymphoma Cells

Annexin V exposure and DAMP induction was determined by the addition of 10 µg/ml AO-176 or IgG2 control mAb to RAJI

cells for 24 hours. DAMP signaling as detected by externalization of annexin V, calreticulin, protein disulfide isomerase family A

member 3 (PDIA3), and heat shock protein 90 (HSP90+) was measured by flow cytometry and release of ATP measured by

bioluminescence assay and HMGB1 by ELISA. In contrast, an IgG2 control antibody had no effect on the induction of DAMPs.

AO-176: Clearly Differentiated in the CD47 Landscape

Binding of AO-176 to tumor cells at pH 7.4 and pH 6.5 was determined by flow cytometry. Acidic tumor microenvironment of a

Raji lymphoma xenograft tumor (Contrast Media Mol. Imaging, 10: 446– 455. doi: 10.1002/cmmi.1647.). AO-176 binding to

RAJI lymphoma cells at pH 7.4 and pH 6.5. Lymphoma cell lines were analyzed for differential binding of AO-176 at pH 7.4 and

pH 6.5. Cells were treated with IgG2 control or AO-176 antibody in media buffered to pH 7.4 or 6.5 for 2 hours at 37°C without

CO2.

CD47 Is Highly Expressed In Lymphoma Cell Lines

CD47 receptor number on select lymphoma cell lines was determined by incubating the cells with a saturating CD47 antibody

for 45 minutes at 37°C prior to secondary antibody incubation and subsequent analysis of MFI by flow cytometry.

Conclusions
1. AO-176 is a highly differentiated CD47 antibody, currently in clinical trials for solid tumors

(NCT03834948) and multiple myeloma (NCT04445701).

2. AO-176 exhibits strong therapeutic potential in lymphoma:

• CD47 is highly expressed in lymphoma and is associated with poor prognosis.

• AO-176 exhibits enhanced binding (suggestive of high tumor receptor occupancy) and phagocytosis

of lymphoma cells at acidic pH as found in the tumor microenvironment.

• AO-176 shows enhanced phagocytosis in combination with Rituxan.

• AO-176 Induces Annexin V positivity and DAMPs in lymphoma cells

• AO-176 induces potent single agent anti tumor activity in lymphoma xenografts

Cell Line CD47 Receptor 

Number

DLCL2 23885

Daudi 56550

Jeko-1 71554

Toledo 75732

FSCCL 92489
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The ability of AO-176 to induce phagocytosis in human lymphoma cells alone or in combination with Rituxan was determined

by culturing 3x104 macrophages per well in a 96 well plate together with 8x104 CFSE-labeled human RAJI cells and

increasing concentrations of AO-176, Rituxan, and IgG1 or IgG2 control antibodies at 37°C for 3 hours. Non-phagocytosed

target cells were removed, and macrophages were washed, trypsinized and stained for CD14. Flow cytometry was used to

determine antibody EC50 and the percentage of CD14+/CFSE+ cells in the total CD14+ population. Toledo, Daudi, Jeko-1,

DLCL2, and FSCCL cells all undergo phagocytosis in the presence of AO-176. The difference in phagocytosis of Toledo cell in

in media buffered to pH 7.1 or pH 6.6.

Cell Line Fold 

Change

EC50

Fold 

Change

Bmax

RAJI 41.5 1.1

Toledo 18.9 1.6

Daudi 2.8 1.7

Jeko-1 3.9 1.4

FSCCL 9.7 1.4


