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Promise of Immune System Based Cancer 
Therapies

• Use immune system to attack cancer

• Immune system can recognize self 

and destroy non self

• Cancers are caused by mutations 

and these mutations are potentially 

“non-self targets” to the immune 

system



Cellular Mediators of Anti-Tumor 
Immunotherapies

T-Cells B-Cells



Blocking Monoclonal Antibody to CD47 can stimulate macrophages
into “eating” tumor cells

Macrophage: The Not So Boring Cell of the 
Immune System

Anti-CD47



CD47 

• CD47 is a 50 kDa transmembrane

protein that belongs to the

immunoglobulin superfamily and

partners with membrane integrins and

also binds the ligands thrombospondin-1

(TSP-1) and signal-regulatory protein

alpha (SIRPα).

• CD47 is involved in a range of cellular

processes, including apoptosis,

proliferation, adhesion, and migration.

Furthermore, it plays a key role in

immune and angiogenic responses.



Discovery CD47 As Cancer Target:

Leukemia • Higher expression on Leukemia Stem

Cells

• Increased expression of CD47 on

cancer cells from most human solid

tumors: lymphoma, breast cancer,

ovarian cancer, colon cancer, bladder

cancer, glioblastoma, and many others

CD47+
CD47++++++



CD47 Inhibits Phagocytosis of RBC

CD47++

CD47--

•  Since it is expressed on cancers
and CD47 degradation results in RBC phagocytosis,

does blocking CD47 interaction lead to tumor 
cell phagocytosis?

•  Expressed on red blood cells and 
prevents them from being eaten by 
macrophages in the spleen and liver until 
they are sufficiently aged



• A humanized anti-CD47 antibody (Hu5F9-G4) has been 

developed

• Hu5F9-G4 was engineered as IgG4 variant to reduce Fc 

function

• Hu5F9-G4 exhibits potent anti cancer properties

• Now in Phase 2 Clinical  Trials

Humanized Anti-CD47 Antibody – Hu5F9-G4

Wang, Majeti. PLOS1. 2015

Humanized Anti-CD47 Antibody – Hu5F9-G4



Anti-CD47 Eliminates Cancer



Model for Mechanism of Action in Targeting CD47

CD47 serves as a “Don’t Eat Me Signal” that can be dominant over pro-

phagocytic signals on cancer cells. Blocking antibodies against CD47 unmask

the “Eat Me Signal” leading to phagocytic elimination of cancer cells.
Majeti. Oncogene. 2011

Model for Mechanism of Action in Targeting 
CD47
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To Eat or Not to To Eat: The Balancing Act



+ Anti-CD47

- Anti-CD47

47

Simplified Model for Mechanism of Action in 
Targeting CD47



• # 1 Solid Tumor in Children

• #1 Cause of Cancer Death in Children

• Many are resistant to therapy

• Inoperable

• Resistant to all therapies

• Patients Pay the “Price of Treatment”

• Diminished neurocognitive function

• Hydrocephalus

• Neurologic deficits

• Organ damage

• Secondary cancers

• Specific considerations of immune therapy in the brain

Pediatric Primary Malignant Brain Tumors



Gholamin, Mitra, Cheshier. Science- Translational Medicine. March 2017

CD47 is Highly Expressed in Pediatric Brain 
Tumors



Gholamin, Mitra, Cheshier. Science- Translational Medicine. March 2017

CD47 is Highly Expressed in Pediatric Brain 
Tumors



In vitro Phagocytosis Assay



In vivo Effect of Anti-CD47 Treatment



Medulloblastoma



C-Myc Medulloblastoma (Group 3)

Gholamin, Mitra, Cheshier. Science- Translational Medicine. March 2017

Hu5F9-G4 Inhibits Pediatric Brain Cancer Growth



C-Myc Medulloblastoma (Group 3)

Gholamin, Mitra, Cheshier. Science- Translational Medicine. March 2017

Hu5F9-G4 Inhibits Pediatric Brain Cancer Growth



Intraventricular infusion of Hu5F9-G4 accelerates  Spinal and 
Leptomeningeal Metastasis Treatment

C-Myc Medulloblastoma (Group 3)

Gholamin, Mitra, Cheshier. Science- Translational Medicine. March 2017



Hu5F9-G4 Does Not Promote Phagocytosis of Normal 
Nerual Tissues Including NSC

NSCNSC

C-Myc Medulloblastoma (Group 3)

Gholamin, Mitra, Cheshier. Science- Translational Medicine. March 2017



C-Myc Medulloblastoma (Group 3)

Gholamin, Mitra, Cheshier. Science- Translational Medicine. March 2017

Hu5F9-G4 Does Not Promote Phagocytosis of Normal 
Neural Tissues Including NSC



Summary

• CD47 Expressed on all tumors

• Anti-CD47 highly efficacious in vitro and in vivo in all 
leukemias and solid tumors tested in the preclinical setting

• Anti-CD47 highly efficacious in vitro and in vivo in all brain 
cancers tested in the preclinical setting (Medulloblastoma, 
Pediatric Glioblastoma, Adult Glioblastoma, DIPG, ATRT, 
PNET)

• No toxicity to normal CNS tissue including progenitors



Macrophage Activation Subtypes
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Zhang, Hutter, Mitra, Cheshier. PLOS-One. 2016

Enforced Macrophage Polarization to Generate 
M0, M1, and M2 Macrophages



Zhang, Hutter, Mitra, Cheshier. PLOS-One. 2016

Anti-CD47 Promotes Tumor Phagocytosis by 
M1 and M2 Polarized Mouse and Human Macrophages 

Mouse Human



Zhang, Hutter, Mitra, Cheshier. PLOS-One. 2016

Anti-CD47 Promotes an M1 Phenotype of Macrophages 
within Brain Tumors In Vivo



Summary

• M1 and M2 polarized macrophages are 
capable of responding to anti-CD47 with 
increased tumor phagocytosis

• Tumor associated macrophages in the 
setting of in vivo anti-CD47 treatment 
possess the M1 phenotype



Prinz M, Priller J.Nat Rev Neurosci. 2014

Macrophages vs. Microglia



Microglia are Cx3cr1+
Macrophages are Ccr2+ 



•  Graft intracranially with human brain tumors

•  Definitive separation of microglia from macrophages

•  Direct invivo assessment of phagocytosis modulation

Hutter, Mitra, Cheshier. PNAS 2019

Generation of Mice to Distinguish Macrophages 
from Microglia



Hutter, Mitra, Cheshier. PNAS 2019

Macrophage and Microglia Within Implanted GBM Respond 
to Anti-CD47 Treatment



Hutter, Mitra, Cheshier. PNAS 2019

RNAseq of Macrophage and Microgila in 
Response to Anti-CD47 Treatment



Hutter, Mitra, Cheshier. PNAS 2019

Cranial Windows Allow for Live Videos of Macrophages and 
Microglia within Implanted Human Malignant Glioma



Live Videos of Macrophages in Human Malignant Glioma

+ Anti-CD47 - Anti-CD47

Hutter, Mitra, Cheshier. PNAS 2019



Live Videos of Microglia in Human Malignant Glioma

Microglia (Green) Eating Tumor (Blue)

+ Anti-CD47

Hutter, Mitra, Cheshier. PNAS 2019



Summary

• Macrophages and Microglia can be isolated from brain 
tumors of xenographted mice using the Cx3cr1 X CCL2 
mouse model

• Macrophages and Microglia can respond to anti-CD47 
treatment with increased tumor phagocytosis

• Macrophages and Microgila display very different gene 
expression changes in response to anti-CD47 with 
macrophages being more pro-inflammatory



CD47 Clinical Trials

19 Anti-CD47 Clinical Trials

JCO 2019

NEJM 2019
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