1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

&

WEALTH 4
of P
e

/ HHS Public Access

Author manuscript

ﬁ Blood Rev. Author manuscript; available in PMC 2019 November 01.

Published in final edited form as:
Blood Rev. 2018 November ; 32(6): 480-489. doi:10.1016/j.blre.2018.04.005.

Blocking ‘don’t eat me’ signal of CD47-SIRPa in hematological
malignancies, an in-depth review
Atlantis Russ, MD, PhD1¢, Anh B. Hua, BS2¢, William R. Montfort, PhD3, Bushra Rahman,

MS, MD1, Irbaz Bin Riaz, MS, MD4, Muhammad Umar Khalid, MDS, Jennifer S. Carew, PhD?,
Steffan T. Nawrocki, PhD®, Daniel Persky, MD®, and Faiz Anwer, MD, FACP>4

1Department of Medicine, University of Arizona, Tucson, Arizona, USA
2Pharmacology and Toxicology, University of Arizona, Tucson, Arizona, USA
3Chemistry and Biochemistry, University of Arizona, Tucson, Arizona, USA

4Mayo Clinic, Department of Medicine, Hematology Oncology, Rochester, MN, USA

SDepartment of Medicine, division of Hematology, Oncology, Arizona Cancer Center, The
University of Arizona, Tucson, Arizona, USA

Abstract

ACorrespondence: Faiz Anwer, MD, Director Adult Blood and Marrow transplantation, Division of Hematology Oncology,
Department of Medicine, University of Arizona Cancer Center, 1515 N Campbell Ave, Tucson, AZ 85724-5024, USA,
anwerf@email.arizona.edu.

@Share the first co-authorship.

Atlantis Russ, Address: 1501 N Campbell Ave. Tucson, AZ 85724, USA, aruss@deptofmed.arizona.edu, Phone number:
+1-808-896-3621, Degrees: MD, PhD, Official Affiliation: University of Arizona College of Medicine Internal Medicine Residency;
Anh Hua, Address: 1515 N Campbell Ave, Tucson, AZ 85724, USA, anhhua@email.arizona.edu, Phone number: +1-480-319-5532,
Degrees: BS, BA, Official Affiliation: Pharmacology and Toxicology, University of Arizona, Tucson, AZ, 85724, USA; William R.
Montfort, Address: 1306 E. University Blvd., Tucson, AZ, 85721, USA, montfort@email.arizona.edu, Phone number:
+1-520-621-1884, Degree: PhD, Official Affiliation: Dept. of Chemistry and Biochemistry, Univ. of Arizona, USA; Bushra Rahman,
Address: 1111 E McDowell Rd, Phoenix, AZ 85006, USA, bushra.rahman@bannerhealth.com, Phone number: +1-480-290-4719,
Degrees: MD, MBA, MHSM, Official Affiliation: Department of Medicine, Banner University Medical Center Phoenix, AZ, USA;
Irbaz Bin Riaz (LAST NAME: RIAZ, FIRST NAME: IRBAZ BIN), Address: 200 First Street SW, Rochester, MN, 55905, USA,
riaz.dr@mayo.edu, Phone number: +1-507-284-2511, Fax number: +1-507-266-4972, Degrees: MBBS, MS, Official Affiliation:
Division of Hematology/Oncology, Mayo Clinic College of Medicine, USA; Muhammad Umar Khalid, Address: 465 Gypsy Lane,
Youngstown, OH 44504, USA, umarkhalid1990@gmail.com, Phone number: +1-646-591-1180/+92-312-7156973, Degrees: MD,
Official Affiliation: Resident Internal Medicine, Western Reserve Health Education/Northside Medical Center, Youngstown, OH
44504, USA; Jennifer S. Carew, Ph.D., Address: 1515 N Campbell Ave, Tucson, AZ 85724-5024, USA, jcarew@email.arizona.edu,
Phone number: +1-520-626-2272, Degrees: PhD, Official Affiliation: Department of Medicine, Division of Translational and
Regenerative Medicine, USA; Steffan T. Nawrocki, Ph.D., Address: 1515 N Campbell Ave, Tucson, AZ 85724-5024, USA,
snawrocki@email.arizona.edu, Phone number: +1-520-626-7395, Degrees: PhD, Official Affiliation: Department of Medicine,
Division of Translational and Regenerative Medicine, USA; Daniel O. Persky, MD, Address: 1515 N Campbell Ave, Tucson, AZ
85724-5024, USA, dpersky@email.arizona.edu, Phone number: +1-520-626-8908, Fax number: +1-520-626-2225, Degrees: MD,
Official Affiliation: Department of Medicine, Division of Hematology/Oncology, University of Arizona, USA,; Faiz Anwer, Address:
1515 N Campbell Ave, Tucson, AZ 85724-5024, USA, anwerf@email.arizona.edu, Phone number: +1-520-626-3191, Fax number:
+1-520-626-8944, Degrees: MD, FACP, Official Affiliation: Department of Medicine, Hematology, Oncology, University of Arizona,
Tucson, AZ, 85724, USA

Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our
customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of
the resulting proof before it is published in its final citable form. Please note that during the production process errors may be
discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.

CONFLICT OF INTEREST

Atlantis Russ MD, PhD, Anh B. Hua BS, William R. Montfort PhD, Bushra Rahman MS, MD, Irbaz Bin Riaz MS, MD, Muhammad
Umar Khalid MD, Jennifer S. Carew PhD, Steffan T. Nawrocki PhD, Daniel Persky MD, and Faiz Anwer MD, FACP report nothing to
declare as conflict regarding this publication.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Russ et al. Page 2

Hematological malignancies express high levels of CD47 as a mechanism of immune evasion.
CDA47-SIRPa triggers a cascade of events that inhibit phagocytosis. Preclinical research supports
several models of antibody-mediated blockade of CD47-SIRPa resulting in cell death signaling,
phagocytosis of cells bearing stress signals, and priming of tumor-specific T cell responses. Four
different antibody molecules designed to target the CD47-SIRPa interaction in malignancy are
currently being studied in clinical trials: Hu5F9-G4, CC-90002, TTI-621, and ALX-148. Hu5F9-
G4, a humanized anti-CD47 blocking antibody is currently being studied in four different Phase |
trials. These studies may lay the groundwork for therapeutic bispecific antibodies. Bispecific
antibody (CD20-CD47SL) fusion of anti-CD20 (Rituximab) and anti-CD47 also demonstrated a
synergistic effect against lymphoma in preclinical models. This review summarizes the large body
of preclinical evidence and emerging clinical data supporting the use of antibodies designed to
target the CD47-SIRPa interaction in leukemia, lymphoma and multiple myeloma.

Keywords

CD47; immunotherapy; apoptosis; phagocytosis; leukemic stem cell; monoclonal antibody;
hematologic malignancy

Introduction

Cluster of Differentiation 47 (CD47) is a heavily glycosylated, ubiquitously expressed cell
surface protein in the immunoglobulin superfamily that has characterized roles in important
cellular functions like proliferation, adhesion, migration, apoptosis and phagocytosis. Its
molecular structure includes an extracellular immunoglobulin variable (IgV)-like domain, a
transmembrane spanning domain, and a short, alternatively spliced cytoplasmic taill. CD47
has been shown to interact /7 cis with integrins, and /n trans with both thrombospondin
(TSP-1) and signal regulatory protein alpha (SIRPa.)23. Research shows that it mediates
vascular smooth cell proliferation and migration?, platelet activation and spreading®, and
recruitment of granulocytes and T cells to sites of infection®: 7.

Apoptosis or programmed cell death (PCD) is a physiologically important mechanism for
maintaining homeostasis. It can be divided into type I, type Il and type 111 PCD; the first two
are caspase dependent and type 111 is caspase-independent®. CD47 also functions as a
marker of “self” on host cells within an organism. When expressed, CD47 binds to SIRPa
on the surface of circulating immune cells to deliver an inhibitory “don’t eat me” signal®.
SIRPa encodes an Ig-superfamily receptor expressed on the surface of macrophages and
dendritic cells, whose cytoplasmic region contains immunoreceptor tyrosine-based
inhibition motifs (ITIMs) that can trigger a cascade to inhibit phagocytosis. CD47-SIRPa
binding results in phosphorylation of ITIMs on SIRPa, which triggers recruitment of Src
homology phosphatases, SHP1 and SHP2. These phosphatases can in turn inhibit
accumulation of myosin 11 at the phagocytic synapse, preventing phagocytosis?.

Phagocytosis of target cells by macrophages is ultimately regulated by a balance of
activating signals (FcyR, CRT, LRP-1) and inhibitory signals (SIRPa-CDA47) (Reviewed
in1). This balance is tipped by cancer cells, which co-opt the “self” signal and upregulate
CDA47 expression to evade immune surveillance and subsequent destruction. Elevated
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expression of CD47 has been observed in ovarian carcinoma cell lines!2: 13, murine myeloid
leukemias!4, leukemic stem cells# 15 and several solid tumors16.

Specifically, CD47 expression of human acute lymphoblastic leukemia (ALL) samples was
measured as two-fold increased compared to normal bone marrow samples and expression
level was predictive of survival and refractoriness to primary treatment in pediatric
populations!’. Flow cytometry revealed high surface expression of CD47 on 73% of samples
collected from the bone marrow of multiple myeloma (MM) patients'8. These results
corroborate earlier findings by microarray analysis!® and were also mirrored in high CD47
expression of several MM cell lines!®. Goto et al (2014) revealed high CD47 expression on
six different primary effusion lymphoma (PEL) cell lines compared to peripheral blood
mononuclear cells (PBMC)20. Additionally, in acute myeloid leukemia (AML), ALL, and
several non-Hodgkin’s lymphoma (NHL) subtypes, increased CD47 expression is correlated
with adverse clinical outcomes?5: 16. 21,

Hematological malignancies, even at onset, present with widespread bone marrow and
peripheral blood involvement and many are still without effective systemic curative
therapies?2. Several anti-CD47 antibodies have been studied in vitro and in vivo with
promising results using cell lines and mouse models of hematological malignancy. From this
body of research, three different mechanisms of action of anti-CD47 antibodies have been
proposed including: initiation of type Il PCD of tumor cells, blockade of tumor cell anti-
phagocytic signaling, and stimulation of cytotoxic T cell priming against tumor cells. Thus
far it is understood that CD47 blockade on normal cells does not trigger phagocytosis
without a pro-phagocytic stress signal, such as calreticulin or phosphatidylserine, which
induces phagocytosis by binding to its receptor, low density lipoprotein-receptor related
protein (LRP), on phagocytic cells2324, In addition to interfering with CD47/SIRPa
interactions, function-blocking CD47 antibodies may target cancer stem cells?> 26 and
enhance tumor sensitivity to radiation therapy while providing protection to normal
tissue2’- 28, The goal of this review is to provide a systematic and comprehensive overview
of the published preclinical data to support the use of anti-CD47 antibody therapies in
clinical trials to treat hematological malignancies.

To perform a comprehensive survey of the available preclinical literature on anti-CD47
antibody treatment in hematological malignancies, we searched literature using key words:
“CDA47” OR “CD47 antibody” OR “anti-CD47” AND “Lymphoma” OR “Leukemia” OR
“hematological malignancy” OR “Hematological malignancies”. A systematic literature
search was performed using the databases: PubMed, Embase, SCOPUS, Web of Science,
identifying a total of 521 records (Table 1). References from all identified studies were
investigated further to eliminate duplicates. Abstracts from 237 records were retrieved and
two reviewers (Hua and Russ) independently applied the inclusion and exclusion criteria
(Table 2), yielding 38 records. Full articles of potentially relevant studies were reviewed
before confirming their inclusion. Any disagreement was resolved by consensus with third
author (Anwer). 24 full text articles were independently read by two reviewers, and data was
extracted using a standardized form (Figure 1). Additional articles were suggested by
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independent peer reviewers and two were in turn incorporated into the manuscript after
review.

Results

1. Anticancer effects through Apoptosis

1.1 Leukemia—Early studies on the efficacy of anti-CD47 antibodies proposed that
malignant cells were eliminated via type 111 PCD. Mateo et al (1999) utilized the first anti-
CDA47 antibody in an /n-vitro B cell chronic lymphocytic leukemia (B-CLL) model and
showed that the induction of caspase-independent PCD in B-CLL by CDA47 ligation using an
unspecified anti-CD47 monoclonal antibody was not inhibited by a broad-spectrum caspase
inhibitor (zVAD-fmk) or the presence of exogenous rescuing cytokines (IL-4 or IFN-
gamma)2°. CD47 ligation was shown to induce cell shrinkage, exposure of
phosphatidylserine and decrease of mitochondrial membrane potential, all without the
disruption of nuclear integrity2°.

Utilizing mouse L1210 cells transfected with CD47 cDNA, Uno et al (2007) generated a
monoclonal antibody against CD47, denoted as mAb-MABL20. F(abl), of mAb-MABL
demonstrated no apoptotic effect on CD34+ hematopoietic stem cells or human endothelial
cells in-vitro. Furthermore, the monoclonal antibody had no effect on CD47-negative L1210
cells. They were found to bind to and induce apoptosis in CD47-positive L1210 cells, as
well as CCRF-CEM cells and JOK-1 cells. /n-vivo, the F(abl), fragment of mAb-MABL
also markedly prolonged survival of CCRF-CEM xenograft mice and JOK-1 xenograft
mice30, Together, these data suggested that mAb-MABL, and anti CD47 monoclonal
antibodies in general, could be developed as anti-leukemia therapy.

Using normal B cells, B lymphocytes from CLL patients, and monoclonal antibody B6H12,
Bras et al (2007) demonstrated that CD47 ligation triggers caspase-independent type 111
PCD via DRP-1 translocation from cytosol to mitochondria without involvement of
apoptotic effectors3!. In addition, the results in Jurkat cells were DRP-1 independent,
suggesting that overexpression of DRP-1 positively modulates cell death response, while
DRP-1 down regulation confers resistance to CD47-mediated cell death. The identification
of DRP-1 as a downstream death effector of CD47-mediated PCD revealed CD47 as a
potential therapeutic target in CLL treatment.

Barbier et al (2009) conducted a study on the type 111 PCD pathway initiated by ligation of
CD47 using either Thrombospondin (TSP-1) or an anti-CD47 antibody (B6H12) and
demonstrated that cell death is modulated through F-actin disruption32. In particular, they
elucidated a pathway in which ligation of CDA47 triggers sequential activation of caspases
and serine proteases (serpases), which in turn cause actin rearrangement, allowing for
DRP-1 redistribution to the mitochondria and subsequent phosphatidylserine exposure in
caspase-independent type 111 PCD. Additionally, they found that CD47 ligation was more
effective than hydrocortisone at inducing cell death in cells with higher Bcl2/Bax ratio that
are resistant to type | caspase-dependent PCD. Taken together, Barbier et al (2009)
demonstrated that it is possible to initiate PCD in cells lacking a functioning classical
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apoptotic (type 1) mechanism, and suggested that type 111 PCD can be therapeutically
triggered in CLL32.

Sagawa et al (2011) developed a new way to target CD47 by creating a disulfide-linked
stabilized dimer of single chain antibody fragment MABL scFv (designated as S-S
diabody)33. They showed that S-S diabody induced apoptosis in JOK-1 cells, MOLT-4 cells,
and leukemia cells from B-CLL patients in a dose-dependent manner as compared to lack of
apoptosis induction in control cells, UCB, HUVEC, and normal peripheral mononuclear
blood cells. S-S diabody treatment prolonged median survival of transplanted mice by 9
days compared to control mice (P < 0.0005)33. They also demonstrated the ability to repress
this apoptotic induction with knockdown of HIF-1a in MOLT-4 cells, suggesting an
apoptotic mechanism via the HIF-1a pathway33.

1.2 Multiple myeloma—Kikuchi et al (2004) developed and characterized a single-chain
antibody fragment (scFv) of murine monoclonal antibody, MABL scFv-15, which formed
both dimer and monomer to target leukemic cells34. They demonstrated that both dimer and
monomer had binding activity for human CD47; however, only treatment with MABL
scFv-15 dimer strongly induced apoptosis in human-CDA47 introduced mouse leukemic cells
in-vitro, and had anti-tumor effect on mouse models of human myeloma. The MABL
scFv-15 monomer was non-active and unstable even at 4 °C, thus the antibody was unable to
be used in whole form. Building upon this research, Kikuchi et al (2005) developed two
stable single-chained Fv fragments: MABL scFv-5 by optimizing the linker, and MABL
sc(Fv), by covalently linking two scFv fragments together.

They demonstrated that the antibodies strongly induced apoptosis in vitro. Administration of
MABL ScFv-5 diabody or MABL sc(Fv), significantly reduced serum levels of IgG in a
dose dependent manner and significantly prolonged the survival time of xenograft mice in
comparison with the untreated control3°.

2. Anticancer effect through Phagocytosis

Chao et al (2010b) confirmed earlier findings, showing apoptotic induction in NHL cells
after treatment /n vitro with immobilized anti-CD47 antibody36. However, when cells were
incubated with soluble anti-CD47 mAbs, no induction of apoptosis was observed even after
8 hours of incubation. Though several publications had previously suggested apoptotic
induction as the mechanism responsible for the anti-CD47 antibody efficacy, this research
suggested that apoptotic induction was perhaps an artifact of fixed antibody conditions /n
vitro. To discern whether lymphoblasts were undergoing apoptosis before being
phagocytosed, Metayer et al (2017) demonstrated that anti-CD47 antibody induced
macrophages to phagocytose live lymphoblasts rather than inducing cell death before
engulfment. They demonstrated this using JC-1 mitochondrial membrane staining to assess
intact membrane potential within lymphoblasts after their engulfment3”.

2.1 Leukemia—Contrary to earlier reports, Majeti et al (2009) observed no apoptosis in
primary AML leukemic stem cells (LSCs) after treatment with a CD47-blocking antibody?°.
Working under the hypothesis that high levels of CD47 on human AML LSCs interact with
SIRPa to deliver an inhibitory signal for phagocytosis, they demonstrated that this effect can
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be disrupted with monoclonal antibodies that block the interaction. Using both blocking
antibodies (B6H12.2 and BRIC126) and nonblocking (2D3) antibodies designed against
CDA47 and SIRPa, they demonstrated /n vitro that disruption of the CD47-SIRPa interaction
enables phagocytosis of AML LSCs by macrophages. Normal hematopoietic progenitor
cells, which also express CD47, were not phagocytosed when coated with CD47 antibody2°.

A similar mechanism was elucidated by Jaiswal et al (2009)14. Using a xenograft mouse
model, Jaiswal et al (2009) demonstrated that expression of high levels of mouse CD47 on a
human leukemia cell line could protect from macrophage phagocytosis, facilitating tumor
engraftment and growth. More specifically, low CD47 expressing MOLM-13 clone AML
cells showed minimal engraftment in immunodeficient mice while high CD47 expression
resulted in high levels of engraftment to bone marrow, spleen and liver. Engraftment of low
CDA47 expressing cells only reached levels equivalent to those of high expressing cells when
macrophages were depleted using clodronate liposomes or macrophage SIRPa was inhibited
with a SIRPa blocking antibody4. These experiments further demonstrated that CD47 can
deliver a signal to inhibit phagocytosis through its interaction with SIRPa and that targeted
antibodies can effectively block the interaction (Figure 1).

Chao et al (2011b) also demonstrated the effectiveness of antibody blockade of the SIRPa.-
CDA47 anti-phagocytic signal'”. Two blocking anti-CD47 antibodies (B2H12.2 and BRIC
126) and an anti-SIRPa antibody independently enabled ALL cell phagocytosis when
compared to control antibodies /in vitro. Treatment of B-ALL and T-ALL cells with a
blocking anti-CD47 Ab (B6H12.2) significantly inhibited engraftment into bone marrow and
peripheral blood of NSG mice, when compared to treatment with non-blocking control
antibodies. Intraperitoneal injection of 100 pg of therapeutic anti-CD47 antibody for 14 days
significantly reduced the level of T-ALL and B-ALL in peripheral blood of mice engrafted
with human primary ALL cells, but showed varying levels of clearance of leukemic cells
from bone marrow. Researchers observed that extremely high levels of leukemic
engraftment were in the areas most refractory to therapeutic antibody treatment and
hypothesized that insufficient numbers of host macrophages were present in those areas to
mediate phagocytosis of ALL cellsl’.

In secondary transplant models of tumorigenic potential, cells from bone marrow of mice
previously treated with anti-CD47 and control antibodies were re-transplanted into sub-
lethally irradiated NSG mice. After six weeks, the xenografts from mice previously treated
with anti-CD47 blocking antibody had not engrafted compared to controls, suggesting that
tumorigenic potential was abrogated long term with anti-CD47 Ab treatment’.

Using mice engineered to express several different SIRPa alleles with differential ability to
bind CD47, Theocharides et al demonstrated that macrophage-mediated phagocytosis to
clear AML stem cells is dependent on SIRPa signaling8. Specifically, experiments using
NS-1dd13 mice that express a SIRPa variant that does not bind to human CD47, resulted in
macrophage-mediated elimination of primary human AML cells on engraftment. The same
researchers also used a fusion protein, SIRP-Fc, to disrupt the SIRPa-CD47 interaction and
found that while phagocytosis of normal hematopoietic cells was not enhanced with SIRP-
Fc treatment, phagocytosis of AML cells (AML19) by both mouse and human macrophages
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was significantly enhanced and leukemic engraftment of AML cells into NS mice was
impaired compared to controls3®. Curiously, their results also suggested that anti-CD47
antibody B6H12 induces mouse macrophage-mediated phagocytosis of AML cells even in a
SIRPa variant that fails to bind human CD47, possibly due to Fc recognition by the
macrophage Fc receptor.38 Chao et al further investigated the role of Fc receptor; in their
experiments, F(ab’)2 fragments lacking the Fc domain of the B6H12 antibody were able to
induce phagocytosis of Raji cells, a Burkitt’s lymphoma cell line. However, other research
suggests that antibody induced phagocytosis of cancer cells is dependent on an intact Fc
domain. Metayer et al (2017) presented experiments suggesting that the Fc portion of the
asnti-CDA47 antibody is necessary for the anti-CD47 driven phagocytosis. This was
accomplished with experiments comparing the isolated anti-CD47 antibody F(ab’)2
fragment (lacking the Fc portion) to intact antibody and also by blocking antibody-induced
uptake of lymphoblasts into macrophages by blocking the Fc portion with anti-Fc, F(ab’)2
fragments3”. They propose that anti-CD47 antibody kills cancer cells via antibody-
dependent cellular phagocytosis (ADCP). Metayer et al (2017) further suggest that induction
of phagocytosis of cancer cells can be triggered with the use of any antibody that targets a
highly expressed antigen on cancer cells coupled with a motif that activated phagocytosis Fc
receptors, resulting in targeted phagocytosis of cancer cells3’.

Wang et al (2015) showed that individual and combination therapy of Ara-C (cytarabine)
and anti-CDA47 antibody decrease leukemic burden in peripheral blood and bone marrow and
significantly prolong survival in a mouse model of AML, xenoplanted with human cell line,
THP-139, Individual treatment of Ara-C or anti-CD47 antibody or a combination of the two
decreased the leukemic burden and significantly prolonged survival compared to 1gG
control. This evidence presents combination treatment of cytarabine and anti-CD47 antibody
as a novel option for therapeutic targeting of AML3®,

Liu et al generated a humanized monoclonal antibody against human CD47, Hu5F9-G4, and
demonstrated its induction effects on macrophage-mediated phagocytosis of HL60 AML
cells and primary human AML cells#0. Use of Hu5F9-G4 antibody in SU048 mice
eradicated engrafted AML cells with no recurrence over 22 weeks. Anti-leukemic efficacy of
the antibody in this mouse model was optimized at drug serum levels of 50-150 mcg/ml.
Additionally, synergy of Hu5F9-G4 with rituximab was demonstrated, eliminating
xenografted Raji cells in 3 of 4 mice modeling disseminated NHL. These results support
Hu5F9-G4 humanized antibody as a candidate therapeutic and paved the way for its entry
into clinical trial0.

2.2 Lymphoma—~Researchers have proposed that a potent pro-phagocytic signal must be
present in order for target cells to be phagocytosed in response to blockade of the SIRPa-
CDA47 anti-phagocytic signal. Specifically, Chao et al (2010a) suggested blockade of CD47
on normal cells does not trigger phagocytosis because a pro-phagocytic calreticulin signal is
not present24, Cell surface calreticulin is understood to induce phagocytosis by binding to its
receptor, low density lipoprotein-receptor related protein (LRP), on phagocytic cells. This
occurs in normal physiology to mark cells undergoing DNA damage and serves as a
phagocytic activating signal, resulting in engulfment of the damaged cell23. 41, Interestingly,
high calreticulin expression correlates with increased CD47 expression in AML, CML and
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ALL patient samples. Chao et al (2010a) also identified up to 20-fold increase in calreticulin
expression on primary human cancer cells from several hematologic malignancies including
NHL when compared to normal bone marrow and peripheral blood cells?4. They also
demonstrated that higher levels of calreticulin mRNA correlate with worse clinical outcomes
in mantle cell lymphoma?4.

To demonstrate the interplay between calreticulin and CD47 in cancer, they used a Burkitt’s
NHL cell line (Raji cells) with high CD47 and calreticulin expression in phagocytosis
assays. 2-fold shRNA-mediated knockdown of CD47 caused more robust phagocytosis by
human macrophages when compared to wild type controls, an effect that was abrogated in
the presence of a calreticulin blocking peptide24. Additionally, phagocytosis assays
performed in the presence of anti-CD47 antibody (B6H12.2) showed similarly robust
phagocytosis of tumor cells expressing calreticulin, without phagocytosis of normal cells.
Phagocytosis of tumor cells treated with anti-CD47 antibody was again abrogated with the
interruption of the calreticulin-LRP interaction?4. Furthermore, treatment of cells with a
calreticulin blocking peptide caused dose-dependent reduction of anti-CD47 antibody
mediated phagocytosis. The authors concluded that calreticulin is necessary for anti-CD47
antibody mediated phagocytosis?4.

Utilizing anti-CD47 in combination with rituximab, Chao et al (2010b) demonstrated
antibody synergy between rituximab and anti-CD47 mAb, B6H12.2 when used in xenograft
mouse models of localized and disseminated NHL36. In NSG and SCID mouse models
engrafted with Raji cells, treatment with anti-CD47 blocking antibody regimens reduced
lymphoma burden and prolonged survival. Combination of Fc receptor activated, pro-
phagocytic signal (rituximab) and simultaneous blockade of the CD47-SIRPa anti-
phagocytic signal (B6H12.2) eliminated lymphoma in 60-86% of mice tested36.

In a primary human diffuse large B cell lymphoma (DLBCL) xenotransplant model, 8 out of
9 mice treated with combined anti-CD47 antibody and rituximab were cured of lymphoma,
with disease free survival extending greater than 4 months after the end of treatment. Further
experiments in SCID mice found that depletion of macrophages, not NK cells or
complement, abrogated the therapeutic effect, implicating macrophages as the critical
immune cell effectors of antibody treatment36,

Piccione et al developed a bispecific antibody, with a DVD-Ig format, that targets both CD47
and CD20 with a single antibody*2. This antibody, CD20-CD47SL, was observed to
selectively bind to dual antigen expressing lymphoma cells in the presence of an ‘antigen
sink’ of RBCs and recapitulated the synergistic effects of anti-CD47 antibody + rituximab
combinations /n vitro. CD20-CD47SL eliminated detectable lymphoma and significantly
extended survival relative to anti-CD47 antibody or rituximab alone in both localized and
disseminated mouse models of NHL42,

Potentially secondary to effects on phagocytosis, CD47 has also been implicated as a
regulator of dissemination in an NHL xenotransplant model. Raji cells with intact CD47
expression injected subcutaneously into flank disseminated readily into the liver and other
extranodal sites of NSG mice, while knockdown of CD47 significantly reduced liver
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dissemination. Anti-CD47 antibody treatment of mice transplanted with subcutaneous Raji
cells inhibited dissemination to major organs and CNS, while the same antibodies inhibited
hematogenous dissemination of primary lymphoma cells as compared to controls*3,

Experiments with CD47 knockdown and anti-CD47 antibody in mouse models of primary
effusion lymphoma (PEL), an aggressive NHL subtype, recapitulated previous results,
showing promotion of macrophage-mediated phagocytosis of PEL cells with disruption of
CDA47-SIRPa interaction20. When primary PEL cells were IP injected into NRJ mice,
concurrent treatment with anti-CD47 antibody inhibited organ invasion and prevented ascites
compared with control IgG treated mice. These preclinical results suggest that antibody
targeting of CD47 could be an effective therapy in PEL, a disease that lacks CD20
expression, conferring refractoriness to rituximab?C. It has also been suggested that anti-
CDA47 antibody therapies may be considered as an alternative to CNS prophylaxis with toxic
chemotherapies in NHL in the future3.

2.3 Multiple Myeloma—Kim et al (2012) showed that macrophages derived from mouse
bone marrow displayed increased phagocytosis of MM cell lines and primary human
myeloma cells /n vitro after incubation with blocking anti-CD47 antibody (B6H12.2) as
compared to a non-blocking anti-CD47 antibody (2D3)8. Antibody therapy initiated two
weeks after xenotransplantation of RPMI 8226 cells into mice resulted in reduced overall
tumor burden compared to controls. Though tumor regression occurred in both anti-CD47
and IgG treated mice, regression was significantly greater in anti-CD47 treated cohort and
after stopping treatment, regressed tumors regrew in control treated, but not in previously
anti-CD47 Ab treated mice. Researchers reported that sublethal irradiation of mice 2 weeks
before antibody treatment abrogated the therapeutic effect, implicating radiation-sensitive
cells as necessary effectors of the treatment, as irradiated mice had significant reduction of
undifferentiated blasts, monocytes and macrophage progenitors1é.

In a mouse model designed to study growth of myeloma in the human bone marrow
microenvironment, treatment with anti-CD47 antibodies slowed the growth of patient
myeloma cells engrafted into human fetal bone and reduced bone resorption in human bone
bearing mice. These results suggest that CD47 is a promising target on myeloma cells and
that CD47 antibody therapies have potential to increase quality of life for MM patients by
not only reducing myeloma growth, but also reducing bone resorption18,

3. Anticancer effects through Cytotoxic T-cell priming

3.1 Lymphoma—Tseng et al (2013) revealed a new mechanism for anti-CD47 in a model
of colorectal carcinoma by using immunocompetent mice**. Researchers found that
macrophages phagocytosed cancer cells (DLD1) in the presence of B6H12.2 antibody, but
not with a nonblocking antibody, 2D3, demonstrating that phagocytosis is dependent on
blockade of CD47-SIRPa interactions and not opsonization effects. Importantly, researchers
found that macrophages primed CD8+ cells after phagocytosis of cancer cells and in vivo
experimentation showed that those CD8+ T cells primed by macrophages protected mice
from subsequent tumor challenge**. These findings suggest that anti-CD47 antibody both
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enables macrophage phagocytosis to clear cancer cells and initiates a secondary cytotoxic T-
cell immune response.

3.2 Leukemia—Research by Liu et al demonstrated that T cells were required for maximal
therapeutic effect of CD47 blockade therapy#°. Intratumoral treatment with anti-CD47
antibody MIAP301 vs control had greater effects in wild type mice with established A20
tumors than in T cell deficient nude mice with equivalent tumor burden, suggesting that
robust anti-tumor response is dependent on the presence of an intact immune system. In
these experiments, anti-CD47 antibody intratumoral treatment was combined with
intraperitoneal delivery of anti-CD4 or anti-CD8 antibodies. Without the action of CD8+ T
cells, effects of anti-CD47 Ab were abrogated, while antibody targeting of CD4+ cells had
no effect. These results suggest that anti-CD47 mediated tumor targeting involves both an
innate and adaptive immune response that elicits systemic immune memory to prevent
relapse®®. Researchers found that T cells were primed by dendritic cells*®, not macrophages,
as was suggested by Tseng et al (2013)44.

Discussion

There is a large body of preclinical evidence and emerging clinical data supporting the use
of anti-CDA47 antibodies in several hematological malignancies both as a monotherapy and
as a combination strategy (Table 3). In hematological cancers, where tumor cells express
high levels of CD47 as a mechanism of immune evasion, antibodies designed to block the
SIRPa-CDA47 interaction offer a compelling therapeutic strategy to prevent escape and
promote innate and adaptive immune system clearance of cancer cells. The antibody-
mediated blockade of CD47-SIRPa results in phagocytosis of cells bearing stress signals
and primes tumor-specific T cell responses (Figure 2B).

Four different antibody molecules designed to target the CD47-SIRPa. interaction in
malignancy are currently being studied in clinical trials: Hu5F9-G4, CC-90002, TTI-621,
and ALX-148. Nine clinical trials of these drugs are actively recruiting participants (Table
4). Hu5F9-G4, a humanized anti-CD47 blocking antibody#®, is currently being studied in
four different Phase I trials. Two clinical trials are investigating its safety profile and
effective dose as a single therapy in relapsed or refractory AML (NCT 02678338) and in
patients with solid tumors (NCT 02216409). Preclinical research using a mouse model of
disseminated NHL demonstrated synergy of Hu5F9-G4 when used in combination with
rituximabC. One trial is currently studying HUSF9-G4 with rituximab for relapsed/refractory
B-cell NHL (non-Hodgkin lymphoma, large B cell lymphoma, and diffuse indolent
lymphoma) (NCT 02953509) and another trial is investigating combination with cetuximab
for solid tumors or advanced colorectal cancer (NCT 02953782). A bispecific antibody
fusion of anti-CD20 (rituximab) and anti-CD47 (CD20-CD47SL) also demonstrated a
synergistic effect against lymphoma in preclinical models#2. These studies may lay the
groundwork for therapeutic bispecific antibody use in human cancer treatment.

In mouse models of leukemia, lymphoma, and myeloma, treatment with anti-CD47 blocking
antibody B6H12 has demonstrated induction of stress signaling, macrophage phagocytosis,
priming of T cells, and has shown synergy in combination with
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rituximab15: 17. 18,32, 36, 44, 47 (Tap|e 3). CC-90002, a proprietary, humanized anti-CD47
monoclonal antibody developed by Celgene, is currently under investigation in two Phase |
clinical trials, one treating patients with AML and high risk MDS (NCT02641002) and
another treating patients with advanced or refractory solid and hematological cancers (NCT
02367196).

Anti-SIRPa antibodies have also been shown to block the SIRPa-CD47 interaction,
successfully inhibiting the anti-phagocytic signal and inducing phagocytosis of tumor cells
in several models of hematological cancer'#: 3848, TT|-621 is a recombinant fusion protein
of the CD47 binding domain of SIRPa linked to the Fc region of human IgG1 (SIRPaFc)
that promotes phagocytosis of tumors by blocking CD47 and engaging the FcR on
macrophages®®. This decoy receptor is being studied in patients with relapsed or refractory
hematologic malignancies (Hodgkin lymphoma, DLBCL, follicular, and mantle cell), AML,
and MDS (NCT 02663518). Early results suggest that the drug is reasonably well-tolerated,
with initial reports of dose dependent thrombocytopenia and minimal binding to
erythrocytes as evidenced by stable hemoglobin levels in patients treated*®. NCT 02890368
is a dose escalation and dose expansion trial testing intratumoral injections of TT1-621 in
patients with mycosis fungoides or relapsed or refractory tumors that are percutaneously
accessible.

Weiskopf et al (2013 and 2016) engineered SIRPa. variants with high affinity for CD47 that
did not induce phagocytosis or reduce tumor growth when used alone, yet when combined
with approved antibody therapies: trastuzumab, cetuximab, and rituximab, showed
synergistic effects®® 51, ALX-148, is a fusion protein composed of two of these high affinity
SIRPa variant CD47 binding domains linked to an inactive Fc region of human IgG, that
can simultaneously block the CD47-SIRPa. interaction, while providing an FCcR docking site
for macrophages®C. Phase | NCT 03013218 is a dose escalation study currently underway
examining ALX-148 treatment in patients with metastatic solid tumors or relapsed/
refractory non-Hodgkin lymphoma.

Given the nearly ubiquitous expression of CD47 at low levels in tissues, there has been some
concern for off-target effects with anti-CD47 treatment. However, research has shown that
without the expression of a stress signal or pro-phagocytic signal, such as calreticulin or
phosphatidylserine, normal cells are minimally affected?4. On the other hand, some studies
have revealed high levels of surface calreticulin on circulating neutrophils®2. Similarly,
research has suggested that treatment with anti-CD47 blocking antibody leads to depletion
of neutrophils!®. Normal cells can upregulate calreticulin after stress, including radiation
exposure and treatment with anthracycline based chemotherapy“L: 53. These concerns
regarding combination therapy bring to light the importance of nuanced timing of
multifaceted treatment regimens, as the overlap of chemotherapy or radiation with anti-
CDA47 antibody therapy may amplify off target effects. Likewise, synergy or even
interference may be time dependent, as has been suggested by several researchers in the
field24 40, To further limit toxicity, design adjustments to capitalize upon antibody affinity
differences may reduce off target effects of bispecific agents, as suggested by Weiskopf et al
(2017) whereby a tumor-specific component could be engineered with a greater affinity for
its target than the CDA47 blocking component®4,
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In following with the cancer stem cell (CSC) model, a cancer therapy must effectively
eliminate all cancer stem cells (CSCs) to be considered curative. Antibodies targeting the
CDA47-SIRPa interaction may be well positioned to fulfill this role, given the preclinical data
that supports their antigen specificity, minimal toxicity, and demonstrated ability to target
CSCs. Higher expression of CD47 has been demonstrated in AML leukemic stem cells
(LSCs) and they can be targeted /n vivo with an anti-CD47 antibody that enables
phagocytosis of macrophages and inhibits engraftment!®. Anti-CD47 antibody treatment has
also been shown to act synergistically with cytarabine (Ara-C) chemotherapy in a model of
AML. While Ara-C effectively eliminated TSP-1 cancer cells in the proliferative phase, anti-
CDA47 antibodies were putatively able to target quiescent LSCs that were not susceptible to
Ara-C treatment, but highly expressed CD4739,
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PRACTICE POINTS

. A large body of preclinical evidence and emerging clinical data supports the
use of anti-CDA47 antibodies in several hematological malignancies both as a
monotherapy and as a combination strategy.

. Anti-cancer effects of CD47-SIRPa are exerted via phagocytosis and
cytotoxic T cell priming.

RESEARCH AGENDA

. Improved standard protocol for treating hematological malignancies with
additional Phase | testing using antibody molecules designed to target the
CD47-SIRPa. interaction.

. Evaluation of testing in combination with immune-inhibitor and immune-
modulators.
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Figure 2.
Anti-CD47 mechanisms of cancer cell killing. A. CD47-SIRPa interaction blocks

macrophage phagocytosis of cancer cells. B. Treatment of cancer cells treated with anti-
CD47 Ab leads to type-111 PCD (actin rearrangement, mitochondrial swelling and damage,
exposure of phosphatidylserine on plasma membrane) along with induction of phagocytosis
by macrophage.
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-Studies of CD47/integrin-associated protein/anti-CD47 antibody

-Studies of hematological malignancies: [Non Hodgkin Lymphoma/Hodgkin Lymphoma/
Myelomas/Leukemias (ALL, AML, CLL, CML)]

-Methods include cell lines, animal models or human clinical trial

-Published in English language

-Date published 1990-2016

-No original data

-Case report

-No mechanism in hematological malignancy
-Published in language other than English
-Conference proceedings

-Poster presentation

Blood Rev. Author manuscript; available in PMC 2019 November 01.



Page 21

Russ et al.

-FIHANS ‘aul|
1190 0T02 1189 ewoydwA|
THN siso1fa0feyd uewny le 38 0BYD snppng -1fey auou 9210149 Apogiue [euojoouow
6002
ANY si1so1fo06eyd uewny e 10 naley S]199 TV Uewiny 0IW HON 2'2TH9g Apognue jeuojdouow
aul| |189 ewojaAw
uewny 6¢6H ION 301W-9 ewweh
2102 aul| [189 ewojaAw /-2OvY Bulreag-auoq
ewojaAw ajdijnw s1so1o06eyd aulnw 1e 19 wry| uewny 9zz8 IINdY uewny pue syeifouax 2'ZTHog Apoqiue [euojoouow
S[182 13d
102 juaired wouy Arewnid yum Ajjesuoiniad
(THN) ewoydwA| uoisnys Arewnd si1s018006eyd uewny |e 10 0109 pale|os! S|182 13d pajoalul ad1W YN 2'2TH9d Apognue [euojoouow
aul| —
o
1199 THN-s|199 1fey s1190 1fed ynm Oans 5
pooig 1102 ‘(s1180 Arewnid) paoalul 801w OSN :[apow =
109713 pue ewoydwA| njng siso)Aoobeyd uewiny e 18 0BYD S[192 1091d ewoydwA| pazifeso) 2'2TH9g Apognue [euojoouow m
aul| 2
S8y Jagued 1180 17v-L uewny S[182 N3D-442D 10 =
1102 NFD-4400 s1189 71V uewny Arewnd I
1TV siso1ko06eyd uewny le 18 oeyD ‘s]199 11V Uewny yum payelbus aolw OSN 2'ZTHOg Apogiue [euojoouow m
(uaroyep p
suell Ly@g) s|189 SOST TNV yim o
195 0T0C ETINTTON 'sOS1 Ajsnouanenur pajosfur 1w =
THN siso}fao0beyd uewny le 38 0eYD TV ‘sp199 ifey QON parelpet Ajleys|gns 2'ZTHOg Apogiue [euojoouow M
>
LT-THN it
pue ‘FIHANS =
182 1049710 S
eLuoydwA| 119D 0102 ifey aun] 1180 s1199 1fey ynm pajue|dsued =
paleuIwassIp pue pazi[edo] “THN (189 g s1so1fao0beyd uewny le 38 oeYD ewoydwA| sppng 921w QIS 10 OSN 2'ZTHOg Apoguue [euojoouow m
301w o1uahsue.y w
-9|gnop ,d49-gdxod 5
€102 1Q7Q 1189 Jsdued /11-LO ‘801w o1usbsues) || <
BLIOUIDIRI0USPE [€10310]0d/ewoydwAT urbpoH si1so1fo06eyd uewny le 10 Buas] uojo9 uewny -10 ‘821w d1uabsues) |-10 ZTH9g Apognue jeuojoouow M
S|189 IS
1eINnC ‘syuaned %
1002 71710 woly pajejost
110 sisoydode uewny |e 1o seug sa1fooydwA| g auou ZTH9g Apognue jeuojoouow
sjuaired
6002 e 71710 woly pajejost
110 sisoydode uewny 19 Jaigleg sa1fooydwA| g auou Z2TH9g Apognue jeuojoouow
salpueubifew jeaifojorewsy uonoe Jo wslueydsw Qe uewny uonealgnd saul| |19 apow [ewiue A A
! ! ! | ! 10 BULNW edlq 1 |spow [ew awreu Apognue 10n431su02 Apognue

Author Manuscript

uonae Jo wsiueydaw Jiayl yum Aoueubijew s1bojoyewsay ul asn 1oy padojansp s19n11suod Apogiue JyQD-nuy

Author Manuscript

€ 9|gel

Author Manuscript

Author Manuscript



Page 22

Russ et al.

S]192 71D uewny

“T-MOC :7-LTOW
1102 [© Saul| 1199 elWwayna| s|199
110-9 sisoydode uewny 19 emebes anAooydwA| T-MOCr Yyum 21w gios 1gvin Apognue jeuojdouow
301w o1uahsue.y DAHIS YUM
-8|gnop ,d49-gdxo4 uoIjoeIB)UI SH 20| 10U
€102 1Q7Q 1189 Jsdued /11-LO ‘801w o1ushsues) || $30p Inq LA spulq
BLIOUIDIRI0USPE [€10310]0d/ewoydwAT urbpoH si1so1fo06eyd uewny le 10 Buas] uojo9 uewny -10 ‘821w d1uabsues) |-10 (Buyoojquou) €Az Apognue jeuojoouow
6002
TNV s1so1ko06eyd aulnw 1e 19 nafey S[189 NV Uewny 301w OON €az Apogiue [euojoouow
v
aul| 1189 ewoydwA|
1192 g auunw o
siown} ojusbounwiwi paN ‘8EDIN aul| [189 S1199 112-9 02V Yum (Buipuig ©4yIS asnow °
10 uoleUIWI|D 1eN ST0Z BWOUIdIRI0UBPE pae[naoul OAns alam Jeyy $%90]0 (puabajolq 2
BUIOUIDIRI0USPE UOJ0I “11D-9 pajelpaw-|ao 1 auLNw [EREN | uoj02 duLINW 901W adA} pjim d18uabuAs /39U81950103) TOSdVIN | Apognue jeuojoouow m
>
Buiyoid ansUI021X0) m
104 Qe UMM pajeal) o
auo 992NS ‘820NS sajewnid uewnyuou ‘s|jao =
QRUWIXMIL YIMm S0ld ST0C ‘870NS 's|189 TNV Aewipd uewiny ypm w
paziBiauAs usym THN UO SHI0M OS|B/TINY si1s018006eyd uewny [REN | INY Aewild pajoalul 921w eibousx ¥9-645 Apognue [euojoouow |S
[a]
Buniyoud k=
2133UIX021X0) 10} e YIM @
paleasy sarewid uewinyuou 8
a3uo 992NS '820NS ‘s]190 TNV Arewnid E
s01d G102 ‘870NS 's|189 uBwINY Yam UIsA |1ey &
IANY si1so1fo06eyd auLNw [EREN | WY Arewild RIA pajoalul 81w Yeibouax 645 Apognue jeuojoouow m.
S
S|190 T-lwnsey| S1190 ET-WTOIN L¥AD-18L ]
pue ‘z9GM pue ‘cT-INTOIN ‘|-1nse s
‘26N ‘wINe ‘09-TTH Yum pajuejdsuely m
6002 ‘09-TH ‘€T-INTON 0IW —/— 2 ewwed 5
TNV s1so1ko06eyd aulnw 1e 19 [emster aul| 1199 TAY pue ‘—/— zbey ‘O0N Apognue ody|S Apognue [euojoouow [£
<
aul| 3
S8y Jaoued 1180 177Vv-L uewny S1190 INID-44DD 10 AS
1102 N3D-440D $1189 771V uewny Arewnd B
TV siso1fa0beyd aulnw le 38 oeYD ‘s]189 11V Uewny Yyum payelbus adlw OSN Apognue ©dyIS Apognue [euojoouow |
Q
6002
TNV siso)Ao0beyd auunw e 18 naley S[199 TNV Uewny 301W OON (Buryo01q) 9210149 Apognue jeuojdouow
aul|
S8y Jagued 1180 171Vv-L uewny S[182 N3D-442D 10
1102 NID-4420 s1189 71V uewny Arewnd
TV s1so1ko06eyd uewny le 18 oeyD ‘s]189 11V Uewny yum payelbus aolw OSN 9210149 Apogiue [euojoouow
aul| [189
10491Q-LT-1HN
‘aull 1182 10914
saloueubiew [eaifojorewsy uo119e JO Wsiueydaw mw. %%%::& uoryeatjgnd saull |92 |apow fewiue aweu Apognue 19N13sU09 Apogiue

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript



Page 23

Russ et al.

ewoydwA|
910¢ e 189-g afue| asnyp S[182 T-19710 Juelien
ewoydwA| auiued siso)Aoobeyd asnow 19 Jdoysiapn aulued T-1g9710 yum payelbus adiw 9SN ¥9-64SNH DdYIS Aluige ybry
ewoydwA|
910¢ [® 1180-g abue| asnyip S[192 T-19710 Juelren
ewoydwA| suiued s1s018006eyd asnowl 19 Jdoxsiapn aulued T-1910 yum payelbus adiw OSN 79BIU-TAD DdHIS Aluiyge ybiy
ewoydwA|
9102 [e 1199-g abue) asnyip S|189 T-1971D Jawouow
ewoydwA| auiued si1s018006eyd uewny 19 Jdoxsiapn aulued T-1910 yum payelbus 8ol OSN IAD DdHIS Aluiye ybiy
S|189 gewnznjwsaje
€102 [e J1aoued 1sealq -39 201w payelbua 10 qewIXniL yum Jawouow .
ewoydwA| si1so1fo06eyd uewny 19 Jdoyisiopn -MS +hau/zaH ewoydwA| 1192 1ley uolreuIqwod ut) TAD DdHIS Anuiye ybiy S
o}
Awrow B
Lyad -96] uewny o} g
puIq 10U S30p Jey} JuelleA pasn} ody|S uewny m
2102 [e 18 DJYIS € ssaidxa Jey) 10 urewop AB| >
TNV s1so1ko06eyd uewny sapLeooayl | S|8NV uewny 901W ETPPI-SN ‘991W-SN 24-P4HISY wouy utgjoud uoisny |2
N
s180 uBwny (czTHOE Q
710-9 "saulj |92 1apow asnow ewoydwA| (a0uanbas Jaxjul| pue gqewIxniry W
1.0 pUB 98V 1S pajeulwiassIp ‘s|[s0 1fey uoys) 1S /¥A2-0zad | Buisn paresd) 0zad |
ST0Z [e ‘sowey ‘|pneq Buissaidxa asesapon] yum ‘(souanbas Jaxul pue /y@D s1ebIej0d |
IHN sisoifoobeyd uewny 18 8U0192Id ‘feyd ‘0/zaA pajue|dousx so1Ww OSN fuol) 171 LyA2-02AD Yey) aiy10adsiq 3
aul| [189 M
5002 [® ewoaAw ajdinuw S1192 ZINIAIIN Yim (paxunl Apusjenod) [
ewojaAw ajdinw sisoydode auunw 19 1yaN 1y uewny ZINIWdM payeiBouax adlw A0S z(n4)os1gvin Jawouow z(A4)os |
[&]
(2]
§00¢ e aul| 1130 ewoRAw SI190 ZAINAA Yim =
ewojaAw ajdinw sisoydode auunw 18 1yoany Iy uewny ZININAM payelbousx 821w AIDS G-A42ST1aVIN (Apogeip) Jawip A49S m
¥00¢ e aul| 1189 ewopAw S1180 ZINWINM yum m
ewoaAw ajdiniN sisojdode aulnw 19 1YaNX Iy uewny ZININAM payeibousx 821w AI0S GT-A49ST1aVIN A49S JUa[eAIq E
6661 3
T1710-9 sisojdode payioadsjoN | [e1@0sleN | S|189 uewny T11D-9 auou 9210149/2TH9g Apoqiue [euojoouow M
S
T-dHL 2
aul| [189 e1WaXNa|
G102 onAosouow
(sDS1 Bunabirey) seiwsyna) si1s018006eyd uewny |e 18 Buepn a1noe uewny 291w payelbus-OST T-dHL /yad-nue Apognue jeuojoouow
(T-X0r) elwayina|
anAsoydwA| S[199 T-MOr
21U0IY2 yum Ajjeasuoitadeul
1180 g pue (N30 301W pue s|[80
-4400) elwayna| T-MOC 10 INFD-440D
1002 anse|qoydwA| yum payoslul Ajsnousaeijui
T110-9 1V sisojdode LRI le3a oun anoe ad1w 4I0s 8leN J9vIN-gvw jo g(.ge)d4 | Apognue [euojoouow
saloueubiew [eaifojorewsy uo119e JO Wsiueydaw mw %%%::& uoryeatjgnd saull |92 |apow fewiue aweu Apognue 19N13sU09 Apogiue

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript



Page 24

Russ et al.

THN
130URD PAJUBAPY
Jowng prjos
(Anuige ybiy) ¥OBIY-0dHIS | 8TZETOSOLON | Bumniosy I 130UB)D 1IRISEIN ewoydwAT pue siown p1joS PadUBAPY UM SIUslTed Ul 8 TX TV 40 Apnms
BUWO0JJBS aNssI| YOS
wsejdoaN ueubien parejay AdH
ewiouldle)d isealg
23S
BWOUIdIRD ||99-19XJ8IN
ewioues|N
sap1obun4 s1IS02AN sap1oBun4 SISOAN pue siowny p1jos
94-dHIS | 89£06820LON | Buniniosy I siownp pijos | Aiojoeiey pue pasde|ay YA s108fgns ul TZ9-1L L JO suondslul [eiownzenul 4o [erL
ewoydwAT jusjopul
asnyiq ‘[19D-g abue ‘ewoydwA
qewIxnmu Yumy9-64GnH | 60S€S620.LON | Buniniosy 11/ uryBpoH-uoN ‘“ewoydwA THN 1199-g A10)0R1y8/pasde|ay Ul qewIXmil YHAYO-64GNH 40 [BLL
¥9-645"H | 60¥9T2Z0LON | Buniniosy | Jowny pijos Apognuy Bunsbier-/ A e ‘¥9-64GNH 40 [l T 8seyd
s1aoue) o1bojorewaH
ZTH98 | 96TZ9€20LON | Bumniosy I swsedoaN a160joyewaH pue p1j0S PaoUBAPY YIAA S13[ANS Ul 20006-02 40 Apmis Bulpul] 8soq ‘T aseud
13due) [e1d310|0D
QewIXNiad YIM/y9-64SNH | 28/65620LON | Buniniosy 1/1 | stowny pijos swsejdoaN [ex0810]0D PaOUBADY PUE SIOWNL PIOS UNAA SIUBITed Ul GeLIIXNISD YA ¥O-64SNH 40 [eliL
94-dHIS | 8TGE9920LON | Buniniosy I saroueubife|n o1bojorewsH sa1oueuBIfBIA| 2160]0JBLBH UMM SIUBIEd 40} TZ9-1 L1 JO [elL
S3WO0JPUAS anseds ApojaAN
ZTH98 | 200T¥920.LON | Buminiosy I aINdy ‘pIoJRAN ‘BIlaNaT] SAW SH-YBIH pue TNV UHAA s18[ans ul 20006-00 40 Apmis
Y Aloloeigey/pasdelay ul Adelay] Apognuy
¥9-64SNH | 8£€£82920LON | Bumnioay | TNV LyAD-IUV VITT3INVO
Apogqnuy Jaynusp| smels | sseyd asessid [eld1 oD uedo

Author Manuscript

"sa1oueUbIjew ealfojoreway o) S[eL [ealuld ul ApualIng saipognue /yad Nuy

¥ alqeL

Author Manuscript

Author Manuscript

Author Manuscript

Blood Rev. Author manuscript; available in PMC 2019 November 01.



	Abstract
	Introduction
	Methods
	Results
	1. Anticancer effects through Apoptosis
	1.1 Leukemia
	1.2 Multiple myeloma

	2. Anticancer effect through Phagocytosis
	2.1 Leukemia
	2.2 Lymphoma
	2.3 Multiple Myeloma

	3. Anticancer effects through Cytotoxic T-cell priming
	3.1 Lymphoma
	3.2 Leukemia


	Discussion
	References
	Figure 1
	Figure 2
	Table 1
	Table 2
	Table 3
	Table 4

