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Abstract: Hepatocellular carcinoma (HCC) is a vicious and highly vascular cancer with a 

dismal prognosis. It is a life-threatening illness worldwide that ranks fifth in terms of cancer 

prevalence and third in cancer deaths. Most patients are diagnosed at an advanced stage by 

which time conventional therapies are no longer effective. Targeted molecular therapies, such 

as the multikinase inhibitor sorafenib, provide a modest increase in survival for advanced 

HCC patients and display significant toxicity. Thus, there is an immense need to identify novel 

regulators of HCC that might be targeted effectively. The insulin-like growth factor (IGF) axis 

is commonly abnormal in HCC. Upon activation, the IGF axis controls metabolism, tissue 

homeostasis, and survival. Insulin-like growth factor-binding protein 7 (IGFBP7) is a secreted 

protein of a family of low-affinity IGF-binding proteins termed “IGFBP-related proteins” that 

have been identified as a potential tumor suppressor in HCC. IGFBP7 has been implicated in 

regulating cellular proliferation, senescence, and angiogenesis. In this review, we provide a 

comprehensive discussion of the role of IGFBP7 in HCC and the potential use of IGFBP7 as a 

novel biomarker for drug resistance and as an effective therapeutic strategy.

Keywords: HCC, IGFBP7, gene therapy, angiogenesis, senescence, apoptosis

Introduction
Hepatocellular carcinoma (HCC) is a tumor arising from hepatocytes, the epithelial 

cells of the liver. Macroscopic pathology is characterized by scattered, large, and 

multinodular tumors. HCC represents more than 80% of liver cancers. Worldwide, it 

is a serious life-threatening illness with a poor prognosis. Globally, HCC ranks fifth 

in terms of cancer prevalence and third in cancer deaths.1,2 HCC is considered the 

fifth most prevalent cancer in males and the seventh in females, and the likelihood of 

developing HCC is four to five times higher in males than in females.3 This difference 

in the occurrence of HCC according to sex is thought to be due to the influence of sex 

hormones4,5 – while androgen enhances the development of hepatitis B virus (HBV)-

triggered HCC in HBV transgenic male mice, estrogen reduces the occurrence of HCC 

in female mice on exposure to the hepatocarcinogen, diethylnitrosamine.4–7 However, 

the regulatory action by which androgen and estrogen orchestrate the disparity between 

the sexes is still not fully understood.

The number of reported new cases of HCC is escalating each year and HCC has a 

5-year survival rate of ,12%. The American Cancer Society estimates that in 2013 there 

will be more than 30,000 new cases and more than 21,000 reported deaths in the USA 

(updated data not yet available to confirm this estimate). Chronic HBV infection consti-

tutes 50% of HCC cases around the world.3,8 In contrast, in the USA, hepatitis C virus 
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(HCV)-related HCC is more common than HBV-related HCC, 

with the former constituting 48% of all HCC cases in the USA 

and the latter 16%.8,9 Immigrants from countries where HBV 

is endemic account for most of the HBV-related HCC cases 

in the USA.9 The remaining percentage of cases is unequally 

distributed across various risk factors that modify disease, such 

as alcohol-related liver disease and metabolic syndromes.8,10 

HCV, alcohol-related liver disease, and nonalcoholic fatty liver 

disease tend to be common risk factors in the USA.3,8

HCC is not a population-specific illness; however, statisti-

cal data on the incidence of HCC show that Asians, Pacific 

Islanders, and Native Americans have the highest rate of 

incidence, followed by African Americans and Caucasians in 

the USA.9 The incidence of HCC in the USA has increased 

from 1.6 to 4.9 cases per 100,000 of US population from 1975 

to 2005, an increase of more than 200%.11 As HCV-related 

HCC has manifested most commonly around the age of 70, 

the increase of HCV-related HCC in the USA might be linked 

to the needle sharing involved in drug use at the time when 

drug abuse was prevalent (more than 30 years ago), as implied 

by a cohort study of HCV-infected patients.1,12

HCC is a highly heterogeneous cancer, which may be 

explained by the diversity and increased number of etiological 

factors.13 The majority of risk factors leads to chronic liver 

disease that later progresses to HCC.3 Patients with HCC 

have an extremely low health-related quality of life (a marker 

considered when assessing HCC prognosis) compared with 

chronic liver disease patients.14 The American Association for 

the study of Liver Diseases endorses the use of the  Barcelona 

Clinic Liver Cancer Staging System. The Barcelona Clinic 

Liver Cancer has implemented a treatment algorithm that 

tailors a treatment strategy based on the stage of HCC. For 

example, surgical resection and liver transplantation are 

offered to patients diagnosed at an early stage resulting in a 

$75% survival rate. In most cases, HCC is diagnosed at an 

advanced stage at a time when symptoms start to manifest, 

by which time prognosis is dismal and the aforementioned 

conventional treatments are no longer efficacious.1–3 The 

only US Food and Drug Administration-approved drug avail-

able for non-resectable advanced HCC is the multikinase 

inhibitor sorafenib, which provides a survival advantage 

of only 2.8 months compared with placebo.15 Therefore, 

the identification of new diagnostic markers is mandatory 

to diagnose and treat patients at a very early stage when 

prognosis is highly favorable. Additionally, new regulatory 

molecules need to be identified that might be targeted to 

develop effective therapeutic approaches for advanced HCC, 

thereby providing longstanding benefits to patients.

Insulin-like growth factor (IGF) 
signaling in HCC
The IGF pathway is an evolutionarily conserved pathway 

across mammals. The binding of IGF-1 and IGF-2 to their 

cognate receptors leads to the activation of phosphatidylinos-

itol-4,5-bisphosphate 3-kinase (PI3K)-AKT and Ras-Raf-

mitogen-activated protein kinases (MAPK) signaling through 

which the IGF axis regulates metabolism, tissue homeostasis, 

and survival.16,17 The role of IGF in carcinogenesis is becom-

ing apparent, as there is increasing evidence from epidemio-

logical studies associating IGF signaling with malignancy 

including HCC. Additionally, activation of the IGF axis is 

associated with resistance to therapeutic drugs.16,18–20 The 

complexity of IGF signaling resides at the level of regula-

tion conferred by three types of interacting proteins: ligands 

(IGF-1 and IGF-2), receptors (IGF-1R, IGF-2R) and insulin-

like growth factor-binding proteins (IGFBPs).

Ligands
The liver produces the majority of IGF-1 and IGF-2, which 

are 67% identical and share 40% identity with pro-insulin. 

However, IGF-1 and IGF-2 have additional domains that do 

not exist in insulin.21,22 IGF-1 is induced in the liver by growth 

hormone (GH), while IGF-2 seems to be GH independent.23 

In animal models, IGF-2 is termed “fetal growth factor”, as 

IGF-2 expression increases during fetal development and 

decreases shortly after birth. In contrast, IGF-1 expression is 

detected in adults and thereby named “adult growth  factor.” 

Both IGF-1 and IGF-2 act in autocrine, paracrine, and endo-

crine manners.22,24

This developmental difference of expression in IGF-1 and 

IGF-2 is not the case in humans, as both IGF-1 and IGF-2 

are detected in adulthood.24 The IGF-2 gene, however, is 

different from IGF-1, as it is a maternally imprinted gene in 

humans and mice.25,26 Through maternal imprinting, heritable 

epigenetic silencing of genes based on the parent of origin, 

IGF-2 is monoallelic and expressed by the paternal allele. 

Loss of this maternal silencing leads to bi-allelic expression, 

as has been observed in neoplasms such as colorectal cancers 

and HCC.27–29 The IGF-2 gene is developmentally regulated 

through highly controlled transcriptional regulation utilizing 

four distinct promoters (P1 to P4). During fetal development, 

P2, P3, and P4 are used. In adulthood, the P1 promoter is 

mostly used and is responsible for approximately 50% of total 

IGF-2 messenger RNA (mRNA) levels, and the utilization of 

P2 and P4 is markedly reduced.30 In concert with this tight 

regulation, a study of a cohort of 104 HCC patients has shown 

that re-usage of the fetal promoters (P3 and P4) leads to the 
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increased abundance of IGF-2 transcripts.19 In HCC, IGF-2 

is more commonly overexpressed than IGF-1, and given the 

observation that the GH receptor is downregulated in HCC, 

these studies might explain why the increased abundance of 

IGF-2, and not IGF-1, is observed in HCC.18,31,32

Receptors
Receptors that mediate IGF signaling are classified as 

tyrosine kinase receptors. These receptors contain α-subunits 

(exposed to the extracellular side) and a β-subunit (facing the 

cytoplasmic side) and include IGF-1R, the insulin receptor, 

and insulin-related receptors. These receptors are structur-

ally similar and can homodimerize and heterodimerize with 

each other.16,33 Upon ligand binding, the receptors undergo 

conformational change resulting in the autophosphorylation 

of the cytoplasmic β-subunit of the receptors and activation of 

the insulin-receptor substrate (IRS) 1 and IRS2, and Shc pro-

teins, downstream of the receptors. This process ultimately 

results in the activation of two major pathways – the PI3K and 

MAPK – which exert proliferative and survival advantages 

favoring transformation and cancer development.16

iGF-1R
The expression of IGF-1R in normal hepatocytes is low. The 

majority of IGF-1R in the liver comes from Kupffer cells, 

endothelial cells, and stellate cells.34,35 This explains why, in 

normal physiology, hepatocytes are not sensitive to signal-

ing through IGF-1R and are not the major target of IGF-1.36 

However, there is evidence that during the transformation 

process of hepatocytes into malignant HCC, hepatocytes 

overexpress IGF-1R.37 IGF-1 and IGF-2 can bind IGF-1R 

with high affinity.38 Similarly, in animal models of HCC, 

IGF-1R expression is increased in tumors compared with 

in preneoplastic lesions.39 Through this overexpression of 

IGF-1R, HCC cells are able to gain a proliferative advantage 

and evade apoptosis because IGF-1R blockade exerts an anti-

proliferative effect and sensitizes cancer cells to  apoptosis. 

These data indicate that excessive signaling through the IGF 

axis is a critical component in the transformation of preneo-

plastic cells into malignant HCC.37,40

iGF-2R
IGF-2R, also called mannose-6-phosphate receptor, is a 

unique single transmembrane protein that binds only to 

IGF-2 with high affinity. It predominantly binds to mannose-

6-phosphate containing proteins and targets them to the 

lysosomal compartment for degradation.41 Hepatocytes, 

Kupffer cells, endothelial cells, and stellate cells all express 

IGF-2R.42 In the liver, IGF-2R binds IGF-2 and facilitates 

its  endocytosis for degradation, thereby maintaining the 

bioavailability of IGF-2. As a result, a role of IGF-2R as 

a tumor suppressor has been proposed.40 In HCC, loss of 

heterozygosity and function mutation in IGF-2R are com-

mon events.43–45

iGFBPs
The IGFBP family encompasses six members, IGFBP1–6. 

Structurally, IGFBPs are clustered together with strong 

similarity and contain 16–18 conserved cysteines, 10–12 at 

the N-terminus and six at the C-terminus. At the N-terminus, 

IGFBPs share a common motif, termed the IGFBP motif 

(GCGCCXXC). IGFBPs are classified as having a high affin-

ity for binding to IGFs, probably by forming a pocket and 

both the N-terminus and C-terminus contribute to this high 

affinity binding.46 Secreted IGFs are generally found in the 

circulation in a ternary structure bound to IGFBPs and the 

acid labile subunit (ALS), IGFBP3 being the most abundant 

IGFBP in the circulation. As a result, the role of IGFBPs is 

generally thought to limit the bioavailability of IGFs to their 

cognate receptors. However, some membrane IGFBPs, such 

as IGFBP5, may enhance the stability of IGFs and their bind-

ing to IGF receptors.47 IGFBPs are regulated by proteases 

that cleave IGFBPs to increase the bioavailability of IGFs.24,46 

The role of IGFBP1–6 in HCC is not very well understood; 

however, there is evidence that IGFBP3 is downregulated 

by promoter hypermethylation in HCC.48 Moreover, the 

addition of IGFBP3 mitigates the mitogenic effects of IGF-1 

and IGF-2. IGFBPs also have IGF-independent functions; 

for example, IGFBP3 can still exert antiproliferative effects 

even after cleavage.46,48–50

IGFBP7
IGFBP7, also known as insulin-like growth factor-binding 

protein-related protein-1 (IGFBP-rp1), mac25, tumor adhe-

sion factor (TAF), prostacyclin-stimulating factor (PSF), 

and angiomodulin (AGM), is a secreted protein of a family 

of low-affinity IGFBPs termed “insulin-like growth-factor 

binding protein-related proteins” (IGFBP-rp1–10).46,51 The 

IGFBP7 locus is mapped to chromosome 4q12.52 Mouse 

IGFBP7 has a 94.4% similarity and 87.5% nucleotide identity 

to human IGFBP7.53 IGFBP7 shows 40%–45% similarity and 

20%–25% identity to other IGFBPs.54 At the N-terminus, 

IGFBP7 contains the IGFBP motif (GCGCCXXC) in a region 

of eleven conserved cysteines. IGFBP7 is different from the 

other IGFBPs in that it lacks the conserved cysteines at the 

C-terminus and has only one cysteine.54 Moreover, it further 
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differs from the other IGFBPs in that it has 100-times less 

affinity for binding to IGF-1 and is the only family member 

that binds insulin with strong affinity, limiting insulin bind-

ing to the insulin receptor.55 Additionally, there is evidence 

of differences in posttranslational modifications of the other 

IGFBPs compared with IGFBP7. For example, conserved 

serines (residues 101, 119, and 183), known to enhance 

growth-factor response to IGF-1 in IGFBP1 via phosphory-

lation, are not found in IGFBP7. IGFBP7 has 25 serines of 

which only two are conserved in other IGFBPs. It is worth 

noting that the ability of IGFBP7 to inhibit insulin binding to 

its receptor was tested under supraphysiological conditions. 

The average amount of IGFBP7 in serum is around 33 ng/mL, 

and insulin binding was analyzed at 100 pmol.54–57 This dif-

ference in structure and posttranslational modifications might 

suggest that IGFBP7 has unique functions that are primarily 

IGF independent.46

Physiological expression of iGFBP7
IGFBP7 mRNA is expressed in normal tissues of the brain, 

liver, heart, small intestine, spleen, kidney, placenta, lung, 

skeletal muscle, thymus, prostate, testis, ovary pancreas, and 

colon, as detected by northern blotting.58 IGFBP7 protein 

expression was analyzed by immunohistochemistry using an 

antibody directed against the decapeptide on the C-terminus. 

Peripheral nerves, cilia of the respiratory system, epididymis, 

and fallopian tubes had strong positive staining for IGFBP7.59 

Smooth-muscle cells from gut, bladder, prostate, and 

endothelial cell walls also showed strong staining. While 

endothelial cells stained positively for IGFBP7, lymphocytes, 

plasma cells, and fat cells were negatively stained. In the 

kidney, the epithelia of distal tubules were more strongly 

stained than those of proximal tubules. Moreover, cells from 

the zona reticularis and the zona glomerulosa were more 

strongly stained than cells from the zona fasciculate. In the 

liver, using serial analysis of gene expression (SAGE), acti-

vated stellate cells were found to be the major contributor 

to the expression of IGFBP7, as seen by the low expression 

of IGFBP7 in total liver compared with in isolated activated 

stellate cells.60 This discrete expression of IGFBP7 in tissue 

and cell specific manner might suggest that IGFBP7 might 

have specific functions in those organs.59

Protein–protein interactions  
and cell-surface interactions of iGFBP7
In addition to the IGFBP family, IGFBP7 also shows a 

strong homology with follistatin, an activin-binding protein, 

except that IGFBP7 lacks the C-terminus of follistatin.61 

IGFBP7 binds to activin A, thus resembling the function of 

activated follistatin. As a result, IGFBP7 can modulate the 

growth-suppressing effects of the transforming growth factor 

(TGF)-β superfamily, as seen in the upregulation of IGFBP7 

after treatment with TGF-β1 and retinoic acid. However, the 

mechanism by which IGFBP7 modulates TGF-β effects is 

not very well understood.58,61,62 IGFBP7 binds to heparin 

sulfate on the cell surface, and, on cleavage by matriptase, 

the binding seems to be affected. Proteolytic cleavage at the 

N-terminus, containing the heparin binding motif, reduces 

heparin binding and the occupancy of IGF-1R.63–65 Moreover, 

IGFBP7 has been shown to bind to type IV collagen on the 

vascular basement membrane.63,64,66 Additionally, in the high 

endothelial venules (HEVs), IGFBP7 binds with extracel-

lular matrix components; collagen type IV; heparan sulfate, 

glycosaminoglycans; secondary lymphoid-tissue chemokine 

(SLC; also known as chemokine [C-C motif] ligand 21 

[CCL21]); interferon (INF)-g-inducible protein 10 (IP-10; 

also known as C-X-C motif chemokine 10 [CXCL10]); and 

regulated on activation, normal T cell expressed and secreted 

(RANTES; also known as chemokine [C-C motif] ligand 5 

[CCL5]). Through these interactions at HEVs, IGFBP7 might 

play a role in controlling lymphocyte trafficking to lymph 

nodes.67 The functional relevance of these interactions in 

regulating HCC development, progression, and metastasis 

has not been reported yet.

The role of IGFBP7 in carcinogenesis
The role of IGFBP7 in carcinogenesis was first documented 

when it was identified as a differentially expressed gene in 

normal leptomeninges compared with meningiomas and in 

primary prostate epithelia cell lines compared with prostate 

cancer cell lines. Multiple studies have reported IGFBP7 

downregulation in breast cancer.52,58,68 IGFBP7 is suggested 

to be a potential tumor suppressor regulating senescence and 

cell proliferation. Loss of heterozygosity in the IGFBP7 4q12 

locus has been reported in breast cancer in more than 50% 

of cells isolated from tumor tissue compared with normal 

tissue. This was in parallel with loss of IGFBP7 in invasive 

carcinoma cells and was associated with poorer prognosis 

in estrogen receptor-negative breast cancer.69,70 Similarly, 

a role of IGFBP7 as a tumor suppressor in colorectal and 

lung cancer has been proposed.71,72 The downregulation of 

IGFBP7, probably through aberrant DNA methylation, was 

associated with poorer prognosis.71–74 Using tumor tissue 

array sections of invasive breast-cancer samples with known 

cell-cycle aberration status and other clinicopathological data, 

decreased expression of IGFBP7 in tumor tissue  correlated 
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with poor differentiation, increased cyclin E, and inactivation 

of retinoblastoma protein and showed an inverse association 

with proliferation marker Ki-67 in estrogen receptor-negative 

tumors.70 Gene-expression microarray analysis of ductal 

carcinomas in situ documented a significant downregulation 

of IGFBP7 in high-grade compared with low-grade ductal 

carcinomas in situ.75 Serial transplantation of primary breast 

tumors in nonobese diabetic (NOD)/severe combined immu-

nodeficiency (SCID) mice resulted in progressive reduction of 

IGFBP7 expression that correlated with the increased growth 

and aggressiveness of the serially transplanted tumors.76 

Overexpression of IGFBP7 in triple-negative breast-cancer 

cell line (MDA-MB-468) abrogated their growth and migra-

tion via inhibition of phosphorylation of MAPK extracel-

lular signal-regulated kinase (ERK)-1/2. When transplanted 

into NOD/SCID mice, IGFBP7 overexpressing clones had 

reduced tumor growth compared with controls.76 Treatment 

of a triple-negative breast-cancer cell line (MDA-MB-231) 

with recombinant IGFBP7 protein induced G
1
 cell-cycle 

arrest and senescence, as indicated by cell-cycle analysis and 

β-galactosidase staining, respectively. The IGFBP7-induced 

cell-cycle arrest and senescence was mediated by induction 

of the p53–p21 axis and the activation of stress-activated p38 

MAPK. Tail-vein injection of recombinant IGFBP7 for 3–4 

days in NOD/SCID mice harboring xenografted triple-nega-

tive breast-cancer tumors resulted in decreased angiogenesis, 

as shown by a reduction in cluster of differentiation (CD) 31 

and vascular endothelial growth factor (VEGF) expression. 

Recombinant IGFBP7 was able to induce apoptosis as seen by 

caspase-3 and poly adenosine diphosphate ribose polymerase 

cleavages.77 Taken together, these results suggest that IGFBP7 

could act as a negative regulator of mitogenesis by suppressing 

ERK-1/2 and activating p38 MAPK and p53-p21 pathways 

to curb uncontrolled proliferation, induce senescence, and 

suppress angiogenesis in breast cancer.

Further studies on breast cancer have demonstrated that 

IGFBP7 occupies and blocks activation of the IGF-1R recep-

tor, limiting its internalization rather than binding to IGF-1/2 

or insulin.65 This blockade was mediated by the N-terminus of 

IGFBP7 and resulted in reduced phosphorylation of IGF-1R 

and hence activation of the IGF-1R–AKT–mammalian target 

of rapamycin (mTOR) axis leading to dephosphorylation of 

4E-binding protein-1 and activation of its translation-sup-

pressive actions. However, both intact and truncated (lacking 

N-terminus) IGFBP7 was able to induce apoptosis.65 These 

data suggest that IGF-1R–AKT–mTOR–4E-BP1 could be an 

important axis that IGFBP7 interferes with to decrease pro-

tein translation, growth, and survival. Additionally, the data 

also suggest an IGF-IGFR-independent action of IGFBP7 

in inducing apoptosis.

In melanocytes, a genome-wide small hairpin RNA 

screen identified IGFBP7 as an essential gene involved in 

oncogene-induced senescence (OIS).78 Overexpression of 

BRAF-V600E, glutamic acid to valine substitution at position 

600 (a common mutation in melanomas), initially conferred 

a proliferative effect on normal melanocytes. However, 

soon after, activated BRAF induced expression of IGFBP7, 

which led to OIS. This was further demonstrated in melano-

cytic nevi, which show increased expression of IGFBP7. 

Downregulation of IGFBP7 in melanocytic nevi promoted 

their escape from OIS and facilitated their transformation 

into melanomas. Treatment of melanomas harboring the 

BRAF-V600E mutation with recombinant IGFBP7 promoted 

apoptosis via induction of B-cell lymphoma-2/adenovirus 

E1B 19 kDa protein-interacting protein 3-like (BNIP3L), 

a pro-apoptotic B-cell lymphoma-2 family protein. Down-

regulation of IGFBP7 expression in melanomas was shown 

to be through increased methylation of the CpG island of the 

IGFBP7 promoter, a feature also observed in other tumors.78 

Intra-tumoral injection of IGFBP7-expressing plasmids 

inhibited the growth of malignant melanoma in mice via the 

reduction of VEGF and induction of apoptosis.79 It has also 

been observed that IGFBP7 might function as a regulator of 

proliferation in keratinocytes. Knockdown of IGFBP7 using 

RNA interference in spontaneously immortalized human 

keratinocytes and primary human keratinocytes increased 

proliferation and decreased tumor necrosis factor-α-induced 

apoptosis, and treatment with recombinant IGFBP7 induced 

apoptosis in keratinocytes.80 Moreover, the downregulation 

of IGFBP7 was concomitant with the downregulation of 

genes involved in the calcium-dependent differentiation of 

keratinocytes.80 These data suggest a potential role of IGFBP7 

in regulating cell growth and differentiation.

The role of IGFBP7 in HCC
In our attempt to decipher the function of astrocyte elevated 

gene-1 (AEG-1), an oncogene overexpressed in .90% of 

HCC patients, we identified IGFBP7 as one of the most 

downregulated genes on overexpression of AEG-1. This 

observation suggested that IGFBP7 downregulation might 

be required to mediate the tumor-promoting function of 

 AEG-1.81 We documented downregulation of IGFBP7 expres-

sion in human HCC patient samples and HCC cell lines 

compared with normal liver and hepatocytes.  Additionally, 

an inverse correlation between IGFBP7 expression and 

the grades and stages of HCC was observed (Figure 1A).82 
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Genomic deletion of IGFBP7 leading to loss of heterozygos-

ity was observed in 26% of patients (Figure 1B). In HCC, 

downregulation of IGFBP7 expression was associated with 

hypermethylation of the CpG islands in the IGFBP7 promoter  

in murine SV40 T/t antigen-induced hepatocarcinogenesis 

and in human HBV-related HCC.83,84 The HBV-mediated 

transformation of hepatocytes into HCC is thought to occur 

at the level of regulation and interaction with a number of 

genes and signaling pathways that control cell survival and 

apoptosis.85 For example, hepatitis B virus X (HBx), a viral 

protein with multifaceted functions, can perturb the expres-

sion of a number of genes, including growth-control genes, 

such as Src tyrosine kinases, Ras, Raf, MAPK, ERK, c-Jun 

N-terminal kinase, and a number of other genes probably 

through the inherent capability of HBV to integrate into the 

genome, which might lead to the upregulation of genes such 

as oncogenes via strong viral-enhancer elements and the alter-

ation of centrosome replication, leading to genomic instabil-

ity or the microdeletion of genes such as tumor-suppressor 

genes.13,86 HBx can bind and nullify the function of p53, 

a tumor-suppressor gene with multifaceted actions.87 Simi-

larly, HCV can trigger a cascade of events leading to the inac-

tivation of p53 and retinoblastoma, the activation of MAPK, 

and the increased production of reactive oxygen species. 

Unlike HBV, HCV does not integrate into the host genome.88,89 

Moreover, HBV and HCV have been shown to induce epi-

genetic changes via the alteration of DNA methylation and 

histone modifications (reviewed in Herceg and Paliwal).90  

The functional link between viral hepatitis and the loss of 

IGFBP7 has not been established yet. However, it has been 

observed recently that the frequency of serum IGFBP7-

promoter methylation in patients with HBV-induced HCC 

is significantly increased compared with in chronic hepatitis 

B patients and healthy controls.84 IGFBP7 is a responsive 

gene to p53 in colorectal cancer, and it has been shown 

that p53 binds a p53-responsive element in the intron-1 of 

the IGFBP7 gene, inducing its expression. This binding is 

lost in colorectal cancer, probably due to the DNA methyla-

tion of CpG island at the promoter region.91 As previously 

described, IGFBP7 has been shown to interfere with the 

MAPK-ERK pathway, and its loss was associated with 

epigenetic alterations or genomic deletions.69,82–84 Thus, it is 

tempting to hypothesize that HBV or HCV might require the 

alteration of critical nodes in signaling pathways to facilitate 

genomic instability and loss of tumor-suppressor genes such 

as IGFBP7 to facilitate the transformation of hepatocyte and 

the development of HCC from a chronic disease state.

The methylation of IGFBP7 in HCC patients has been 

associated with vascular invasion.83,84 Recently, it has been 

shown that reintroducing (SWItch/Sucrose NonFermentable)-

related matrix- associated actin-dependent regulator of 

chromatin subfamily B member 1 (SMARCB1)/SNF, a com-

monly deleted core subunit of SWI/SNF chromatin remod-

eling complexes, in malignant rhabdoid tumors increased 

the expression of IGFBP7.92 SMARCB1/SNF5 directly 

regulates IGFBP7 and is essential for IGFBP7 expression. 

A

B

Normal liver

Normal liver HCC

Moderate differentiation Poor differentiation

Stage I

Stage II

Stage III

Stage IV

Figure 1 insulin-like growth factor-binding protein 7 (iGFBP7) is downregulated in 
hepatocellular carcinoma (HCC). (A) Tissue microarray using immunohistochemistry 
examining iGFBP7 expression at/in different stages and grades of HCC. 
(B) Fluorescent in situ hybridization in normal liver and HCC patient samples 
showing loss of heterozygosity. Orange, iGFBP7; green, CeP4 (pericentromeric 
region). Note the loss of one IGFBP7 allele in HCC compared with in normal liver.
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Moreover, restoring IGFBP7 expression in SMARCB1/

SNF5 null cells sensitized them to apoptosis.92 Whether the 

downregulation of IGFBP7 by AEG-1  overexpression is 

mediated by promoter methylation or alteration in chromatin 

remodeling remains to be determined.

Further studies from our laboratory have confirmed a 

potential tumor-suppressor role of IGFBP7 in HCC. Stable 

overexpression of IGFBP7 in AEG-1-overexpressing HCC 

cell lines abrogated proliferation and colony formation, and 

induced senescence.82 The effect was more pronounced in 

vivo in a nude mouse xenograft model, as shown by a marked 

reduction of tumor growth and Ki-67 staining in IGFBP7-

overexpressing clones compared with in controls. The 

profound inhibitory effect of IGFBP7 in vivo was explained 

by the inhibition of angiogenesis, as evidenced by a reduc-

tion in CD31 staining, decreased blood vessel formation 

in chick chorioallantoic membrane assays, and abrogated 

differentiation and tube formation of human umbilical vein 

endothelial cells.82 An anti-angiogenic effect of IGFBP7 

might be conferred by a reduction in phosphorylation of 

IGF-1R and mitogen-activated protein kinase kinase/ERK-

1/2, leading to decreased VEGF expression in human umbili-

cal vein endothelial cells and tumor cells.79,93 A separate 

study showed decreased IGFBP7 staining in 35.6% of HCC 

patients (104 patients studied), and this decrease was statisti-

cally associated with large tumor size, increased vascular 

invasion, and poor overall survival and disease-free survival 

rates.94 Thus, IGFBP7 downregulation might be used as a 

marker to assess HCC progression.

Potential role of IGFBP7  
in cancer therapy
We tested the efficacy of IGFBP7 gene delivery using a 

replication-incompetent adenovirus (the Ad.5/3 virus) as a 

potential therapeutic approach for HCC.95 Three different 

HCC cell lines, differing in their p53 and Rb status, were used 

in this study – namely, Huh7 (mutated p53 and wildtype Rb), 

Hep3B (p53 and Rb null), and HepG3 cells (wildtype p53 

and Rb). Infection with Ad.IGFBP7 in all cell lines abrogated 

proliferation and induced apoptosis but not senescence, which 

might be explained by the accumulation of a large amount of 

IGFBP7 on Ad.IGFBP7 infection, shifting the balance from 

senescence to apoptosis. Ad.IGFBP7 infection resulted in 

the generation of reactive oxygen species; the induction of a 

DNA damage response, as evidenced by the phosphorylation 

of Ataxia telangiectasia mutated, Ataxia telangiectasia and 

Rad3 related, checkpoint kinase-1, checkpoint kinase-2, and 

p53; and the activation of the p38 MAPK pathway. Treatment 

with an antioxidant or the inhibition of p38 MAPK provided 

significant protection against IGFBP7-mediated apoptosis.

The growth-inhibiting effect and apoptosis induction by 

Ad.IGFBP7 was also demonstrated in vivo. Human HCC 

xenografts were established orthotopically in nude mouse 

livers. Intravenous injections of Ad.IGFBP7 at a dose of 

1×109 viral particles/injection for a total of five injections 

over a 2-week period significantly inhibited tumor size and 

growth and reduced levels of alpha-fetoprotein (Figure 2A). 

Ad.IGFBP7 did not adversely affect the adjacent normal 

liver, only the xeno-transplanted tumor that showed hemor-

rhagic necrosis. Similar effects were also observed when 

subcutaneous xenografts were implanted in both flanks of 

nude mice (Figure 2B). Ad.IGFBP7 was injected only on one 

side and the growth-inhibiting effect and apoptosis induc-

tion were evident in both sides, as evidenced by a reduction 

in Ki-67 and CD31 staining. Moreover, conditioned media 

from Ad.IGFBP7-infected cells could induce apoptosis in 

freshly plated human HCC cells.95 These findings suggest 

that IGFBP7 protein might enter the circulation from the 

initial site of injection and inhibit the growth of distal tumors 

(illustrative of metastasis). Thus, Ad.IGFBP7 might be an 

effective therapy for both primary and metastatic HCC.

Targeted molecular therapy has ushered in strategies for 

the treatment of advanced HCC. For example, sorafenib, 

a multikinase inhibitor, increased the survival of advanced 

HCC patients by 2.8 months.3,15,96 Unfortunately, systemic 

therapy is limited in its efficacy, reinforcing the need for 

the characterization of additional molecular mechanisms 

driving the progression of HCC that could be targeted in 
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Figure 2 Ad.iGFBP7 is an effective therapy for hepatocellular carcinoma (HCC).  
(A) Bioluminescence imaging of nude mice with established orthotopic tumors in the 
liver using human HCC cells before (left) and after (right) treatment with Ad.iGFBP7. 
(B) Photograph of nude mice bearing subcutaneous xenografts from human HCC 
cells on both flanks treated with control Ad.vec (top) or Ad.IGFBP7 (bottom). Only 
the left-sided tumors were injected with Ad. Note the almost complete disappearance 
of both left- and right-sided tumors in Ad.iGFBP7-treated mice.
Abbreviation: Rx, treatment.
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combination with systemic therapy. A recent study of HCC 

demonstrated that IGFBP7 mediated sensitivity to IFN-α 

treatment in HCC.97 IFN-α-resistant HCC cell lines were 

established by repetitive exposure to IFN-α. Microarray 

analysis of the IFN-α-resistant cells showed a significant 

downregulation of IGFBP7. Knocking down IGFBP7 using 

RNA interference further augmented resistance to IFN-α. 

In contrast, IGFBP7 overexpression restored sensitivity to 

IFN-α in resistant cells. The mechanism by which IGFBP7 

enhances sensitivity to IFN-α-resistant cells might be via 

the modulation of apoptosis, although this aspect has not 

been well studied.97

IGFBP7 is downregulated in hypopharynx cancer cells by 

low-dose treatment with paclitaxel.98 This finding suggests 

that a reduction in IGFBP7 might be essential in acquiring 

resistance to paclitaxel. However, it is worth noting that, 

in that study, the authors did not establish resistant clones, 

and the role of IGFBP7 in acquired resistance to paclitaxel 

requires further investigation.98 In an experimental mouse 

model of metastatic melanoma, tail-vein injection of recom-

binant IGFBP7 in athymic nude mice suppressed the growth 

of metastatic melanoma cells and increased the survival 

rate of IGFBP7-injected animals.99 These findings further 

strengthen the notion of using IGFBP7 as a biomarker to 

predict drug resistance and as a potential target for cancer 

therapy.

Conclusion
Although the tumor-suppressor function of IGFBP7 is 

established in diverse cancers, the molecular mechanism by 

which IGFBP7 exerts its effect remains to be clarified. Is 

IGF-1 inhibition the primary mechanism of IGFBP7 action? 

How does IGFBP7 mediate its IGF-independent functions? 

Is there a cell-surface receptor for IGFBP7 similar to that 

for IGFBP3?100 What is the consequence of insulin inhibition 

by IGFBP7? These questions might be addressed by analyz-

ing an IGFBP7 knockout mouse. The efficacy of IGFBP7 

as a therapy needs to be stringently evaluated in transgenic 

mouse models of cancer, either alone or in combination with 

conventional therapy. The studies so far on IGFBP7 are very 

promising and future in-depth analysis will establish the util-

ity of this molecule as a biomarker and therapeutic agent.
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