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Abstract

Background Targeting CD47/SIRPa axis has emerged as a promising strategy in cancer immunotherapy. Despite
the encouraging clinical efficacy observed in hematologic malignancies through CD47-SIRPa blockade, there are
safety concerns related to the binding of anti-CD47 antibodies to CD47 on the membrane of peripheral blood cells.

Methods In order to enhance the selectivity and therapeutic efficacy of the antibody, we developed a human-

ized anti-CD47 monoclonal antibody called Gentulizumab (GenSci059). The binding capacity of GenSci059 to CD47
was evaluated using flow cytometry and surface plasmon resonance (SPR) methods, the inhibitory effect of Gen-
Sci059 on the CD47-SIRPa interaction was evaluated through competitive ELISA assays. The anti-tumor activity

of GenSci059 was assessed using in vitro macrophage models and in vivo patient-derived xenograft (PDX) models. To
evaluate the safety profile of GenSci059, binding assays were conducted using blood cells. Additionally, we investi-
gated the underlying mechanisms contributing to the weaker binding of GenSci059 to erythrocytes. Finally, toxicity
studies were performed in non-human primates to assess the potential risks associated with GenSci059.

Results GenSci059 displayed strong binding to CD47 in both human and monkey, and effectively inhibited

the CD47-SIRPa interaction. With doses ranging from 5 to 20 mg/kg, GenSci059 demonstrated potent inhibition

of the growth of subcutaneous tumor with the inhibition rates ranged from 30.3% to complete regression. Combina-
tion of GenSci059 with 2.5 mg/kg Rituximab at a dose of 2.5 mg/kg showed enhanced tumor inhibition compared
to monotherapy, exhibiting synergistic effects. GenSci059 exhibited minimal binding to hRBCs compared to Hu5F9-
G4. The binding of GenSci059 to CD47 depended on the cyclization of N-terminal pyroglutamic acid and the spatial
conformation of CD47, but was not affected by its glycosylation modifications. A maximum tolerated dose (MTD)

of 450 mg/kg was observed for GenSci059, and no significant adverse effects were observed in repeated dosages

up to 10+ 300 mg/kg, indicating a favorable safety profile.

Conclusion GenSci059 selectively binds to CD47, effectively blocks the CD47/SIRPa axis signaling pathway

and enhances the phagocytosis effects of macrophages toward tumor cells. This monoclonal antibody demonstrates
potent antitumor activity and exhibits a favorable safety profile, positioning it as a promising and effective therapeutic
option for cancer.
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Background

Despite the development of various anticancer drugs
based on different strategies, the high morbidity and
mortality of tumors remain a significant challenge [1-
3]. Macrophage is an essential component of the innate
immune system and has been shown to play a crucial
role in anti-tumor responses. One promising treatment
in cancer therapy is targeting CD47, a transmembrane
glycoprotein widely expressed on the surface of various
cells. Signal regulatory protein a (SIRPa) is the endog-
enous receptor of CD47 expressed in macrophage [4, 5].
The CD47-SIRPa complex mediates bidirectional signal
transduction that is essential for various biological pro-
cesses such as immune response, macrophage phagocy-
tosis, hematopoietic stem cell suppression, and central
nervous system development [6—11].

CD47 is expressed ubiquitously on the membrane of
various types of cancer, including breast cancer, leiomyo-
sarcoma, myeloma, osteosarcoma, non-Hodgkin’s lym-
phoma, leukemia, and hepatocellular carcinoma [12-19].
CD47 expressed on the surface of tumor cells binds to
SIRPa on the surface of macrophages, leading to phos-
phorylation of the immune receptor tyrosine inhibitory
motif (ITIM) in the intracellular domain of SIRPa. Con-
sequently, Src homology phosphatase (SHP) is dephos-
phorylated and the downstream signaling pathways such
as Syk and PI3K were inhibited, which leads to the inhibi-
tion of macrophage phagocytosis to tumor cells [20-22].
This CD47-SIRPa interaction, known as the “don’t eat
me” signal, allows cancer cells to escape immune surveil-
lance [12, 23-25]. Anti-CD47 antibodies have been the
focus of drug development in current immunotherapy
efforts, as they inhibit the CD47-SIRPa interaction and
promote cancer cell destruction by macrophages. This
phagocytosis can stimulate the presentation of tumor-
specific antigens, recruitment of specific killer T cells,
and inhibition of tumor growth and metastasis [4, 26].
Several CD47-targeting drugs are currently under clini-
cal investigation, including Hu5F9-G4 [27, 28], CC-90002
[29], and TTI-621 [30]. However, safety issues associated
with these agents have emerged. For instance, Hu5F9-G4
and TTI-621 can cause acute anemia and thrombocy-
topenia in humans [27, 28, 30]. The cyclization of CD47
N-terminal pyroglutamate on the tumor cell surface can
enhance its binding ability to SIRPa [31, 32]. Given that
anti-CD47 antibodies and SIRPa-Fc fusion proteins con-
tribute to these side effects, the toxicity of anti-CD47
antibodies is assumed to be Fc-dependent. Therefore,
a major controversy in the development of current

anti-CD47 therapies is whether the therapeutic effect is
due to the specific of CD47 inhibition or non-specific
antibody-dependent cell-mediated cytotoxicity (ADCC).

In this study, we designed a novel anti-CD47 antibody,
Gensci059, which distinguishes itself from other CD47
targeting agents by lacking hematological liabilities while
retaining its anti-tumor properties.

Materials and methods

Monoclonal antibody generation and humanization
Generation of monoclonal antibodies targeting human
CD47 followed a systematic procedure. Initially, a gene
fragment comprising the extracellular region of human
CD47 and hIlgGlFc was constructed. The DNA frag-
ment was subsequently cloned into the pcDNA3.1 vector
using the Hind III/EcoR I restriction enzyme cutting site,
resulting in the creation of an expression plasmid. The
expression plasmid was transiently transfected into 293F
cells, and the expressed proteins were purified employ-
ing a protein purification liquid chromatography system
(AKTA purifier 10, GE Healthcare) in accordance with
the manufacturer’s provided protocol. Immunization of
Balb C mice involved the use of CD47-hFC fusion pro-
tein alongside a specific adjuvant formulation and immu-
nization regimen. Splenocytes obtained from immunized
mice were collected and subsequently utilized in a hybri-
doma experiment in conjunction with P3X63Ag8.653
myeloma cells. The splenocytes and myeloma cells were
co-cultured with a ratio of 5:1 in HAT medium to gen-
erate hybrid cell lines. Two weeks after the fusion, cell
supernatants were collected for ELISA and functional
assays. Positive hybridoma cell lines were selected and
cultured for 7 days, the supernatants were collected
and subsequently subjected to purification via protein
A affinity chromatography. From the monoclonal cell
lines, the monoclonal antibody with the highest poten-
tial (designated as clone number 1.43.1) was selected
through a comprehensive screening process. To human-
ize the mouse-derived anti-human CD47 mAb (1.43.1),
complementarity-determining region (CDR) residues
were grafted onto a human germline framework. Five
sets of suitable framework region (FR) sequences were
identified, with possible post-translational modification
(PTM) motifs removed. A total of 25 combinations were
generated by combining five heavy chain vectors and five
light chain vectors, followed by transient expression in
293E cells. The expression quantity and binding proper-
ties of these 25 combinations were evaluated. The final
candidate antibody was transiently expressed using 293E
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cells in Freestyle medium. The supernatant was filtered
through a 0.22 pm filter membrane, followed by passage
through the MabSelect SuRe affinity chromatography
column (GE Healthcare). Selected humanized antibod-
ies were obtained and named Gensci059. The purified
antibodies were then stored at 4 °C for subsequent use.
The Hu5F9-G4 antibody employed in this study as a con-
trol was also synthesized in our laboratory, referencing
the sequence described in published literature. The syn-
thesized antibody matched the sequence detailed in as
described [33].

Affinity measurement

For cell binding analysis, CT26 cells were transfected and
stably overexpressed human CD47 (hCD47) or cynomol-
gus monkey CD47 (cCD47). The overexpressed cells were
incubated with indicated mAbs, bound antibodies were
detected using Goat Anti-Human IgG Fc FITC (Jackson)
by flow cytometry analysis (FACS). The KD value was
determined using the following formula: Y=Bmax*X/
(Kd+X) [Y: bound IgG, X: Free IgG]. The affinity of
GenSci059 to CD47 was assessed using surface plasmon
resonance (SPR) on a Biacore T200 system, employ-
ing a recombinant human, cynomolgus monkey, mouse
and rat CD47ECD/His fusion protein. The processes of
molecular binding (120 s) and dissociation (300 s) were
recorded using Biacore control software V.2.0. The data
were analyzed with a 1:1 model using Biacore T200 Eval-
uation V.2.0.

Blocking of SIRPa to CD47

The ability of Gensci059 to disrupt recombinant SIRPa
binding to CD47 was detected using a competitive ELISA
assay. 1 pg/mL of SIRPa/His was premixed with vari-
ous concentrations of Gensci059 (ranging from 0.003 to
20 pg/mL with threefold serial dilution). The mixture was
then added into the well coated 0.5 pg/mL of CD47ECD/
Fc fusion protein. The bound SIRPa/His protein was
detected using anti-His-HRP conjugate (Proteintech),
which was visualized with TMB Stabilized Chromogen
(Sigma) and detected using an Multiskan™ FC (Thermo
Fisher).

Phagocytosis assay

The influence of CD47 antibody on phagocytosis of cells
was investigated by fluorescence imaging or FACS. Pri-
mary peritoneal macrophages isolated and purified from
C57BL/6 mice were stained with PKH26 dye one day
in advance (4 pM, 5 min) and seeded in 96-well plates
with 20,000 cells/well. The next day, the macrophages
were resuspended in serum-free medium after wash-
ing and seeded on macrophages with 8x10* cells/well
after incubated at 37°C for 2 h. Target cells were stained
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with 2 uM 5,6- carboxyfluorescein diacetate, succinimi-
dyl ester (CFSE) dye for 10 min. The various antibodies
were added to the cell mixture started at 100 pg/mL with
fivefold dilution and 10 concentration points. After 2 h of
culture, the pellets were resuspended in 400 pL PBS and
analyzed for phagocytosis using FACS Canto . Data were
analyzed using Flowjo. The ratio of PKH + CESE +double
positive cells to PKH + positive cells was recognized as a
phagocytosis index.

Migration assay

For migration assay, we employed 6.5 mm diameter tran-
swells with 8 pm pores (Corning 3422) as described in
previously [34, 35],. One hundred thousand mononu-
clear leukemic or cell line cells, in 100 pL of RPMI-1640
medium containing 0% FBS, were added to the upper
chamber, while the lower chamber was filled with 500 uL
of medium containing 10% FBS. Gensci059 (final concen-
tration: 10 ug/mL) or unrelated Human IgG4 were added
into the upper chamber. Subsequently, leukemic cells
were allowed to migrate at 37 °C for 24 h. After this incu-
bation period, the inserts were carefully removed, and
the cell density was determined using trypan blue stain-
ing and cell counting.

Binding experiment with human blood cells

In order to assess the binding activity of the antibody
with human blood cells, in vitro experiments were con-
ducted. A total of 20 healthy human red blood cells
(hRBCs), peripheral blood mononuclear cells (PBMCs),
and platelets (PLTs), consisting of 2x10° cells (100 pL)
each, were added to individual wells of a 96-well plate.
The cells were subsequently washed twice with a solu-
tion of 1% BSA/1xPBS. The initial concentration of the
antibody was 100 pg/mL, which was then subjected to a
tenfold dilution. The binding of the antibody to the blood
cells was measured using flow cytometry analysis.

Antibody-dependent cell-mediated cytotoxicity (ADCC)
and complement-dependent cytotoxicity (CDC) assays

The ADCC assay used the constructed NK92/CD16a
stable cell line as effector cells and Rituxan (rituximab,
targeting CD20) as a positive control antibody. The anti-
body concentration was started at 20 pg/mL with tenfold
dilution and 10 concentration points. The killing effect
on target cells was detected using a lactate dehydroge-
nase (LDH-Glo™ Cytotoxicity Assay) kit (Promega). The
complement of CDC was obtained from normal human
serum (NHS) with a final serum concentration of 20%.
The starting concentration was 20 pug/mL at tenfold dilu-
tion and 8 concentration points. Target cell viability was
detected using a CellTiterGlo® Luminescent Cell Viabil-
ity Assay kit (Promega).
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Liquid chromatography tandem mass spectrometry
Peptides were separated using an Agilent UPLC 1290
Infinity II Liquid Chromatography system (Agilent,
USA) and introduced into the mass spectrometer. The
mobile phases consisted of a 0.05% trifluoroacetic acid—
water solution in phase A and a 0.05% trifluoroacetic
acid-acetonitrile solution in phase B. Separation was
achieved over an 80-min gradient. The samples were
separated and detected using the following chromato-
graphic gradient: 0~2 min, 0% B; 2~72 min, 0-37%
B; 72~72.5 min, 37-90% B; 72.5~74 min, 90% B;
72.5 ~74.5 min, 0% B; 74.5 ~ 80 min, 0% B. The flow rate
of the chromatographic column was set at 0.25 ml/min,
the column temperature at 40 ‘C, and the injection vol-
ume was 20 puL. Mass spectrometry data were collected
in positive ion mode using a high-resolution time-of-
flight mass spectrometer, Triple TOF 6600 (AB SCIEX,
USA). The primary mass scan range covered m/z 200
to 1800. The instrument parameters were as follows:
the curtain gas flow rate was 35 arb; auxiliary gas flow
rate 50 arb; nebulizer gas flow rate 50 arb; nebulizer gas
temperature 550 °C; accumulation time 0.5 s; ion spray
voltage 5500 V; declustering potential 80 V. Raw data
files from the LC—MS mass spectrometry analysis were
collected using PeakView (version 2.2, AB SCIEX, USA)
for subsequent data retrieval and analysis.

Selected binding and epitope analysis

For Gensci059 binding epitope prediction, based on the
sequence of Gensci059, the Fv of Gensci059 was con-
structed using MODELLER in Accelrys Discovery Stu-
dio 2017 (BIOVIA, San Diego, CA, USA) and protein
docking using ZDOCK in Accelrys Discovery Studio
2017 (BIOVIA, San Diego, CA, USA). The CD47 crys-
tal structure Hu5F9-G4 (PDB ID:5IWL) was used as a
receptor protein. All the Gensci059-CD47 complex MD
simulations, with CHARMM force field, were carried out
by the parallel, scalable MD program NAMD. To verify
the results obtained from computer-aided analysis, we
treated Raji, Jurkat, and CT26-hCD47 cells with pyro-
glutamate cyclase inhibitor PQ529 during the culture
process and detected SIRPa-hFc and antibody binding
to PQ529 treated and untreated cells by FACS. To vali-
date the correlation between GenSci059 binding to CD47
and the cyclization of CD47 N-terminal pyroglutamate,
two human CD47 ECD fusion proteins were constructed.
One had a human-derived Fc at the C-terminus (hCD47-
hFc), while the other had a His tag and an enterokinase
(EK) cleavage site at the N-terminal of the hCD47-hFc
fusion protein (hCD47-His-EK-hFc). Binding of Gen-
sci059 binding to indicated CD47 proteins was detected
by ELISA.
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Mouse model construction

NPG (NOD-Prkdc“id/ll-2rg““n) mice were subcutane-
ously seeded with corresponding tumor cells to establish
the corresponding xerographic tumor model. When aver-
age tumor volume reached the desired volume, the ani-
mals were divided into 5 groups according to the tumor
size, including the solvent control group, the GenSci059
at 5 mg/kg, 10 mg/kg and 20 mg/kg treatment groups,
and the positive control (Hu5F9-G4) of 20 mg/kg treat-
ment group, 10 mice per group. The combined effect
of targeted therapy in vivo was evaluated in a Raji cells
subcutaneous xenotransplantation model. The animals
were divided into 5 groups including the solvent control
group (vehicle), GenSci059 alone, Rituximab alone, Gen-
Sci059 + Rituximab, and Hu5F9-G4 + Rituximab, 10 mice
per group. The antibodies were injected by tail vein injec-
tion, twice a week. Pharmacodynamic evaluation was
carried out according to the relative tumor suppression
rate (TGI). Safety evaluation was based on animal weight
changes and deaths.

Toxicity studies in NHPs

Single dose and repeat dose toxicity studies were con-
ducted at JOINN (Suzhou) according to a written study
protocol and facility standard operating procedures in
compliance with Institutional Animal Care and Use
Committee criteria, accepted animal welfare standards
and national legal regulations on animal welfare. Single-
dose toxicity study was conducted on 8 cynomolgus
monkeys divided into four groups (one female and one
male), where they were administered Gensci059 (50,
150 and 450 mg/kg) or blank lysate control through a
single intravenous infusion on day 1. The animals were
monitored continuously for 4 h and tested periodi-
cally for 22 days for various biochemical parameters. In
the repeated-dose toxicity study, a total of 40 cynomol-
gus monkeys were randomly assigned to four groups
(n=10). The experimental groups were administered
with 10 mg/kg of Gensci059 by intravenous infusion for
the first administration, followed by 30 m/kg, 100 mg/
kg, and 300 mg/kg of Gensci059 by intravenous infu-
sion for the second to fifth administration, respectively.
The control group was given Gensci059 blank solution
at the corresponding time points. The drug was admin-
istered once a week, resulting in a total of five doses.
The toxicokinetic parameters were calculated using the
non-compartment analysis (NCA) on WinNonlin Pro-
fessional software. Moreover, various parameters such as
body weight, food intake, temperature, ECG and respira-
tion, blood pressure, eye examination, blood cell counts,
coagulation index, blood biochemical index, urinalysis,
cell subsets, cytokines, immunoglobulins, complement,
serum-specific antibodies, and toxicokinetic tests were
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assessed during the study to evaluate the safety profile of
Gensci059.

Statistical analysis

Data were shown as mean + standard deviation (SD). Sta-
tistical significance was determined by Student’s t-test
or one-way analysis of variance (ANOVA) as indicated
using GraphPad Prism version 8 (CA, USA). All Student’s
t-tests were two-sided under the assumption of equal
variance between samples. All one-way ANOVA tests
were corrected for multiple comparisons using statistical
hypothesis testing. Differences were considered statisti-
cally significant if p <0.05.

Results

Generation and validation of GenSci059 antibody
GenSci059, a humanized monoclonal antibody against
human CD47, was obtained through immunization of
mice. GenSci059 is an IgG4/x isoform, composed of two
heavy chains and two light chains. Each heavy chain con-
sists of 443 amino acids, and each light chain comprises
219 amino acids (Fig. 1A). Notably, one glycosylation
site (Asn294) is present on each heavy chain. The affin-
ity of GenSci059 with the hCD47and ¢cCD47 on CT26
cells was measured using flow cytometry and determined
to be 4.188x10™ M and 4.005x10™° M, respectively

Gensc
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(Fig. 1B). The affinity of Gensci059 to CD47ECD dem-
onstrated approximate binding ability of Gensci059 to
both human and cynomolgus monkey CD47 (Fig. 1C,
D, Table 1). The measured KD values were 2.05x10™ M
and 1.38x10°® M respectively, indicating a strong bind-
ing affinity. However, Gensci059 showed no binding
affinity to mouse and rat CD47 (Additional file 1: Figure
S1). To explore the mechanism of action of GenSci059,
the results of competitive ELISA showed that GenSci059
competitively inhibited the binding of CD47 to the SIRPa
with an IC;; of 719 ng/mL (Fig. 1E). Collectively, these
findings suggest that GenSci059 has a strong binding
ability with hCD47 and has the potential to block the
interaction between CD47 and SIRPa.

GenSci059 promotes macrophage phagocytosis in vitro

To investigate the cellular effects of GenSci059, mouse
primary macrophages were utilized as effector cells, and

Table 1 Kinetics data of Gensci059 to extracellular domain of

Cb47

Species ka (1/Ms) kd (1/s) KD (M)
Human CD47 249E+05 5.11E-03 2.05E-08
Cynomolgus CD47 2.70E+05 3.73E-03 1.38E-08
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Fig. 1 The binding characteristics of the anti-human CD47 antibody GenSci059. A Structure of GenSci059; B The cell binding affinity of GenSci059
with hCD47 and cCD47; Biacore affinity profile of Gensci059 with hCD47 C and cCD47 (D); E Competitive inhibition of GenSci059 inhibiting CD47
binding to SIRPa
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Raji and Nalm-6 tumor cells were used as target cells.
As both GenSci059 and Hu5F9-G4 belong to the human
subclass of IgG4 antibodies, unrelated Human IgG4 was
utilized as negative control. In this context, Hu5F9-G4
was used as a positive control. The fluorescence imag-
ing results clearly demonstrated that Gensci059 exerted
a substantial enhancement on the phagocytosis of Raji
cells. Moreover, the phagocytosis indices, defined as
the number of tumor cells phagocytosed per 100 mac-
rophages, were approximately 1, 28, and 31 for Human
IgG4, Hu5F9-G4, and Gensci059, respectively (Fig. 2A).
Further flow cytometry assays were conducted to quan-
titatively the pro-phagocytic activity of GenSci059. The
dose—response curve indicated stimulatory effects of
GenSci059 in promoting the phagocytosis of Raji and
Nalm-6 in mouse macrophages, with an EC;, of 0.145 pg/
mL and 0.184 ug/mL, respectively (Fig. 2B, C). In vitro
migration assay revealed that GenSci059 significantly
decreased HL-60 and Kasumi-1 migration (Additional
file 1: Figure S2).

Validation of GenSci059 in toxicity risk

To investigate the safety of GenSci059, binding experi-
ments were conducted with human red blood cells
(hRBCs). The control antibody, Hu5F9-G4, exhibited

Human IgG4

HuSF9
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a high binding rate with hRBCs across all four blood
types, which increased with the concentrations regard-
less of blood type. In contrast, GenSci059 showed mini-
mal binding to hRBCs and only weakly bound at high
concentrations (Fig. 3A). To better predict the safety
risk in clinical trials, binding activity was also conducted
with peripheral blood mononuclear cells (PBMC) and
platelets (PLT). Results indicated that GenSci059 had
weaker binding to PBMC and PLT than Hu5F9-G4 at all
four detected concentrations (Fig. 3B, C), indicative of a
lower safety risk than Hu5F9-G4. To further evaluate the
antibody-mediated cytotoxicity of GenSci059, ADCC
and CDC experiments were performed using Daudi as
the target cell and Rituxan as the positive control anti-
body. The results showed that Rituxan had a normal
dose—response curve, whereas GenSci059 had no ADCC
or CDC at the concentrations observed (Fig. 3D). These
findings suggest that the safety of GenSci059 is better
than that of the control antibody Hu5F9-G4.

Binding of GenSci059 to hCD47 under different conditions
The mechanism underlying the low binding activity of
GenSci059 to erythrocytes was investigated using anti-
body protein simulation docking to identify the bind-
ing mode of GenSci059 to CD47. The docking results

Gensci 059
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Fig. 2 GenSci059 promoted macrophage-mediated phagocytosis of tumor cells in vitro. A Representative images after mouse macrophages were
cocultured with Raji cell for 2 h in the presence of 20 ug/ml GenSci059, Hu5F9-G4 or control human IgG4. Tumor cells and macrophages were
stained CFSE (green) and PKH-26 (red), respectively; Macrophage-mediated phagocytosis of human B-cell malignancies Raji (B) and Nalm-6 (C).

Percentage phagocytosis was quantified by flow cytometry analyses
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Fig. 3 Safety evaluation results of GenSci059. A GenSci059 and the binding test results of different blood groups of red blood cells; B Four
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revealed that CD47 with N-terminal pyroglutamate
(CD47-PE1) exhibited higher binding affinity to Gen-
Sci059 compared to CD47 with N-terminal glutamate
(CD47-Q1), with an energy difference of 47.2 kcal/mol
(Fig. 4A). This result suggests that CD47 N-terminal
pyroglutamate, located at the binding epitope for Gen-
Sci059, plays a crucial role. The ELISA results revealed
the N-terminal His tag of hCD47-His-EKase-hFc inhib-
its the cyclization of the N-terminal pyroglutamate. The
obtained hCD47-hFc-N-His fusion protein was sub-
jected to deglycosylation using Peptide-N-Glycosidase
F (PNGase F). Subsequently, the His-tag was removed
using EK, and the resulting products were character-
ized together with hCD47-hFc by LC-MS based pep-
tide mapping. The results showed that hCD47-hFc and
hCD47-hFc-N-His displayed 100% and 25.85% pyro-
glutamate modification of N-terminal peptide, respec-
tively (peptide with N-terminal pyroglutamate: 746.4 Da;
peptide without N-terminal pyroglutamate: 763.4 Da)
(Additional file 1: Figure S3). ELISA also showed strong
binding of GenSci059 to hCD47-hFc and weak binding to
uncyclized hCD47-hFc (Fig. 4B). Moreover, when Jurkat

cells, Raji cells, and CT26 cells overexpressing CD47
were treated the pyroglutamate cyclase inhibitor PQ529,
FACS analysis showed that PQ529 impaired the binding
of SIRPa-hFc, GenSci059, and Hu5F9-G4 to the cells. The
results indicated that GenSci059 binding is influenced
specifically by the cyclization of the N-terminal pyro-
glutamate of CD47 (Fig. 4C). To further investigate the
relationship between GenSci059 and CD47 in terms of
CD47 spatial conformation and glycosylation modifica-
tion of the binding epitope, hCDA47 protein was subjected
to thermal denaturation and glycosidase hydrolysis. We
observed that GenSci059 bound normally to non-dena-
tured CD47 but not to denatured CD47 (Fig. 4D). Addi-
tionally, glycosidase treatment only slightly inhibited the
binding of GenSci059 and Hu5F9-G4 to CD47. In con-
trast, the control antibody Hu5F9-G4 exhibited normal
binding to both denatured and non-denatured CD47.
Based on these findings, it is evident that the binding of
GenSci059 to CD47 depends on the cyclization of N-ter-
minal pyroglutamate and spatial conformation of CD47,
which account for the enhanced antibody specificity and
improved safety for GenSci059.



Wang et al. Journal of Translational Medicine (2024) 22:220 Page 8 of 13
A. B. 25 hCD47(1pE)-hFc
cD47 -+ hCD47-hFc-N-His
& ) 2.0
N *’i’“‘ v ?
) - )] Q 1.5
/h\ ‘ =— 3
S0 oy = ( o 010
\\\ . 5~ ﬂ g ’7 W \ S ‘
A 1 \ 066 r
Gensci 059 ./)/ oo PN 4 0.5 ~A—(/
P A :
. - o7 0.0 T T T 1
0.001 0.01 0.1 1 10 100
Antibody (pg/mL)
SIRP-hFC GenSci059 Hu5F9 B6HI2 D .
C. CDA47 titration binding test to Gensci 059
3.

Raji
T

- hCD47
-o- Denatured hCD47

Jurkat 5 7 ‘ i | 2 ]

CT26-hCD47

Negative Control Non-Treated Treated

-+~ PNGase treated hCD47

0D450

2- —Z
14
0+

0.0001 0. 001 0. 01
hCD47-ECD-| hls Con (uglmL)

CDA47 titration binding test to Hu5F9

24
=3
[+
<
Q
o

14

-

0 0001 0. 001 0. 01
hCD47-ECD-| hls Con (uglmL)

-+ hCD47
-e- Denatured hCD47
-+ PNGase treated hCD47

Fig. 4 Unique binding pattern of GenSci059 to CD47. A Protein docking analysis of GenSci059 binding to CD47; B Effect of N-terminal
pyroglutamate cyclization on the binding of GenSci059 to CD47; C Pyroglutamate cyclase inhibitor impaired the binding of GenSci059 to the cells;
D Effect of CD47 spatial conformation and glycosylation modification of the binding epitope on the binding of GenSci059 to CD47

GenSci059 exhibited effective antitumor activity

In a PDX model of subcutaneous xenotransplanted
human non-Hodgkin lymphoma Raji cell, GenSci059
effectively inhibited tumor growth in a dose-depend-
ent manner with TGI ranging from 49.49% to 60.90%
(Fig. 5A, Additional file 1: Figure S4). At the same dose,
GenSci059 show slightly more potent inhibition in tumor
growth than the positive control Hu5F9-G4 (87.0% vs
79.6%). In the human acute myeloid leukemia HL-60
cell and small cell lung cancer LU2514 cell subcutane-
ous xenograft tumor model, GenSci059 also showed sig-
nificant tumor inhibition ability with TGI ranging from
79.1% to 100% and 51.2% to 87.0%, respectively (Fig. 5B,
C). Importantly, GenSci059 was well tolerated and exhib-
ited no significant toxicity during administration. The
combination of GenSci059 with rituximab in a subcuta-
neous xenotransplantation model for human lymphoma
was also evaluated. Results showed that the combination
of GenSci059 with rituximab significantly inhibited Raji
model tumor growth, with a TGI of 94.6% compared to

55.1% for GenSci059 monotherapy and 8.0% for rituxi-
mab monotherapy (Fig. 5D), indicating that GenSci059
can be combined with antibodies against other tumor
antigens to broaden the application of anti-CD47 can-
cer immunotherapy. Overall, these findings suggest that
GenSci059 has strong tumor inhibition ability and has
the potential as an anti-tumor candidate.

GenSci059 has a favorable safety profile in non-human
primates

To evaluate the potential risk of GenSci059 in humans,
toxicity studies were conducted in cynomolgus mon-
keys. In the single-dose toxicity study, GenSci059 was
administered as single intravenous infusions of 50, 150,
and 450 mg/kg to cynomolgus monkeys, and they were
observed for 22 days after administration. During the
observation period, the erythrocyte count decreased by
a maximum of 26.0%, and hemoglobin decreased by a
maximum of 26.3% (high dose group). The results mainly
showed a decrease in erythroid-related parameters and
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an increase in reticulocytes, fibrinogen, and total bili-
rubin, which returned to pre-dose levels on day 22. The
maximum tolerated dose (MTD) of GenSci059 was
found to be 450 mg/kg under these conditions. In the
one-month repeated-dose toxicity study (Table 2), no
abnormal changes that were clearly associated with Gen-
Sci059 or of toxicological significance were observed.
Hematologic examinations showed a decrease in eryth-
rocyte-related parameters, with a maximum decrease in
mean red blood cell count of 19%, a maximum decrease
in mean hemoglobin of 17%, and elevated reticulocytes in
all dosing groups, but without toxicological significance.
Histopathological examination showed no significant
donor-related pathological changes in animals. Under the
test conditions, the NOAEL was 10+300 mg/kg, as no
significant toxic reaction dose was observed.

Discussion

CD47 is a transmembrane glycoprotein that is highly
expressed by tumor cells, enabling them to evade
immune surveillance mediated by macrophages through
the CDA47-SIRPa complex. Monoclonal antibodies or
fusion proteins targeting CD47 have the potential to
disrupt this “don’t eat me” signal, facilitating the mac-
rophages mediated phagocytosis of tumor cells and

promoting an immune response against the tumor [12].
Several molecules targeting this axis are currently being
evaluated in clinical trials [12, 27, 29, 30]. Our results
demonstrated that GenSci059, a humanized anti-human
CD47 monoclonal antibody, selectively binds to the pyro-
glutamate cycled CD47 and consequently blocks the
CD47/SIRPa axis signaling pathway by inhibiting the
interaction between CD47 and SIRPa. We showed that
GenSci059 could induce the phagocytosis of AML cells
by macrophages in vitro, and exhibits effective antitumor
activity in a tumor bearing mice model. Additionally, the
safety evaluation of GenSci059 indicated no ADCC or
CDC activities as well as low blood toxicity. These results
collectively suggest that GenSci059 represents a promis-
ing monoclonal antibody targeting CD47 with an ideal
safety profile.

CD47 plays a crucial role in hematological malignan-
cies, including acute myeloid leukemia (AML), B- and
T-cell acute leukemia, and non-Hodgkin’s lymphoma.
The use of anti-CD47 antibodies has shown promising
potential in promoting tumor cell elimination through
various mechanisms, including the enhancement of
phagocytosis by macrophages and the augmentation
of non-phagocytic killing by neutrophils and natural
killer (NK) cells. Our in vitro studies demonstrate that



Page 10 of 13

(2024) 22:220

Wang et al. Journal of Translational Medicine

10198} UOHERINWINDY Jy/ ‘ANULUI 03 0 SWI W) INY 4Ny ‘UoNeNUSOUO) 3|qeInseay 1587 3Y) 01 INY 29Ny ‘DAIND SWI-UOILIIUSIUO Y] JSPUN B3Iy Y ‘UOIIRIIUSDUOD PIAISSGO WnWIXew 24

L0l 18'E0SF691001 Y6'8L1 + 9SS LELF86L 88V/L+E0LEL L009F9C'1CS L/0F688 850F LS¢E 850FLSE 00+ 1C0 350p YbIH

YOl CECELFLOVEC €0 19FSSL CE0+C6C SL8CFvleLL 96 CCFrCoYL ECOFIC PSOFLLE PSOFLLE 700F610 9SOP IPPIN

SCl 96'CCFYE9E 9 LCFCLVE LE0FLL0 Y6 CFES8C 88 CFee Ll 800F€L0 8Y0F '€ 8V 0F L'E L00+F61l0 950p MO
(Qu (Qw (i (Qu (Qw (Qw

CMoaY Y Bwey)tony /By Oy (Tuy/Bw) )

/bw-y) oy

/Bw-y) ¥y (qu/bw)

Bw-y)ony  /Bwy) ¥y (qu/bw)

9s0p Yy

asop pug

asopis|

uoneisiuiwpe asop-a|dinnuu Buimo||o) A3 UOU SNBIOWOUAD Ul 6501DSUSD) JO siaiauleied dauUModIX0| T djgeL



Wang et al. Journal of Translational Medicine (2024) 22:220

GenSci059 effectively blocks the interaction between
CD47 and its inhibitory receptor SIRPa, leading to a
dose-dependent promotion of tumor cell phagocytosis
by both mouse and human macrophages. Interestingly,
GenSci059 induces neither antibody-dependent cell-
mediated cytotoxicity (ADCC) nor complement-depend-
ent cytotoxicity (CDC). In tumor-bearing mouse models,
treatment with GenSci059 at doses ranging from 5 to
20 mg/kg exhibited potent inhibition of subcutaneous
tumors, resulting in tumor inhibition rates ranged from
30.3% to complete tumor regression. These pharmacody-
namic effects were comparable to those observed in the
positive control Hu5F9-G4. Notably, in the Raji model,
the combined administration of GenSci059 with Rituxi-
mab demonstrated superior tumor growth inhibition
compared to either agent alone. Furthermore, GenSci059
exhibited a favorable safety profile in the tested animal
models, as it was well tolerated at the doses studied.
These findings suggest that GenSci059 holds promise as a
potential therapeutic agent with potent anti-CD47 activ-
ity and a favorable safety profile.

CD47 is not only present on tumor cells but also
expressed on the surface of erythrocytes, platelets, and
hematopoietic stem cells. The CD47-SIRPa axis plays a
crucial role in regulating the clearance and homeostasis
of these blood cells under normal physiological condi-
tions [36—38]. Therefore, one of the major challenges
in the development of CD47 antibody-based antican-
cer drugs is to maximize the killing of tumor cells while
ensuring the protection of red blood cells. Achieving this
balance is a central and pressing issue in CD47 antibody
development. Previous studies have shown a high inci-
dence of grade 3 and 4 treatment-related adverse events,
including anemia, neutropenia, and thrombocytopenia,
in patients with myelodysplastic syndromes (MDS) and
acute myeloid leukemia (AML) with the CD47 antibody
Hu5F9-G4 even at low doses [27]. In our study, we con-
ducted a large-scale screening and identified GenSci059
that exhibits weak binding to erythrocytes. We further
verified the binding of GenSci059 to hRBC, PBMC and
PLT in various blood samples. Although GenSci059
exhibited binding to these cells, its binding capacity was
found to be weaker compared to the positive control
Hu5F9-G4. In addition, our in vivo and in vitro studies
demonstrated that GenSci059 did not pose a significant
risk of cytokine release. This indicates that GenSci059
has a lower likelihood of inducing anemia, leukopenia,
and thrombocytopenia compared to the positive control
drug, suggesting a better safety profile for GenSci059.
These findings highlight the potential of GenSci059 to
minimize the risk of blood-related adverse events while
maintaining its therapeutic efficacy as a CD47-targeted
therapy.
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A number of CD47 antibodies have been designed
with weak binding to CD47 on RBCs. However, the
mechanism by which the antibodies are associated with
RBC hemagglutination is not known. In the present
study, we observed that the binding of Gensci059 to
human RBCs was negligible. A potential explanation for
the unique functional properties of Gensci059 may due
to its unique binding mode to CD47. AK117, a novel
CD47-targeting antibody, does not induce hemagglu-
tination of RBCs while effectively blocking CD47 on
tumor cells [39]. Spatial structure analysis based on
molecular simulations suggests that the AK117/CD47
complex adopts a unique binding conformation, allow-
ing AK117 to bind to only one CD47 on RBCs, which
may contribute to the hemagglutination resistance of
AK117. In contrast, the Y-shaped conformation of the
Hu5F9-G4/CD47 complex may contribute to the bind-
ing of Hu5F9-G4 to two independent CD47 on RBCs,
potentially leading to hemagglutination. Although the
specific binding conformation of Gensci059 to CD47
was not explored in this study, the altered spatial con-
formation of CD47 could almost completely block the
binding of Gensci059 to CD47, suggesting that the
binding of Gensci059 to CD47 is spatial conformation
dependent. The binding conformation of Gensci059/
CD47 and Hu5F9-G4/CD47 complexes is different,
which may be similar to the way AK117 and SRF231
binds to RBCs [39, 40]. Excessive activation of pyro-
glutamate cyclase is a key factor leading to tumor eva-
sion of macrophages via the CD47-SIRPa signaling
pathway. This over-activation may lead to the cycliza-
tion of CD47 N-terminal pyroglutamate on the surface
of tumor cells, and thus enhances the binding capacity
to SIRPa [31, 41]. The distribution of pyroglutamate
cyclase varies between cells and tissues [41], and high
levels of pyroglutamate cyclase are associated with
decreased overall survival in most cancer types (http://
gepia.cancer-pku.cn/detail.php?gene=QPCT), suggest-
ing that membrane proteins of cancer cells may have
higher levels of pyroglutamate cyclization relative to
normal tissues. Whereas the binding of Gensci059 to
CD47 depends on the level of CD47 N-terminal pyro-
glutamate cyclization, the high level of pyroglutamate
cyclization in cancer cells may enhance their bind-
ing to Gensci059. The binding mechanism of TJC4 to
CD47 has also been investigated, and the structure
of the TJC4-CD47 complex is a new conformational
epitope with head-to-head linear binding. Erythrocytes
are characterized by a high degree of glycosylation of
membrane proteins, and N-linked glycosylation sites
near two key epitopes on the CD47 protein prevent
the binding of TJC4 to human RBCs [42]. The effect of
protein glycosylation on the binding of Gensci059 to
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CD47 was similarly explored in this study, and it was
found that the binding of Gensci059 to hCD47 was less
affected by protein glycosylation.

Given that GenSci059 is an antibody-based drug candi-
date, it was essential to determine the appropriate animal
species for non-clinical pharmacotoxicological testing
studies. To assess the binding affinity of GenSci059 with
CD47 among different species, experiments were con-
ducted. We found that GenSci059 binds to CD47 in
human and cynomolgus monkeys but not in mice. Based
on these findings, key toxicological studies were con-
ducted in the relevant animal species cynomolgus mon-
keys. We revealed that the exposure to GenSci059 was a
maximum tolerated dose (MTD) of 450 mg/kg. This indi-
cates a favorable safety profile for GenSci059. Notably,
the MTD was found to be 1800 times the effective dose
observed in the pharmacodynamic assay of GenSci059
(0.25 mg/kg). Furthermore, the administration of Gen-
Sci059 led to a decrease in erythroid-related parameters
and an increase in reticulocytes, fibrinogen, and total
bilirubin, which returned to pre-dose levels by day 22.
No safety concerns such as bleeding due to reductions
in platelets were observed in the animals. In the one-
month repeated-dose toxicity study, no significant toxic
effects were observed. Under the test conditions, the no
observed adverse effect level (NOAEL) was determined
to be 104300 mg/kg, which was 10 times higher than
the anticipated clinical dose of 30 mg/kg for the same
target drug and 120 times the effective dose observed in
the GenSci059 mouse pharmacodynamic assay (0.25 mg/
kg). Moreover, considering exposure, the NOAEL dose
in the one-month toxicology test in cynomolgus mon-
keys was 4.6 times higher than the exposure observed in
the clinical test of the same target product, Hu5F9-G4,
further supporting the favorable safety profile of Gen-
Sci059. These comprehensive findings from the non-
clinical studies provide crucial insights for the future
clinical development of GenSci059 as a promising drug
candidate. Further investigations and clinical trials are
warranted to fully evaluate the safety and effectiveness of
GenSci059 in patients with hematological malignancies.

Our study acknowledges areas that merit further inves-
tigation and strengthening: (1) The precise anti-tumor
mechanism of GenSci059 remains to be fully elucidated.
Additionally, the impact of GenSci059 on immune cell
function, specifically on human T, B, and NK lympho-
cytes, remains an aspect to be explored further. (2) This
study primarily demonstrated the capability of Gen-
Sci059 to inhibit tumor growth. However, the poten-
tial inhibitory effect of GenSci059 on metastasis and
relapse of AML or other cancers has yet to be explored
comprehensively. (3) Our study primarily concentrated
on assessing the impact of GenSci059 on hematologic
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adverse events. The potential effects of GenSci059 on cel-
lular functions of other cell types remain unclear. Thus, a
more extensive exploration of the safety profile of Gen-
Sci059 is warranted.

Conclusion

In conclusion, our study highlights the potential of Gen-
Sci059 as a superior anti-CD47 monoclonal antibody.
Its selective binding to pyroglutamate cycled CDA47
effectively blocks the CD47/SIRPa axis signaling path-
way, leading to enhanced phagocytosis of tumor cells by
macrophages. Furthermore, GenSci059 exhibits potent
antitumor activity and demonstrates a favorable safety
profile.

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/512967-023-04710-6.

Additional file 1: Figure S1. Biacore affinity profile of Gensci059 with
Mouse CD47 (A) and Rat CD47 (B). Figure S2. GenSci059 significantly
decreased HL-60 (A) and Kasumi-1 (B) migration. Figure S3. LC-MS based
peptide mapping results of hCD47-hFc-N-His (A) and hCD47-hFc (B).
Figure S4. Photograph of the tumors extracted from the PDX model of
subcutaneous xenotransplantedRaji cell for evaluating the combination
effect of GenSci059 with rituximab.

Acknowledgements
The authors would like to thank all the colleagues who contributed to this
study.

Author contributions

X-PC and Y-WW proposed the idea, designed and organized the manuscript,
TW finished the literature search, conducted some key experiments, organized
all experiments, and wrote part of the manuscript, Others have finished part of
experiments and wrote part of the manuscript.

Funding
This study is funded by GeneScience Pharmaceuticals. Grant/award number is
not applicable.

Availability of data and materials

The data supporting the findings of this study are available from GeneScience
Pharmaceuticals under license and are not publicly available due to restric-
tions. However, the authors are able to provide the data upon reasonable
request.

Declarations

Ethics approval and consent to participate
All of the animal experiments were approved by CrownBiolnstitutional Animal
Care and Use Committee (ACU18-1487).

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details

"Department of Clinical Pharmacology, Xiangya Hospital, Central South
University, Changsha 410008, Hunan, People’s Republic of China. >GeneSci-
ence Pharmaceuticals Co,, Ltd, Changchun 130012, Jilin, People’s Republic


https://doi.org/10.1186/s12967-023-04710-6
https://doi.org/10.1186/s12967-023-04710-6

Wang et al. Journal of Translational Medicine (2024) 22:220

of China. *National Clinical Research Center for Geriatric Disorders, Xiangya
Hospital, Central South University, Changsha 410008, Hunan, People’s Republic
of China.

Received: 9 August 2023 Accepted: 8 November 2023
Published online: 01 March 2024

References

1. Mattiuzzi C, Lippi G. Current cancer epidemiology. J Epidemiol Glob Health.
2019,9:217-22.

2. Maomao C, He L, Diangin S, Siyi H, Xinxin Y, Fan Y, et al. Current cancer
burden in China: epidemiology, etiology, and prevention. Cancer Biol Med.
2022;19:1121-38.

3. WangH,YinY,Wang P, Xiong C, Huang L, Li S, et al. Current situation and
future usage of anticancer drug databases. Apoptosis Int J Program Cell
Death. 2016;21:778-94.

4. JiaX,Yan B, Tian X, Liu Q, Jin J, ShiJ, et al. CD47/SIRPa pathway mediates
cancer immune escape and immunotherapy. Int J Biol Sci. 2021;17:3281-7.

5. Hayat SMG, BianconiV, Pirro M, Jaafari MR, Hatamipour M, Sahebkar A. CD47:
role in the immune system and application to cancer therapy. Cell Oncol
Dordr. 2020;43:19-30.

6. Alvey C, Discher DE. Engineering macrophages to eat cancer: from
“marker of self”CD47 and phagocytosis to differentiation. J Leukoc Biol.
2017;102:31-40.

7. van Duijn A, Van der Burg SH, Scheeren FA. CD47/SIRPa axis: bridging innate
and adaptive immunity. J Immunother Cancer. 2022;10: e004589.

8. Melo Garcia L, Barabé F. Harnessing macrophages through the blockage of
CD47:implications for acute myeloid leukemia. Cancers. 2021;13:6258.

9. Lehrman EK, Wilton DK, Litvina EY, Welsh CA, Chang ST, Frouin A, et al. CD47
protects synapses from excess microglia-mediated pruning during develop-
ment. Neuron. 2018;100:120-134.e6.

10. Sick E, Jeanne A, Schneider C, Dedieu S, Takeda K, Martiny L. CD47 update: a
multifaceted actor in the tumour microenvironment of potential therapeu-
tic interest. Br J Pharmacol. 2012;167:1415-30.

11. Soto-Pantoja DR, Kaur S, Roberts DD. CD47 signaling pathways controlling
cellular differentiation and responses to stress. Crit Rev Biochem Mol Biol.
2015;50:212-30.

12. Jiang Z,Sun H,Yu J, Tian W, Song Y. Targeting CD47 for cancer immuno-
therapy. J Hematol Oncol) Hematol Oncol. 2021;14:180.

13. Willingham SB, Volkmer J-P, Gentles AJ, Sahoo D, Dalerba P, Mitra SS, et al.
The CD47-signal regulatory protein alpha (SIRPa) interaction is a therapeutic
target for human solid tumors. Proc Natl Acad Sci U S A. 2012;109:6662-7.

14. Chen C,Wang R, Chen X, Hou Y, Jiang J. Targeting CD47 as a novel immuno-
therapy for breast cancer. Front Oncol. 2022;12: 924740.

15. Edris B, Weiskopf K, Volkmer AK, Volkmer J-P, Willingham SB, Contreras-
Trujillo H, et al. Antibody therapy targeting the CD47 protein is effective in
a model of aggressive metastatic leiomyosarcoma. Proc Natl Acad Sci USA.
2012;,109:6656-61.

16. Sun J, Muz B, Alhallak K, Markovic M, Gurley S, Wang Z, et al. Targeting CD47
as a novel immunotherapy for multiple myeloma. Cancers. 2020;12:305.

17. Wang Z LiB, Li S, Lin W,Wang Z Wang S, et al. Metabolic control of CD47
expression through LAT2-mediated amino acid uptake promotes tumor
immune evasion. Nat Commun. 2022;13:6308.

18. Mohanty S, Yerneni K, Theruvath JL, Graef CM, Nejadnik H, Lenkov O, et al.
Nanoparticle enhanced MRI can monitor macrophage response to CD47
mAb immunotherapy in osteosarcoma. Cell Death Dis. 2019;10:36.

19. LiuY-C, Yeh C-T, Lin K-H. Cancer stem cell functions in hepatocellular carci-
noma and comprehensive therapeutic strategies. Cells. 2020;9:1331.

20. Fujioka Y, Matozaki T, NoguchiT, lwamatsu A, Yamao T, Takahashi N, et al. A
novel membrane glycoprotein, SHPS-1, that binds the SH2-domain-con-
taining protein tyrosine phosphatase SHP-2 in response to mitogens and
cell adhesion. Mol Cell Biol. 1996;16:6887-99.

21. Tsai RK, Discher DE. Inhibition of “self” engulfment through deactivation
of myosin-Il at the phagocytic synapse between human cells. J Cell Biol.
2008;180:989-1003.

22. Johansen ML, Brown EJ. Dual regulation of SIRPalpha phosphorylation by
integrins and CD47. J Biol Chem. 2007;282:24219-30.

23. Logtenberg MEW, Scheeren FA, Schumacher TN. The CD47-SIRPa immune
checkpoint. Immunity. 2020;52:742-52.

24.

25.

26.

27.

28.

29.

30.

31

32.

33

34.

35.

36.

37.

38.

39.

40.

42.

Page 13 of 13

Yu J,Li S, Chen D, Liu D, Guo H, Yang C, et al. SIRPa-Fc fusion protein IMMO1
exhibits dual anti-tumor activities by targeting CD47/SIRPa signal pathway
via blocking the ‘don’t eat me”signal and activating the “eat me”signal. J
Hematol Oncol) Hematol Oncol. 2022;15:167.

Veillette A, Chen J. SIRPa-CD47 immune checkpoint blockade in anticancer
therapy. Trends Immunol. 2018,;39:173-84.

Feng M, Jiang W, Kim BYS, Zhang CC, Fu Y-X, Weissman IL. Phagocytosis
checkpoints as new targets for cancer immunotherapy. Nat Rev Cancer.
2019;19:568-86.

Sikic BI, Lakhani N, Patnaik A, Shah SA, Chandana SR, Rasco D, et al. First-
in-human, first-in-class phase | trial of the anti-CD47 antibody Hu5F9-G4

in patients with advanced cancers. J Clin Oncol Off J Am Soc Clin Oncol.
2019;37:946-53.

Advani R, Flinn |, Popplewell L, Forero A, Bartlett NL, Ghosh N, et al. CD47
blockade by Hu5F9-G4 and rituximab in non-hodgkin's lymphoma. N Engl J
Med. 2018;379:1711-21.

Zeidan AM, DeAngelo DJ, Palmer J, Seet CS, Tallman MS, Wei X, et al. Phase
1 study of anti-CD47 monoclonal antibody CC-90002 in patients with
relapsed/refractory acute myeloid leukemia and high-risk myelodysplastic
syndromes. Ann Hematol. 2022;101:557-69.

Ansell SM, Maris MB, Lesokhin AM, Chen RW, Flinn IW, Sawas A, et al. Phase
I study of the CD47 blocker TTI-621 in patients with relapsed or refractory
hematologic malignancies. Clin Cancer Res Off J Am Assoc Cancer Res.
2021;27:2190-9.

Logtenberg MEW, Jansen JHM, Raaben M, Toebes M, Franke K, Brandsma
AM, et al. Glutaminyl cyclase is an enzymatic modifier of the CD47- SIRPa
axis and a target for cancer immunotherapy. Nat Med. 2019;25:612-9.

Park E, Song K-H, Kim D, Lee M, Van Manh N, Kim H, et al. 2-amino-1,34-
thiadiazoles as glutaminyl cyclases inhibitors increase phagocytosis
through modification of CD47-SIRPa checkpoint. ACS Med Chem Lett.
2022;13:1459-67.

Liu J,Wang L, Zhao F, Tseng S, Narayanan C, Shura L, et al. Pre-clinical devel-
opment of a humanized anti-CD47 antibody with anti-cancer therapeutic
potential. PLoS ONE. 2015;10: e0137345.

Farge T, Nakhle J, Lagarde D, Cognet G, Polley N, Castellano R, et al. CD36
drives metastasis and relapse in acute myeloid leukemia. Cancer Res.
2023;83:2824-38.

Voermans C, van Heese WPM, de Jong |, Gerritsen WR, van der Schoot CE.
Migratory behavior of leukemic cells from acute myeloid leukemia patients.
Leukemia. 2002;16:650-7.

Yamao T, Noguchi T, Takeuchi O, Nishiyama U, Morita H, Hagiwara T, et al.
Negative regulation of platelet clearance and of the macrophage phago-
cytic response by the transmembrane glycoprotein SHPS-1. J Biol Chem.
2002,277:39833-9.

Lutz HU, Bogdanova A. Mechanisms tagging senescent red blood cells for
clearance in healthy humans. Front Physiol. 2013;4:387.

Jaiswal S, Jamieson CHM, Pang WW, Park CY, Chao MP, Majeti R, et al. CD47 is
upregulated on circulating hematopoietic stem cells and leukemia cells to
avoid phagocytosis. Cell. 2009;138:271-85.

QuT, Zhong T, Pang X, Huang Z, Jin C, Wang ZM, et al. Ligufalimab, a novel
anti-CD47 antibody with no hemagglutination demonstrates both mono-
therapy and combo antitumor activity. J Immunother Cancer. 2022;10:
e005517.

Peluso MO, Adam A, Armet CM, Zhang L, O'Connor RW, Lee BH, et al. The
fully human anti-CD47 antibody SRF231 exerts dual-mechanism antitumor
activity via engagement of the activating receptor CD32a. J Immunother
Cancer. 2020;8: €000413.

. ZhangY,Wang, Zhao Z, Peng W, Wang P, Xu X, et al. Glutaminyl cyclases,

the potential targets of cancer and neurodegenerative diseases. Eur J Phar-
macol. 2022,931:175178.

Meng Z, Wang Z, Guo B, Cao W, Shen H.TJC4, a differentiated anti-

CD47 antibody with novel epitope and RBC sparing properties. Blood.
2019;134:4063.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.



	Gentulizumab, a novel anti-CD47 antibody with potent antitumor activity and demonstrates a favorable safety profile
	Abstract 
	Background 
	Methods 
	Results 
	Conclusion 

	Background
	Materials and methods
	Monoclonal antibody generation and humanization
	Affinity measurement
	Blocking of SIRPα to CD47
	Phagocytosis assay
	Migration assay
	Binding experiment with human blood cells
	Antibody-dependent cell-mediated cytotoxicity (ADCC) and complement-dependent cytotoxicity (CDC) assays
	Liquid chromatography tandem mass spectrometry
	Selected binding and epitope analysis
	Mouse model construction
	Toxicity studies in NHPs
	Statistical analysis

	Results
	Generation and validation of GenSci059 antibody
	GenSci059 promotes macrophage phagocytosis in vitro
	Validation of GenSci059 in toxicity risk
	Binding of GenSci059 to hCD47 under different conditions
	GenSci059 exhibited effective antitumor activity
	GenSci059 has a favorable safety profile in non-human primates

	Discussion
	Conclusion
	Acknowledgements
	References


