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Abstract
Background: CD47 is a widely expressed transmembrane protein located on the sur-
face of somatic cells. It mediates a variety of cellular processes including apoptosis, 
proliferation, adhesion, and migration. An important role for CD47 is the transmis-
sion of a “Don't eat me” signal by interacting with SIRPα on the macrophage surface 
membrane, thereby preventing the phagocytosis of normal cells. However, cancer 
cells can take advantage of this autogenous signal to protect themselves from phago-
cytosis, thus enabling immune escape. Blocking the interaction between CD47 and 
SIRPα has proven to be effective in removing cancer cells. The treatment of various 
cancers with CD47 monoclonal antibodies has also been validated.
Methods: We designed and synthesized a peptide (RS17), which can specifically 
bind to CD47 and block CD47-SIRPα signaling. The affinity of RS17 for CD47-
expressing tumor cells was determined, while the inhibition of CD47-SIRPα signal-
ing was evaluated in vitro and in vivo.
Results: The results indicated that RS17 significantly promotes the phagocytosis of 
tumor cells by macrophages and had a similar therapeutic effect compared with a pos-
itive control (CD47 monoclonal antibodies). In addition, a cancer xenograft mouse 
model was established using CD47-expressing HepG2 cells to evaluate the effect of 
RS17 on tumor growth in vivo. Using ex vivo and in vivo mouse models, RS17 dem-
onstrated a high inhibitory effect on tumor growth.
Conclusions: Based on our results, RS17 may represent a novel therapeutic peptide 
for cancer therapy.
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1  |   INTRODUCTION

CD47 (also called integrin associated protein) is a ubiqui-
tously expressed membrane protein encoded by the human 
CD47 gene.1 It belongs to the immunoglobulin superfam-
ily with an uncommon structure.2 CD47 is a glycoprotein 
of approximately 52 kDa that consists of a short C-terminal 
intracellular tail, a five-transmembrane-domain and an N-
terminal IgV extracellular domain. There are typically four 
alternatively spliced cytoplasmic C-terminal forms of CD47 
in vivo, with Form-2 representing the most abundantly ex-
pressed transcript.2,3 The cytoplasmic tails lack a significant 
signaling domain and the function of the cytoplasmic tail re-
mains unknown.2,4

SIRPα and TSP-1 are two high-affinity CD47 ligands.5 
The interaction of CD47 with its ligands affects a variety 
of cell processes. Thus, CD47 plays an important role in 
the process of inflammation and angiogenesis.4,6 In ad-
dition, CD47 also interacts with some typical transmem-
brane integrins including the well-characterized integrin 
αVβ3.7 The interactions of these integrins with CD47 
attenuate cell functions including spreading, migration, 
and adhesion.1,7 However, recent studies of CD47 func-
tion have mainly focused on the CD47–SIRPα interaction 
which inhibits phagocytosis.8 SIRPα has many aliases in-
cluding BIT, SHPS-1, and CD172a. It is an administrative 
transmembrane glycoprotein belonging to the SIRP family 
and expressed primarily by macrophages, dendritic cells, 
neurons, and stem cells.9,10 SIRPα consistently behaves as 
a negative receptor and interacts with CD47 to generate 
the anti-phagocytic signal, which negatively regulates the 
function of innate immune cells such as immune homeosta-
sis.10,11 The corresponding intracellular event is the gener-
ation and accumulation of myosin IIA which finally inhibit 
the process of phagocytosis.12,13

CD47 were expressed in a variety of human tumors such 
as non-Hodgkin's lymphoma, bladder cancer, breast cancer, 
and acute myeloid leukemia.14-17 Although CD47 has some 
impact on the proliferation and migration of tumor cells,18,19 
it functions in cancer cells as a cell surface ligand. Through 
interactions with SIRPα on surrounding phagocytes, it 
generates an antiphagocytic signal to macrophages.10,13 
Overexpression of CD47 enables cancer cells to escape 
phagocytosis. Therefore, CD47 is a potential drug target for 
cancer immunotherapy and anti-CD47 antibodies were found 
to effectively release the antiphagocytic signal for macro-
phages to clear CD47-expressing tumor cells.20,21

Peptides are unique pharmaceutical compounds with 
many favorable properties including excellent target se-
lectivity, low toxicity, and outstanding efficacy.22 Some 
peptides are actively involved in various physiological 
mechanisms and behave as growth factors, neurotransmit-
ters, antimicrobials, and hormones.23-26 Peptides can be 

lead compounds in drug development. Their highly spec-
ificity in target binding, selectivity for target molecules, 
flexibility in amino acid sequences, and potential binding 
renders peptides excellent drug candidates.27,28 Compared 
to large biomolecules, peptides can penetrate deeper into 
tissues. In addition, compared to antibodies and recombi-
nant proteins, peptides are less immunogenic, more potent, 
minimally toxic, relatively inexpensive, easy to manufac-
ture and store.27-33

In the past decade, targeted therapies have become an 
important way of cancer treatment.34 Many targeted drugs 
including those in clinical trials or in the clinic use inhibit 
tumor growth by regulating tumorigenesis, angiogenesis, and 
progression.35 Recently, peptide drugs became a promising 
class of drug candidates. They composed one of the largest 
areas of drug development, especially in oncology as well 
as metabolic and cardiovascular diseases.22 CD47 antago-
nist peptide is a primary example of anticancer peptide drug 
and CD47 became a potential anticancer target as a novel 
treatment.

In this work, a peptide RS17 with novel sequence was 
designed and synthesized that targets the CD47-SIRPα sig-
naling pathway.36 To evaluate the RS17 peptide and CD47 
interaction, an Molecular Operating Environment (MOE 
2009) software was used for docking simulation analysis.37 
We validated the RS17/CD47 interaction by microscale 
thermophoresis (MST) and flow cytometry analysis. 
Furthermore, the antitumor activity of RS17 was evaluated 
in vivo and in vitro.

2  |   MATERIALS AND METHODS

2.1  |  Design and virtual screening of RS17 
and its interaction with CD47

MOE 2009 software was from Chemical Competing Group, 
Quebec, Canada. We used this software to analyze CD47 and 
SIRPα interactions (PDB ID: 2jjs) and identified six residues 
in CD47 (Leu3, Lys6, Tyr37, Glu97, Glu104, and Glu106) 
which may contribute to the interaction. Using these six 
amino acids, we designed the CD47 targeting peptide, RS17, 
by homology modeling based on SIRPα and CD47 interac-
tion. The complex structure of the interaction between CD47 
and SIRPα was also considered in the design process. Then, 
MOE 2009 software was used to determine the docking 
image between RS17 and CD47.

2.2  |  Synthesis and detection of RS17

The peptides were synthesized using the solid-phase 
peptide synthesis method. Amino acid activation phase 
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included 1-hydroxybenzotriazole (HOBt) and N, N′-
diisopropylcarbodiimide (DIC). Deprotection agent was 
piperidine (PIP). Following synthesis, the peptides were 
cleaved with 90% of trifluoroacetic acid (TFA) and pre-
cipitated with ether to obtain the crude product. The crude 
peptides were purified by HPLC and the molecular weight 
were measured by online ESI-MS, respectively. Besides, the 
FITC-RS17 peptide was prepared by coupling with FITC 
through the Acp active group to RS17. The product was puri-
fied and analyzed by the same process.

2.3  |  Cell culture

The SCC-13 human cutaneous squamous cell carcinoma cell 
lines, HepG2 human HCC cell line, THP-1 human mono-
nuclear cell line, and mouse mononuclear/macrophage cell 
lines were from Chinese Academy of Sciences in Shanghai. 
SCC-13 and HepG2 cells were incubated in DMEM medium 
which contains 100 μg/ml of streptomycin and 50 μg/ml of 
penicillin. The medium also contains 10% of fetal bovine 
serum from Gibco Life Technologies. RAW264.7 cells were 
cultured in RPMI 1640 medium. As the DMEM medium, the 
RPMI 1640 medium also contains 100 μg/ml of streptomy-
cin, 50  μg/ml of penicillin, and 10% of FBS. THP-1 cells 
were cultured in RPMI 1640 medium which contains 100 μg/
ml of streptomycin, 50  μg/ml of penicillin, 2200  μg/ml of 
NaHCO3, 0.05 mM of β-mercaptoethanol, and 10% of FBS. 
All cells were cultured in a humidified incubator at 37°C in 
5% CO2.

2.4  |  Western blot analysis

Cellular protein expression was measured by western blot 
analysis.38 Tumor cells and macrophages were enzymatically 
collected and after centrifugation they were washed with 
PBS precooled at 4℃. Cell lysis was done using RIPA lysis 
buffer placed in ice for 30 min (Wanleibio). The undissolved 
cell fragments were removed by centrifugation at 12000 g at 
4℃ for 5 min. Proteins in the supernatant were developed 
on 10% of SDS-PAGEs and after electrophoresis the protein 
bands on the gels were transported to PVDF membranes. 
After blocking the PVDF membranes with 5% of skim milk 
at room temperature for 2 h, the membrane was incubated 
separately with first antibodies (Abcam) specific for target 
proteins overnight at 4℃. After briefly washing the PVDF 
membranes with TBST for three times, the membranes were 
incubated with horseradish peroxidase-conjugated second 
antibody (Wuhan Servicebio) at room temperature for 1.5 h. 
After washing the membranes with TBST buffer, bands for 
target proteins were visualized with an ECL detection kit 
(Millipore Corporation).

2.5  |  Microscale thermophoresis analysis

The technique of Microscale Thermophoresis (MST) is 
widely used in determining the affinity of the interaction 
between biomolecules based on thermal motion.39 Hence, 
MST can describe and predict the binding between pro-
teins and peptides. CD47 protein was from Cloud-Clone. 
The CD47 protein was dissolved in a buffer solution with-
out primary amine compounds and exchanged by mixed 
column A. The CD47 protein was stained by Cy5 fluores-
cent dye (Ruixin Biological Technology) and after stain-
ing, the labeled protein was purified by column B. Finally, 
the RS17 peptides were diluted and mixed with the labeled 
protein in a 1:1 ratio. After incubating at room temperature 
for 5 min, samples were detected and data were processed 
by Monolith NT.115 and NT-Analysis, which were from 
NanoTemper.

2.6  |  Flow cytometry analysis

The binding of RS17 to the CD47-expressing cells were as-
sessed by the Flow cytometry technique.14 In brief, HepG2 
and SCC-13.14 In brief, HepG2 and SCC-13 cells were col-
lected and adjusted to 3 × 106 cells/ml. A 100 μl cell sus-
pension per tube was incubated with RS17 in a humidified 
environment for 1 h (5% CO2, 37℃, in dark). After wash-
ing with PBS, the cells were analyzed with a flow cytometer 
(Miltenyi Biotec GmbH). Data were analyzed with FlowJo 
7.6.

2.7  |  Macrophage polarization

THP-1 cells were cultured normally until logarithmic phase 
when phorbol 12-myristate 13-acetate (PMA, Beyotime) 
was added at a final concentration of 100 ng/ml. The origi-
nal medium was replaced with a non-PMA RPMI 1640 me-
dium after a 48-h incubation. The cells were cultured for 
an additional 24 h until THP-1 cells were transformed into 
M0 phenotype macrophages. LPS (1  μg/ml) (Beyotime) 
was added to the medium to transform M0 phenotype 
macrophages into M1-polarized macrophages after 48 h.40 
RAW264.7 cells were cultured normally until logarithmic 
phase. LPS (1 μg/ml) was added to transform M0 pheno-
type macrophages into M1-polarized macrophages after 
48 h.41

2.8  |  In vitro phagocytosis

5  ×  104 polarized macrophages in RPMI 1640 medium 
were seeded into each well of a 24-well plate in presence of 
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10% FBS. After 24 h, the cells were incubated with serum-
free medium. After incubating for 2 h, CFSE (Invitrogen)-
tagged HepG2 cells were added to the plates at 2  ×  105 
cells/well. Then, 1  μM B6H12 (BioXcell) or RS17 were 
added to the 24-well tissue culture plate. The original me-
dium was replaced with PBS after 2 h and the cells in the 
plate were observed under an OLYMPUS IX53 fluores-
cence microscope. To monitor green fluorescence, the ex-
citation wavelength was set to 490–495 nm.14 The number 
of CFSE-positive cells within macrophages was counted 
and the phagocytic index was determined as the number 
of ingested cells per 100 macrophages. At least 200 mac-
rophages were counted per well.42

Prior to flow cytometry, the co-incubated macrophages 
were collected and incubated with APC-Anti-CD11b an-
tibodies (BioLegend) in a humidified environment for 1  h 
(5% CO2, 37℃, without light). After collection and washing 
twice with PBS, the cells were measured using a flow cytom-
eter (Miltenyi Biotec GmbH). FlowJo 7.6 data analysis was 
done to screen CFSE+ CD11b+ cells.42

2.9  |  Lentiviral transfection

RFP (CMV-Puro) lentiviral particles were purchased from 
HanBio. 5  ×  104 HepG2 in DMEM medium were seeded 
into each well of a 12-well plate in presence of 10% FBS. A 
6 μg/ml of Polybrene and 20 MOI lentivirus were added to 
each well. The cells were resuspended in DMEM medium 
in presence of 8 μg/ml puromycin after a 48-h transfection. 
DMEM medium with 8  μg/ml of puromycin was replaced 
every 2 days for 1 week. RFP-positive HepG2 cells were then 
acquired by flow cytometry. Polybrene and puromycin were 
from Sigma.

2.10  |  Antitumor activity by ex vivo assay

Female Balb/c nude mice (4–5 weeks) were bred in the ab-
sence of pathogens to assess the antitumor activity of indirect 
therapies in vivo.

RFP-positive HepG2 cells at a concentration of 2 × 107/
ml were first co-incubated for 1 h with 1 μM B6H12 (pos-
itive control) or RS17. The nude mice were separated into 
three groups (5 per group) and subcutaneously injected 
with 200  μl RFP-positive HepG2 cells into the ventral 
side. Normal feeding lasted for 7 days. Body weight and 
tumor volume were measured in nude mice. Tumor di-
mensions were measured in two directions with and the 
formula of ½ × a × b2 (a, length; b, width) was used to 
calculate tumor volume. The intravital fluorescence inten-
sity of the tumors were detected with PerkinElmer IVIS 
Spectrum on day 7.

2.11  |  In vivo antitumor activity assay

Nude mice were subcutaneously injected with 2 × 107 RFP 
HepG2 cells into the ventral side and separated into three 
groups (5 per group). One of the groups was selected as the 
experimental group and received a daily subcutaneous injec-
tion with RS17 (20 mg/kg), the other two groups represented 
a positive control and a blank control and received a daily 
subcutaneous injection with B6H12 (20 mg/kg) and PBS, re-
spectively. Daily injections were administered for 28 days. 
Body weight, tumor volume, and imaging on day 28 were 
carried out described above.

3  |   RESULTS

3.1  |  Design and virtual screening of RS17 
and their interactions with CD47

Based on the X-ray diffraction images of CD47 and 
SIRPα crystal structure (PDB ID: 2jjs), we identified 
six candidate amino acid residues (Leu3, Lys6, Tyr37, 
Glu97, Glu104, and Glu106) in CD47 which may play 
a role in binding. We then designed a peptide, RS17 
(RRYKQDGGWSHWSPWSS), predicted to bind to the 
key amino acids in CD47 and block SIRPα and CD47 
interaction. We simulated the interaction between CD47 
and RS17 using MOE 2009 software. The schematic dia-
gram of the interaction between CD47 and RS17 is shown 
in Figure 1. RS17N-terminus (RRYKQDGGWS) can in-
teract with six amino acid residues (Lys6, Tyr37, Lys41, 
Glu97, Glu104, and Glu106) of CD47, while the C-
terminus (HWSPWSS) interacts with seven other amino 
acid residues (Leu3, Asn5, Phe24, Val25, Thr26, Lys75, 
and Asp77) in CD47.

3.2  |  Synthesis and detection of RS17

The peptides used in the experiments were generated by 
solid-phase synthesis. After synthesizing the RS17 peptide 
(Figure 2A), we analyzed its purity by HPLC and determined 
its molecular weight by mass spectrometry (MS). The RS17 
molecular weight was measured to be 2119.6 which is con-
sistent with the theoretical value and its purity was 95.3% 
(Figure 2).

3.3  |  Expression of CD47 and SIRPα

The engagement of tumor cell CD47 with SIRPα ex-
pressed on the surface of monocytes/macrophages may 
produce inhibitory signals which inhibit phagocytosis.10 
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Because the effect of CD47 antagonists for cancer treat-
ment requires blocking CD47 and SIRPα interaction, we 
examined CD47 expression on selected cells. An experi-
mental model was established for evaluation of RS17 
activity in vitro. The SCC-13 cutaneous squamous cell 
carcinoma cell line and HepG2 hepatoma cell line exhib-
ited high CD47 expression. In addition, we also screened 
mononuclear and macrophages for SIRPα expression 
and found that the THP-1 human mononuclear and the 
RAW264.7 mouse mononuclear/macrophage cell lines 
expressed high SIRPα levels. As shown in Figure  3, 
high CD47 expression in both SIRPα-expressing cells 

indicates that CD47 is a widely expressed cell surface 
factor.11

3.4  |  Affinity of RS17 with its target

Microscale thermophoresis (MST) is an effective tech-
nique that accurately quantitates the interaction between 
two molecules. It depends on the thermo-swimming move-
ment of a molecule, which is a directional transfer of the 
molecule across a temperature gradient dependent on mo-
lecular properties such as molecular size, electric charge, and 

F I G U R E  1   Interaction between RS17 and CD47. (A, B) Schematic diagram of the interaction between RS17 (red) and CD47 (green) from 
different perspectives. (C) The interaction between the N-terminus of RS17 and CD47. (D) The interaction between the C-terminus of RS17 and 
CD47
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conformation.39 A Monolith NT.115 instrument was used as 
a platform to perform the MST experiment and the results 
were analyzed using the accompanying NT-Analysis soft-
ware. As shown in Figure 4A, MST measurements revealed 
that the dissociation constant (Kd) for RS17 and CD47 inter-
action was 3.857 ± 0.789 nM indicating that there is high-
affinity binding between RS17 and CD47.

Moreover, we also used flow cytometry to assess 
binding of FITC-RS17 with SCC-13 and HepG2 cells, 
which highly express CD47. As shown in Figure  4B,C, 
FITC-RS17 was effectively bound when co-incubated with 
1 μM FITC-RS17 peptide. The results indicated that RS17 
can not only bind to the CD47 molecule efficiently, but 
also shows a possibility which binds to cells exhibiting 
CD47 expression.

3.5  |  RS17 disrupts CD47–SIRPα 
interactions and promotes the phagocytic 
activity of macrophages

CD47 expressed on the tumor cells serves as a ligand for 
the SIRPα immune inhibitory receptor, which is expressed 
on macrophages. CD47 provides an antiphagocytic sig-
nal to macrophages by interacting with SIRPα. The idea 
that CD47 antibodies, such as B6H12, can prevent this 
interaction, and thus, enable macrophages to phagocyt-
ize CD47-expressing tumor cells suggests that the RS17 
peptide can produce the same effect.11 According to the 
method of Chao et al.,14 we used a phagocytosis experi-
ment to verify that RS17 can promote the phagocytosis 
of CD47-expressing HepG2 tumor cells by macrophages. 

F I G U R E  2   Chemical structure, molecular weight, and purity of the RS17 peptide. (A) Chemical structure of RS17. (B) Electrospray ionization 
mass spectrometry (ESI-MS) indicating a molecular weight of 2119.6. (C) The purity of RS17 was 95.3% as determined by high performance liquid 
chromatography (HPLC)
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Human THP-1 monocytes and mouse RAW264.7 mono-
cytes/macrophages were polarized to the M1 stage for this 
experiment. As expected, RS17 significantly increased 
phagocytosis of Carboxyfluorescein succinimidyl ester 
(CFSE)-labeled HepG2 cells by macrophages. Incubation 
with both RS17 and CD47 antibodies (B6H12) resulted 
in increased phagocytosis by macrophages, whereas both 
macrophages weakly phagocytosed HepG2 cells in the ab-
sence of RS17 or B6H12 (Figure 5).

For a more accurate analysis of phagocytosis, we also 
used flow cytometry to quantify the effect of phagocytosis 
induced by RS17. CFSE-labeled HepG2 cells, which were 

F I G U R E  3   CD47 and SIRPα expression was measured in cell 
lines by western blot analysis. CD47 was detected in all of four 
cell lines, whereas SIRPα was only detected in the mononuclear/
macrophage cell lines

F I G U R E  4   The interaction between RS17 and CD47. (A) Analysis of the data from the MST of RS17 and CD47. There was a high affinity 
between RS17 and CD47 (Kd = 3.857 ± 0.789 nM). (B) The interaction of FITC-RS17 polypeptide and SCC-13 cells as detected by flow 
cytometry after incubation of SCC-13 cells with 1 μM FITC-RS17. (C) The interaction of FITC-RS17 polypeptide and HepG2 cells as detected by 
flow cytometry after incubation of HepG2 cells with 1 μM FITC-RS17
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co-incubated with THP-1/RAW264.7(M1), were analyzed 
by flow cytometry. When macrophages phagocytosed 
CFSE-labeled HepG2 cells, green fluorescence was detect-
able in the cells.42 The flow cytometry detection confirmed 
that RS17 significantly improved the efficiency of phago-
cytosis, and both RS17 and CD47 antibodies (B6H12) en-
hanced the phagocytic efficiency of macrophages (Figure 
S1).

3.6  |  RS17 inhibits the growth of high  
CD47-expressing tumors of in vivo

Previous experiments identified the antitumor effect of RS17 in 
vitro. RS17 can inhibit tumor immune escape by blocking the 
CD47-SIRPα signaling pathway. To determine the activity of 
RS17 in vivo, we designed two experiments to verify the antitu-
mor activity of RS17 in vivo based on the method of Chao et al.14

F I G U R E  5   RS17 induced tumor cell phagocytosis by macrophages. (A) THP-1 macrophages (M1) were co-incubated with HepG2 cells. 
HepG2 cells were stained with the CFSE green dye and B6H12 was used as a positive control. (B) RAW264.7 macrophages (M1) were co-
incubated with HepG2 cells. HepG2 cells were stained with CFSE green dye and B6H12 was used as a positive control. (C) The phagocytic index 
of THP-1 cells co-incubated with HepG2 cells. The computational method is described in the “Materials and Methods” section. (D) Phagocytic 
index of RAW264.7 cells co-incubated with HepG2 cells. Histogram results are presented as the mean ±SD (n = 3), **p < 0.01, ***p < 0.001
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First, an ex vivo experiment was performed. After pre-
treating and co-incubating with the B6H12 antibody or RS17, 
RFP-positive HepG2 cells, derived by transfection with lentivi-
rus (RFP-puromycin), were injected subcutaneously into nude 
mice. The mice were separated into three groups according to 
the treatment protocol. Body weight and tumor volume were 
measured during the feeding period. Seven days after nor-
mal feeding, all of the nude mice were examined by in vivo 

imaging. As shown in Figure 6, compared with the phosphate 
buffer saline (PBS) group, fluorescence in nude mice inocu-
lated with RS17 peptide or B6H12 phagocytized RFP-positive 
HepG2 cells significantly less. This result indicated that RS17 
peptide inhibited tumor growth in vivo. The therapeutic effect 
of RS17 compared with anti-CD47 antibodies. In addition, the 
experimental nude mice did not show a significant weight loss 
and the two treatments were well tolerated.

F I G U R E  6   RS17 inhibits tumor 
growth in an ex vivo experiment. Nude 
mice were fed normally after implantation 
of tumor cells until day 7. (A) Analysis by 
in vivo imaging on day 7 (1-PBS control, 
2-B6H12 positive control, 3-RS17). (B) 
In vivo imaging results were quantified by 
average radiant efficiency. (C) The changes 
in tumor volume in nude mice. (D) Tumor 
weight in nude mice on day 7. Results 
are presented as the mean ± SD (n = 5), 
*p < 0.01, ** p < 0.001

F I G U R E  7   RS17 inhibition of 
tumor growth in vivo. Nude mice were 
subcutaneously implanted with tumor cells 
and treated with a subcutaneous injection 
of RS17 (20 mg/kg), B6H12 (20 mg/kg), or 
PBS once a day for 28 days. (A) Analysis 
by in vivo imaging on day 28 (1-mouse 
from the RS17 treatment group, 2-mouse 
from the B6H12 treatment group, 3-mouse 
from the PBS control group). (B) In vivo 
imaging results were quantified by the 
average radiant efficiency. (C) The changes 
tumor volume in mice. (D) Tumor weight in 
mice on day 28. The results are presented as 
mean ± SD (n = 5), *p < 0.01, ** p < 0.001
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An in vivo experiment was done to verify the therapeu-
tic efficacy of RS17. First, RFP-positive HepG2 cells were 
transfected with lentivirus (RFP-puromycin) and subcutane-
ously injected into nude mice. The mice were separated into 
three groups and injected subcutaneously with RS17 (20 mg/
kg), B6H12 (20 mg/kg), or PBS once a day for 4 weeks. Body 
weight and tumor volume were measured and all mice were 
subjected to in vivo imaging system at week 4. As shown 
in Figure 7, the growth of the tumors treated with RS17 or 
B6H12 was significantly inhibited. Moreover, RS17 poly-
peptide inhibited tumor growth in vivo, and the treatment 
effect of RS17 superior compared with that of the B6H12 
anti-CD47 antibody.

4  |   DISCUSSION

In this study, we used a bioinformatics method to design a 
CD47-targeted peptide (RS17). MOE analysis confirmed 
that RS17 binds specifically to the extracellular domain of 
CD47. A solid-phase peptide synthesis method was used 
to generate RS17 at 95.3% purity. MST and flow cytom-
etry analysis confirmed that RS17 binds with high affinity 
to CD47. Functionally, RS17 incubation promoted phago-
cytosis of HepG2 human hepatocellular carcinoma cells by 
macrophages in vitro as determined by microscopy and flow 
cytometry. Furthermore, blocking the SIRPα/CD47 interac-
tion with RS17 significantly inhibited the growth of HepG2 
cells in Balb/c nude mice.

The RS17 peptide interacted with human CD47 on two 
human tumor cell lines (Figure  4). RS17 incubation in-
creased phagocytosis of HepG2 cells by not only THP-1 
cells, but also RAW264.7 cells as determined by fluores-
cence microscopy. This result was further confirmed by 
detecting the phagocytosis of HepG2 cells by THP-1 cells 
(Figure S1A) and RAW264.7 cells (Figure S1B) using 
flow cytometry. A positive antihuman CD47 control an-
tibody (B6H12) exhibited a similar effect as RS17, which 
confirmed that the enhanced effect of RS17 on HepG2 
phagocytosis occurred by inhibiting the CD47 and SIRPα 
interaction. The results in Figure 5 and Figure S1 show that 
human CD47 can interact with SIRPα on both THP-1 and 
RAW264.7 cells. This is consistent with the in vivo tumor 
growth inhibition shown in Figures 6 and 7, in which RS17 
or B6H12 treatment inhibited HepG2 growth by blocking 
the interactions between CD47 on HepG2 and SIRPα on 
mouse macrophages.

In vitro phagocytosis experiments (Figure 5; Figure S1) 
revealed that the effect of the B6H12 antibody was signifi-
cantly higher compared with RS17, whereas in the in vivo 
tumor growth inhibition experiments (Figures 6 and 7), RS17 
showed a significantly stronger inhibitory effect compared 
with B6H12. Both reagents were subcutaneously injected 

and RS17 was better absorbed compared with the B6H12 an-
tibody via this route of administration. As a relatively small 
molecule, the possibility that RS17 blocks the interaction be-
tween mouse CD47 and its ligands may not be excluded.

The CD47-SIRPα signaling pathway is an important 
mechanism of immune escape for high CD47-expressing 
tumor cells. This pathway represents a good target for the de-
velopment of antitumor drugs, because inhibiting this path-
way suppresses the occurrence and development of tumors. 
The current study provides a proof of concept that CD47 an-
tagonists can block the CD47 and SIRPα interaction. This 
promotes tumor cell phagocytosis in vitro and inhibits tumor 
growth in vivo. Daily subcutaneous injections of 20 mg/kg 
RS17 resulted in more than a 50% inhibition of tumor growth 
(Figures 6 and 7), thus, confirming the efficacy of this treat-
ment. Furthermore, the CD47/SIRPα signaling pathway may 
be used in combination with other signaling inhibitors to pro-
duce a synergistic antitumor effect. For example, anti-CD47 
antibodies in combination with Rituximab that targets CD20, 
showed a greater antitumor effect in non-Hodgkin's lym-
phoma compared with either agent alone.14 Further study and 
chemical modifications are warranted to determine the effi-
cacy of RS17 and related peptides for cancer treatment.
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