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Abstract  
CD47, a cell surface transmembrane glycoprotein, is an innate immune checkpoint that suppresses phagocytic 
clearance. Emerging evidence suggests that CD47 has noncanonical functions. However, its involvement in che
motherapy resistance is not well understood. Our study reveals that cisplatin treatment upregulates CD47 ex
pression across multiple cancer cell lines. Cisplatin induces the expression of CD47 through the ATM/NF-κB 
signaling pathway. Genetic ablation of CD47 dramatically sensitizes cancer cells to cisplatin. Mechanistically, CD47 
depletion potentiates cisplatin-induced DNA damage, as demonstrated by elevated γH2AX formation and ATM 
phosphorylation. Knockdown of CD47 inhibits the expression of DNA repair genes ERCC1, FANCA, and BRCA2 
through the ATM/NF-κB pathway. Remarkably, CD47 blockade with neutralizing antibodies recapitulates these 
effects, synergistically potentiating cisplatin’s DNA-damaging capacity while suppressing DNA repair capacity. 
CD47 blockade also potentiates cisplatin’s tumor inhibitory effect in vivo. These findings establish a novel me
chanism whereby CD47 promotes cisplatin resistance through transcriptional regulation of DNA repair pathway, 
providing rationale for combining CD47-targeted therapies with conventional chemotherapy. This dual approach 
could simultaneously overcome immune evasion while enhancing treatment efficacy. 
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Introduction 
CD47 is a cell surface transmembrane glycoprotein. It binds to the 
signal regulatory protein (SIRP) on the surface of macrophages to 
prevent phagocytosis. It is widely expressed on many cells of 
epithelial and mesenchymal origin and is constitutively over
expressed in many tumors [1]. Expression of CD47 on cancer cells 
may allow cancer cells to escape macrophage phagocytosis and 
immune surveillance of the body [2–6]. High CD47 expression on 
tumor cells is associated with poor prognosis in human malig
nancies [7,8]. 

Blocking CD47 signaling or suppressing CD47 expression protects 
normal tissues from ionizing radiation (IR) injury [9–11]. CD47 
deficiency protects irradiated T-cells and endothelial cells [12] and 
both hematopoietic and gastrointestinal tissue [11] from radiation 
by activation of autophagy, anabolic metabolites [10], transcription 
factors that support asymmetric stem cell self-renewal [13], and 

SLFN11 expression [14]. It has been shown that non-malignant cells 
and Jurkat T cells lacking CD47 are protected from genotoxic stress 
induced by IR [10,12]. This protection is mediated in part by an 
enhanced protective autophagy response in cells lacking CD47 or 
with reduced CD47 expression [12]. Radioresistance in the CD47- 
deficient mutant is associated with global metabolic stabilization, 
including induction of nucleotide biosynthesis required to repair 
DNA damage induced by ionizing radiation [10]. Loss of CD47 or 
blocking its function with the CD47 function-blocking antibody 
B6H12 improved the ability of Jurkat T cells to restore genomic 
integrity after damage caused by IR [14]. However, the relationship 
between IR, DNA damage and CD47 expression, has not been 
studied yet. Ghantous et al. [15] demonstrated recently that IR and 
genotoxic agents-caused DNA damage induced CD47 expression in 
both non-malignant and malignant cells. The authors showed that 
genotoxic stress upregulated CD47 following DNA damage in a 
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MRE11-dependent manner. 
Contrary to its protective effect in normal cells, CD47 loss has 

been shown to enhance radiosensitivity and chemosensitivity in 
cancer cells. Inhibition of CD47 sensitized the B16 mouse 
melanoma cells to IR injury in vivo [9]. CD47 expression was 
upregulated in chemoresistant hepatocellular carcinoma (HCC), 
and suppression of CD47 sensitized HCC to doxorubicin in vivo 
through blockade of CTSS/PAR2 signaling [16]. Knockdown of 
CD47 in liver cancer Huh-7 and MHCC97L cells increased the 
sensitivity of the cells to both cisplatin and doxorubicin. CD47+ HCC 
cells derived from PLC/PRF/5 were more chemoresistant than CD47- 
null cells in response to cisplatin and doxorubicin treatments. 
Upregulated CD47 made HCC resistant to sorafenib, though the 
underlying mechanism is unknown [17]. Expression of CD47 in 
ovarian clear cell carcinoma correlated with chemotherapy resis
tance and prognosis [18]. Knockdown of CD47 enhanced the 
sensitivity of breast cancer MDA-MB-231 cells to docetaxel [19]. 
These studies indicate that CD47 confers cancer cell resistance to 
chemotherapy. However, in B-cell chronic lymphocytic leukemia 
cells, CD47 activation induced cell apoptosis [20]. And CD47 
activation mediated killing of breast cancer cells [21]. Analysis of 
B16 melanoma cells exposed to irradiation revealed that suppres
sion of CD47 exerted a radioprotective effect for cell viability in 
vitro, which is different from that in vivo [9]. These results highlight 
the context-dependent functions of CD47. 

Chronic DNA damage response in cancer cells might contribute to 
constitutive elevated expression of CD47 and promote immune 
evasion. However, the function of DNA damage reagent-induced 
CD47 in the survival of cancer cells remains largely unclear. 
Whether and how CD47 influences DNA damage repair and 
regulates survival of cancer cells need investigation. In this study 
we demonstrate that cisplatin induced the expression of CD47 
through the ATM/NF-κB pathway. Knockdown of CD47 reduced the 
expression of DNA repair genes ERCC1, FANCA, and BRCA2, and 
enhanced DNA damage and cell death induced by cisplatin. Genetic 
ablation or blockade of CD47 significantly potentiated cisplatin’s 
cytotoxic effects against malignant cells. Our results suggest that 
CD47 promotes chemoresistance through increasing DNA repair 
genes expression and CD47-targeting may potentiate the efficacy of 
chemotherapy. 

Materials and Methods 
Cell culture and treatment 
Human liver cancer HepG2, Hep3B, and MHCC97L cells, colon 
cancer RKO and SW480 cells, breast cancer MCF-7 and MDA-MB- 
231 cells, and glioblastoma U87 and LN229 cells were from Type 
Culture Collection of the Chinese Academy of Sciences (Shanghai, 
China) and were maintained in Dulbecco’s Modified Eagle’s 
medium (Gibco, Grand Island, USA) with 10% fetal bovine serum. 
These cells were routinely tested for Mycoplasma infection. Cancer 
cells were treated with cisplatin in the presence or absence of NF-κB 
inhibitor BAY 11-7082, TBK1 inhibitor GSK8612, or ATM inhibitor 
KU55933 for indicated hours. Cisplatin, BAY 11-7082, and GSK8612 
were from MedChemExpress (Monmouth Junction, USA). KU55933 
was a product of TargetMol (Nanjing, China).  

Small interfering RNA (siRNA) experiment 
Cancer cells were digested to form a single-cell suspension and 
plated in 6-well plates until the cells entered the logarithmic growth 

phase. When the cell density reached ~80%, siRNA oligos (20 nM) 
were transfected into the cells using Lipofectamine 2000 (Thermo 
Fisher Scientific, Waltham, USA) as per the manufacturer’s 
protocols. siRNA oligos were from GenePharma (Shanghai, China). 
These siRNA sequences are shown below: siATM-1: 5′-GAAA 
GAAAGAAGUUGAGAA-3′, siATM-2: 5′-GAAAUAUAUUCAGAAA 
GAA-3′, sip65-1: 5′-AGCUGAUGUGCACCGACAA-3′, sip65-2: 5′- 
GGACAUAUGAGACCUUCAA-3′, and Control: 5′-UUCUCCGAAC 
GUGUCACGU-3′. 

Overexpression experiment 
Cells were seeded in 6-well culture plates at 50%‒60% confluency. 
The following day, the culture medium was removed and replaced 
with a mixture of ERCC1- or FANCA-encoding vector (Youbio 
Biological Technology, Changsha, China) diluted in Opti-MEM 
serum-free medium complexed with lipofectamine 2000 (Thermo 
Fisher Scientific). After 6 h of transfection, the transfection 
mixture was replaced with fresh culture medium containing 10% 
serum.  

Genomic editing 
Single-guide RNAs were designed to target the CD47 using the 
CRISPR design tool (www.benchling.com). The annealed guide 
RNA oligonucleotides were inserted into a lentiCRISPR V2 vector 
(Addgene, Watertown, USA) digested with the BsmBI restriction 
enzyme. The lentiCRISPR V2-sgRNA together with psPAX2 and 
pMD2.G vectors were transfected into 293T cells, and the medium 
containing virus was collected at 48 h after transfection [22]. The 
cells grown in a 6-well plate were infected with the collected 
lentivirus in medium containing polybrene at a final concentration 
of 5 μg/mL. After 48 h, the cells were selected in medium containing 
puromycin (1 μg/mL). The sequences of sgRNAs targeting CD47 are 
as follows. sg1: 5′-TTGCACTACTAAAGTCAGTG-3′. sg2: 5′- 
ATGCTTTGTTACTAATATGG-3′. 

Quantitative real-time PCR (qRT-PCR) 
Total RNA was extracted using TRIzol reagent (Invitrogen, 
Carlsbad, USA) and quantified using a NanoDrop 2000 (Thermo 
Fisher Scientific). First-strand cDNA was synthesized using the 
SuperScript II First-Strand Synthesis System (Invitrogen). SYBR® 
Green Real-time PCR Master Mix (ABclonal, Wuhan, China) was 
employed to measure the expression levels of target genes. The 
relative RNA expression levels were analyzed using the 2–ΔΔCt 

method. GAPDH was used as the internal control. The primers used 
are listed in Table 1. 

Western blot analysis 
In brief, the proteins were extracted from cells using lysis buffer and 
quantitated using a BCA kit (GlpBio, Montclair, USA). Equal 
amounts of proteins were separated by 10% SDS-PAGE and 
transferred to a 0.45-μm PVDF membrane. After being blocked 
with 5% skim milk at room temperature for 1 h, the membrane was 
incubated with primary antibody at 4°C overnight. The membrane 
was washed and then incubated with HRP-conjugated secondary 
antibody (Proteintech, Wuhan, China) at room temperature for 2 h. 
An enhanced chemiluminescence (ECL) kit (Meilunbio, Dalian, 
China) was used to visualize the protein bands. The β-actin 
antibody was obtained from Sigma (St Louis, USA). ATM and 
Cleaved Caspase 3 antibody were products of Zenbio (Chengdu, 
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China). CD47 antibody was from Invitrogen. γH2AX antibody was 
from Novus (Centennial, USA). p-ATM, p-p65, p65 and p-TBK1 
antibodies were from Cell Signaling Technology (Beverly, USA). 
p-p53 and ERCC1 antibodies were purchased from Selleck 
(Shanghai, China). p53 antibody was purchased from Santa 
Cruz (Dallas, USA). FANCA and BRCA2 antibodies were from 
HUABIO (Hangzhou, China). TBK1 antibody was purchased from 
ABclonal. 

Cell viability assay 
A total of 2000 cells suspended in 100 μL of medium were seeded 
into individual wells of a 96-well plate. Cell viability was measured 
using a CCK-8 kit (Beyotime Biotechnology, Shanghai, China) as 
previously described [22]. 

Flow cytometry assay 
To detect the apoptosis rate of the cancer cells, we used an Annexin 
V-fluorescein isothiocyanate (FITC) assay kit (Beyotime Biotech
nology). Briefly, the cells were washed twice with cold PBS and 
resuspended in 200 μl of binding buffer. Then 10 μl of Annexin V- 
FITC and 5 μl of PI staining solution was added. The cells were 
vortexed, incubated for 15 min in the dark and detected with a flow 
cytometer (Beckman, Pasadena, USA). The mean fluorescent 
intensity of the Annexin V/PI double staining in the myocytes was 

analyzed using FlowJo software version 10.8.1. The proportion of 
apoptotic cells (mortality) was defined as the percentage of Annexin 
V+-FITC+ cells. 

Comet assay 
The comet assay was performed using a Comet Assay Kit (Beyotime 
Biotechnology). In brief, agarose (0.1 g in 10 mL PBS) was melted in 
a microwave for 2‒3 min. Next, the glass microscope slide was 
immersed in agarose and one side of the slide was wiped with a lint 
free cloth and dried on a flat surface. Cells (1 × 106 cell/mL in 1× 
PBS) were mixed gently with 0.7% molten low-melting-point 
agarose (pre-equilibrated to 37°C) at a 1:10 ratio, and 30 μL of the 
cell mixture were immediately added onto a pre-warmed slide 
(37°C) to ensure the formation of a thin layer. The slide was 
immersed in lysis buffer for 1 h, followed by treatment in alkaline 
electrophoresis solution for 1 h at 4°C to allow DNA unwinding. 
The glass slide was electrophoresed in an alkaline electrophoresis 
solution, with a power supply voltage set to 1 V/cm (length between 
electrodes), and run at 4°C for 30 min. Then, the slide was 
immersed twice in a neutral buffer solution at 4°C for 5 min each 
time. About 20 μL of propidium iodide solution was dropped onto 
the slide and stained in the dark for 10‒20 min. Finally, the slide 
was washed three times with ultrapure water, covered with a cover 
glass, and observed under a fluorescence microscope. The propor
tion of cells with tails was calculated using CASP software (www. 
bio-launching.com). 

Immunofluorescence staining 
Immunofluorescence staining was performed using a DNA Damage 
Assay Kit (Beyotime Biotechnology). In brief, cells growing on 
coverslip in 6-well plate were washed with ice-cold PBS, followed 
by an incubation with fixative at room temperature for 15‒20 min. 
The cells were then treated with blocking solution for 10‒20 min, 
followed by an incubation with anti-γH2AX antibody at room 
tempreature for 1 h. After washing with washing buffer, the cells 
were incubated with anti-rabbit 488 secondary antibody for 1 h at 
room temperature. After washing, cell nuclei were stained with 
DAPI at room temperature for 10 min and the coverslip was 
mounted. Images were aquired using an immunofluorescence 
microscope and quantified using ImageJ software. 

Animal experiments 
An in vivo xenograft assay was performed as described previously 
[23]. Liver cancer MHCC97L cells (1 × 106) were subcutaneously 
implanted in the flank of male BALB/c nude mice (5-week-old, 
Beijing Vital River Laboratory Animal Technology, Beijing, China) 
which were maintained under specific pathogen-free conditions. 
The mice were randomly divided into 5 groups: control group, IgG 
group, anti-CD47 antibody group, cisplatin group, and cisplatin plus 
anti-CD47 antibody group. Five days post-injection, the tumor 
volumes were measured with a caliper, and nine days post- 
injection, the mice were treated as described. Cisplatin (2.5 mg/kg; 
MedChemExpress) and anti-CD47 antibody (200 mg/mice; Selleck) 
were injected i.p. to the mice every 3 days. The volume was 
calculated using the equation V = ab2/2 (a, tumor length; b, tumor 
width). At the end of experiment, the mice were sacrificed and 
tumors were excised. All procedures were approved by the Ethics 
Committee of the Medical College of Qingdao University. 

Table 1. Sequences of primers used in this study. 

Gene name Primer sequence (5′→3′) 

CD47 Forward AGAAGGTGAAACGATCATCGAGC  

Reverse CTCATCCATACCACCGGATCT 

FANCA Forward GTTGCCTCTAGCGTGGGAC  

Reverse GGAGAACATACTGTGTGCCAAT 

BRCA2 Forward TGCCTGAAAACCAGATGACTATC  

Reverse AGGCCAGCAAACTTCCGTTTA 

ERCC1 Forward CTACGCCGAATATGCCATCTC  

Reverse GTACGGGATTGCCCCTCTG 

CSA Forward AGCAAACACTGCTCATAATGGG  

Reverse GAACTATTCCAGAGCCTCATTCG 

XRCC1 Forward CCTTTGGCTTGAGTTTTGTACG  

Reverse CCTCCTTCACACGGAACTGG 

POLL Forward GATGAAGGCATGGACTATGAGC  

Reverse TGAATCCAGCTACATCCACCAG 

FAAP24 Forward TTAAGCTCATTTTCGAGGATGGC  

Reverse CCCGAACAAGCCTCTTTCTGT 

REV3 Forward GTGGATGCTGTAGCTGCTGAT  

Reverse ATGGCCTGTAGACCAGGGTTT 

RAD50 Forward TTTGGTTGGACCCAATGGGG  

Reverse CAGGAGGGAAATCTCCAGTACAA 

RAD51 Forward CAACCCATTTCACGGTTAGAGC  

Reverse TTCTTTGGCGCATAGGCAACA 

MRE11 Forward GGGGCAGATGCACTTTGTG  

Reverse GAAGCAAAACCGGACTAATGTCT 

GAPDH Forward CTGACTTCAACAGCGACACC  

Reverse TGCTGTAGCCAAATTCGTTGT   
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Statistical analysis 
Statistical analyses were performed using SPSS software (version 
22.0; IBM Corp., Chicago, USA) and GraphPad Prism 6.0 (GraphPad 
Software Inc., San Diego, USA). Differences between groups were 
analyzed using Student’s t-test, one-way ANOVA, or the chi-square 
test. Correlations between groups were assessed using the Pearson 
correlation coefficient. Diagnostic value was evaluated using 
receiver operating characteristic curve analysis. The Kaplan-Meier 
method was used for survival analysis, and the log-rank test was 
used to determine statistical significance. Data are expressed as the 
mean ± SD. Statistical significance was set at P < 0.05. 

Results 
Cisplatin induces CD47 expression in cancer cells 
We investigated the impact of cisplatin on CD47 expression in 
various cancer cell lines. Our findings revealed that cisplatin 

treatment significantly upregulated both protein and mRNA levels 
of CD47 in liver cancer HepG2, Hep3B, and MHCC97L cells (Figure 
1A,B). Furthermore, this induction of CD47 expression exhibited 
dose- and time-dependent patterns (Figure 1C,D). To extend our 
observations, we examined additional cancer cell types, including 
glioblastoma LN229 and U87, breast cancer MCF-7 and MDA-MB- 
231, and colon cancer RKO and SW480 cell lines. Consistent with 
our initial findings, cisplatin treatment similarly enhanced CD47 
expression at both protein and mRNA levels across all tested cancer 
cell types (Figure 1E).  

Cisplatin induces CD47 expression through the ATM/NF- 
κB pathway 
To elucidate the mechanistic basis of cisplatin-induced CD47 
upregulation, we investigated potential regulatory pathways. Prior 
studies have established NF-κB as a transcriptional regulator of 

Figure 1. Cisplatin induces the expression of CD47 in cancer cells (A,B) HepG2, Hep3B, and MHCC97L cells were treated with cisplatin for 48 h, 
followed by determination of the protein (A) and mRNA (B) levels of CD47. (C) HepG2 and Hep3B cells were treated with different doses (0, 5, 10, 
20 μM) of cisplatin for 48 h, followed by determination of CD47 protein levels. (D) HepG2 and Hep3B cells were treated with cisplatin (10 μM) for 
different time. The protein levels of CD47 were determined. (E) U87, LN299, RKO, SW480, MCF-7, and MDA-MB-231 cells were treated with cisplatin 
for 48 h, followed by determination of protein (upper panel) and mRNA (lower panel) levels of CD47. **P < 0.01, ***P < 0.001.  
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CD47 expression [17]. Our data demonstrated that cisplatin 
treatment simultaneously upregulated expression of CD47 and 
induced phosphorylation of p65 in HepG2 cells (Figure 2A), 
indicative of possible activation and involvement of NF-κB. As 
expected, pharmacological inhibition of NF-κB using its specific 
inhibitor BAY 11-7082 abrogated cisplatin-mediated induction of 
CD47 expression (Figure 2A), confirming NF-κB’s essential role in 
this process. 

Given that cisplatin-induced DNA damage activates both cGAS- 
STING-TBK1 axis [24] and ATM signaling [25], we systematically 
evaluated their contributions. While TBK1 inhibition with GSK8612 

effectively blocked cisplatin-induced TBK1 phosphorylation, it only 
marginally affected p65 phosphorylation and CD47 expression in 
HepG2 cells (Figure 2B). In contrast, ATM inhibition with KU55933 
potently suppressed both ATM and p65 phosphorylation, accom
panied by a dramatic reduction in CD47 expression induced by 
cisplatin (Figure 2C). To provide further evidence that cisplatin 
stimulates the expression of CD47 through ATM/NF-κB pathway, 
we determined the effect of ATM knockdown or p65 knockdown on 
CD47 expression induced by cisplatin. Our results showed that 
knockdown of ATM significantly inhibited CD47 expression 
induced by cisplatin (Figure 2D). Similarly, depletion of p65 also 

Figure 2. Cisplatin induces CD47 through the ATM/NF-κB signaling (A) HepG2 cells were treated with 20 μM cisplatin for 36 h, followed by a co- 
treatment with 5 μM NF-κB inhibitor BAY 11-7082 for 12 h. (B) HepG2 cells were exposed to 20 μM cisplatin for 36 h, followed by a co-treatment 
with 10 μM TBK1 inhibitor GSK8612 for 12 h. (C) HepG2 cells were incubated with 20 μM cisplatin. After 36 h, 5 μM ATM inhibitor KU55933 was 
added and the incubation continued for 12 h. (D,E) HepG2 cells transfected with siATM oligos (D) or si-P65 oligos (E) were treated with 20 μM 
cisplatin for 36 h. (F) RKO cells were incubated with cisplatin (10 μM) for 36 h, followed by treatment with BAY 11-7082 (5 μM), GSK8612 (10 μM), or 
KU55933 (5 μM) for another 12 h.  
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blocked the cisplatin-stimulated expression of CD47 (Figure 2E). 
We also examined RKO cells and found that NF-κB inhibitor BAY 
11-7082 and ATM inhibitor KU55933, but not TBK1 inhibitor 
GSK8612, inhibited cisplatin-induced expression of CD47 signifi
cantly (Figure 2F). Together, these results suggest that cisplatin 
induced CD47 expression via the ATM/NF-κB pathway. 

Knockdown of CD47 sensitizes cancer cells to cisplatin 
To investigate the role of CD47 in regulating cancer cell survival, we 
performed CD47 knockdown in HepG2 cells and treated them with 
or without cisplatin. Cisplatin treatment significantly induced cell 
death, while CD47 knockdown alone had minimal impact on cell 
survival (Figure 3A). Notably, CD47-deficient cells exhibited 
increased sensitivity to cisplatin compared to control cells. Similar 
results were observed in breast cancer MCF-7 cells and colon cancer 
RKO cells (Figure 3B). Flow cytometry analysis revealed that CD47 
depletion alone did not induce apoptosis in HepG2, MCF-7, or RKO 
cells (Figure 4A,B). However, CD47 deficiency significantly 
enhanced cisplatin-induced apoptosis in these cell lines (Figure 
4A,B). Western blot analysis further demonstrated that loss of CD47 
markedly increased Cleaved Caspase 3 levels in the presence, but 
not in the absence, of cisplatin (Figure 4C). These findings 
collectively suggest that CD47 plays a crucial role in conferring 
cisplatin resistance to cancer cells. 

Deletion of CD47 impairs DNA damage response 
As a genotoxic compound, cisplatin induces DNA damage in cells 
[26]. To investigate whether CD47 influences cisplatin-induced 
DNA damage, we performed a comet assay in HepG2 cells. The 
results revealed that cisplatin treatment, but not CD47 knockdown, 

caused DNA strand breaks (Figure 5A). However, CD47 knockdown 
further exacerbated the levels of DNA strand breaks induced by 
cisplatin. These findings suggest that loss of CD47 intensified DNA 
damage triggered by cisplatin. 

Genotoxic compounds-caused DNA damage may induce phos
phorylation of ATM at Ser1981 and the phosphorylated ATM then 
phosphorylates H2AX at Ser139 to form γH2AX [27,28]. The 
formation of γH2AX, a marker of DNA damage, is used to evaluate 
cell DNA damage [29]. We determined the effect of CD47 knock
down on the level of γH2AX in HepG2 cells treated with or without 
cisplatin. Immunofluorescence staining of the cells with γH2AX 
antibody indicated that cisplatin treatment, but not CD47 knock
down, induced the formation of γH2AX, and loss of CD47 enhanced 
significantly the formation of γH2AX induced by cisplatin (Figure 
5B). Western blot analysis results also showed that loss of CD47 
dramatically increased the formation of γH2AX induced by cisplatin 
(Figure 5C). 

Furthermore, we observed that cisplatin treatment, but not CD47 
knockdown, significantly stimulated ATM phosphorylation at 
Ser1981 (Figure 5D). Loss of CD47 markedly enhanced the levels 
of p-ATM Ser1981 induced by cisplatin (Figure 5D). The tumor 
suppressor protein p53, a downstream substrate of ATM, is known 
to be activated and phosphorylated at Ser15 in response to DNA 
damage [30]. We found that cisplatin induced both the expression 
and phosphorylation of p53, whereas CD47 knockdown alone did 
not. Intriguingly, loss of CD47 dramatically enhanced p53 phos
phorylation without affecting its expression levels in cisplatin- 
treated cells (Figure 5E). These data indicate that CD47 plays a 
critical role in facilitating DNA damage repair mechanisms activated 
by cisplatin. 

Figure 3. Depletion of CD47 potentiates cisplatin-induced loss of cell viability (A) The control and CD47-knockdown (CD47-KD) HepG2 cells 
(5 × 103) were seeded onto 96-well plates. After 24 h, cisplatin (10 μM) was added and incubation continued. Cell viability was determined at 
indicated time intervals. (B) MCF-7 and RKO cells were transfected as indicated. After 24 h, the cells were treated with cisplatin (10 μM) and cell 
viability was determined as described above. **P < 0.01, cisplatin vs CD47-KD/cisplatin, ****P < 0.0001, cisplatin vs CD47-KD/cisplatin.  
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CD47 regulates the expression of DNA damage repair 
genes 
To elucidate the molecular mechanisms by which CD47 regulates 
the DNA damage response, we conducted qPCR to assess the 
expression of cisplatin-affected DNA damage repair genes, includ
ing CSA, XRCC1, POLL, FAAP24, SLX4, FANCA, ERCC1, REV3, 
RAD50, RAD51, BRCA2, and MRE11 [31]. Our findings revealed 
that CD47 knockdown significantly suppressed the cisplatin- 
induced expression of ERCC1, FANCA, and BRCA2 genes (Figure 
6A,B). To investigate whether CD47 influences cell survival by 
modulating the expression of DNA repair genes, we overexpressed 
ERCC1 and FANCA in HepG2 cells. The results demonstrated that 
overexpression of ERCC1 and FANCA restored cell viability 
following cisplatin treatment (Figure 6C). Additionally, overexpres
sion of these genes markedly decreased the cisplatin-induced 
formation of γH2AX and p-ATM Ser1981 (Figure 6D). Collectively, 
these data indicate that CD47 promotes cancer cell survival by 
enhancing the expression of DNA repair genes.  

CD47 blockade with neutralizing antibody sensitizes liver 
cancer cells to cisplatin 
To investigate whether CD47 blockade sensitizes cancer cells to 
cisplatin, HepG2 cells were treated with cisplatin either in the 
presence or absence of a CD47 neutralizing antibody. Cisplatin 
treatment markedly induced cell death (Figure 7A). In contrast, 

treatment with the anti-CD47 antibody alone had a minimal impact 
on cell survival. However, the combination of the anti-CD47 
antibody with cisplatin significantly enhanced the cell death- 
inducing efficacy of cisplatin. Western blot analysis demonstrated 
that cells treated with anti-CD47 antibody and cisplatin exhibited 
elevated levels of γH2AX, p-ATM Ser1981, and Cleaved Caspase 3 
compared to those treated with cisplatin alone (Figure 7B). 
Additionally, anti-CD47 antibody treatment attenuated the expres
sion levels of ERCC1, BRCA2, and FANCA upregulated by cisplatin 
(Figure 7C). These findings suggest that CD47 blockade potentiates 
cisplatin-induced cell death through reducing the expression of 
DNA repair genes. 

We further performed in vivo xenograft growth assay. The mice 
bearing tumors were treated with cisplatin, anti-CD47 antibody, or 
cisplatin plus anti-CD47 antibody. The results showed that 
administration of anti-CD47 antibody to mice significantly en
hanced the inhibitory effect of cisplatin on tumor growth (Figure 
8A,B). Western blot analysis indicated that anti-CD47 antibody 
treatment enhanced the expression levels of Cleaved Caspase 3 and 
γH2AX (Figure 8C) and decreased the expression levels of FANCA, 
BRAC2, and ERCC1 (Figure 8D). 

Discussion 
In this study, we demonstrated that cisplatin induces the expression 
of CD47 through the ATM/NF-κB pathway in cancer cells. Knock

Figure 4. CD47 knockdown enhances cisplatin-induced apoptosis in cancer cells (A) The control and CD47-KD HepG2 cells, RKO cells, and MCF- 
7 cells (4.5 × 105) were respectively seeded onto 6-well plates. After 24 h, cisplatin (20 μM) was added and incubation continued. After 48 h, 
apoptotic cells were detected by flow cytometry. (B) The calculated proportion of apoptotic cells. (C) CD47-KD increased the levels of Cleaved 
Caspase 3 induced by cisplatin in HepG2, RKO, and MCF-7 cells. *P < 0.05, ***P < 0.001, ****P < 0.0001. ns, not significant.  
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Figure 5. Deletion of CD47 impairs DNA damage response (A) Control and CD47-KD HepG2 cells (4.5 × 105) were seeded onto 6-well plates, 
respectively. After 24 h, cisplatin (20 μM) was added and cell incubation continued. After 48 h, comet tails were photographed under a fluorescence 
microscope (left) and the proportion of cells with tails was calculated using CASP software (www.bio-launching.com) (right). (B) Control and CD47- 
KD HepG2 cells (4.5 × 105) were seeded onto 6-well plates covered with glass slides, respectively. After 24 h, cisplatin (20 μM) was added and 
incubation continued. After 48 h, the cells were stained with anti-γH2AX antibody and DAPI. The stained cells were observed under a fluorescence 
microscope (left) and the intensity of stained γH2AX was measured using Image Lab (right). (C) CD47-KD increased the levels of γH2AX induced by 
cisplatin in HepG2, RKO, and MCF-7 cells. (D) CD47-KD increased the levels of p-ATM induced by cisplatin. (E) CD47-KD increased the levels of 
p-p53 induced by cisplatin. ****P < 0.0001. ns, not significant.  
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down of CD47 sensitizes cancer cells to cisplatin through inhibiting 
the cisplatin-induced expression of DNA repair genes ERCC1, 
FANCA, and BRCA2, impairing cellular DNA damage repair and 
increasing cell death. Notably, the anti-CD47 antibody treatment 
also reduced the expression of cisplatin-induced above mentioned 
genes and enhanced cell death. Our results suggest that CD47 
functions to confer cancer cell resistance to cisplatin and CD47- 
targeting sensitizes cancer cells to chemotherapy (Figure 9) 

We found that cisplatin induced the expression of CD47 across 
multiple cancer cell lines at the transcriptional level (Figure 1). 
Mechanistically, cisplatin induces phosphorylation of ATM and the 
activates ATM then phosphorylates and activates NF-κB, leading to 
an increased expression of CD47 (Figure 2). ATM is a protein kinase 

that activates checkpoint signaling upon DNA double strand breaks 
(DSBs) caused by genotoxic stresses. Our findings suggest that 
cisplatin upregulates CD47 expression through the activation of 
DNA damage response pathway. Ghantous et al. [15] reported that 
MRE11, a nuclear protein critical for DNA DBSs repair, mediated 
genotoxic stresses-induced CD47 expression in HEK293T cells, 
whereas NF-κB was not involved. The difference between these 
findings indicate that the mechanisms by which genotoxic stresses 
activate CD47 expression may vary depending on cellular context. 

Our study reveals that CD47 knockdown exacerbated cisplatin- 
induced DNA damage and enhanced the phosphorylation of ATM 
Ser1981 (Figure 5). Our findings indicate that CD47 is involved in 
the DNA damage repair process. By impairing the DNA damage 

Figure 6. CD47 regulates the expression of DNA damage repair genes (A) HepG2 cells were treated with cisplatin (10 μM) for 48 h. After 
treatment, the mRNA levels of indicated DNA repair genes were determined by qRT-PCR. (B) HepG2 cells were treated with cisplatin as described 
above. The protein levels of FANCA, BRCA2, and ERCC1 were determined. (C) Cells were seeded onto 96-well plates. After 24 h, cisplatin (10 μM) 
was added and cell incubation continued. Cell viability was detected at indicated time points. (D) HepG2 control and CD47-KD cells expressing 
Flag-ERCC1 or Flag-FANCA were treated with cisplatin 10 μM for 48 h, followed by western blot analysis. *P < 0.05, **P < 0.01, ***P < 0.001, 
****P < 0.0001, CD47-KD/cisplatin vs CD47-KD/cisplatin/ERCC1/FANCA.  
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response, CD47 knockdown makes cancer cells more vulnerable to 
the genotoxic effects of cisplatin. This highlights a novel role for 
CD47 in regulating DNA repair mechanisms, which could be 
exploited therapeutically to sensitize cancer cells to DNA-damaging 
agents like cisplatin. 

This study identified that CD47 knockdown suppressed the 

expression of DNA repair genes including ERCC1, FANCA, and 
BRCA2 induced by cisplatin (Figure 6). Among these three genes, 
BRCA2 is a homologous recombination repair gene, ERCC1 is a 
nucleotide excision repair gene, and FANCA belongs to Fanconi 
Anemia Pathway that plays a crucial role in the repair of DNA 
interstrand crosslinks [32]. Our results indicate that CD47 mod

Figure 7. Blockade of CD47 sensitizes liver cancer cells to cisplatin (A) HepG2 cells (5 × 103) were seeded onto 96-well plates. After 24 h, cisplatin 
(10 μM) and anti-CD47 antibody (2.5 μg/mL) were added and incubation continued. Cell viability was detected at indicated time points. (B,C) HepG2 
cells (4.5 × 105) were seeded onto 6-well plates and cultured for 24 h. Cisplatin (10 μM) and anti-CD47 antibody (2.5 μg/mL) were added and the cells 
were incubated for another 48 h. *P < 0.05, **P < 0.01.  

Figure 8. CD47 blockade enhances inhibitory efficacy of cisplatin on liver tumor growth (A,B) Liver cancer MHCC97 cells were implanted onto 
nude mice and the mice were treated as described in Methods. Tumors (A) and tumor growth kinetics (B) are shown. (C) Expression of Cleaved 
Caspase 3 and γH2AX in tumors. (D) Expression of FANCA, BRCA2, and ERCC1 in tumors. **P < 0.01, cisplatin vs anti-CD47/cisplatin.  
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ulates DNA repair in a multiple ways. The mechanism by which 
CD47 regulates the expression of these DNA repair genes is still 
unknown. In addition to SIRPα, other molecules such as thrombos
pondin-1 (TSP-1) and integrins also interact with CD47 and affect 
CD47-expressing cells directly through closely related signaling 
pathways [33,34]. Thus, it is possible that CD47 may regulate the 
expression of DNA repair genes through these pathways, which 
warrant further investigation. The suppression of the expression of 
these genes upon CD47 knockdown further supports the idea that 
CD47 is a critical regulator of the DNA damage response. Targeting 
CD47 could thus disrupt the DNA repair machinery in cancer cells, 
making them more susceptible to cisplatin-induced cell death. 

We demonstrated that blocking CD47 with an antibody sensitized 
HepG2 cells to cisplatin, leading to increased cell death, elevated 
levels of γH2AX, p-ATM Ser1981, and Cleaved Caspase-3 (Figure 7). 
Additionally, CD47 blockade attenuated the expression of ERCC1, 
BRCA2, and FANCA that were upregulated by cisplatin. Similar 
results were obtained from in vivo xenograft assay (Figure 8). These 
results imply that CD47 blockade potentiates the cytotoxic effects of 
cisplatin. Given that CD47-inhibition enhances the phagocytic 
clearance of cancer cells, the dual effects make CD47 blockade a 
promising therapeutic strategy, particularly in combination with 
cisplatin-based chemotherapy. CD47 inhibitors are already being 
explored in clinical trials for their ability to enhance immune- 
mediated tumor clearance [35]. The results suggest that CD47 
inhibitors could also be used to sensitize tumors to chemotherapy, 
particularly in cancers that are resistant to cisplatin. 

Although our findings establish a crucial role for CD47 in 
mediating cisplatin resistance, several important questions warrant 
further investigation. First, translational validation in appropriate in 
vivo models and clinical cohorts will be essential to confirm the 
therapeutic potential of targeting this pathway. Second, while we 
have identified CD47’s regulation of DNA repair genes, the precise 
molecular intermediaries connecting CD47 signaling to transcrip
tional control of DNA repair machinery remain to be fully 
characterized. Notably, our discovery raises the intriguing possibi
lity that CD47 inhibition may represent a broad strategy for 
potentiating genotoxic therapies. Systematic evaluation of CD47 
blockade in combination with other DNA-damaging agents (e.g., 
PARP inhibitors, platinum analogs) could reveal wider applications 
beyond cisplatin sensitization. Moreover, the intersection between 

chemotherapy-induced immunogenic effects and CD47’s immune 
checkpoint function presents an exciting avenue for further 
exploration. Future studies should examine potential synergies 
between cisplatin, CD47 inhibitors, and other immune modulators 
to develop comprehensive therapeutic strategies that simulta
neously target, 1) tumor cell-intrinsic DNA repair pathways, 2) 
intrinsic/extrinsic immune evasion mechanisms, and 3) therapy- 
induced immunogenic cell death. 

In summary, our study highlights the critical role of CD47 in 
mediating cisplatin resistance in cancer cells. By upregulating CD47, 
cancer cells not only evade immune surveillance but also enhance 
their ability to repair cisplatin-induced DNA damage. Targeting 
CD47 could therefore represent a promising strategy to overcome 
cisplatin resistance and improve therapeutic outcomes in patients 
with cancer. 
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