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Introduction
Vascularization was a critical process in both normal and 
tumor tissue [1]. Abnormality and dysfunction of the 
vasculature in solid tumors caused hypoxia in the TME, 
while hypoxia stimulated vascular endothelial growth 
within tumors, which in turn limited immune cell infil-
tration and reduced the effect of immunotherapy drugs 
[2, 3]. Moreover, oxidative stress could impair endothelial 
function, inducing inflammation and facilitating adhe-
sion by circulating cancer cells [4, 5].

CD93 had been identified as one of the top 20 genes 
in tumor angiogenesis [6]. Many studies had shown that 
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Abstract
The tumor vasculature was different from the normal vasculature in both function and morphology, which 
caused hypoxia in the tumor microenvironment (TME). Previous anti-angiogenesis therapy had led to a modest 
improvement in cancer immunotherapy. However, antiangiogenic therapy only benefitted a few patients and 
caused many side effects. Therefore, there was still a need to develop a new approach to affect tumor vasculature 
formation. The CD93 receptor expressed on the surface of vascular endothelial cells (ECs) and its natural ligands, 
MMRN2 and IGFBP7, were now considered potential targets in the antiangiogenic treatment because recent 
studies had reported that anti-CD93 could normalize the tumor vasculature without impacting normal blood 
vessels. Here, we reviewed recent studies on the role of CD93, IGFBP7, and MMRN2 in angiogenesis. We focused on 
revealing the interaction between IGFBP7-CD93 and MMRN2-CD93 and the signaling cascaded impacted by CD93, 
IGFBP7, and MMRN2 during the angiogenesis process. We also reviewed retrospective studies on CD93, IGFBP7, 
and MMRN2 expression and their relationship with clinical factors. In conclusion, CD93 was a promising target for 
normalizing the tumor vasculature.
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loss of CD93, either using siRNA knockdown of CD93 
in ECs or investigating angiogenesis or tumor develop-
ment in CD93 knockout mice, was associated with dis-
ruption of endothelial junctions and increased vascular 
permeability [7, 8]. However, recently, Sun et al. showed 
that the IGFBP7-CD93 axis was related to disordered 
tumor vasculature, and a CD93-neutralizing antibody 
could enhance immune response, associated with vascu-
lar normalization, increased endothelial activation, and 
increased leukocyte recruitment [9]. The discrepancy 
between the result of the deficiency and the antibody-
targeting models might be because the loss of CD93 in 
CD93−/− mice was complete, while the ablation of CD93 
by antibody blockade was transient and relatively incom-
plete. Moreover, CD93 expression was upregulated in 
tumor vasculature, and antibody blockade might inhibit 
the overexpressed CD93 in tumor vessels and normalize 
the CD93 signal. [9].

Sun and colleagues also reported that overexpression 
of the IGFBP7-CD93 pathway in patients who received 
anti-PD-1/PD-L1 treatment was related to worse treat-
ment effect, and blocking this axis by CD93-neutralizing 
antibody could promote tumor therapy by regulating 
the TME [9]. Interestingly, CD93 monoclonal antibody 
(mAb) blockade could specifically improve the vascular 
function in the TME while having no effect on the normal 
vasculature in healthy organs. In contrast, anti-VEGFR 
mAb markedly influenced normal vessel homeostasis. 
Moreover, anti-VEGFR but not CD93 blockade influ-
enced angiogenesis during wound healing. [9]. Therefore, 
IGFBP7-CD93 axis inhibition might be a promising and 
safer therapeutic target than VEGF for normalizing the 
tumor vasculature.

The CD93 receptor
CD93 (also known as C1qr, C1qRp, and AA4) was a heav-
ily glycosylated protein belonging to the C-type lectin 
domain (CTLD) group 14 family [10]. The O-glycosyl-
ation was critical for maintaining CD93 expression on 
the membrane surface [11]. CD93 was previously named 
C1qr because it was thought to be the receptor of C1q, 
but a subsequent study demonstrated that C1q and C1qr 
do not mediate their biological functions by direct inter-
actions [12, 13].

CD93 consisted of an N-terminal signal peptide, a 
CTLD (D1), a sushi-like domain, five EGF-like domain 
repeats (D2), a mucin-like region (D3), a single-pass 
transmembrane region (D4), and a cytoplasmic tail (D5) 
[14–16]. Expression of CD93 was identified in differ-
ent cell types, such as monocytes, neutrophils, plate-
lets, microglia, and vascular ECs [10, 12, 17]. Numerous 
scRNA-seq studies now prove to us several endothelial 
phenotypes co-exist [18]. In this review, we focus on 
CD93 which expresses on vascular ECs.CD93 expression 

was high during tumor neovascularization but low in 
quiescent blood vessels [6, 16, 19].

In addition to its expression on the cell surface, many 
stimuli, such as inflammation, could cause CD93 ectodo-
main cleavage from the membrane surface to form sol-
uble CD93 (sCD93), and the sCD93 was identified in 
culture supernatant or human blood samples. [20, 21]. 
Researchers had demonstrated that sCD93 contains an 
N-terminal carbohydrate recognition domain and EGFR 
domain repeats that could play a proangiogenic function 
in EC via the EGF-like domain [20, 22]. The plasma con-
centration of sCD93 was regarded as a biomarker for spe-
cific diseased and physiological processes such as allergic 
asthma [23], systemic sclerosis [24], coronary artery 
disease [25], and glucometabolic regulation [26]. In this 
review, we focus on CD93 that expresses on angiogenic 
tip ECs, and the tumor angiogenesis process that was 
impacted by CD93.

The natural ligands of CD93
To date, the CD93 receptor had been demonstrated that 
had two natural ligands, IGFBP7 and MMRN2, bind to 
the different domains of CD93 receptor [9, 16, 27].

IGFBP7 (also known as IGFBP-rP1, AGM, T1A12, 
TAF, mac25, and PSF) was a glycoprotein of approxi-
mately 30  kDa that belongs to the IGFBP family [28]. 
IGFBP7 expression was upregulated during physiological 
and pathological angiogenesis processes, such as brain 
injury and tumor neovascularization [27, 29–31]. p53 
could activate IGFBP7-AS1 transcriptional expression, 
and IGFBP7-AS1 could increase IGFBP7 mRNA stabil-
ity to regulate IGFBP7 expression [32]. In addition to 
IGFBP7-AS1, the participation of Smarcb1 was required 
for IGFBP7 transcriptional activation [33]. In the tumor 
vasculature, hypoxia, VEGF, and TGF-β1 were associated 
with IGFBP7 expression in vascular ECs [9, 34, 35].

MMRN2 (also known as Multimerin-2 or Endoglyx-1) 
was a member of the family of elastin microfibrillar inter-
face proteins (EMILINs) [36]. Unlike CD93 and IGFBP7, 
during the angiogenesis process, the angiogenic stimu-
latory factors such as VEGF-A could potentially cause 
MMRN2 mRNA downregulation [37]. MMRN2 stabi-
lized CD93 localization to endothelial filopodia by inhib-
iting proteolysis [8].

DX domain was defined as a 79-amino acid domain 
localized between D1 and D2 domains [10]. MMRN2-
CD93 interaction precisely involved a region overlap-
ping the D1 and DX domains (D1X fragment) in CD93 
and coiled-coil domains in MMRN2 [16, 38]. CD93 inter-
acted with MMRN2 by the DX domain mainly, while the 
D1 domain was required to maintain the DX domain fold 
properly because the D1 domain was characterized by 
two β-sheets organized in anti-parallel β-strands spaced 
by two helixes, whereas the DX domain exhibited lower 
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structural stability, characterized by the absence of sec-
ondary structure elements [16].

MMRN2-CD93 played a role in promoting specific 
steps of angiogenesis processes, including forming angio-
genic sprouts and enabling angiogenic sprouts, fibro-
nectin interactions, and fibrogenesis to occur. [8, 16, 38, 
39]During tumor vascularization, the formation of the 
MMRN2-CD93 complex ensured that focal adhesion 
kinase (FAK) phosphorylation, β1 integrin activation, 
and fibronectin fibrillogenesis in ECs [8]. Blockade of the 
MMRN2-CD93 interaction could impact endothelial cell 
adhesion, migration, and angiogenesis [16], and knock-
down of either MMRN2 or CD93 caused apparent defor-
mation of the fibronectin fibrillar network formation in 
vitro [8].

The effects of CD93, IGFBP7, and MMRN2 on the 
vasculature
CD93
CD93 participated in cell proliferation, migration, sprout-
ing, and the formation of tubular structures in EC, which 
were critical steps in angiogenesis [7, 10, 40]. (Fig. 1)

One of the mechanisms by which CD93 impacted 
angiogenesis was influencing VE-cadherin. It had been 
demonstrated that downregulation of CD93 would lead 
to disruption of VE-cadherin in endothelial junctions and 
then increased vascular permeability [7, 10, 12]. More-
over, by analyzing the developing mouse retina vascu-
lature, Roberta and colleagues demonstrated that CD93 
and α5β1 integrins showed colocalization in endothelial 
filopodia, and CD93 could regulate β1 integrin signaling 
and fibronectin fibrillogenesis as well as promote the for-
mation of filopodia in ECs [8].

IGFBP7
IGFBP7 could exert both synergistic and antagonis-
tic functions with VEGF-A. On the one hand, IGFBP7 
synergized with VEGF-A to partially regulate vascu-
lar remodeling [29]. Using morpholino oligomers to 
block IGFBP7 partly impacted the proangiogenic effect 
of VEGF-A, such as vascular sprouting and remodeling 
[29]. By analyzing the cytoskeletal change in IGFBP7-
treated HUVECs and two-well chamber assay, Eriko et 
al. reported that IGFBP7 affected the permeability of 
blood vessels by impacting actin stress fibers and loosen-
ing intercellular junctions mediated by VE-cadherin in 
ECs [34]. Despite IGFBP7 stimulating neither the growth 
nor migration of ECs [34], it obviously stimulated normal 
fibroblast proliferation, migration, and induced fibronec-
tin expression [27].

On the other hand, IGFBP7 could also serve as an 
angiogenesis inhibitor to antagonize VEGF-A-mediated 
hyperpermeability and tube formation in the vasculature 
[41–44]. Some literature also reported that IGFBP7 could 

also exert tumor inhibition function. IGFBP7 promoted 
smooth muscle cell (SMC) or pericyte recruitment and 
differentiation to inhibit tumor cell growth, promote cell 
senescence and stabilize the tumor vasculature [44–47], 
and tumor growth could be promoted by IGFBP7 knock-
down in vivo also was reported in another literature, 
which was consistent with the result mentioned above 
[48]. The contrary effect might occur because of differ-
ent forms of IGFBP7 expression, including its expres-
sion on tumor cells and its expression in the extracellular 
matrix (ECM). When IGFBP7 was expressed by tumor 
cells, it played a role in promoting malignant mesenchy-
mal cell and EMT-phenotype epithelial cell growth in an 
anchorage-independent manner, which contrasts with its 
IGFBP7 tumor inhibition function in ECM [49]. Epithe-
lial-mesenchymal transition (EMT) is a known cellular 
program that is critical for embryogenesis, wound heal-
ing, and malignant progression. In the context of tumors, 
EMT confers cancer cells with increased tumor initiation 
and metastatic potential, as well as greater resistance to 
the elimination of several treatment options [50].

Mechanically, firstly, IGFBP7 expression upregula-
tion was related to the inhibition of activation of the 
p38-MAPK pathway; upregulation of p53, p27Kip1, and 
p21Cip1; G1/S cell cycle arrest; senescence induction; 
and phosphorylation-mediated activation and activ-
ity of AKT (Fig.  2) [48, 51, 52]. Next, IGFBP7 competi-
tively interfered with the interaction between IGF1R 
and IGF1/2, causing inactive IGF1R accumulation and 
downstream PI3K–AKT signal inhibition [53, 54]. How-
ever, another study reported that IGFBP7 knockdown 
inhibited TGF-1R and AKT phosphorylation in tyrosine 
kinase inhibitor (TKI)-resistant cells. [55]. Then, IGFBP7 
inhibited the phosphorylation of MEK and ERK1/2 in 
human umbilical vein endothelial cells (HUVECs) [42], 
which was consistent with the result in another study 
reporting that IGFBP7 mutation caused BRAF/MEK/
ERK pathway upregulation in patients with familial reti-
nal artery microaneurysms [56]. Next, IGFBP7 knock-
down could increase the MKP3 level, while MKP3 
knockdown increased IGFBP7 expression levels [57]. 
Finally, by examining the effect of IGFBP7 on VEGF-
induced PGE2 production, Kazuhiro et al. found that 
IGFBP7 could inhibit COX-2 and VEGF mRNA expres-
sion, and its influence could be reversed after the knock-
down of IGFBP7 [42].

Following the discovery that IGFBP7 was the ligand of 
CD93 and promoted EC angiogenesis via CD93 [9], most 
signal molecules involved in the VEGF and TGF-β sig-
nal axis were impacted by IGFBP7 reviewed above, were 
speculated by IGFBP7-CD93 interaction (Fig. 2). Never-
theless, the particular signal pathway still needed further 
to be confirmed.
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MMRN2
MMRN2 might act as a homeostatic barrier to inhibit 
EC migration, angiogenesis, and tumor growth, pro-
mote vascular maturation, and maintain vascular stability 
[37, 58–61]. Moreover, by generating MMRN2−/− mice, 
Rosanna et al. demonstrated that the abnormal vascu-
lature in MMRN2−/− mice caused hypoxia in the tumor 
vessels and decreased responsiveness to chemotherapy, 

which was consistent with the importance of MMRN2 in 
proper vessel homeostasis and stabilization maintenance 
[60]. Therefore, MMRN2 expression might influence the 
function of the tumor vasculature and, in turn, influence 
its effect on cancer therapy [37].

By forming a network on the membrane around ECs 
[37], MMRN2 could affect the TME by binding to many 
types of cytokines [61]. For example, by binding to 

Fig. 1  Effects of CD93, IGFBP7, and MMRN2 on the vasculature were listed in the figure
 Alt Text: The figure is divided into two small figures, quiescent vasculature, and tumor-related vasculature, and lists the roles of related molecules in shape 
similar to a dandelion
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VEGF-A via carbohydrate chains, MMRN2 caused VEGF 
to sequester from receptors to inhibit the VEGF/VEGFR2 
pathway [58, 61], while the VEGF-A might be realized 
after MMRN2 degradation [37].

MMRN2 deposition also played a critical role during 
EC-pericyte crosstalk. Pericyte and EC interactions pro-
moted MMRN2 expression, while MMRN2 acted as an 
adhesion molecule between pericytes and ECs and pro-
vided a docking site for pericytes to play a critical role 
in connecting ECs and pericytes [59]. MMRN2 plays a 
role in the recruitment of pericytes through the stimula-
tion of PDGF and HB-EGF expression in ECs [59]. When 

pericytes were recruited to the abluminal surface of vas-
cular guidance tunnels formed by ECs, it promoted vas-
cular maturation, vascular basement membrane matrix 
deposition, fibronectin, nidogen perlecan, and laminin 
isoform induction [59, 62].

Mechanically, MMRN2 inhibited VEGFR2 Tyr1175 
and Tyr1214 phosphorylation and p38 activation [52, 58, 
61]. (Fig. 2) In addition, MMRN2 knockdown was related 
to increased VEGFR2 Tyr951, VE-cadherin Tyr568, 
and Src phosphorylation [60]. MMRN2−/− mice could 
develop a vasculature, but they had defects in cell-cell 
junctions caused by the increased phosphorylation levels 

Fig. 2  The signal molecules modulated by IGFBP7 and MMRN2. The red icons represent the signal molecule regulated by MMRN2, and the purple icons 
represent the signaling molecules regulated by IGFBP7. 1). IGFBP7 promoted TGF-1R and AKT phosphorylation and activated the p38MAPK pathway, 
upregulating p53, p27Kip1, and p21Cip1. 2). IGFBP7 inhibited AKT and MPK3 activity, MEK and ERK1/2 phosphorylation, and COX-2 and VEGF mRNA 
expression. IGFBP7 interrupts the IGF1R-IGF1/2 interaction and, in turn, inhibited the downstream PI3K-AKT pathway. 3) TGF-β1 induced by TGF-β1/ALK5/
Smad-2 and VEGF induced IGFBP7 expression. MKP3 could inhibit IGFBP7 expression. IGFBP7 transcriptional activation required Smarcb1 participation, 
while Smarcb1 inhibited AKT activation. 4) MMRN2 inhibited p38 activation and Src, VEGFR2, and VE-cadherin phosphorylation. 5) MMRN2 downregu-
lated VEGFR1, VEGFR2, Tie2, MLC2, Apelin, and Ang-2. 6) MMRN2 upregulated VE-cadherin, β-catenin, ZO-1, and JAM-A, MMRN2 upregulated some cyto-
kines, such as Ang2, PDGF, and HB-EGF, and 7) VEGFF-A could downregulate MMRN2.
 Alt Text: There is a connected cell in the figure in which the intrinsic pathways involved in the relevant molecules are marked
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of VEGFR2 Tyr949, which was the counterpart of Tyr951 
in humans, along with defects in pericyte recruitment 
and vascular permeability. ECs that lack MMRN2 pres-
ent defects in VE-cadherin, β-catenin, ZO-1, JAM-A, and 
circumferential actin bundled and increased MLC2 [60]. 
Moreover, MMRN2 could also upregulate Ang-2, Tie-2, 
and downregulate Apelin [59].

Signal cascades involved in CD93
CD93, Cbl, Crk, Rac1, Cdc42, and RhoA were involved 
in cytoskeletal remodeling (Fig. 3) [63, 64], which partici-
pated in EC adhesion and migration. When actin stress 
fiber formation was downregulated in ECs, cell adhesion, 
and cell contact were influenced [7, 10, 65]. Integrins 
were proteins that played a vital role in linking the cyto-
skeleton and signaling pathways [66], and they partici-
pated in the activation of many signaling proteins, such 
as FAK, Src, and Cas [67]. In vascular ECs, IGFBP7 was 
also the ligand of integrin αvβ3. Moreover, IGFBP7 and 

integrin αvβ3 were upregulated in the tumor vasculature 
[34].

Dystroglycan (DG), a laminin-binding protein that 
could be upregulated in tumor vascular ECs, played a 
critical role in angiogenesis and had close interactions 
with CD93. CD93 and DG could promote endothelial cell 
migration and form tubular structures [68]. The intracel-
lular part of β-dystroglycan interacted with dystrophin, 
and dystrophin interacted with the actin cytoskeleton 
[69]. The cytoplasmic region of CD93, by interacting 
with moesin and F-actin, played a critical role in retriev-
ing CD93 within adhering and migrating cells. The 
endosomal downregulation of CD93 restrained CD93 
localization to the migration leading edge [70]. Moreover, 
the small GTPase Rab5c played a critical role in cycling 
CD93 to the surface of ECs. CD93, MMRN2, and β1 
integrin form a complex in the Rab5c endosomal com-
partment. Complex cycling to the lateral surface of ECs 
occurs during clathrin-independent endocytosis [70].

Fig. 3  The signal pathway mediated by CD93 in ECs. (1) Integrin participated in the activation of Src and FAK, and CD93 ensured FAK activation. (2) Cell 
adhesion on laminin caused DG phosphorylation, phosphorylated DG recruits Src, integrin-induced Scr activation, and activated Src was induced to 
phosphorylate the CD93 cytoplasmic domain. Phosphorylated CD93 recruits and phosphorylated Cb1, phosphorylated the Cb1 receptor, and interacted 
with Crk, which interacted with DOCK180 and regulated downstream Rho GTPases, including Rac1, Cdc42, and RhoA. (3) The cytoplasmic region of CD93 
interacted with moesin and F-actin. (4) Dystroglycan interacted with dystrophin, and dystrophin interacted with F-actin. (5) The small GTPase Rab5c par-
ticipated in cycling CD93 to the surface of ECs, and CD93, MMRN2, and β1 integrin form a complex in the Rab5c endosomal compartment
 Alt Text: There are two connected cells in the figure, the left side depicts the intrinsic signaling pathway, and the right side depicts the changes in the 
related protein backbone and the transport of molecules
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When the cell interacted with the stroma, integrin 
provided the signal to induce Src activation [65], which 
might participate in Src activation in the process of CD93 
phosphorylation. After cell adhesion on laminin caused 
phosphorylation of DG, which had been demonstrated 
that it also expressed in ECs under a dynamic regula-
tion and might participate in angiogenesis [71], phos-
phorylated DG recruits Src and Tyr628 and Tyr644 on 
the cytoplasmic domain of CD93 were phosphorylated 
by Src [65, 68]. Phosphorylated CD93 recruits Cbl and 
caused Cbl phosphorylation on Tyr774, providing a site 
for Crk to bind [65, 68]. Phosphorylated Cb1 recruits 
Crk, and Crk interacted with DOCK180 to regulate Rho 
GTPase activity. Rho GTPases, including Rho, Rac, and 
Cdc42, were well known to play a vital role in cell migra-
tion [63, 65, 72, 73]. By the pathway mentioned above, 
CD93 regulated the activity of Rho, Rac, and Cdc42 at 
the cell migration edge, increasing Rac1 and Cdc42 activ-
ity while decreasing RhoA activity specifically [63, 64]. 
Besides impacting the signaling in ECs, CD93 also trans-
mits signals to β-catenin, and β-catenin transmitted sig-
nals to activate Zfp503 expression. Zfp503 bind to the 
promoter of Gfap with the assistance of Grg5 to inhibit 
Gfap expression in neurons [74].

The impact of CD93, IGFBP7, and MMRN2 on solid tumors
The expression of CD93, IGFBP7, and MMRN2 was 
altered in the TME. CD93 expression was upregu-
lated in colorectal cancer and nasopharyngeal carci-
noma. IGFBP7 expression was upregulated in breast 
cancer, glioblastoma, and esophageal adenocarcinoma 
and downregulated in colorectal cancer, colon cancer, 
glioma, hepatocellular carcinoma, high-grade serous 
ovarian carcinoma, pancreatic cancer, and thyroid carci-
noma. Moreover, it had been demonstrated that IGFBP7 
expression upregulation was associated with poor clini-
cal outcomes in breast cancer, lung cancer, esophageal 
adenocarcinoma, and soft-tissue sarcomas (STS), was 
associated with good clinical outcomes in cholangiocar-
cinoma (CCA), hepatocellular carcinoma (HCC), glioma, 
high-grade serous ovarian carcinoma (HGSC), esophago-
gastric junction adenocarcinoma (EJA), and pancreatic 
cancer. However, discordance occurs in gastric cancer 
and colorectal cancer. This discordance might be due to 
the analysis of total tumor RNA expression versus IHC of 
tumors. Another source of discordance was the antibody 
used for the IHC. MMRN2 expression was upregulated 
in low-grade glioma and downregulated in gastric can-
cer, and MMRN2 expression upregulation was associated 
with poor clinical outcomes in low-grade glioma. CD93 
expression upregulation was associated with poor clinical 
outcomes in glioblastoma and nasopharyngeal carcinoma 
(NPC). The relationships among CD93, IGFBP7, and 

MMRN2 expression and clinical parameters were listed 
in Table 1.

Breast cancer
Godina et al. analyzed 878 samples from breast can-
cer patients meeting the requirements. Data on IGFBP7 
expression at the mRNA level from 809 patients were 
downloaded from the TCGA database. They reported 
that low IGFBP7 expression at both the protein and 
mRNA levels is related to less aggressive clinical char-
acteristics, such as a low recurrence risk [75]. Komiya 
et al. collected 32 breast cancer tissue specimens. By 
immunohistochemistry (IHC), they proved that IGFBP7 
expression in blood vessels is upregulated in ductal car-
cinoma in situ (DCIS) compared with normal tissue, 
while IGFBP7 expression in cancer-associated fibroblasts 
(CAFs) is more extensive in invasive carcinomas than in 
DCIS [34]. Kaya et al. investigated the methylation sta-
tus in 61 samples of tumour and adjacent normal tissues 
from breast cancer patients. By methylation-specific 
PCR, they proved that IGFBP7 methylation is more prev-
alent in tumour tissue than in adjacent normal tissues 
(90% vs. 59%). Moreover, methylation is more frequent in 
invasive ductal carcinoma (IDC) than in invasive mixed 
carcinoma (IMC), but it is not related to protein expres-
sion or other clinical characteristics [76].

Colorectal cancer (CRC)
Qiu et al. collected serum samples from 115 CRC 
patients and 107 healthy controls. By enzyme-linked 
immunosorbent assay (ELISA), they proved that IGFBP7 
expression is upregulated in CRC serum compared with 
healthy samples [77]. Adachi collected 89 formalin-fixed 
colorectal cancer samples and 5 liver metastatic tumours 
for IHC analysis. They reported that IGFBP7 expression 
was identified in 37 samples. Moreover, IGFBP7+ patients 
have an early recurrence within 12 months after surgery 
and a shorter survival time, and a worse prognosis than 
IGFBP7- patients with colorectal cancer [78]. Li et al. 
enrolled 81 pairs of colon cancer and adjacent nontu-
mour tissues in their study. By IHC and real-time quanti-
tative reverse-transcriptase PCR (qRT-PCR), they found 
that substantial variations in IGFBP7 were identified in 
stage III and IV colon cancer compared to adjacent non-
tumour tissue. IGFBP7 expression was downregulated on 
the invasive front of liver metastatic colon tissues [79].

Olsen et al. analyzed 101 selected colorectal cancer 
samples. By ELISA, IHC, western blot, gene expres-
sion analysis, and real-time PCR, they found that CD93 
expression is upregulated in tumour tissue compared to 
normal tissue, while soluble CD93 in plasma from can-
cer patients is downregulated compared to plasma from 
healthy patients [80].
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Table 1  CD93, IGFBP7, and MMRN2 expression and clinical parameters in various solid tumors
Human tumor 
type

molecule sample Expression 
level compared 
to normal 
tissue

The relationship between molecule expression and clinical 
parameters

Ref.

Breast cancer IGFBP7 Tumor sample Not done Low IGFBP7 expression was related to less recurrence risk. with high 
IGFBP7 expression, the prognosis was dependent on host factors and 
treatment

 [75]

IGFBP7 Tumor sample Evaluated Not done  [34]

Colorectal cancer IGFBP7 Serum sample Evaluated No significant differenced  [77]

IGFBP7 Tumor sample Not done IGFBP7+ was related to a worse prognosis, including early recurrence 
and shorter survival time compared to IGFBP7-

 [78]

CD93 Tumor sample Elevated Not done  [80]

CD93 Plasma sample Reduced Not done  [80]

IGFBP7 Tumor sample Reduced Low IGFBP7 expression promoted metastasis in colon cancer  [79]

Cholangiocarci-
noma (CCA)

IGFBP7 Tumor sample Not done Patients with IGFBP7 high expression had better overall survival than 
IGFBP7 low expression.

 [47]

Gastric cancer IGFBP7 Tumor sample Evaluated Evaluated IGFBP7 expression was related to short survival  [82]

IGFBP7 Tumor sample Not done IGFBP7 expression upregulation was associated with poor disease-
specific survival, advanced stages in tumors with lymph node metastasis, 
and distant metastasis and recurrence.

 [83]

IGFBP7 Tumor sample Reduced IGFBP7 expression downregulation was associated with unfavorable 
clinical outcome

 [85]

IGFBP7 Tumor sample Reduced IGFBP7 expression downregulation was associated with poor prognosis, 
including the depth of invasion, lymph node metastasis, and TNM stage.

 [84]

MMRN2 Tumor sample Reduced Not done  [86]

Glioma MMRN2 Tumor sample Evaluated MMRN2 expression upregulation was associated with shorter OS in low-
grade glioma (IGG)

 [89]

IGFBP7 Tumor sample Reduced IGFBP7 expression downregulation was associated with larger tumor size 
and shorter overall survival.

 [87]

IGFBP7 Tumor sample Evaluated Not done in glioblastoma  [88]

CD93 Tumor sample Not done CD93 expression was related to reduced survival, higher tumor grade in 
glioblastoma

 [7]

Hepatocellular 
carcinoma (HCC)

IGFBP7 Tumor sample Reduced IGFBP7 expression downregulation was associated with advanced tumor 
stage and grade.

 [44]

IGFBP7 Tumor sample Not done Downregulation was related to poorer prognosis, including shorter 
disease-free survival (DFS) and overall survival (OS) rate.

 [90]

Lung cancer IGFBP7 Tumor sample Not done IGFBP7+ was related to metastasis in non-small cell lung carcinoma  [92]

IGFBP7 Serum sample Not done IGFBP7 expression was positively related to the clinical stage and lym-
phatic metastasis in lung adenocarcinoma

 [94]

Esophagogastric 
junction adeno-
carcinoma (EJA)

IGFBP7 Serum sample Evaluated IGFBP7 expression upregulation was associated with longer OS  [81]

Nasopharyngeal 
carcinoma (NPC)

CD93 Tumor sample Evaluated CD93 expression upregulation was associated with higher T clas-
sification, N classification, distant metastasis, clinical stage, and poor 
prognosis

 [95]

High-grade 
serous ovar-
ian carcinoma 
(HGSC)

IGFBP7 Tumor sample Reduced IGFBP7 expression downregulation was associated with shorter overall 
survival.

 [96]

Oesophageal 
adenocarcinoma

IGFBP7 Tumor sample Elevated IGFBP7 expression upregulation was associated with lower median 
survival and 5-year survival.

 [97]

Oropharyngeal 
cancer

IGFBP7 Salivary 
sample

Elevated Not done  [98]

Pancreatic cancer IGFBP7 Tumor sample Reduced IGFBP7 expression downregulation was associated with poor OS  [99]

Soft-tissue sarco-
mas (STS)

IGFBP7 Tumor sample Not done IGFBP7+ was associated with elevated metastatic risk compared to 
IGFBP7-

 
[101]

IGFBP7 Blood samples Evaluated Not done  
[101]

Thyroid 
carcinoma

IGFBP7 Tumor sample Reduced Not done  [48]
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Cholangiocarcinoma (CCA)
Yue et al. enrolled 33 paraffin-embedded CCA samples 
in their study. By applying IHC, they found that IGFBP7 
expression upregulation was related to better overall sur-
vival in patients with CCA [47].

Oesophagogastric junction adenocarcinoma (EJA)
Liu et al. collected serum samples from 120 EJA patients 
and 88 healthy controls to examine IGFBP7 expression 
by ELISA. They reported that IGFBP7 expression was 
upregulated in EJA patient serum compared with serum 
from healthy patients [81].

Gastric cancer (GC)
Zhao et al. collected gastric specimens and downloaded 
data from the TIMER, Oncomine, TCGA, and GEO 
databases. They reported that the IGFBP7 expression 
level is upregulated in GC and is related to tumour stage, 
tumour grade, tumour status, and Helicobacter pylori 
infection. Moreover, IGFBP7 expression upregulation 
and IGFBP7 methylation downregulation are related 
to shorter survival, and IGFBP7 can act as an indepen-
dent prognostic factor for GC. Furthermore, IGFBP7 is 
positively associated with inflammation-related path-
ways, ECM, and it is associated with various infiltrating 
immune cells, especially tumour-associated macrophages 
[82]. Sato et al. collected 219 gastric cancer samples to 
examine IGFBP7 expression at the protein and mRNA 
levels by IHC and qRT-PCR, respectively. They reported 
that IGFBP7 expression upregulation was positively cor-
related with poor disease-specific survival, depth of 
invasion, lymph node metastasis, distant metastasis, 
recurrence, and pathological stage. In addition, IGFBP7 
expression at the mRNA level was higher in advanced 
stages, in tumours with lymph node metastasis, and in 
those with distant metastasis and recurrence [83]. Liu et 
al. performed a retrospective study of 247 gastric cancer 
patients. By qRT-PCR to examine the IGFBP7 expres-
sion level, they identified IGFBP7 in 138 samples of gas-
tric cancer and adjacent nontumour tissue. Moreover, 
IGFBP7 expression was downregulated in tumour tis-
sue compared with adjacent nontumour tissue at both 
the mRNA and protein levels. Low IGFBP7 expression is 
related to a poor prognosis, including the depth of inva-
sion, lymph node metastasis, and TNM stage [84]. Kim 
et al. collected 393 gastric cancer samples and examined 
them by qRT-PCR, IHC, western blot, and methylation-
specific PCR for IGFBP7 expression and methylation 
levels. They reported that the IGFBP7 expression level 
could act as an independent prognostic factor. Moreover, 
increased gastric cancer cell growth, invasion, and migra-
tion were identified following IGFBP7 knockdown, and 
gastric cancer cell growth inhibition and apoptosis were 
identified following IGFBP7 upregulation. In addition, 

the IGFBP7 methylation level was negatively related to 
IGFBP7 expression in gastric cancer [85]. Andreuzzien 
et al. enrolled 51 patients who agreed to undergo pCLE 
endomicroscopy analyses. They found MMRN2 expres-
sion was high in normal mucosa but showed changes in 
many patients [86].

Glioma
Tian et al. collected 120 glioma samples and 20 normal 
brain tissue samples and subjected them to real-time 
PCR to examine IGFBP7 mRNA. They reported that 
IGFBP7 expression at the mRNA level was downregu-
lated in glioma compared to normal brain tissue. More-
over, the IGFBP7 expression level was inversely related 
to tumour size and positively related to overall survival 
[87]. However, Pen and colleagues reported that IGFBP7 
expression is upregulated in ECs and the vascular ablu-
minal basal lamina in glioblastoma multiforme (GBM) 
[88].

Langenkamp et al. collected 235 samples and ana-
lyzed them by IHC for vascular CD93 expression. They 
reported that the CD93 expression level in the vascula-
ture was positively related to poor survival in high-grade 
astrocytic glioma patients, and in high-grade astrocytic 
glioma patients, vascular CD93 expression is related 
to worse survival [7]. Lugano et al. enrolled 163 glioma 
samples and 2 healthy controls. They reported that the 
MMRN2 expression level is associated with WHO grade 
in glioma, while MMRN2 expression is low in normal 
brain vessels. Moreover, high CD93 expression in glioma 
is related to high MMRN2 expression. CD93 expression 
is negatively related to overall survival in WHO grade 
III-IV astrocytoma patients [8]. Zhao et al. downloaded 
related information from the TCGA dataset and reported 
that MMRN2 expression is upregulated in low-grade gli-
oma (IGG) [89].

Hepatocellular carcinoma (HCC)
Chen et al. collected 104 HCC samples and 9 normal 
adjacent nontumour samples. By applying IHC, they 
reported that IGFBP7 expression is lower in HHC than 
in normal liver tissue, and 26% of HCC patients carry 
IGFBP7 genomic deletions. Moreover, IGFBP7 is nega-
tively related to tumour grades and stages in HCC and 
can inhibit cell growth and promote senescence [44]. 
Tomimaru et al. collected 104 patients diagnosed with 
HCC. By qRT-PCR, they reported that IGFBP7 was 
identified in 67 of 104 HHC patients. Moreover, IGFBP7 
downregulation is related to a worse prognosis, and 
IGFBP7 can be used to predict patient outcomes [90]. Li 
et al. collected 217 serum samples from 136 hepatocel-
lular carcinoma (HCC) patients and 46 chronic hepatitis 
B (CHB) patients. By applying methylation-specific PCR, 
they found that the frequency of IGFBP7 methylation 
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in HCC patients was higher than that in CHB patients. 
The frequency of IGFBP7 methylation was also higher 
in HCC patients with vascular invasion than in patients 
without vascular invasion [91].

Lung cancer
Zhao et al. collected 97 paraffin-embedded samples from 
patients diagnosed with non-small-cell lung carcinoma 
(NSCLC). By IHC, they reported that IGFBP7 is related 
to metastasis and high lymphatic vascular density and 
may promote lymph angiogenesis [92]. Suzuki et al. col-
lected 56 NSCLC samples to investigate the promotor 
methylation level. By RT-PCR, they reported that the 
hypermethylation frequency of IGFBP7 was identified 
in 54% of 56 primary NSCLCs, and hypermethylation is 
related to the IGFBP7 expression level and various clini-
cal features [93].

Chen et al. collected 90 serum samples from 60 lung 
adenocarcinoma patients and 30 healthy controls. After 
applying independent sample mean t-tests to analyze 
the data, they found that the IGFBP7 expression level in 
patient serum with metastatic lung adenocarcinoma was 
higher than that in lung adenocarcinoma in situ [94].

Nasopharyngeal carcinoma (NPC)
Bao et al. collected 65 samples from NPC patients to 
examine their CD93 expression levels. By IHC and west-
ern blot analysis, they found that CD93 expression is 
upregulated in NPC and is related to T classification, N 
classification, distant metastasis, clinical stage, and a 
poor prognosis [95].

High-grade serous ovarian carcinoma (HGSC)
Bao et al. collected 175 HGSC samples to examine 
IGFBP7 expression at the protein level by IHC. They 
reported that most HGSC samples showed downregu-
lated IGFBP7 expression or its total absence. There was a 
strong relationship between IGFBP7 expression upregu-
lation and extended overall survival [96].

Oesophageal adenocarcinoma
Smith et al. collected 65 oesophageal adenocarcinoma 
samples to examine IGFBP7 expression at the protein 
level by IHC. They reported that IGFBP7 expression 
was identified in 52% of patients, and it was related to 
lower median survival and 5-year survival. Furthermore, 
IGFBP7 promoter methylation level upregulation was 
common in Barrett’s oesophagus and oesophageal adeno-
carcinoma and was related to IGFBP7 knockdown [97].

Oropharyngeal cancer
Cüneyt Asım Aral et al. collected salivary samples from 
68 individuals. They confirmed that salivary IGFBP7 

expression in oropharyngeal cancer samples was signifi-
cantly higher than that in normal samples [98].

Pancreatic cancer
An et al. enrolled 190 pancreatic ductal adenocarci-
noma (PDAC) patients. By IHC, they found that IGFBP7 
expression was downregulated in pancreatic cancer tis-
sue compared to adjacent nontumour tissue. Moreover, 
IGFBP7 downregulation was related to poor overall sur-
vival (OS) [99].

Prostate cancer
Sullivan et al. collected 64 prostate cancer samples and 
92 nontumour tissue samples. By denaturing high-per-
formance liquid chromatography and bisulfite sequenc-
ing, they examined the methylation level in tumour tissue 
and normal tissue. They reported that the IGFBP7 meth-
ylation frequency is higher in prostate cancer and high-
grade prostatic intraepithelial neoplasia samples than in 
adjacent normal tissue and benign prostatic hyperplasia 
samples. Moreover, IGFBP7 promoter methylation is 
inversely related to IGFBP7 expression [100].

Soft-tissue sarcomas (STS)
Maria Serena Benassi et al. collected 145 high-grade STS 
samples. By IHC, they found that IGFBP7 expression 
was higher in tumours with metastasis than in tumours 
without metastasis. IGFBP7 expression upregulation was 
related to an elevated metastatic risk. They also exam-
ined IGFBP7 expression in the serum of 59 patients and 
confirmed that IGFBP7 expression was upregulated in 
patient serum compared with healthy serum. Moreover, 
IGFBP7 expression upregulation was more significant in 
synovial sarcoma and liposarcoma than in other STS his-
totypes [101].

Thyroid carcinoma
Zhang and his colleagues collected 112 paraffin-embed-
ded thyroid tumour samples. By IHC, they found that 
IGFBP7 expression at the protein level is considerably 
downregulated in follicular thyroid cancer (FTC) and 
anaplastic thyroid cancer (ATC) compared to normal 
thyroid, benign thyroid adenoma, and classical papillary 
thyroid cancer (PTC) tissues [48].

Concluding remarks and future perspectives
In this article, we reviewed recent studies on the func-
tion of CD93, IGFBP7, and MMRN2 in angiogenesis. 
MMRN2 and IGFBP7 were the ligands of CD93 and 
could bind to CD93 simultaneously. We showed that 
CD93 mainly played roles in the tumor-associated vas-
culature, MMRN2 mainly played roles in the quiescent 
vasculature, and IGFBP7 could play roles in both the 
quiescent and tumor-associated tumors vasculature. The 
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contrary function of IGFBP7 might be because IGFBP7 
could play different roles at different doses and/or in dif-
ferent expression manners. Moreover, we reviewed the 
signaling pathways regulated by IGFBP7 and MMRN2, 
which mainly involved TGF-β and VEGF signaling, which 
played a critical role in angiogenesis. We also review the 
signaling pathways mediated by CD93. Furthermore, we 
reviewed recent clinical research on CD93, IGFBP7, and 
MMRN2 expression levels and the relationships between 
their expression levels, clinical prognosis, and pathologi-
cal factors.

Abnormality vasculature in TME had restricted the 
drug delivery, then restricted the antitumor drugs’ ther-
apy effect. CD93 might act as a promising target in vas-
culature normalization. In future research, many results 
need further investigation and verification. First, the 
therapeutic effect of targeting the IGFBP7-CD93 axis 
should be further investigated. Second, the mechanism 
by which IGFBP7 played its opposite roles should be fur-
ther investigated. Third, the expression levels of CD93, 
IGFBP7, and MMRN2 in various solid tumors and their 
relationship with the clinical characteristics of tumor 
patients should be further investigated. Finally, the ther-
apeutic effect of a combination of CD93 blockage and 
other antitumor drugs should be further investigated in 
solid tumors.

Abbreviations
CCA	� Cholangiocarcinoma
CTLD	� C-type lectin domain
CRC	� Colorectal cancer
ECs	� Endothelial cells
ECM	� Extracellular matrix
ELISA	� Enzyme-linked immunosorbent assay
EJA	� Esophagogastric junction adenocarcinoma
FAK	� Focal adhesion kinase
GC	� Gastric cancer
HCC	� Hepatocellular carcinoma
HGSC	� High-grade serous ovarian carcinoma
IGFBP7	� Insulin-like growth factor binding protein 7
IHC	� Immunohistochemistry
mAb	� Monoclonal antibody
NPC	� Nasopharyngeal carcinoma
SMC	� Smooth muscle cell
STS	� Soft-tissue sarcomas
TME	� Tumor microenvironment
VEGF	� Vascular endothelial-derived growth factor
qRT–PCR	� Quantitative reverse-transcriptase PCR

Acknowledgements
Not applicable.

Authors’ contributions
YL, LF, BKW, XQG, CL, YY, YZZ, ZYL, and CLZ drafted the manuscript; YS and SKH 
completed the figures and tables; YT and FX managed the article design and 
reviewed the manuscript; and YT provided funding support. All authors have 
read and approved the final manuscript.

Funding
We gratefully acknowledge financial support from the Natural Science 
Foundation of China (81974377), the Scientific Research Project of Education 
Department of Liaoning Province (JC2019017), 345 Talent Project of Shengjing 
Hospital (2019–2021), and Outstanding Scientific Fund of Shengjing Hospital.

Data Availability
Not applicable.

Declarations

Competing interests
The authors declare no competing interests.

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Received: 12 February 2023 / Accepted: 27 August 2023

References
1.	 Griffioen1, AW Molemag. Angiogenesis: Potentials for Pharmacologic 

Intervention in the Treatment of Cancer,Cardiovascular Diseases, and Chronic 
Inflammation. 2000.

2.	 Xia Z, Xiao J, Dai Z, Chen Q. Membrane progesterone receptor alpha (mPRal-
pha) enhances hypoxia-induced vascular endothelial growth factor secretion 
and angiogenesis in lung adenocarcinoma through STAT3 signaling. J Transl 
Med. 2022;20(1):72.

3.	 Matuszewska K, Pereira M, Petrik D, Lawler J, Petrik J. Normalizing Tumor 
vasculature to reduce Hypoxia, enhance perfusion, and optimize therapy 
uptake. Cancers 2021, 13(17).

4.	 Campagna R, Mateuszuk L, Wojnar-Lason K, Kaczara P, Tworzydlo A, Kij A, 
Bujok R, Mlynarski J, Wang Y, Sartini D, et al. Nicotinamide N-methyltransferase 
in endothelium protects against oxidant stress-induced endothelial injury. 
Biochim Biophys Acta Mol Cell Res. 2021;1868(10):119082.

5.	 Szczesny-Malysiak E, Stojak M, Campagna R, Grosicki M, Jamrozik M, Kaczara P, 
Chlopicki S. Bardoxolone Methyl Displays Detrimental Effects on Endothelial 
Bioenergetics, Suppresses Endothelial ET-1 Release, and Increases Endothelial 
Permeability in Human Microvascular Endothelium. Oxid Med Cell Longev 
2020, 2020:4678252.

6.	 Masiero M, Simoes FC, Han HD, Snell C, Peterkin T, Bridges E, Mangala LS, Wu 
SY, Pradeep S, Li D, et al. A core human primary tumor angiogenesis signature 
identifies the endothelial orphan receptor ELTD1 as a key regulator of angio-
genesis. Cancer Cell. 2013;24(2):229–41.

7.	 Langenkamp E, Zhang L, Lugano R, Huang H, Elhassan TE, Georganaki M, 
Bazzar W, Loof J, Trendelenburg G, Essand M, et al. Elevated expression of the 
C-type lectin CD93 in the glioblastoma vasculature regulates cytoskeletal 
rearrangements that enhance vessel function and reduce host survival. 
Cancer Res. 2015;75(21):4504–16.

8.	 Lugano R, Vemuri K, Yu D, Bergqvist M, Smits A, Essand M, Johansson 
S, Dejana E, Dimberg A. CD93 promotes beta1 integrin activation and 
fibronectin fibrillogenesis during tumor angiogenesis. J Clin Invest. 
2018;128(8):3280–97.

9.	 Sun Y, Chen W, Torphy RJ, Yao S, Zhu G, Lin R, Lugano R, Miller EN, Fujiwara Y, 
Bian L et al. Blockade of the CD93 pathway normalizes tumor vasculature to 
facilitate drug delivery and immunotherapy. Sci Transl Med 2021, 13(604).

10.	 Orlandini M, Galvagni F, Bardelli M, Rocchigiani M, Lentucci C, Anselmi 
F, Zippo A, Bini L, Oliviero S. The characterization of a novel monoclonal 
antibody against CD93 unveils a new antiangiogenic target. Oncotarget. 
2014;5(9):2750–60.

11.	 Park M, Tenner AJ. Cell surface expression of C1qRP/CD93 is stabilized by 
O-glycosylation. J Cell Physiol. 2003;196(3):512–22.

12.	 Du J, Yang Q, Luo L, Yang D. C1qr and C1qrl redundantly regulate angiogen-
esis in zebrafish through controlling endothelial Cdh5. Biochem Biophys Res 
Commun. 2017;483(1):482–7.

13.	 McGreal EP, Ikewaki N, Akatsu H, Morgan BP, Gasque P. Human C1qRp is iden-
tical with CD93 and the mNI-11 antigen but does not bind C1q. J Immunol. 
2002;168(10):5222–32.

14.	 Khan KA, McMurray JL, Mohammed F, Bicknell R. C-type lectin domain 
group 14 proteins in vascular biology, cancer and inflammation. FEBS J. 
2019;286(17):3299–332.



Page 12 of 14Li et al. Cancer Cell International          (2023) 23:189 

15.	 Nepomuceno RR, Henschen-Edman AH, Burgess WH, Tenner AJ. cDNA 
cloning and primary structure analysis of C1qRP, the human C1q/MBL/
SPA receptor that mediates enhanced phagocytosis in Vitro. Immunity. 
1997;6(2):119–29.

16.	 Galvagni F, Nardi F, Spiga O, Trezza A, Tarticchio G, Pellicani R, Andreuzzi E, 
Caldi E, Toti P, Tosi GM, et al. Dissecting the CD93-Multimerin 2 interaction 
involved in cell adhesion and migration of the activated endothelium. Matrix 
Biol. 2017;64:112–27.

17.	 Fantone S, Tossetta G, Di Simone N, Tersigni C, Scambia G, Marcheggiani F, 
Giannubilo SR, Marzioni D. CD93 a potential player in cytotrophoblast and 
endothelial cell migration. Cell Tissue Res 2021.

18.	 Goveia J, Rohlenova K, Taverna F, Treps L, Conradi LC, Pircher A, Geldhof V, de 
Rooij L, Kalucka J, Sokol L, et al. An Integrated Gene expression Landscape 
Profiling Approach to identify lung tumor endothelial cell heterogeneity and 
angiogenic candidates. Cancer Cell. 2020;37(1):21–36e13.

19.	 Tosi GM, Caldi E, Parolini B, Toti P, Neri G, Nardi F, Traversi C, Cevenini G, Mari-
gliani D, Nuti E, et al. CD93 as a potential target in Neovascular Age-Related 
Macular Degeneration. J Cell Physiol. 2017;232(7):1767–73.

20.	 Bohlson SS, Silva R, Fonseca MI, Tenner AJ. CD93 is rapidly shed from the 
surface of human myeloid cells and the soluble form is detected in human 
plasma. J Immunol. 2005;175(2):1239–47.

21.	 Greenlee MC, Sullivan SA, Bohlson SS. Detection and characterization of solu-
ble CD93 released during inflammation. Inflamm Res. 2009;58(12):909–19.

22.	 Kao YC, Jiang SJ, Pan WA, Wang KC, Chen PK, Wei HJ, Chen WS, Chang BI, Shi 
GY, Wu HL. The epidermal growth factor-like domain of CD93 is a potent 
angiogenic factor. PLoS ONE. 2012;7(12):e51647.

23.	 Park HJ, Oh EY, Han HJ, Park KH, Jeong KY, Park JW, Lee JH. Soluble CD93 in 
allergic asthma. Sci Rep. 2020;10(1):323.

24.	 Yanaba K, Asano Y, Noda S, Akamata K, Aozasa N, Taniguchi T, Takahashi T, 
Ichimura Y, Toyama T, Sumida H, et al. Augmented production of soluble 
CD93 in patients with systemic sclerosis and clinical association with severity 
of skin sclerosis. Br J Dermatol. 2012;167(3):542–7.

25.	 Malarstig A, Silveira A, Wagsater D, Ohrvik J, Backlund A, Samnegard A, 
Khademi M, Hellenius ML, Leander K, Olsson T, et al. Plasma CD93 concentra-
tion is a potential novel biomarker for coronary artery disease. J Intern Med. 
2011;270(3):229–36.

26.	 Strawbridge RJ, Hilding A, Silveira A, Osterholm C, Sennblad B, McLeod O, 
Tsikrika P, Foroogh F, Tremoli E, Baldassarre D, et al. Soluble CD93 is involved in 
metabolic dysregulation but does not influence carotid intima-media thick-
ness. Diabetes. 2016;65(10):2888–99.

27.	 Komiya E, Furuya M, Watanabe N, Miyagi Y, Higashi S, Miyazaki K. Elevated 
expression of angiomodulin (AGM/IGFBP-rP1) in tumor stroma and its roles in 
fibroblast activation. Cancer Sci. 2012;103(4):691–9.

28.	 Akaogi K, Okabe Y, Funahashi K, Yoshitake Y, Nishikawa K, Yasumitsu H, 
Umeda M, Miyazaki K. Cell adhesion activity of a 30-kDa major secreted pro-
tein from human bladder carcinoma cells. Biochem Biophys Res Commun. 
1994;198(3):1046–53.

29.	 Hooper AT, Shmelkov SV, Gupta S, Milde T, Bambino K, Gillen K, Goetz M, 
Chavala S, Baljevic M, Murphy AJ, et al. Angiomodulin is a specific marker of 
vasculature and regulates vascular endothelial growth factor-A-dependent 
neoangiogenesis. Circ Res. 2009;105(2):201–8.

30.	 Wang J, Deng X, Xie Y, Tang J, Zhou Z, Yang F, He Q, Cao Q, Zhang L, He L. An 
Integrated Transcriptome Analysis reveals IGFBP7 upregulation in vasculature 
in traumatic brain Injury. Front Genet. 2020;11:599834.

31.	 Akaogi K, Okabe Y, Sato J, Nagashima Y, Yasumitsu H, Sugahara K, Miyazaki K. 
Specific accumulation of tumor-derived adhesion factor in tumor blood ves-
sels and in capillary tube-like structures of cultured vascular endothelial cells. 
Proc Natl Acad Sci U S A. 1996;93(16):8384–9.

32.	 Dang W, Cao P, Yan Q, Yang L, Wang Y, Yang J, Xin S, Zhang J, Li J, Long S, et 
al. IGFBP7-AS1 is a p53-responsive long noncoding RNA downregulated 
by Epstein-Barr virus that contributes to viral tumorigenesis. Cancer Lett. 
2021;523:135–47.

33.	 Darr J, Klochendler A, Isaac S, Eden A. Loss of IGFBP7 expression and persis-
tent AKT activation contribute to SMARCB1/Snf5-mediated tumorigenesis. 
Oncogene. 2014;33(23):3024–32.

34.	 Komiya E, Sato H, Watanabe N, Ise M, Higashi S, Miyagi Y, Miyazaki K. 
Angiomodulin, a marker of cancer vasculature, is upregulated by vascular 
endothelial growth factor and increases vascular permeability as a ligand of 
integrin alphavbeta3. Cancer Med. 2014;3(3):537–49.

35.	 Pen A, Moreno MJ, Durocher Y, Deb-Rinker P, Stanimirovic DB. Glioblastoma-
secreted factors induce IGFBP7 and angiogenesis by modulating Smad-
2-dependent TGF-beta signaling. Oncogene. 2008;27(54):6834–44.

36.	 Colombatti A, Spessotto P, Doliana R, Mongiat M, Bressan GM, Esposito G. The 
EMILIN/Multimerin family. Front Immunol. 2011;2:93.

37.	 Andreuzzi E, Colladel R, Pellicani R, Tarticchio G, Cannizzaro R, Spessotto P, 
Bussolati B, Brossa A, De Paoli P, Canzonieri V, et al. The angiostatic molecule 
multimerin 2 is processed by MMP-9 to allow sprouting angiogenesis. Matrix 
Biol. 2017;64:40–53.

38.	 Khan KA, Naylor AJ, Khan A, Noy PJ, Mambretti M, Lodhia P, Athwal J, 
Korzystka A, Buckley CD, Willcox BE, et al. Multimerin-2 is a ligand for group 
14 family C-type lectins CLEC14A, CD93 and CD248 spanning the endothelial 
pericyte interface. Oncogene. 2017;36(44):6097–108.

39.	 Payet M, Ah-Pine F, Guillot X, Gasque P. Inflammatory mesenchymal stem 
cells Express Abundant membrane-bound and soluble forms of C-Type 
lectin-like CD248. Int J Mol Sci 2023, 24(11).

40.	 Lamalice L, Le Boeuf F, Huot J. Endothelial cell migration during angiogenesis. 
Circ Res. 2007;100(6):782–94.

41.	 Bar O, Gelb S, Atamny K, Anzi S, Ben-Zvi A. Angiomodulin (IGFBP7) is a 
cerebral specific angiocrine factor, but is probably not a blood-brain barrier 
inducer. Fluids Barriers CNS. 2020;17(1):27.

42.	 Tamura K, Hashimoto K, Suzuki K, Yoshie M, Kutsukake M, Sakurai T. Insulin-
like growth factor binding protein-7 (IGFBP7) blocks vascular endothelial cell 
growth factor (VEGF)-induced angiogenesis in human vascular endothelial 
cells. Eur J Pharmacol. 2009;610(1–3):61–7.

43.	 Tamura K, Yoshie M, Hashimoto K, Tachikawa E. Inhibitory effect of insulin-like 
growth factor-binding protein-7 (IGFBP7) on in vitro angiogenesis of vascular 
endothelial cells in the rat corpus luteum. J Reprod Dev. 2014;60(6):447–53.

44.	 Chen D, Yoo BK, Santhekadur PK, Gredler R, Bhutia SK, Das SK, Fuller C, Su ZZ, 
Fisher PB, Sarkar D. Insulin-like growth factor-binding protein-7 functions as 
a potential tumor suppressor in hepatocellular carcinoma. Clin Cancer Res. 
2011;17(21):6693–701.

45.	 Pen A, Durocher Y, Slinn J, Rukhlova M, Charlebois C, Stanimirovic DB, Moreno 
MJ. Insulin-like growth factor binding protein 7 exhibits tumor suppressive 
and vessel stabilization properties in U87MG and T98G glioblastoma cell 
lines. Cancer Biol Ther. 2011;12(7):634–46.

46.	 Wajapeyee N, Serra RW, Zhu X, Mahalingam M, Green MR. Oncogenic BRAF 
induces senescence and apoptosis through pathways mediated by the 
secreted protein IGFBP7. Cell. 2008;132(3):363–74.

47.	 Yue C, Yang M, Tian Q, Mo F, Peng J, Ma Y, Huang Y, Wang D, Wang Y, Hu Z. 
IGFBP7 is associated to prognosis and could suppress cell survival in cholan-
giocarcinoma. Artif Cells Nanomed Biotechnol. 2018;46(sup2):817–25.

48.	 Zhang L, Lian R, Zhao J, Feng X, Ye R, Pan L, Wu J, Li M, Huan Y, Cai J. IGFBP7 
inhibits cell proliferation by suppressing AKT activity and cell cycle progres-
sion in thyroid carcinoma. Cell Biosci. 2019;9:44.

49.	 Rupp C, Scherzer M, Rudisch A, Unger C, Haslinger C, Schweifer N, Artaker M, 
Nivarthi H, Moriggl R, Hengstschlager M, et al. IGFBP7, a novel tumor stroma 
marker, with growth-promoting effects in colon cancer through a paracrine 
tumor-stroma interaction. Oncogene. 2015;34(7):815–25.

50.	 Dongre A, Weinberg RA. New insights into the mechanisms of epithelial–
mesenchymal transition and implications for cancer. Nat Rev Mol Cell Biol. 
2018;20(2):69–84.

51.	 Benatar T, Yang W, Amemiya Y, Evdokimova V, Kahn H, Holloway C, Seth A. 
IGFBP7 reduces breast tumor growth by induction of senescence and apop-
tosis pathways. Breast Cancer Res Treat. 2012;133(2):563–73.

52.	 Xu Y, Jia Y, Wu N, Wang J, He L, Yang D. CD93 ameliorates Diabetic Wounds 
by promoting angiogenesis via the p38MAPK/MK2/HSP27 Axis. Eur J Vasc 
Endovasc Surg 2023.

53.	 Cao Z, Scandura JM, Inghirami GG, Shido K, Ding BS, Rafii S. Molecular check-
point decisions made by subverted vascular niche transform indolent tumor 
cells into Chemoresistant Cancer Stem cells. Cancer Cell. 2017;31(1):110–26.

54.	 Evdokimova V, Tognon CE, Benatar T, Yang W, Krutikov K, Pollak M, Sorensen 
PH, Seth A. IGFBP7 binds to the IGF-1 receptor and blocks its activation by 
insulin-like growth factors. Sci Signal. 2012;5(255):ra92.

55.	 Wu SG, Chang TH, Tsai MF, Liu YN, Hsu CL, Chang YL, Yu CJ, Shih JY. IGFBP7 
drives resistance to epidermal growth factor receptor tyrosine kinase inhibi-
tion in Lung Cancer. Cancers (Basel) 2019, 11(1).

56.	 Abu-Safieh L, Abboud EB, Alkuraya H, Shamseldin H, Al-Enzi S, Al-Abdi L, 
Hashem M, Colak D, Jarallah A, Ahmad H, et al. Mutation of IGFBP7 causes 
Upregulation of BRAF/MEK/ERK Pathway and familial retinal arterial Macroan-
eurysms. Am J Hum Genet. 2011;89(2):313–9.

57.	 Okamura J, Huang Y, Moon D, Brait M, Chang X, Kim MS. Downregulation of 
insulin-like growth factor-binding protein 7 in cisplatin-resistant non-small 
cell lung cancer. Cancer Biol Ther. 2012;13(3):148–55.



Page 13 of 14Li et al. Cancer Cell International          (2023) 23:189 

58.	 Lorenzon E, Colladel R, Andreuzzi E, Marastoni S, Todaro F, Schiappacassi M, 
Ligresti G, Colombatti A, Mongiat M. MULTIMERIN2 impairs tumor angiogen-
esis and growth by interfering with VEGF-A/VEGFR2 pathway. Oncogene. 
2012;31(26):3136–47.

59.	 Fejza A, Poletto E, Carobolante G, Camicia L, Andreuzzi E, Capuano A, Pivetta 
E, Pellicani R, Colladel R, Marastoni S, et al. Multimerin-2 orchestrates the 
cross-talk between endothelial cells and pericytes: a mechanism to maintain 
vascular stability. Matrix Biol Plus. 2021;11:100068.

60.	 Pellicani R, Poletto E, Andreuzzi E, Paulitti A, Doliana R, Bizzotto D, Braghetta 
P, Colladel R, Tarticchio G, Sabatelli P, et al. Multimerin-2 maintains vascular 
stability and permeability. Matrix Biol. 2020;87:11–25.

61.	 Colladel R, Pellicani R, Andreuzzi E, Paulitti A, Tarticchio G, Todaro F, Colom-
batti A, Mongiat M. MULTIMERIN2 binds VEGF-A primarily via the carbohy-
drate chains exerting an angiostatic function and impairing tumor growth. 
Oncotarget. 2016;7(2):2022–37.

62.	 Stratman AN, Malotte KM, Mahan RD, Davis MJ, Davis GE. Pericyte recruitment 
during vasculogenic tube assembly stimulates endothelial basement mem-
brane matrix formation. Blood. 2009;114(24):5091–101.

63.	 Barbera S, Lugano R, Pedalina A, Mongiat M, Santucci A, Tosi GM, Dimberg 
A, Galvagni F, Orlandini M. The C-type lectin CD93 controls endothelial 
cell migration via activation of the rho family of small GTPases. Matrix Biol. 
2021;99:1–17.

64.	 Lugano R, Vemuri K, Barbera S, Orlandini M, Dejana E, Claesson-Welsh L, 
Dimberg A. CD93 maintains endothelial barrier function by limiting the phos-
phorylation and turnover of VE-cadherin. FASEB J. 2023;37(4):e22894.

65.	 Barbera S, Raucci L, Lugano R, Tosi GM, Dimberg A, Santucci A, Galvagni F, 
Orlandini M. CD93 Signaling via rho proteins drives cytoskeletal remodeling 
in spreading endothelial cells. Int J Mol Sci 2021, 22(22).

66.	 Hynes RO. Integrins: Bidirectional, Allosteric Signaling Machines. 2002.
67.	 Pugacheva EN, Roegiers F, Golemis EA. Interdependence of cell attachment 

and cell cycle signaling. Curr Opin Cell Biol. 2006;18(5):507–15.
68.	 Galvagni F, Nardi F, Maida M, Bernardini G, Vannuccini S, Petraglia F, Santucci 

A, Orlandini M. CD93 and dystroglycan cooperation in human endothe-
lial cell adhesion and migration adhesion and migration. Oncotarget. 
2016;7(9):10090–103.

69.	 Barresi R, Campbell KP. Dystroglycan: from biosynthesis to pathogenesis of 
human disease. J Cell Sci. 2006;119(Pt 2):199–207.

70.	 Barbera S, Nardi F, Elia I, Realini G, Lugano R, Santucci A, Tosi GM, Dimberg 
A, Galvagni F, Orlandini M. The small GTPase Rab5c is a key regulator of traf-
ficking of the CD93/Multimerin-2/beta1 integrin complex in endothelial cell 
adhesion and migration. Cell Commun Signal. 2019;17(1):55.

71.	 Hosokawa H, Ninomiya H, Kitamura Y, Fujiwara K, Masaki T. Vascular endo-
thelial cells that express dystroglycan are involved in angiogenesis. J Cell Sci. 
2002;115(Pt 7):1487–96.

72.	 Lee H, Tsygankov AY. Cbl-family proteins as regulators of cytoskeleton-depen-
dent phenomena. J Cell Physiol. 2013;228(12):2285–93.

73.	 Ridley AJ. Rho GTPase signalling in cell migration. Curr Opin Cell Biol. 
2015;36:103–12.

74.	 Liang Q, Su L, Zhang D, Jiao J. CD93 negatively regulates astrogenesis in 
response to MMRN2 through the transcriptional repressor ZFP503 in the 
developing brain. Proc Natl Acad Sci U S A. 2020;117(17):9413–22.

75.	 Godina C, Khazaei S, Tryggvadottir H, Visse E, Nodin B, Jirstrom K, Borgquist 
S, Bosch A, Isaksson K, Jernstrom H. Prognostic impact of tumor-specific 
insulin-like growth factor binding protein 7 (IGFBP7) levels in breast cancer: a 
prospective cohort study. Carcinogenesis. 2021;42(11):1314–25.

76.	 Kaya Z, Akkiprik M, Karabulut S, Peker I, Gullu Amuran G, Ozmen T, Gulluoglu 
BM, Kaya H, Ozer A. Comparison of telomere length and insulin-like growth 
factor-binding protein 7 promoter methylation between breast cancer 
tissues and adjacent normal tissues in turkish women. J Clin Lab Anal 2017, 
31(5).

77.	 Qiu B, Chu LY, Li XX, Peng YH, Xu YW, Xie JJ, Chen XY. Diagnostic value of 
serum insulin-like growth factor binding protein 7 (IGFBP7) in Colorectal 
Cancer. Onco Targets Ther. 2020;13:12131–9.

78.	 Adachi Y, Itoh F, Yamamoto H, Arimura Y, Kikkawa-Okabe Y, Miyazaki K, 
Carbone DP, Imai K. Expression of angiomodulin (tumor-derived adhesion 
factor/mac25) in invading tumor cells correlates with poor prognosis in 
human colorectal cancer. Int J Cancer. 2001;95(4):216–22.

79.	 Li Y, Xi Y, Zhu G, Jia J, Huang H, Liu Y, Guo Y, Liu L. Downregulated IGFBP7 
facilitates liver metastasis by modulating epithelialmesenchymal transition in 
colon cancer. Oncol Rep. 2019;42(5):1935–45.

80.	 Olsen RS, Lindh M, Vorkapic E, Andersson RE, Zar N, Lofgren S, Dimberg J, 
Matussek A, Wagsater D. CD93 gene polymorphism is associated with dis-
seminated colorectal cancer. Int J Colorectal Dis. 2015;30(7):883–90.

81.	 Liu CT, Xu YW, Guo H, Hong CQ, Huang XY, Luo YH, Yang SH, Chu LY, Li EM, 
Peng YH. Serum insulin-like growth factor binding protein 7 as a potential 
biomarker in the diagnosis and prognosis of Esophagogastric Junction 
Adenocarcinoma. Gut Liver. 2020;14(6):727–34.

82.	 Zhao Q, Zhao R, Song C, Wang H, Rong J, Wang F, Yan L, Song Y, Xie Y. 
Increased IGFBP7 expression correlates with poor prognosis and Immune 
Infiltration in Gastric Cancer. J Cancer. 2021;12(5):1343–55.

83.	 Sato Y, Inokuchi M, Takagi Y, Otsuki S, Fujimori Y, Yanaka Y, Kobayashi 
K, Higuchi K, Kojima K, Kawano T. Relationship between expression of 
IGFBP7 and clinicopathological variables in gastric cancer. J Clin Pathol. 
2015;68(10):795–801.

84.	 Liu L, Yang Z, Zhang W, Yan B, Gu Q, Jiao J, Yue X. Decreased expression of 
IGFBP7 was a poor prognosis predictor for gastric cancer patients. Tumour 
Biol. 2014;35(9):8875–81.

85.	 Kim J, Kim WH, Byeon SJ, Lee BL, Kim MA. Epigenetic downregulation and 
growth inhibition of IGFBP7 in gastric Cancer. Asian Pac J Cancer Prev. 
2018;19(3):667–75.

86.	 Andreuzzi E, Capuano A, Pellicani R, Poletto E, Doliana R, Maiero S, Fornasarig 
M, Magris R, Colombatti A, Cannizzaro R et al. Loss of Multimerin-2 and 
EMILIN-2 expression in gastric Cancer associate with altered angiogenesis. Int 
J Mol Sci 2018, 19(12).

87.	 Tian X, Zhang L, Sun L, Xue Y, Xie S. Low expression of insulin-like growth 
factor binding protein 7 associated with poor prognosis in human glioma. J 
Int Med Res. 2014;42(3):651–8.

88.	 Pen A, Moreno MJ, Martin J, Stanimirovic DB. Molecular markers of extracel-
lular matrix remodeling in glioblastoma vessels: microarray study of laser-
captured glioblastoma vessels. Glia. 2007;55(6):559–72.

89.	 Zhao Y, Zhang X, Yao J, Jin Z, Liu C. Expression patterns and the prognostic 
value of the EMILIN/Multimerin family members in low-grade glioma. PeerJ. 
2020;8:e8696.

90.	 Tomimaru Y, Eguchi H, Wada H, Kobayashi S, Marubashi S, Tanemura 
M, Umeshita K, Kim T, Wakasa K, Doki Y, et al. IGFBP7 downregulation is 
associated with tumor progression and clinical outcome in hepatocellular 
carcinoma. Int J Cancer. 2012;130(2):319–27.

91.	 Li F, Fan YC, Gao S, Sun FK, Yang Y, Wang K. Methylation of serum insulin-like 
growth factor-binding protein 7 promoter in hepatitis B virus-associated 
hepatocellular carcinoma. Genes Chromosomes Cancer. 2014;53(1):90–7.

92.	 Zhao W, Wang J, Zhu B, Duan Y, Chen F, Nian W, Sun J, Zhang B, Tong Z, Chen 
Z. IGFBP7 functions as a potential lymphangiogenesis inducer in non-small 
cell lung carcinoma. Oncol Rep. 2016;35(3):1483–92.

93.	 Suzuki M, Shiraishi K, Eguchi A, Ikeda K, Mori T, Yoshimoto K, Ohba Y, Yamada 
T, Ito T, Baba Y, et al. Aberrant methylation of LINE-1, SLIT2, MAL and IGFBP7 in 
non-small cell lung cancer. Oncol Rep. 2013;29(4):1308–14.

94.	 Chen C, Tian X, Zhao X, Ren L. Clinical study of serum IGFBP7 in predicting 
lymphatic metastasis in patients with lung adenocarcinoma. Curr Probl 
Cancer. 2020;44(6):100584.

95.	 Bao L, Tang M, Zhang Q, You B, Shan Y, Shi S, Li L, Hu S, You Y. Elevated expres-
sion of CD93 promotes angiogenesis and tumor growth in nasopharyngeal 
carcinoma. Biochem Biophys Res Commun. 2016;476(4):467–74.

96.	 Gambaro K, Quinn MC, Caceres-Gorriti KY, Shapiro RS, Provencher D, Rahimi 
K, Mes-Masson AM, Tonin PN. Low levels of IGFBP7 expression in high-grade 
serous ovarian carcinoma is associated with patient outcome. BMC Cancer. 
2015;15:135.

97.	 Smith E, Ruszkiewicz AR, Jamieson GG, Drew PA. IGFBP7 is associated with 
poor prognosis in oesophageal adenocarcinoma and is regulated by pro-
moter DNA methylation. Br J Cancer. 2014;110(3):775–82.

98.	 Aral CA, Olcer SN, Aral K, Kapila Y. Oxidative stress, neutrophil elastase and 
IGFBP7 levels in patients with oropharyngeal cancer and chronic periodonti-
tis. Oral Dis. 2020;26(7):1393–401.

99.	 An W, Ben QW, Chen HT, Zheng JM, Huang L, Li GX, Li ZS. Low expression of 
IGFBP7 is associated with poor outcome of pancreatic ductal adenocarci-
noma. Ann Surg Oncol. 2012;19(12):3971–8.

100.	 Sullivan L, Murphy TM, Barrett C, Loftus B, Thornhill J, Lawler M, Hollywood D, 
Lynch T, Perry AS. IGFBP7 promoter methylation and gene expression analysis 
in prostate cancer. J Urol. 2012;188(4):1354–60.

101.	 Benassi MS, Pazzaglia. L, Novello. C, Quattrini. I, Pollino S, Magagnoli. Picci. P, 
Conti. A: tissue and serum IGFBP7 protein as biomarker in high-grade soft 
tissue sarcoma. G; 2015.



Page 14 of 14Li et al. Cancer Cell International          (2023) 23:189 

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


	﻿Angiogenesis modulated by CD93 and its natural ligands IGFBP7 and MMRN2: a new target to facilitate solid tumor therapy by vasculature normalization
	﻿Abstract
	﻿Introduction
	﻿The CD93 receptor
	﻿The natural ligands of CD93
	﻿The effects of CD93, IGFBP7, and MMRN2 on the vasculature
	﻿CD93
	﻿IGFBP7
	﻿MMRN2
	﻿Signal cascades involved in CD93
	﻿The impact of CD93, IGFBP7, and MMRN2 on solid tumors
	﻿Breast cancer
	﻿Colorectal cancer (CRC)
	﻿Cholangiocarcinoma (CCA)
	﻿Oesophagogastric junction adenocarcinoma (EJA)
	﻿Gastric cancer (GC)
	﻿Glioma
	﻿Hepatocellular carcinoma (HCC)
	﻿Lung cancer
	﻿Nasopharyngeal carcinoma (NPC)
	﻿High-grade serous ovarian carcinoma (HGSC)
	﻿Oesophageal adenocarcinoma
	﻿Oropharyngeal cancer
	﻿Pancreatic cancer
	﻿Prostate cancer
	﻿Soft-tissue sarcomas (STS)
	﻿Thyroid carcinoma
	﻿Concluding remarks and future perspectives

	﻿References


