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Abstract: Insulin-like growth factor binding protein-1 (IGFBP-1) belongs to the insulin-like growth factor (IGF) sys-
tem, which plays an indispensable role in normal growth and development, and in the pathophysiology of various 
tumors. IGFBP-1 has been shown to be associated with the risk of various tumors, and has a vital function in 
regulating tumor behaviors such as proliferation, migration, invasion and adhesion through different molecular 
mechanisms. The biological actions of IGFBP-1 in cancer are found to be related to its phosphorylation state, and 
the IGF-dependent and -independent mechanisms. In this review, we provided an overview of IGFBP-1 in normal 
physiology, and its aberrantly expression and the underlying molecular mechanisms in a range of common tumors, 
as well as discussed the potential clinical implications of IGFBP-1 as diagnostic or prognostic biomarkers in cancer.
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Introduction

Tumorigenesis is a highly complex process that 
involves a variety of genetic and epigenetic 
changes mediated by different signaling path-
ways [1], and dysregulation of the IGF system is 
also implicated in the pathophysiology of tumor 
[2]. The IGF system consists of two ligands, 
insulin-like growth factor 1 (IGF-1) and insulin-
like growth factor 2 (IGF-2), two cell-membrane 
receptors, IGF-1 receptor (IGF1R) and IGF-2 
receptor (IGF2R), and six IGF-binding proteins, 
IGFBP-1 to IGFBP-6 [3]. As a member of the IGF 
system, IGFBP-1 has been confirmed to be 
associated with the risk of various tumors th- 
ough there remain some controversial results. 
Moreover, it has been proposed that IGFBP-1 
could suppress tumorigenesis, mainly by bind-
ing to IGFs to prevent it from binding to IGF 
receptor and then counteract the IGF-driven 
tumor development. Despite the inhibitory 
function of IGFBP-1 in cancer development, its 
positive effects on proliferation, invasion and 
migration of tumor cells through IGF-indepen- 

dent pathway have also been revealed, which 
may result from the interaction of the Arg-Gly-
Asp (RGD) motif of IGFBP-1 with α5/β1 integrin 
receptor [4, 5].

In this article, we briefly summarized the physi-
ological regulation and structural context of 
IGFBP-1 before focusing on its expression, 
molecular mechanisms and potential clinical 
implications in cancers, including liver, breast, 
gastrointestinal, endometrial and other can- 
cers.

Gene organization and protein structure

IGFBP-1 gene (NCBI Dataset: NC_000007) is 
located in the human chromosome region 
7p12.3 where it is contiguous with the IGFBP-3 
gene. The chromosome DNA length of IGFBP-1 
gene is 5173 bp and it contains four exons 
(Table 1 and Figure 1). The length of exon 1 is 
514 bp containing the entire 5’ untranslated 
region (5’UTR) and encodes the first 91 amino 
acids from the N-terminal of IGFBP-1 protein. 
Exon 2 has a length of 170 bp and encodes 
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most of the amino acid sequences of the cen-
tral linker domain. The C-terminal of IGFBP-1 
protein is encoded by exon 3 and first half of 
exon 4 (second half is the 3’ untranslated re- 
gion (3’UTR)). The IGFBP-1 gene transcription 
start site is located at 165 bp upstream of the 
ATG translation start site, and the transcrip- 
tion length is 1514 bp (NCBI: NM_000596.4) 
[6, 7]. In addition, in the proximal -300 bp of  
promoter regions of IGFBP-1, there are nine 
DNA elements shown to be of functional sig- 
nificance in vitro, including the TATA element, 
hepatic nuclear factor 1 (HNF1)-binding site, 
insulin response element (IRE), cAMP respon- 
se element (CRE), glucocorticoid response ele-
ments GRE1 and GRE2, CAAT/enhancer-bind-
ing proteins (C/EBPs)-binding site and proges-
terone response elements (PREs) [7-9]. These 
DNA elements are responsible for basal pro-
moter activity of IGFBP-1, as well as the stimu-
latory or inhibitory effects of some hormone 
such as glucocorticoids, progesterone and in- 
sulin to the IGFBP-1 expresssion.

The biochemical characterization of IGFBP-1 
protein (also known as placental protein 12) 
was first reported by Bohn and Kraus in the 
1980s [10]. Similarly to other IGFBPs, after dis-
sociation of the signal peptide of 25 residues, 
the mature IGFBP-1 protein with 234 residues 

can be divided into three regions (UNIP- 
ROT Dataset: P08833; NCBI Dataset: NP_ 
000587.1): the N-terminal region, the central 
linker region and the C-terminal region (Figure 
2). The N-terminal region contains the first 82 
residues of IGFBP-1 including 12 cysteines, 
and the C-terminal region in residues 151 to 
234 of IGFBP-1 contains 6 cysteines [11]. 
These 18 cysteines are important for forming  
a structural framework for IGFs-binding and 
other biological actions while surrounding 
amino acid residues provide functional spe- 
cificity [7, 12]. Additionally, the C-terminal 
region of IGFBP-1 contains a RGD sequence 
which is also presented in a group of extracel-
lular matrix proteins such as fibronectin, lam-
inin and collagens. The RGD domain could bind 
to some specific cell surface receptors, like  
α5/β1 integrin, to play a complex role in cell 
attachment and migration [5, 7].

The central linker region of IGFBP-1 is the least 
conserved region and it has never been cited 
as part of the IGF-binding site [12]. However, 
some studies have indicated that differences  
in the specificity of IGFBPs binding to IGFs may 
not only depend on the structure of IGF itself, 
but also may be related to the difference of the 
central linker domain among IGFBPs [13, 14]. 
The central linker region may act as a hinge 

Table 1. IGFBP1 gene information

Gene name (known as) Position  
and length

Exon  
number

Encoding mRNA 
and protein 5’UTR CDS 3’UTR

IGFBP1 (AFBP; hIGFBP-1; IBP1; IGF-BP25; PP12) 7p12.3; 
5173 bp

4 (1..514, 
2061..2230, 
3445..3573, 
4473..5173) 

NM_000596.4, 
1514 bp; 
NP_000587.1, 
259aa

1..165 166..514, 
2061..2230, 
3445..3573, 
4473..4604

4605..5173

Figure 1. Schematic representation of the 
IGFBP-1 chromosomal gene and promoter 
region.
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modifying ligand-binding affinity and specificity, 
and allows the protein to fold back upon itself, 
so that the N-terminal region and C-terminal 
region can interact with the single IGF ligand 
[7]. The central linker region of IGFBP-1 is rich 
in proline (P), glutamine (E), serine (S) and thre-
onine (T) residues which is characterized as 
PEST domain. The PEST domain is not found in 
other five IGFBPs and could increase the sus-
ceptibility of IGFBP-1 to proteolysis. Moreover, 
the PEST domain is usually found in rapid turn-
over proteins (e.g. c-fos, c-myc), and the dynam-
ic regulation with serum IGFBP-1 levels ranges 
up to 10-fold or more in relation to meals, indi-
cating that IGFBP-1 is a rapidly metabolized 
protein [6, 7]. In addition, proteolytic cleavage 
and post-translational modification including 
glycosylation and phosphorylation always occur 
in this region of IGFBP-1. The most common 
post-translational modification of IGFBP-1 is in 
the form of phosphorylation of serine residues, 
and many phosphorylation sites on the IGFBP-1 
protein sequence have been identified so far, 
such as Ser-20, Ser-70, Ser-73, Ser-95, Ser-98, 
Ser-131, Thr-132, Tyr-133, Ser-149, Thr-168, 
Ser-174 and Ser-217 [15-18]. But the Ser-101, 
Ser-119 and Ser-169 are the primary phosphor-
ylation targets, as Ser-101 accounts for 70% of 

total mature IGFBP-1 phosphorylation, while 
Ser-169 and Ser-119 account for only 25% and 
5% of phosphorylation, respectively [19].

Expression and metabolic regulation

IGFBP-1 is a secreted protein and the most pre-
dominant IGFBP in amniotic fluid normally 
expressed in the liver, endometrium and pla-
centa in a tissue-specific manner [20]. IGFBP-1 
expression is mainly regulated by human hor-
mones such as growth hormone (GH), glucagon 
and insulin (Figure 3). Numerous studies are 
demonstrating the predominant regulatory 
effect of insulin on IGFBP-1 expression. Insulin 
can act through the insulin receptor to inhibit 
IGFBP-1 expression in hepatic cells [21], ovari-
an granulosa cells [22], osteoblast cells [23], 
kidney cells [24] and uterine decidual cells [25]. 
This inhibitory action occurs at the level of gene 
transcription [26]. Under normal conditions, 
the physiological concentration changes of 
insulin can independently regulate the secre-
tion of IGFBP-1. Specifically, in the fasting state, 
IGFBP-1 level is high because of the low inhibi-
tory effect of insulin on hepatic IGFBP-1 tran-
scription, while carbohydrate intake leads to an 
increase in insulin level and a rapid decrease in 

Figure 2. Schematic representation of the IGFBP-1 protein. After dissociation of the signal peptide, the mature 
IGFBP-1 protein with 234 residues can be divided into three regions: the N-terminal region, the central linker region 
and the C-terminal region. IGFBP-1 contains five disulfide bond to provide a structural framework for IGF binding, 
and the domains of C-terminal region is described detailedly with one helix, six beta strand and one turn. The Ser-
101, Ser-119 and Ser-169 in IGFBP-1 are the primary phosphorylation targets, and the RGD motif is located in 
residues 221 to 223.
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post-pranational IGFBP-1 level [27, 28]. Pa- 
thologically, serum IGFBP-1 level of type 2 dia-
betes patient is elevated approximately 2.5-
fold above the normal mean expression and 
falls during an insulin infusion [29]. Likewise, 
IGFBP-1 level is increased in insulin-deficient 
subjects with type 1 diabetes [30]. Moreover, 
the inhibition of GH or glucose infusion on 
IGFBP-1 expression are most likely related to 
insulin-mediated effects. These indicate that 
insulin is of utmost importance in the principal 
mechanisms by which IGFBP-1 level is regula- 
ted.

As for the effect of glucose on serum IGFBP-1 
level, it has been demonstrated that food 
intake or glucose infusion can inhibit serum 
IGFBP-1 level in normal subjects [31, 32]. But  
in these normal cases, the reduction of IGFBP-
1 is probably related to the indirect action of 
insulin. Some studies also show that within 
physiologic concentration ranges, glucose does 
not have independent effects on IGFBP-1 in 
vitro or in vivo [33-35]. However, in the study of 
Snyder et al [29], fructose and triglycerides 
which activate glycolysis but not insulin secre-
tion were taken to investigate whether suppres-
sion of plasma concentration of IGFBP-1 is 
directly controlled by glucose level. They discov-
ered that partial inhibition of IGFBP-1 expres-
sion appears to be mediated by insulin stimula-
tion of glucose transport or some other insulin-
induced cellular metabolic processes. But they 
also revealed that glucose could directly inhibit 
the secretion of IGFBP-1 to the same extent  
as the insulin-mediated response [29]. Never- 

that there is no temporal association of circa-
dian patterns of GH and IGFBP-1 [36]. But the 
research by Norrelund et al has provided evi-
dence for a direct suppressive effect of GH on 
IGFBP-1, which appears to be emerged in the 
presence of low or suppressed insulin levels 
[37].

Unlike the suppressive effects of insulin, glu-
cose or GH on IGFBP-1, the role of glucagon in 
promoting IGFBP-1 expression, mediated by 
cathelicidin antimicrobial peptide (cAMP) or 
IGF-1, was well supported by Lee et al [7]. 
Moreover, not only does glucagon stimulate  
the secretion of IGFBP-1, but glucagon-like  
peptide-1 also exerts the same effect, both of 
which could increase IGFBP-1 serum level in 
healthy subjects and human patients [38]. It 
has also been confirmed that glucocorticoid 
could act as the major physiologic regulator of 
hepatic IGFBP-1 expression as insulin in vitro. 
Glucocorticoid has stimulatory effect while 
insulin is inhibitory on IGFBP-1 expression [7], 
but insulin may play a more predominant role  
in the regulation of IGFBP-1. It has been shown 
that glucocorticoid stimulated the expression 
of IGFBP-1 protein and mRNA whereas insulin 
suppressed basal and glucocorticoid-stimulat-
ed IGFBP-1 gene transcription in hepatocytes 
and osteoblasts [23, 38, 39].

IGF-dependent and IGF-independent actions of 
IGFBP-1

Generally, binding proteins are known to regu-
late ligand activity by extending their half-life, 
and IGFBP-1 is no exception. In addition to 

Figure 3. Hormonal regulation of IGFBP-1. The single green headed arrow is 
activation arrow and red headed arrow is inhibition arrow. The direct effect 
of GH and glucose on IGFBP-1 expression still remain controversial.

theless, it still needs more evi-
dence to support such a direct 
regulatory role of glucose on 
serum IGFBP-1 level.

Similar to the role of glucose  
in regulating IGFBP-1, a direct 
effect of GH on IGFBP-1 ex- 
pression was controversial in 
previous studies. The possibili-
ty that the effect of GH in de- 
creasing IGFBP-1 level is medi-
ated by GH-induced expres- 
sion of other elements like 
insulin, needs to be consid-
ered. Conover et al show that 
GH does not have indepen- 
dent effects on the acute regu-
lation of serum IGFBP-1 [33], 
and early study has indicated 
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function as circulatory transport proteins for 
IGFs to increase their stability and modulate 
their tissue distribution [40], IGFBP-1 also plays 
an important role in the regulation of IGFs’ cel-
lular actions [41]. Moreover, several findings 
have showed that the RGD domain of IGFBP-1 
interaction with α5/β1 integrin could mediate 
cellular function in a IGF-independent way [42] 
(Figure 4).

It has been demonstrated that the IGF system 
was involved in the normal process of biologi-
cal metabolism, as well as in the development 
and progression of various diseases including 
cancer [4]. For example, high serum concentra-
tion of IGF-1 is associated with increased risk 
of breast cancer, prostate cancer, colorectal 
cancer, lung cancer, glioblastoma, neuroblas-
toma, meningioma and rhabdomyosarcoma [3, 

phosphorylation of IGFBP-1 would enhance the 
affinity for IGF peptides, because the mutation 
of Ser-101, an important phosphorylation site 
of IGFBP-1, reduced the affinity of IGFBP-1 to 
IGF-1 by 6-fold [15]. In addition, through the 
analysis of IGFBP-1 isoforms separated by an- 
ion exchange chromatography, it was found 
that the isoform stimulating the actions of  
IGFs was nonphosphorylated while phosphory-
lated IGFBP-1 inhibited IGFs actions [49]. The 
evidence for this concept was provided by 
Jyung et al [50], who applied the combination  
of IGF-1 plus IGFBP-1 (phosphorylated and  
nonphosphorylated) directly to linear incisions 
made through dorsal rat skin and assessed 
breaking strength 8 days later. The results 
showed that nonphosphorylated IGFBP-1 had 
prominent potentiation for wound breaking re- 
covery by 33 to 40% whereas the phosphory-

43, 44], and loss of imprinting 
(LOI) of IGF-2 occurs in tumors 
such as breast cancer, eso- 
phageal cancer, ovarian can-
cer, acute myeloid leukemia 
and Wilms’ tumor [45]. Th- 
rough binding to IGFR to par-
ticipate in numerous cellular 
actions, IGFs, a core of this 
system, are mostly regulated 
by IGFBPs such as IGFBP-1. A 
vast majority of in vitro and in 
vivo studies support the role  
of IGFBP-1 in modulating the 
acute bioavailability and insu-
lin-like activity of IGFs on peri- 
pheral metabolism, and inhi- 
biting IGF-stimulated cell gr- 
owth and differentiative func-
tion in an IGF-dependent way. 
IGFBP-1 can bind to IGFs with 
high affinity, and then pre- 
vents the activation of IGFR 
signalling to provide chronic 
mitogenic stimuli for neoplas-
tic transformation [6, 7]. How- 
ever, a few studies have de- 
scribed the potentiation of 
IGFs actions by IGFBP-1 un- 
der specific conditions [46-
48]. The discrepant biological 
effects of IGFBP-1 are thought 
to be associated with its phos-
phorylation state. In vitro stud-
ies have demonstrated that 

Figure 4. IGF-dependent and IGF-independent actions of IGFBP-1. The 
single green headed arrow is activation arrow and red headed arrow is in-
hibition arrow. (i) The phosphorylated IGFBP-1 has a much higher affinity 
for IGF-1; therefore, phosphorylation of IGFBP-1 would prevent IGF-1 to in-
teract with its receptor. (ii) The RGD motif of IGFBP-1 interacting with α5/
β1-integrin receptors on the cell surface is thought to be the main mecha-
nism by which IGFBP-1 exerts IGF-independent effects, and it could lead to 
cross-talk with IGF signaling pathways.
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lated form of IGFBP-1 had no effect. Although 
other studies [51, 52] have also confirmed this 
concept, there was a little evidence to suggest 
otherwise, that is nonphosphorylated IGFBP-1 
could potently inhibit IGFs actions and cell 
growth both in vitro and in vivo, while phos- 
phorylated IGFBP-1 from human amniotic fluid 
prevented IGF-1 binding to human fetal fibro-
blasts and enhanced IGF-1-mediated thymi- 
dine incorporation [7, 53]. Therefore, the role  
of phosphorylation state in modulating IGFBP- 
1 activity is not very clear, and the mechan- 
isms by which the nonphosphorylation IGFBP-1 
enhanced the actions of IGF, more than not 
inhibiting it, have not been elucidated [42]. But 
to some extent, perhaps it could be explained 
from these perspectives. Firstly, phosphorylat-
ed IGFBP-1 has a higher affinity binding to IGF- 
1 than that of IGF-1 binding to IGF1R. Thus, 
compared with nonphosphorylated one, phos-
phorylated IGFBP-1 would be more “powerful” 
in preventing IGF-1 from binding to its receptor 
and then inhibiting its action. Secondly, the 
phosphorylation isoform increases IGFBP-1 re- 
sistance against protease hydrolysis, thereby 
enhancing its inhibitory effect on IGF-1. Con- 
versely, nonphosphorylated IGFBP-1 prefers to 
form into disulfide-linked multimers and is 
more rapid than the phosphorylated form, and 
the polymerizations are shown to extenuate  
the inhibitory action of IGFBP-1 on IGF-1-stimu- 
lated protein synthesis [54]. Lastly, nonphos-
phorylated IGFBP-1 would interact with α5/β1 
integrin receptor to potentiate IGFs action as 
an IGF-independent effect. These above sug-
gestions are consistent with the description in 
the review of Jones et al [49].

From another perspective, several reports have 
demonstrated that even in the absence of IGFs, 
IGFBP-1 still can affect cellular events, suggest-
ing that IGFBP-1 can activate other cell-surface 
receptors directly. Especially, it is the RGD mo- 
tif in the C-terminal domain of IGFBP-1 binding 
to α5/β1 integrin to allow IGFBP-1 to enhance 
cell migration or adhesion of Chinese hamster 
ovary cells [55], human trophoblast cells [56], 
oligodendrocytes [57], smooth muscle cells 
[58] and tumor cells for example schwannoma 
[59] in a IGF-independent way. Intriguingly, 
other studies have revealed a opposite func-
tion of RGD motif in IGFBP-1. Irwin et al show- 
ed that IGFBP-1 bound to placental cytotropho-
blast α5/β1 integrin to inhibit cytotrophoblast 
attachment to fibronectin, and then prevented 

its invasion into decidualized endometrial stro-
mal cultures [60]. The same role is true of 
IGFBP-1 in breast cancer cells [61]. Therefore, 
it appears that IGFBP-1 plays a dual role in cell 
motility through IGF-independent way and the 
effect could be cell-specific. In addition, a re- 
cent study by Haywood et al found that IGFBP- 
1 enhanced insulin sensitivity and secretion 
with its RGD motif via integrin engagement, 
potentiation of focal adhesion kinase (FAK) and 
integrin linked kinase (ILK) [62]. It seems that 
integrin-FAK-ILK signaling was a core mecha-
nism by which IGFBP-1 modulates insulin sensi-
tivity, but it still requires further study. Mean- 
while, it has been suggested that the bond of 
IGFBP-1 with α5/β1 integrin may enhance IGF-
mediated effects. It is likely that integrin-bound 
IGFBP-1 on the cell surface acts as a reservoir 
for IGFs, thus providing a locally high concen-
tration of IGFs to stimulate the IGF1R signaling 
pathway [49]. Moreover, the signal upon IGFBP-
1 binding to α5/β1 integrin could interact with 
elements of the IGF1R signaling pathways and 
ultimately stimulates the actions of IGF-1.

IGFBP-1 and cancers

With other molecule elements of various signal 
pathways, the role of IGFBP-1 in cancer cells 
has been explored both in vitro and in vivo 
assays (Table 2 and Figure 5). In this section, 
the aberrantly expression of IGFBP-1 in can- 
cers and the underlying molecular mechan- 
isms would be illustrated detailedly, as well as 
its potential clinical implication in a range of 
common tumors (Table 3).

Liver cancer

Hepatocellular carcinoma (HCC) is one of the 
primary liver cancers and accounts for 70% to 
90% of all primary liver cancers worldwide. It is 
also the third most frequent cause of cancer-
related mortality [63, 64]. As an important plas-
ma biomarker, the clinical implication of serum 
IGFBP-1 in HCC patients has been explored. 
Hwang et al found that the serum IGFBP-1 level 
of HCC patients was significantly higher than 
that of normal control group [65]. In a phase II 
study of cixutumumab, a monoclonal antibody 
of high specificity that binds to IGF1R in 
advanced HCC, elevated IGFBP-1 level was cor-
related with improved progression-free survival 
(PFS) (1.2 [95% CI 1-1.4]; P=0.009) and overall 
survival (OS) (1.2 [95% CI 1.1-1.4]; P=0.003) of 
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Table 2. Potential pathway of IGFBP-1 in multiple tumor types
Tumor types Potential pathway Description Refs
Liver Cancer P38 MAPK/IGFBP-1/FOXO3a Forming a feedback regulation loop with FOXO3a on p38 MAPK leading to an reciprocal pathway [64]

HIF-2α/IGFBP-1/IGFs/IGF1R Upregulated by HIF-2α to inhibit the actions of the IGFs/IGF1R system [72]

HBx/IGFBP-1/IGF-1/IGFR Inhibited by HBx to enhanced IGF-1-dependent and -independent effects [73]

mTOR/CSNK-2β/IGFBP-1/IGF-1/IGF1R Enhanced by CSNK-2β activation mediated by mTOR inhibition to decrease IGF-1-induced IGF1R autophosphorylation [75]

PXR/HNF4α Derepressed by PXR via inhibiting the HNF4α gene [77]

Breast Cancer α5/β1 integrin/FAK Interacting with α5/β1 integrin and induce FAK dephosphorylation [93]

α5/β1 integrin and IGF-1/IGF1R/IRS-2 Interacting with α5/β1 integrin to enhance IRS-2 phosphorylation mediated by IGF-1/IGF1R [61]

GPER1/PKA/CREB/IGFBP-1/IGF1R/AKT, ERK1/2 Facilitating phosphorylation of IGF1R, AKT and ERK1/2 in a GPER1/PKA/CREB-dependent pathway [95]

IGF1R/ERK1/2 or ERα/FoxO1 and CREB Induced via the cooperation between CREB and FoxO1 mediated by IGF1R dependent ERK1/2 or ERα pathway [96]

Endometrial Cancer FOXO1A and PGR Enhanced by FOXO1A alone or with PGR in a co-operative way [117]

Glioblastoma P53/IGFBP-1/ERK1/2/ZIC2, NR2F1 Enhanced by P53 and activating ERK1/2, ZIC2 and NR2F1 to form a self-activating pathway [127]

SYK/PI3K/NFκB/MCSF Induced by the SYK/PI3K/NFκB/MCSF mechanism and promotes angiogenesis [128]

Schwannoma α5/β1 integrin/Src/FAK and PTEN/AKT Interacting with α5/β1 integrin to stimulate Src/FAK signaling and inhibiting PTEN to increase AKT activity [59]
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24 patients [66]. On the other hand, the expres-
sion of IGFBP-1 in HCC tissue specimens re- 
mains controversial. A small study showed that 
higher level of IGFBP-1 mRNA was detected in 
at least four of five primary HCCs compared to 
the matched non-tumor liver tissues [67], while 
Zhou et al reported that using IGF signaling 
antibody array technology of high sensitivity 
and specificity, there was no difference in 
IGFBP-1 expression between HCC and adjacent 
normal tissues [68]. Conversely, another re- 
search demonstrated that IGFBP-1 mRNA ex- 
pression was significantly downregulated in 
HCC tissues [69], which was in agreement with 
the study of Dai et al [70]. The discrepancy 
between these studies is probably due to the 
variance in sample size (lacking a large number 
of samples) and the method of detection. In 
addition, compared with patients of high IGFBP-
1 expression, a poor prognosis was associated 
with low IGFBP-1 expression, so IGFBP-1 may 
serve as an important indicator for the progno-
sis of HCC [70]. After selective internal radia-
tion therapy, a mainstay of treating hepatocel-
lular carcinoma, it has also illustrated a signifi-

cant association of IGFBP-1 mRNA expression 
with shortened time to progression (ROC: 0.8; 
95% CI: 0.44-0.98; P=0.03) [71].

The function of IGFBP-1 that inhibits the inva-
sion and metastasis of HCC cells via downregu-
lation of matrix metalloproteinase 9 (MMP-9) 
expression has been proven. Furthermore, in 
the human liver non-tumor cell line HL-7702, 
HCC cell lines HuH-7, HepG2, SMMC-7721 and 
MHCC97-H, the expression of IGFBP-1 was 
slowly decreased with gradually increased in- 
vasion of the above cell lines [70]. In Yang et 
al’s study about the molecular mechanisms of 
ursolic acid (UA) anti-tumor effects in HCC, it 
has shown that UA induced the expression of 
IGFBP-1 and forkhead box O3 (FOXO3a) throu- 
gh p38 mitogen activated kinase-like protein 
(MAPK) to inhibit the proliferation of HCC cells. 
But in this process, intriguingly, the overexpres-
sion of FOXO3a by the induction of UA promot-
ed phosphorylation of p38 MAPK, of which was 
not observed in cells with endogenous IGFBP-1 
gene silenced. However, the exogenous ex- 
pressed IGFBP-1 could restore the role of UA in 

Figure 5. Schematic diagram of the potential pathway of IGFBP-1 in the present review. The single and double green 
headed arrow is activation arrow and red headed arrow is inhibition arrow. IGFBP-1 governs a carcinogenic network 
involved in the proliferation, adhesion, motility, viability of tumor cells.
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Table 3. Potential clinical implication of IGFBP-1 in multiple tumor types

Tumor type Sample type Detection Method Tumor 
cases, n

Controls, 
n Description Refs

Liver Cancer Blood ELISA 42 47 Significantly increased in liver cancer [65]

Serum ELISA 24 - Elevated IGFBP-1 level correlated with improved PFS and OS [66]

Tissue IHC 90 90 Down-regulated in HCC tissues and correlated with poor survival [70]

Blood Q-PCR 25 - Lower IGFBP-1 level correlated with shortened time to progression [71]

Breast Cancer Blood ELISA 512 - Lower IGFBP-1 level associated with distant recurrence [81]

Blood Immunoradi-ometric Assay; 
ELISA; Genotyping

- - No important association with breast cancer risk [83-89]

Gastrointestinal Cancers Tissue (gastric cancer) IHC 219 - Higher IGFBP-1 level associated with haematogenous metastasis and poor survival [103]

Serum (gastric cancer) ELISA 207 333 Elevated in the serum; AUC: 0.906, 73.43% sensitivity, 91.29% specificity [104]

Serum (esophageal  
squamous cell carcinoma)

ELISA 287 333 Elevated in the serum; AUC: 0.901, 70.38% sensitivity, 91.29% specificity [104]

Serum (esophagogastric  
junction adenocarcinom)

ELISA 237 333 Elevated in the serum; AUC: 0.938, 77.22% sensitivity, 91.29% specificity [104]

Blood (pancreatic cancer) ELISA 144 429 Low IGFBP-1 level significantly predicted an increased risk of pancreatic cancer [105]

Endometrial Cancer Serum, Tissue IHC, ELISA, Q-PCR 34 34 Significantly increased in endometrial cancer [113]

Blood Genotyping 692 1723 No significant association with endometrial cancer risk [115]

Other Cancers Plasma (Ovarian Cancer) Genotyping 1173 1201 Significantly associated with ovarian cancer risk [120]

Plasma (Prostate Cancer) ELISA 957 1021 Higher IGFBP-1 level associated with lower risk of prostate cancer [123]

Plasma (Nasopharyngeal  
Carcinoma)

ELISA 142 128 Higher IGFBP-1 level significantly correlated with poor RFS and OS [126]
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enhancing the phosphorylation of p38 MAPK 
and the expression of FOXO3a. Collectively, 
there is a feedback regulation loop of IGFBP-1 
and FOXO3a on p38 MAPK leading to an inter-
active pathway and promoting the effect of UA 
on inhibiting HCC cell proliferation [64]. Obvi- 
ously, IGFBP-1 plays a crucial role in this recip-
rocal pathway. Another study by Geis et al has 
confirmed that the IGFBP-1/IGF system was 
involved in the differentiation of hypoxia-induc-
ible factor (HIF)-2α-dependent stem cells into 
lymphatic structures. HIF-2α negatively affect-
ed lymphangiogenesis in HCC by upregulating 
IGFBP-1 expression which could decrease the 
bioavailability of IGFs and inhibit the actions of 
the IGFs/IGF1R signaling, thereby attenuating 
lymphangiogenesis. But the exact molecular 
mechanism of this action has not been demon-
strated, and the researchers failed to support 
the correlation of IGF-1 with vascular endothe-
lial growth factor (VEGF) regulation which was 
associated with lymphangiogenic. Nonethe- 
less, they postulated that the regulation of lym-
phangiogenesis by mechanistic target of 
rapamycin kinase (mTOR)-dependent and Ras/
MAPK-mediated VEGF receptor 3 (VEGFR3) 
expression which could be activated by IGF/
IGF1R [72], and this postulation still needs to 
be confirmed experimentally. Similarly, the 
IGFBP-1/IGF system was also substantiated in 
involving in the mechanisms causing HBV-
related HCC. The study demonstrated that 
Hepatitis B virus (HBV) via HBV X protein inhib-
ited the expression and secretion of IGFBP-1, 
and enhanced IGF-1-dependent and -indepen-
dent pro-survival and anti-apoptotic effects in 
the HBV-replicating HepG2 cells model. 
Moreover, such effect not only contributes to 
the development of HBV-mediated HCC, but 
may also be associated with other HBV-
associated liver malignancies [73]. As for the 
effect of hypoxia on IGFBP-1 in HepG2 cells, it 
is mainly related to the phosphorylation state 
of IGFBP-1. Tsunawaki et al demonstrated that 
hypoxia increased the phosphorylated isoform 
of IGFBP-1 and then reduced the stimulation 
effect of IGF-1 on cell proliferation, presumably 
by inhibiting the binding of IGF-1 to IGF1R  
due to the higher affinity of phosphorylated 
IGFBP-1 binding to IGF-1 than that of IGF-1 to 
IGF1R [74]. Furthermore, the molecular mecha-
nisms linking hypoxia to IGFBP-1 phosphoryla-
tion have been established to some extent. It 
has showed that hypoxia potentiated casein 

kinase 2β (CSNK-2β) activation mediated by 
mTOR inhibition, and thus enhanced the secre-
tion/phosphorylation of IGFBP-1 to decrease 
IGF-1-induced IGF1R autophosphorylation in 
HepG2 cells [75, 76]. This mechanistic link 
between mTOR and IGF-1 signaling via CSNK-
2β was strongly supported by the research of 
Singal et al, which has used diverse comple-
mentary methods to observe the close intracel-
lular localization and interactions between 
CSNK-2β and IGFBP-1 as well as mTOR and 
CSNK-2β, respectively [17]. Intriguingly, the 
action of IGFBP-1 in the research of Kodama et 
al seems to be different compared to those 
above studies. In this research, after treatment 
with the pregnane X receptor (PXR) activator 
rifampicin in the HepG2-derived ShP51 cells 
which stably expresses PXR, PXR was observed 
to indirectly derepress the IGFBP-1 gene by 
inhibiting the hepatocyte nuclear factor (HNF) 
4α gene, thereby facilitating the epithelial-mes-
enchymal transition (EMT)-like morphological 
changes and migration of ShP51 cells [77]. It is 
likely that the effects of IGFBP-1 on inducing 
morphological changes and migration of ShP51 
cells were not associated with IGF/IGFR sys-
tem, because fetal bovine serum was removed 
in the cell morphology and migration assays. 
Thus, the experimental conditions were equiva-
lent to the absence of IGF activity. As previously 
mentioned, the RGD motif of IGFBP-1 via bind-
ing to α5/β1 integrin could increase cell migra-
tion or adhesion as an IGF-independent action. 
It could be hypothesized that the morphological 
changes and migration of ShP51 cells are in- 
duced by IGFBP-1 binding to α5/β1 integrin. 
But it still needs to be verified experimentally.

Breast cancer

Breast cancer is the most frequently diagnosed 
cancer and the leading cause of cancer-related 
deaths among females worldwide [63], and 
approximately 75% of breast tumors are driven 
by estrogen receptor (ER) mediated transcrip-
tional activity [78]. According to Clemmons et 
al, they identified the type of IGFBPs secreted 
by seven separated breast tumor cell lines con-
taining three ER negative cell lines and four ER 
positive, and concluded that ER negative cell 
lines secreted IGFBP-1 while ER positive did not 
[79]. In contrast, Pekonen et al were unable to 
discover the relationship between ER content 
and IGFBP-1 expression by analyzing 47 breast 
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cancers tissue specimens. The disparity be- 
tween the two studies may due to the greater 
heterogeneity in tumor cells than that in cell 
lines. However, Pekonen et al yet found an- 
other manifestation, that is the IGFBPs expres-
sion including IGFBP-1, was significantly higher 
in breast cancer tissues than that in adjacent 
normal tissues, suggesting that the malignant 
transformation of breast tissue was related to 
the increment of IGFBPs [80]. Additionally, low 
level of circulating IGFBP-1 was associated with 
an increased risk of distant recurrence and 
death in breast cancer [81], as well as with  
progesterone receptor (PGR) negativity, an 
adverse prognostic factor [82]. But the prog-
nostic effect of IGFBP-1 was not an indepen-
dent action. It appears to be related to the inhi-
bition effect of insulin (a prognostically impor-
tant factor) on IGFBP-1 expression. By the way, 
high level of IGFBP-1 was significantly associ-
ated with ER positivity in this study [81]. 
Regarding the relationship between IGFBP-1 
and the risk of breast cancer, many studies 
showed that no matter from circulating IGFBP- 
1 or haplotype tagging single nucleotide poly-
morphisms and haplotypes in IGFBP-1 gene, 
IGFBP-1 has no important association with 
breast cancer risk in either pre- or postmeno-
pausal women [83-89].

Several studies have demonstrated that either 
endogenous or exogenous IGFBP-1 inhibited 
the IGF-mediated cell growth of human MCF-7 
breast cancer cells [90-92]. Among these stud-
ies, the research by Figueroa et al has shown 
that when compared with the control group, 
IGFBP-1 at a concentration of 80 nM complete-
ly inhibited the growth of MCF-7 cell stimulated 
by IGF-1, 5% charcoal stripped serum (CSS) or 
estrogen, as well as completely eliminated li- 
gand-dependent IGF1R phosphorylation. More- 
over, there is an interesting result indicating 
that the inhibitory effect of recombinant IGFBP-
1 on MCF-7 cells growth stimulated by both 
estrogen and 5% CSS was not through abolish-
ing IGF1R phosphorylation, as the treatment of 
estrogen or 5% CSS were unable to induce the 
phosphorylation of IGF1R [90]. Therefore, it 
reminds us that recombinant IGFBP-1 may 
achieve its inhibition on MCF-7 cells growth via 
various mechanisms, not just abrogating IGF1R 
phosphorylation. It could be hypothesized th- 
at recombinant IGFBP-1 may regulate other 
growth factors existing in serum, or IGF-2, as 
IGFBP-1 also has high affinity for IGF-2. When 

IGF-2 binds to IGF2R to exert the stimulatory 
action on cell proliferation independent IGF1R 
activation, it also could be inhibited by IGFBP- 
1. But there might invovle another mechanism 
presented in the study of Perks et al, which has 
showed that IGFBP-1 could bind to α5/β1 integ-
rin via its RGD motif to induce FAK dephosphor-
ylation and cell detachment from the matrix 
and cell apoptosis as an IGF-independent ac- 
tion. Moreover, it is essential to note that 
Hs578T cell line lacks a functional IGF1R and 
could not respond to IGFs. Thus, the effect of 
IGFBP-1 on this cell line could be fully consid-
ered as an IGF-independent action [93]. Be- 
sides, the correlation of RGD motif interacted 
with IGFBP-1’s IGF-dependent effects has been 
revealed by Zhang et al, and they found that the 
bond of RGD motif of IGFBP-1 with α5/β1 integ-
rin disrupted the interaction between fibronec-
tin and α5/β1 integrin which was required for 
cell migration. Interestingly, the RGD peptide 
was also able to reduce IGF-1-stimulated motil-
ity, suggesting that there was an interaction 
between α5/β1 integrin and IGF1R signaling 
pathway. When the insulin receptor substrate-2 
(IRS-2) phosphorylation was induced by IGF-1, 
it would also be activated by α5/β1 integrin 
binding to fibronectin at the same time, which 
means that the activation of both IGF1R and 
α5/β1 integrin were required to phosphorylate 
IRS-2 and initiate cell motility. Ultimately, via 
the neutralization of IGF-1 and interaction with 
α5/β1 integrin blocking fibronectin to bind to  
it, recombinant human IGFBP-1 inhibited the 
IRS-2 phosphorylation and cell motility of MDA-
231BO cell [61]. Tamoxifen (Tam), as a selec-
tive ER modulator and an adjuvant hormone 
therapy, is commonly prescribed to ERα-posi- 
tive breast cancer patients. Early study has 
shown that tamoxifen could inhibit plasma 
IGF-1 and increase IGFBP-1 level by other inde-
pendent mechanisms, rather than those known 
to regulate plasma IGF-1 and IGFBP-1 level pri-
marily by GH or insulin [94]. The research by 
Vaziri-Gohar et al revealed the mechanism how 
tamoxifen or its active metabolite, 4-hydroxy-
tamoxifen (4-OHT), increased the extracellular 
expression of IGFBP-1 in MCF-7 cells. 4-OHT 
activated G protein-coupled estrogen receptor 
1 (GPER1) and its downstream kinase, protein 
kinase A (PKA) to induce the phosphorylation  
of cAMP-response element-binding protein 
(CREB) and then enhanced the transcription of 
IGFBP-1. But the binding of CREB to IGFBP-1 
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promoter still require experimental proof in 
breast cancer cells. Furthermore, the extracel-
lular IGFBP-1 accumulation by 4-OHT could 
diminish MCF-7 cell viability throughinhibition 
of IGF-1-dependent cell signaling including 
dephosphorylation of IGF1R, serine/threonine 
kinase (AKT) and extracellular signal-regulated 
kinase 1/2 (ERK1/2) [95]. Vaziri-Gohar et al 
also confirmed that IGFBP-1 transcription level 
was increased by Tam treatment in MCF-7  
cells. In addition, it has also illustrated that 
IGF1R and FoxO1 (a member of the forkhead 
box class O family of transcription factors) play 
a significant role in Tam-induced breast cancer 
cell death, and IGF1R would activate FoxO1 to 
induce IGFBP-1 transcription to exert an action 
in breast cancer cells. Furthermore, another 
paper has showed that ERK1/2 destabilized 
FoxO1 to decreased its protein levels. Thus, it  
is likely that there was an association between 
decreased FoxO1 protein level and increased 
ERK1/2 activity after IGF1R knockdown, and  
it may need to fully confirmed. The study also 
proposed an IGF1R-dependent p-ERα/PR/
FoxO1/IGFBP-1 pathway which may be anoth- 
er potential mechanism by IGF1R mediating 
FoxO1 and IGFBP-1 protein level in breast can-
cer cell. In addition, Vaziri-Gohar et al indica- 
ted that CREB and FoxO1 were cooperated to 
induce IGFBP-1 transcription in Tam-treated 
breast cancer cells, and finally resulted in Tam-
induced breast cancer cell death [96].

Gastrointestinal cancers

Gastrointestinal cancers, mainly including eso- 
phageal, gastric, colorectal, and pancreatic 
cancer, are the most common tumors with high 
mortality rate in the world, and pose a serious 
threat to human health [97]. Previously, two 
prospective observational studies have showed 
that increased serum IGFBP-1 level was statis-
tically significant inversely associated with risk 
of colorectal or colon cancer in women [98, 99]. 
However, other studies yet described a distinct 
different result, of which showed that plasma 
IGFBP-1 had no clear association with risk of 
colorectal cancer [100, 101]. The contradiction 
between these studies may be due to the gen-
der of study population or statistical analysis 
method. In a panel of human gastric cancer cell 
lines, the mRNA and protein levels of IGFBP-1 
were not detected in any cell lines [102], but 
higher IGFBP-1 expression in gastric cancer tis-

sue was significantly associated with hema- 
togenous metastasis and poor survival in 
patients who underwent gastrectomy [103]. 
Serum IGFBP-1 has been proven to have high 
diagnostic accuracy to distinguish gastric can-
cer (AUC: 0.906, 73.43% sensitivity, 91.29% 
specificity), esophageal squamous cell carci-
noma (AUC: 0.901, 70.38% sensitivity, 91.29% 
specificity) and esophagogastric junction ade-
nocarcinoma (AUC: 0.938, 77.22% sensitivity, 
91.29% specificity) from normal controls, even 
in the early stage of these cancers [104]. 
Additionally, low plasma level of IGFBP-1 could 
significantly predicted the increased risk of 
pancreatic cancer independent of other known 
or suspected risk factors like plasma IGF-1, 
C-peptide and IGFBP-3 [105]. Meanwhile, a 
meta-analysis study of genetic variations ex- 
plored the IGFBP-IGF-IGFR axis polymorph- 
isms, which indicated that IGFBP-1 genetic 
polymorphisms may increase the risk of eso- 
phageal cancer [106].

Although many studies have demonstrated the 
association between IGFBP-1 expression and 
gastrointestinal cancers, the cellular actions of 
IGFBP-1 in these cancers have not been fully 
revealed. Luo et al found that the expression 
and secretion of IGFBP-1 were upregulated in 
gastric cancer cell lines with H. pylori 26695 
infection, as well as the increased MMP-9 ex- 
pression and intensive cell migration. Intri- 
guingly, they also demonstrated that overex-
pression of IGFBP-1 could inhibit the expres-
sion of MMP-9 protein and the migration of 
BGC-823 cells with or without H. pylori 26695 
infection. Collectively, it could be concluded 
that IGFBP-1 may effect BGC-823 cells migra-
tion through regulating MMP-9 expression 
[107]. But some problems of how the upregu-
lated IGFBP-1 interacted with increased MMP- 
9 expression and cell migration in gastric can-
cer cell lines with H. pylori 26695 infection 
remained to be addressed. Similarly, in ano- 
ther study of Kim et al to explore the role of 
aldehyde dehydrogenase 1A1 (ALDH1A1) and 
IGFBP-1 in liver metastasis from colorectal  
cancer, the overexpression of ALDH1A1 and 
IGFBP-1 also significantly decreased cell prolif-
eration and invasiveness of SW480 cell line 
(cloned from primary CRC) in the in vitro as- 
says. However, in vivo experiment yet showed 
liver metastasis in mice transplanted with 
IGFBP-1-overexpressing SW480 cells, which 
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seemed to contradict with in vitro results [108]. 
These above studies suggested that IGFBP-1 
may play a dual role as tumor suppressor and 
metastasis enhancer, just like the c-Myc [109] 
or transforming growth factor-β (TGF-β) [110].

Endometrial cancer

Endometrial cancer (EC) is the sixth most com-
mon cancer in the world and the 14th lead- 
ing cause of female cancer mortality in 2018 
[111]. A previous research showed that the  
relative level mRNA of IGFBP-1 in endometrial 
adenocarcinoma tissues was either undetect-
able or minimal [112]. In a cross-sectional 
study, IGFBP-1 gene expression was significant-
ly increased in the endometrium of EC women 
compared to that of controls [113]. Plasma 
level of IGFBP-1 was inversely associated with 
endometrial cancer risk. It was diminished and 
lost statistical significance when adjusted for 
confounders such as BMI or C-peptide, but it 
still remained statistically significant in the 
group of postmenopausal women [114]. Addi- 
tionally, in a prospective study, there was no 
significant association between the haplotype-
tagging single nucleotide polymorphisms of 
IGFBP-1 gene and endometrial cancer risk 
among Caucasian women [115].

The effect of FOXO1A (also known as FOXO1)  
on IGFBP-1 gene has been described in breast 
cancer [96] and endometrial stromal cells 
[116], as well as in the IGFBP-1 transcription of 
endometrial cancer cells [117]. Kim et al dem-
onstrated that silenced FOXO1A expression 
would lead to the decreased IGFBP-1 expres-
sion in HEC-1B cells (a human endometrial ade-
nocarcinoma cell line). Moreover, the transfec-
tion reporter experiment revealed that IGFBP-1 
promoter activity would be enhanced by FOX- 
O1A alone or co-operation with another tran-
scription factor PGR [117]. In addition, the 
effects of metformin and/or PPP (an IGF1R 
inhibitor) in endometrial cancer cells have been 
investigated [118]. Metformin could inhibit the 
proliferation and enhance the apoptosis rate  
of endometrial cancer cells. Meanwhile, met-
formin was also found to increase IGFBP-1 and 
downregulate IGF1R mRNA and protein expres-
sion, but compound C as an inhibitor of ade- 
nosine monophosphate protein kinase (AMPK) 
could reverse this effect, suggesting that acti-
vation of AMPK by metformin to inhibit cancer 

cell growth may be blocked by compound C 
[119]. And IGFBP-1 would serve as downstream 
of AMPK signal pathway to exert such antitu-
mor action possibly.

Other cancers

The expression and potential clinical implica-
tion of IGFBP-1 has also been explored in many 
other tumors. A statistically significant associa-
tion existed between three single nucleotide 
polymorphisins (rs10228265, rs4988515 and 
rs2270628) in IGFBP-1/3 with ovarian cancer 
risk [120]. The reduced expression of IGFBP-1 
gene was associated with the development of 
hydatidiform mole to gestational trophoblastic 
neoplasia [121]. The expression of IGFBP-1 was 
more specifical than that of HNF-1β in ovarian 
clear cell adenocarcinoma (CCA) and IGFBP-1 
may serve as a biomarker for CCA [122]. Higher 
prediagnostic fasting IGFBP-1 level was inde-
pendently associated with lower risk of pros-
tate cancer even after adjusting for IGF-1 or 
C-peptide [123]. Level of serum IGFBP-1 was 
significantly higher in oral cancer patients than 
that in controls [124]. There was no significant 
association between prediagnostic serum level 
of IGFBP-1 and lung cancer risk in women 
[125]. Serum IGFBP-1 level and the serum 
IGFBP-1/IGF-1 ratio were significantly higher in 
nasopharyngeal carcinoma patients compared 
to those in healthy control individuals, and were 
significantly correlated with poor relapse-free 
survival (RFS) and OS. The IGFBP-1/IGF-1 ratio 
was also revealed by multivariate analysis to be 
an independent risk factor for poor RFS and OS 
of nasopharyngeal carcinoma patients [126].

IGFBP-1 expression was generally low in glio-
blastoma cells but highly upregulated in RG7- 
388 (a mouse double minute 2 inhibitor)-resis-
tant glioblastoma cells. The IGFBP-1 protein 
expression in RG7388 resistant glioblastoma 
cells was enhanced by activation of the p53 
pathway, and then led to inspiration of ERK1/2 
signaling and increment of two transcription 
factors Zic family member 2 (ZIC2) and nuclear 
receptor subfamily 2 group F member 1 (NR2- 
F1) which might further enhance the IGFBP-1 
expression through binding the sites at IGFBP-1 
gene promotor. The proliferation and invasion 
induced by this self-activating pathway could 
be inhibited by trametinib (the MEK inhibi- 
tor) treatment or IGFBP-1 knockdown [127]. A 
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recent study on tumor-interstitial interactions 
in glioblastoma showed that the increment in 
IGFBP-1 expression of microglial cells induced 
by glioma-secreted macrophage colony-stimu-
lating factor (MCSF) was an important media- 
tor in facilitating tumor angiogenesis [128]. In 
addition, IGFBP-1 was overexpressed and re- 
leased from both human primary schwannoma 
cells and tissues. Furthermore, it was found 
that the bond of IGFBP-1 with α5/β1 integrin 
could result in the activation of Src followed by 
FAK phosphorylation and autophosphorylation, 
and then potentiate the proliferation and cell-
matrix adhesion of schwannoma cells. Mean- 
while, the activated Src contributed to the pro-
duction and release of IGFBP-1 in return, and 
accumulated IGFBP-1 was observed to de- 
crease the expression of phosphatase and ten-
sin homolog (PTEN) resulting in the increased 
AKT activity and inducing survival of schwan-
noma cells [59].

Conclusions

The expression of IGFBP-1 is associated with 
the risk of various tumors though there remain 
some controversial results, and it may be a 
diagnostic or prognostic marker for some tu- 
mors. Moreover, there are many in vitro and in 
vivo studies supporting a dual role of IGFBP-1 in 
tumor behaviors such as proliferation, migra-
tion, invasion and adhesion through IGF-depen- 
dent and IGF-independent mechanisms, sug-
gesting that the role of IGFBP-1 is cell-specific 
dependent on the kind of target cell. Last but 
not the least, the comprehensive understand-
ing of the signaling pathways by IGFBP-1 to 
exert its effects on tumor development is nec-
essary for us to figure out more specific clinical 
treatment to the suitable patients, and the IGF 
signaling inhibitor would be a prospective treat-
ment in the future.
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