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CD47 is overexpressed in various types of cancers and it can directly bind with SIRPα, which is mainly located onmac-
rophages. The binding of CD47-SIRPα transmits a “don't eat me” signal, which can prevent cancer cells from immune
clearance. Targeting the phagocytosis checkpoint of CD47-SIRPα axis has shown remarkable anticancer effect in pre-
clinical and clinical research, which indicates the potential application of CD47-SIRPα blockade for cancer treatment.
In this case, the comprehensive description of the regulation of CD47 in different types of cancer cells has significant
implications for furthering our understanding of the role of CD47 in cancer. Based on the current reports, we summa-
rized the regulatory factors, i.e., cytokines, oncogenes, microRNAs as well as enzymes, of CD47 expression in cancer
cells. Accordingly, we also proposed several points needing further research, hoping to provide useful insights for
the future investigation on the regulation of CD47 in cancers.
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Introduction

Cluster of differentiation 47 (CD47), also known as integrin-associated
protein (IAP), is a 50-kDa transmembrane protein belonging to the immu-
noglobulin (Ig) superfamily, which is comprised of an extracellular
amino-terminal Ig domain, five highly hydrophobic putative membrane-
spanning segments, and a short cytoplasmic tail [1]. It is encoded by
CD47 gene, which located on 3q13.12 region of chromosome in human.
CD47 is originally identified as a membrane molecule involved in β3
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integrin-mediated signaling on platelets and placenta in 1990s [1,2]. It
was proved to interact with thrombospondin-1, signal regulatory protein-
alpha (SIRPα) or others, leading to the regulation of different cellular be-
haviors including cell motility, cell apoptosis, T cell activation and phago-
cytosis. [3–5]. In 2000, CD47 was firstly identified as a “marker of self”
on murine red blood cells, which interacted with SIRPα to prevent the
clearance of red blood cells by splenic red pulp macrophages in blood-
stream [6]. In 2009, CD47-SIRPα axis was considered as a tumor phagocy-
tosis checkpoint signal, which transmits the “don't eat me” signal to
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macrophage and is utilized as an immune evasion mechanism by various
cancers (Fig. 1) [7]. The binding of CD47 to SIRPα induces tyrosine phos-
phorylation of two tyrosine residues in the intracellular immunoreceptor
tyrosine-based inhibitorymotif of SIRPα and recruiting the protein tyrosine
phosphatases Src Homology 2 (SH2)-containing protein tyrosine phospha-
tase 1 (SHP-1) and SHP-2. These signaling changes result in alterations of
a variety of substrates and downstream signaling pathways, including inhi-
bition of non-muscle myosin IIA, thereby restricting the phagocytic func-
tion of macrophage [8–10]. Blocking CD47 by monoclonal antibodies
reactivated the phagocytosis function of macrophage and significantly de-
creased the tumor burden in mice models with hematologic neoplasms or
solid tumors, dependent on the existing of macrophages rather than other
immune cells [7,10].

Notably, although CD47 is ubiquitously expressed on normal tissue, ev-
idence showed that high expression of CD47was observed in wide range of
human cancers including acute myeloid leukemia (AML), non-Hodgkin
lymphoma (NHL), breast cancer and melanoma [11–14]. Meanwhile, in-
creased expression of CD47 is associated with poor prognosis in those pa-
tients with AML, NHL and breast cancer [11,13,15]. To date, targeting
CD47-SIRPα axis becomes a focus of attention in cancer immunotherapy.
Several CD47 blocking antibodies and SIRPα-Fc fusion proteins are studied
in clinical trials among a wide range of cancer types, including CD47
blocking antibodies Hu5F9-G4 (Gilead Sciences, Inc.), SHR-1603 (Jiangsu
Hengrui Medicine, Co., Ltd.), TJC4 (I-Mab Biopharma, Co., Ltd.), IBI188
Fig. 1. Regulation of phagocytosis by CD47-SIRPα axis. CD47 is overexpressed in major
enables cancer cells to escape macrophage phagocytosis. Blocking of CD47 with an a
stimulating phagocytosis of cancer cells.
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(Innovent Biologics, Inc.) and AO-176 (Arch Oncology, Inc.), and SIRPα-
Fc fusion protein TTI-621 (Trillium Therapeutics, Inc.). Recent clinical
data (NCT02953509) exhibited that Hu5F9-G4, a humanized IgG4 mono-
clonal antibody blocking CD47-SIRPα interaction, combined with rituxi-
mab induced promising anti-cancer effect with a tolerate safety profile in
patients with relapsed or refractory NHL [16], which further supported
the future clinical application of CD47 blockade for cancer treatment. Col-
lectively, the higher expression on tumor cells and more emerging clinical
trials targeting CD47 highlights the requirement for a comprehensive un-
derstanding to the regulation of CD47 and imply targeting to CD47 expres-
sion as a strategy to block CD47-SIRPα axis.

In this review,wemainly summarized the potential regulatory factors of
CD47 expression in tumor tissue and divided them into four parts including
cytokines, oncogenes, microRNAs as well as enzymes (Fig. 2). And we
discussed the potential association between the information we collected
and future research, hoping to provide an insight for the development of
CD47 as a novel drug target.

Regulation of CD47 expression

Cytokines

Tumor necrosis factor alpha (TNF-α) is a member of the TNF/TNFR cy-
tokine superfamily [17], widely involved in promotion and progression of
ity of cancer cells and the binding of CD47-SIRPα send “don't eat me” signal, which
nti-CD47 antibody disables “don't eat me” signal from CD47-SIRPα axis, thereby



Fig. 2. The regulatory mechanisms of CD47 expression. Regulators of CD47 expression in cancer cells includes cytokines, oncogenes, microRNAs as well as enzymes. IL-6
induces the expression of CD47 through activating STAT3 signaling pathway. Both TNF-α and IL-1β stimulate the expression of CD47 at the transcriptional level, which
are mediated by the activation of NF-κB pathway and the increased binding of NF-κB to the CD47 promoter. IFN-γ increased the expression of CD47 and the specific
mechanism need to be further confirmed. HIF-1, which is induced by hypoxia conditions, directly binds to CD47 promoter to increase the transcriptional expression of
CD47. MYC directly binds to the CD47 promoter to transcriptionally up-regulate the expression of CD47. miR-708, miR-192, miR-222, miR-133a, miR-155 miR-200a and
miR-340 suppress CD47 expression by directly targeting the 3′-UTR of CD47 mRNA. QPCTL modifies the N-terminal pyroglutamate formation of CD47 protein at the
post-translational modification level, thereby influencing the binding of CD47-SIRPα. The solid arrows indicated that identified mechanism and dashed arrows indicated
that inferred mechanism.

C.-Y. Huang et al. Translational Oncology 13 (2020) 100862
chronic inflammatory disease and malignant tumors [18,19]. TNF-α could
regulate a range of cytokines in the tumormicroenvironment such as CCL8,
vascular endothelial growth factor (VEGF) [20,21]. Currently, TNF-α was
reported as an inducer of CD47 expression in various types of cancer cells
[12,22,23]. Treatmentwith 100 ng/ml of TNF-α for 8 h led to enhancement
of almost four times CD47 transcriptional expression inMCF7 breast cancer
cells and the same concentration of TNF-α increase nearly four times CD47
transcriptional expression in HepG2 hepatoma cancer cells after 48 h [12].
Upon TNF/TNFR1 pathway stimulation, NF-κB was released and entered
the nucleus where it activated CD47 gene through binding to a CD47-
associated specific super enhancer [12], which consists of multiple en-
hancers that are composed of a series of transcription factor proteins that
bind together to drive the transcription of genes involved in cell identity.
Meanwhile, blocking the TNF-α with infliximab, a monoclonal antibody
that blocks the binding of TNF-α to cellular TNF receptors, decreased the
expression of CD47 at MCF7 cell surface and had a greater effect of phago-
cytosis in the cancer cells-macrophage co-culture model when combined
with an anti-CD47 blocking antibody (clone Hu5F9-G4) [12]. Similarly,
treatment with 20 ng/ml of TNF-α increased cell surface CD47 localization
in hepatocellular carcinoma (HCC) cells at the transcriptional level, which
wasmediated by the activation of TNF-α/NF-κB pathway and the increased
binding of NF-κB to the CD47 promoter [23]. Additionally, VEGF blockade
substantially enhanced TNF-α expression in relapsing non-small cell lung
cancer (NSCLC) cells, leading to the enhancement of CD47 expression
whereby TNF-α/NF-κB signaling pathway [22].

Interferon (IFN)-γ belongs to type II IFN, which is widely expressed
cytokines that have potent immunomodulatory effects [24]. IFN-γ is
generally served as a pro-inflammatory cytokine which is abundantly
produced by activated T cells and NK cells, which thus has the potential
3

antitumor effects [24,25]. However, IFN-γ also induces the expression
of immune checkpoint programmed cell death 1 ligand 1 (PD-L1) via
the JAK/STAT1/IRF1 pathway in various types of cancers, exerting im-
munosuppressive effects in tumor immune microenvironment [26–29].
Meanwhile from our experiment data in non-small cell lung cancer cells
(unpublished data) and reports from other articles [30,31], IFN-γ is
strongly correlated with the expression of CD47. After 100 ng/ml of
IFN-γ overnight treatment caused an increase in CD47 expression on
B16F10 melanoma cell surface [30], but the specific mechanism of the
IFN-γ-induced CD47 up-regulation is still unclear. Similarly, treatment
with 200 ng/ml of IFN-γ for 72 h resulted in seven-fold up-regulation
of CD47 in mRNA level in 92.1 uveal melanoma cells [31].

Interleukin-6 (IL-6) is a pleiotropic cytokine, which is produced and se-
creted by various types of cells including the tumor cells and immune cells
[32–35]. Recently, IL-6 was found strongly correlated with the upregula-
tion of CD47 in HCC [36]. Treatment of the recombinant human IL-6
(20 ng/ml) for 48 h significantly induced approximately four-fold of
CD47 expression at the transcriptional level in Huh7 and PLC hepatoma
cancer cells, mechanistically activating the signal transducer and activator
of transcription 3 (STAT3) signaling pathway [36]. Moreover, inhibiting
CD47 or disrupting IL-6/STAT3 axis restored the macrophage-mediated
phagocytosis [36]. Another interleukin 1 family member, interleukin-1β
(IL-1β), was found to stimulate the expression of CD47 through NF-κB acti-
vation in cervical cancer cells. Treatmentwith IL-1β (10 ng/ml) for 8 h tran-
scriptionally increased the CD47 expression in Ms751 and SiHa cervical
cancer cells [37]. Besides, CD47 was also demonstrated with the regulation
by other interleukins including interleukin-4, interleukin-7, interleukin-13
[37,38]. However, how these cytokines regulated the expression level of
CD47 remains unclear.
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Oncogenes

Uncontrolled tumor cell proliferation and abnormal blood vessel forma-
tion lead to the deprivation of oxygen in tumor tissue, inducing a hypoxic
condition [39]. Hypoxia in tumors is correlated with the alteration of cellu-
lar metabolism, angiogenesis, drug resistance, mainly modulated by
hypoxia-inducible factors 1 (HIF-1) [40]. Meanwhile, hypoxia also induced
HIF-1-dependent immune evasion mechanisms including enhancing CD47
expression in the tumor microenvironment [41–43]. HIF-1 directly bound
with the promoter of CD47 to activate gene transcription and increased
cell surface CD47 in HCC1954 and SUM159 breast cancer cells [43]. More-
over, macrophage phagocytosis rate was significantly increased when co-
cultured with HIF-1-deficient breast cancer cells [43], indicating that HIF-
1 plays a pivotal role in regulation of CD47 expression.

TheMYConcogene is a transcription factor that regulatesmultitudinous
gene products involved in cell proliferation, growth, differentiation, and ap-
optosis [44,45]. It is genetically activated and overexpressed in approxi-
mately 70% of human cancers and contributes to tumorigenesis [44–46].
MYC could directly bind to the CD47 promoter to transcriptionally up-
regulate the expression of CD47 in murine and human leukemia and lym-
phomas and partially contribute to tumor cells evasion from the immune
surveillance [47]. Knockdown of MYC or inhibiting MYC with
bromodomain extra-terminal (BET) inhibitors such as JQ1 resulted in a
rapid down-regulation of CD47 in cancer cells including T cell acute lym-
phoblastic leukemia cells, HCC cells, melanoma cells and NSCLC cells.
Moreover, down-regulation of CD47 by MYC inactivation in the mouse
tumor model repressed initiation and maintenance of MYC-driven tumori-
genesis [47]. Similarly, suppression of MYC with JQ1 reduced the level of
cell surface CD47 in double/triple-hit lymphomas cells [48].

MicroRNAs

MicroRNAs are small non-coding RNAs consisting of about 20–24 nu-
cleotides and play a pivotal role in cell proliferation, differentiation and ap-
optosis [49,50]. MicroRNAs negatively control the expression of genes by
mediating degradation of target mRNA and/or inhibiting their translation
[51,52]. In human cancer, the role of microRNAs in regulating CD47 ex-
pression has been revealed. miR-708, functions as a tumor suppressor
[53,54], directly bound the 3′-UTR of CD47 and inhibited CD47 expression
in T cell acute lymphoblastic leukemia [55]. Meanwhile, in the presence of
CD47 antibodies, the addition of miR-708 promoted almost two-fold
phagocytosis index. Similarly, miR-708 was involved in metformin-
mediated suppression of CD47 in breast cancer stem cells. Overexpression
of miR-708 enhanced the phagocytosis of macrophages to breast cancer
stem cells [56]. miR-155 attenuated cell surface CD47 level in myeloma
cells, leading to extensive phagocytosis of myeloma cells by macrophages
and inhibition of tumor growth in mice [57]. Another study demonstrated
that miR-200a down-regulated CD47 expression, which leads to promote
phagocytosis of macrophage to nasopharyngeal carcinoma cell [58]. Be-
sides, miR-133a directly bound the 3′-UTR of CD47 and suppressed its pro-
tein expression in esophageal squamous cell carcinoma and laryngeal
carcinoma [59,60]. Also,miR-192 bound the 3′-UTRof CD47 and repressed
the expression of CD47 at the posttranscriptional level in medulloblastoma
[61]. Recent study found that miR-222 directly decreased the expression of
CD47 in human kidney carcinoma cells [62], and miR-340 down-regulated
CD47 expression in pancreatic cancer cells [63]. Both of them regulated
CD47 expression by targeting the 3′-UTR of its mRNA at the post-
transcriptional level.

Enzymes

Various types of enzymes are involved in the regulation of a target pro-
tein synthesis. Glutaminyl-peptide cyclotransferase-like protein (QPCTL,
isoQC) belongs to a family of enzymes which catalyze the formation of N-
terminal glutamine and glutamic acid residues on target protein into an
N-terminal pyroglutamate residue (pGlu) [64]. Notably, the presence of
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N-terminal pyroglutamate formation of CD47 protein, which is considered
to be the post-translational modification of CD47, could be specifically rec-
ognized by SIRPα and contributed to the binding of CD47 to SIRPα [65,66].
QPCTL has been recently reported as an enzymatic modifier which can cat-
alyze the pyroglutamate modification of CD47 protein [65,67,68].
Inhibiting the formation of CD47 N-terminal pGlu by the QPCTL inhibitor
SEN177 or knockout of QPCTL significantly reduced the binding of
CC2C6, an anti-CD47 antibody which has the same recognition site
(pGlu) of SIRPα [65]. Similarly, the post-translational modification of
CD47 by QPCTL had also been identified in DLD1 colorectal cancer and
HCT116 colonic carcinoma cancer cells [68].

Discussion

Except depicting the regulation of CD47 from cytokines, oncogenes,
microRNAs as well as enzymes, we could also conclude and discuss the reg-
ulation of CD47 from transcriptional level, post-transcriptional level and
post-translational modification level. At the transcriptional level, the regu-
lation of CD47 by cytokines is mediated by transcription factors, including
NF-κB and STAT3 [12,22,23,36,37]. In the early 2000, researchers also
found the transcriptional factor α-Pal/NRF-1 acted as a critical regulator
to bind to CD47 promoter in human neuroblastoma and hepatoma cell
lines [69]. Besides, the CD47 regulation by the same cytokine varies in dif-
ferent types of cancers. For instance, IL-6 up-regulates CD47 in HCC while
no effect on Sézary cells [36,38]. This just indicates that the CD47 regula-
tion by cytokinesmay be closely related with cell types due to the complex-
ity of tumor microenvironment in different types of cancer cells. Since NF-
κB activity could be induced by both TNF-α and IL-1β [12,37], then leading
to the upregulation of CD47, which suggested that different kinds of cyto-
kines in the tumor microenvironment may operate together with others,
collaborating in the regulation of CD47. Likewise, oncogene MYC and
HIF-1 directly bind to the CD47 promoter to increase the transcriptional ex-
pression of CD47 [43,47]. Additionally, increased NF-κB activity and hyp-
oxia condition were observed in sorafenib-resistant HCC cells [23], which
may indicate that NF-κB and HIF-1 exert a synergy effect in the regulation
of CD47. Thus, further studies are required to determine whether onco-
genes cooperate with other transcription factors, such as NF-κB or STAT3,
co-regulating the transcriptional expression of CD47. At the posttranscrip-
tional level, miR-708, miR-192, miR-222, miR-340 and miR-133a suppress
CD47 expression by directly binding to the 3′-UTR of CD47mRNA as a sup-
pressor role [55,56,59–63]. Interestingly, miR-155 and miR-200a act as
tumor oncogene to promote the proliferation, migration and invasion of
human cancer cells [70,71]. However, both of them could inhibit CD47 ex-
pression by binding to the 3′-UTR of CD47 mRNA [57,58], indicating the
oncogenic or tumor suppressor function of an microRNA depends on the
role of the target mRNA. Enzymes are typically involved in the post-
translational modification level of a target protein. To date, at the post-
translational modification level, only QPCTL was validated and shown to
modify the N-terminal pyroglutamate formation early in the CD47 protein
life cycle, thereby influencing the binding of CD47-SIRPα [65,68].

Collectively, there are still many questions that need to be investigated
in future research. Firstly, despite of the regulation of CD47 by several kinds
of cytokines has been reported, abundant cytokines exist in tumormicroen-
vironment, such as IFN-α/β, transforming growth factor β (TGF-β) and IL-
4/10/12/27,which enhance PD-L1 expression and promote tumor progres-
sion [26,72–75]. Previously study had reported that the PD-1-PD-L1 axis
was similar as the CD47-SIRPα axis, also functioned as a phagocytosis
checkpoint which regulated the phagocytic ability of tumor associatedmac-
rophage [76,77]. Besides, many cytokines regulated CD47 we aforemen-
tioned was also a regulator to PD-L1. These common features indicated
that there might be other cytokines control the expression of CD47. Sec-
ondly, although some articles have reported that oncogene MYC and HIF-
1 are inducers of CD47 expression, several aberrant oncogenic pathways
(EGFR, HER2, RAS, PI3K/AKT, ALK, etc.) may also participate in the pro-
cess of inducing CD47 expression. Since these oncogenic pathways contrib-
ute to the multiple hallmarks of tumorigenesis, including initiation of
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intrinsic immune resistance to facilitate tumor-mediated immune evasion.
At the same time, the CD47-SIRPα axis is crucial in tumor evasion from im-
mune surveillance [78–81]. Targeted therapy of these pathways including
monoclonal antibody and tyrosine kinase inhibitors (TKIs) have been ap-
proved by the FDA or are currently under investigation in clinical trials
such as Osimertinib (EGFR-targeted TKI), Neratinib (HER2-targeted TKI),
Brigatinib (ALK-targeted TKI) and so on [82–84]. All data above indicate
that investigating the relationship between other oncogenic pathways and
CD47 expression also offers a rationale for future combination therapy
consisting of immune checkpoint blockade antibodies and inhibitors
targeting those oncogenic signaling pathways. Thirdly, although several re-
searches have reported that microRNAs are involved in the regulation of
CD47, non-coding RNAs (ncRNAs) beyond microRNA include intronic
RNAs, circular RNAs, long non-coding RNAs and extracellular RNAs,
which can affect the expression of other genes through a variety of mecha-
nisms [85]. Due to the ability of ncRNAs to regulate gene expression, addi-
tional studies should be required to unleash the crucial roles of ncRNAs in
regulatory of CD47 gene expression. Fourthly, apart from the regulation
of QPCTL, glycosylation is the most abundant post-translational modifica-
tion of the target protein. The potential N-linked glycosylation site of
CD47 protein in cancer cells is distinct from red blood cells and platelets,
and the difference of glycosylation site has been used in creating a novel
CD47 antibody, TJC4 [86]. The successful development of TJC4 demon-
strates that glycosylation of CD47 protein may serve as an important role
in post-translational modifications of CD47. Thus, further studies are re-
quired to investigate the specific mechanism of glycosylation of CD47 pro-
tein. Apart from glycosylation, post-translational modifications (e.g.,
phosphorylation, ubiquitination, SUMOylation and acetylation) have
emerged as important regulatory mechanisms of the target protein includ-
ing PD-L1 [87–91]. Hence, elucidating the mechanisms controlling the sta-
bility of the CD47 protein may provide a complete understanding of the
regulatory mechanisms of CD47 checkpoint. Making clear the questions
mentioned above enhances our comprehension of the role of the CD47-
SIRPα axis in tumor immune microenvironment, at the same time it gives
some insight to unveil undiscovered regulating mechanism of other phago-
cytosis checkpoints, such as the PD-1-PD-L1 axis [76], the CD24-Siglec-10
axis [92] and the MHC-I–LILRB1 axis [93].

Besides the regulation of CD47 expression in cancer cells, its regulation
on other types of cells is equally important. Recent study on immune re-
sponse to pathogen recognition discovered CD47 up-regulation in human
peripheral blood mononuclear cells after infection with Borrelia burgdorferi.
In detail they speculated one reason of CD47 up-regulation may be the par-
ticipation of inflammatory cytokines TNF-α, CXCL10, and IFN-α [94]. Spe-
cifically infibrotic associated fibroblast, JUNwasworked as an enhancer to
CD47 [95]. Moreover, valid data had proved CD47 up-regulation on vascu-
lar smooth muscle cells was cause by TNF-α, probably explained why there
is an impairment in macrophage phagocytosis within human atheroscle-
rotic plaque [96]. All these findings demonstrated the regulation of CD47
expression was not only occurred in tumor immune microenvironment
but also immune response in other cell types, which broadly strengthens
the research significance of CD47 regulation.

In short, although there are plenty of questions waiting to be further re-
search, integrating the regulation of CD47 provides a knowledge base for fur-
ther uncovering the detailedmechanism of tumor-mediated immune evasion
as well as the new therapeutic direction in targeting the CD47-SIRPα axis.
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