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Abstract 
Insulin鄄  like growth factor鄄  binding proteins (IGFBPs) are critical regulators of the mitogenic activity of 

insulin鄄  like growth factors (IGFs). IGFBP5, one of these IGFBPs, has special structural features, including 
a nuclear transport domain, heparin鄄  binding motif, and IGF/extracellular matrix/acid鄄  labile subunit鄄  binding 
sites. Furthermore, IGFBP5 has several functional effects on carcinogenesis and even normal cell 
processes, such as cell growth, death, motility, and tissue remodeling. These biological effects are 
sometimes related with IGF (IGF鄄  dependent effects) and sometimes not (IGF鄄  independent effects). The 
functional role of IGFBP5 is most likely determined in a cell鄄  type and tissue鄄  type specific manner but also 
depends on cell context, especially in terms of the diversity of interacting proteins and the potential for 
nuclear localization. Clinical findings show that IGFBP5 has the potential to be a useful clinical biomarker 
for predicting response to therapy and clinical outcome of cancer patients. In this review, we summarize 
the functional diversity and clinical importance of IGFBP5 in different types of cancers. 
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The insulinlike growth factor (IGF) signaling pathway 
plays a crucial role in regulating cell growth, differen鄄  
tiation, and apoptosis. All these actions are critical 
events for normal cell physiology and in carcinogenesis [1] . 
The IGF axis consists of two peptide growth factors (IGFI 
and IGFII) [2,3] , two IGF receptors (IGFIR and IGFIIR) [4,5] , 
a family of six IGFbinding proteins (IGFBP16) [611] , a 
group of IGFBPrelated proteins that bind IGFs with low 
affinity, and IGFBP preoteases [12,13] . 

IGFs, first defined in 1957, are growth factors that 
have both metabolic and mitogenic activities and activate 
a tyrosine kinase pathway via binding to IGFIR and 
IGFIIR on cell surfaces [1421] . IGFbinding proteins bind 
IGFs with high affinity, regulating their activity by 
prolonging their halflife and circulation turnover [14]  and by 

controlling their binding to IGF receptors either positively 
or negatively [21] , thus directly affecting the IGF signaling 
pathway. The actions of IGFBPs are modulated by 
IGFBP proteases that depend on activators and 
inhibitors [13] . 

IGFBPs may inhibit mitogenesis, differentiation, 
survival, and other IGFstimulated events by 
sequestering IGFs away from the IGFIR [14] . IGFBPs also 
function independently of the IGF signaling pathway via 
interacting with proteins other than IGFs, being cleaved, 
binding their own membrane receptors, and localizing 
both extracellularly and intracellularly [22] . Furthermore, 
IGFBP3, IGFBP5, and IGFBP6 are capable of 
translocating to nucleus via different entry mechanisms, 
and subcellular localization of IGFBPs can affect their 
cellular functions [2326] . 

IGFBP5, the most conserved member of the IGFBP 
family in all vertebrates, has been shown to regulate cell 
growth, determine cell fate, and play a role in the 
metastatic process in cancer development. On the other 
hand, this protein has recently been deemed a molecular 
biomarker for predicting response to therapy and 
clinical outcome [27]  in patients with cancers such as 
retinoblastoma [28] , glioblastoma [29] , adenocarcinoma  [30] , 
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breast cancer [31] , nonfunctioning pituitary adenoma [32] , 
prostate cancer [33] , and estrogen receptorpositive breast 
cancer [34] . IGFBP5 has been associated with various 
types of cancers as a cancer promoter or cancer 
repressor protein [3539] . The expression level and functional 
differences of IGFBP5 in distinct cancer types and in the 
same tissue type show that there are many mysteries 
that remain to be solved about the protein. The present 
article is a review of literature reports on the function and 
regulation of IGFBP5, as well as its role in cancer 
development and progression and clinical and prognostic 
importance. 

IGF鄄  dependent or IGF鄄  independent Func鄄  
tions of IGFBP5 

The IGF system plays crucial roles in biological 
processes such as proliferation  [38] , differentiation  [15] , 
invasion [40] , tumor expansion [41] , migration [42] , and survival. 
It can be used to predict clinical outcome [43,44] , diagnosis 
[45] , endocrine responsiveness [46] , cancer progression [47]  or 
inhibition of cancer growth  [48] , and apoptosis  [49] . The 
ligands of the IGF system, IGFI and IGFII, mediate the 
growth and development of organisms. They bind to 
IGFIR and initiate multiple cellular phenotypes [50] , induce 
cell proliferation [51] , suppress apoptosis [5254] , and promote 
differentiation [55] . IGFBP5s regulate the functions of IGFs 
by binding to conserved amino terminal domains of IGFs 
[56,57] , and this action can extend the halflife of IGFs or 
restrict their function [33] . 

IGFBP5, expressed in both normal and cancer 
tissues [58] , regulates the growth and development of 
tissues and cells [59] , such as myoblasts  [60] , thyroid 
carcinoma cells [61] , uterine leiomyomata cells [62] , neural 
cells [63] , and musclederived tumor rhabdomyosarcoma 
cells [64] . IGFBP5 has both IGFdependent and IGF 
independent effects [6568] . 

IGFs are deemed as cell survival factors that are 
upregulated in tumorigenesis and their inhibition by 
IGFBPs induce cell death [69] . However, IGFBP5 acts as a 
survival factor during myogenesis via an IGFindependent 
mechanism [59] . Overexpression of wildtype 
(  ) decreased muscle IGFIR phosphorylation, 
probably via binding to and restricting the function of 
IGFI. IGFBP5 has also been found to increase Akt 
phosphorylation through an IGFIRindependent 
mechanism [67] . Both transient overexpression and 
administration of exogenous IGFBP5 in a breast cancer 
cell line caused cell cycle arrest and apoptosis [70] . 

Tripathi  . [67]  examined IGFindependent effects of 
IGFBP5 during development using mice that express 
mutant  (  ), which does not bind IGFs. 
They found that overexpression of  resulted in 
increased total and free serum IGFI, but overexpression 
of  did not change serum IGFI concen 

trations. Furthermore, de0spite being highly expressed in 
the murine model,  had an undetectable 
effect on the concentration of members of the  IGF axis 
in the circulation relative to  . In addition, 
overexpression of  rescued the lethal 
phenotype of mice carrying the maternal  null allele, 
but  did not. Mice expressing 
showed decreased relative phosphorylation of IGFIR. 
Notably, overexpression of  activated the p38 
MAPK pathway in an IGFindependent manner. This is 
the first study to report IGFindependent actions of 
IGFBP5 in a mouse model [67] . 

IGFI affects cells in the growth plate through 
endocrine, paracrine, and autocrine mechanisms [7176] . 
IGFI also enhances IGFIdriven chondrocyte 
proliferation [77] .  has been reported to stimulate 
osteoblast differentiation in an IGFindependent manner [78] . 
Kiepe  . [79]  evaluated the expression profile of IGF 
system components in proliferating and differentiating 
growth plate chondrocytes using two cell culture models: 
RCJ3.1C5.18 (RCJ) mesenchymal chondrogenic cells 
that, without biochemical or oncogenic transformation, do 
not express IGFI, and rat chondrocytes of the growth 
cartilage in primary culture. They found that  and 
especially  gene expression was increased 
during chondrocyte differentiation. To evaluate a possible 
functional role of  on chondrocytes, RCJ cells 
were transfected with a vector containing human 
cDNA, cultured in serumdeprived media, and then 
treated with or without IGFI.  transfected cells 
showed higher levels of expression of  in 
response to IGFI treatment than did control cells. 

promotes the IGFIenhanced differentiation of 
RCJ cells but does not promote chondrocyte 
differentiation on its own.  overexpressing cells 
showed enhanced IGFIstimulated phosphorylation of 
Akt, a member of PI3 kinase (PI3K) pathway, but MAPK/ 
ERK1/2 cascade was downregulated. This result 
suggests that IGFBP5 promotes the IGFIenhanced 
differentiation of RCJ cells, especially increases the 
activity of the PI3K pathway in a specific manner [79] . 

The roles of IGFBP5 may differ in various types of 
malignant cells. For example, overexpression of IGFBP5 
may inhibit IGFI activity in malignant pleural mesothe鄄  
lioma (MPM) [80] . Consistent with this, IGFBP5 was found 
to block the migration of OECM1, a head and neck 
squamous cell carcinoma (HNSCC) cell line, which is 
stimulated by IGFI [42] . In contrast, IGFBP5 activity is also 
associated with elevated IGF activity in several tumors [1] . 
Thus, IGFBP5 may promote or inhibit IGF  activity 
depending on tumor type. 

Importance of differentially expressed IGFBP5 
in cancer tissues 

can be upregulated by either physiologic 
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(cell differentiation) or pathologic (cancer) processes [67] . It 
can also be downregulated in some cases. Given the 
nature of its variable expression pattern and effects in 
both normal and cancer tissues,  is considered 
neither a tumor suppressor nor an oncogene. 

MPM is an aggressive neoplasm of the serosal lining 
of the pleural cavity arising from mesothelial cells. 
IGFBP5 was weakly expressed in MPM cell lines and 
tissue samples, though IGFI was overexpressed in all 
MPM specimens [80] . 

Intrahepatic cholangiocarcinoma (ICC) arises from 
bile duct cells in the liver [81] . Nishino  . [82]  evaluated 

RNA expression among ICC, normal liver (NL), 
chronic liver disease (CLD), hepatocellular carcinoma 
(HCC), and extrahepatic adenocarcinomas (breast, 
colon, stomach, ovary, and lung) and found that 
expression was higher in ICC than in HCC, NL, CLD, or 
adenocarcinomas originating from other organs. On the 
other hand, Umemura  . [83]  found that expression of 

was affected by gankyrin in HCC samples and 
that both  and gankyrin may play oncogenic roles 
in early stages of human hepatocarcinogenesis. 
Furthermore, human osteosarcoma cell line (U2OS) and 
a well differentiated hepatocytederived cellular 
carcinoma cell line (Huh7) overexpressing gankyrin had 
a respective 5.2fold and 1.7fold increase in 
mRNA levels compared to noncancerous tissues [83] . 

IGFBP5 expression is associated with the degree of 
cell differentiation in different cancers [84,85] . Recently, Boers 

. [85]  showed that IGFBP5 expression was strongly 
upregulated during hepatic stallete cell transdifferen鄄  
tiation  and during the development of liver fibrosis 

. In their current study [86] , they determined that 
IGFBP5 extended the survival of human hepatic stellate 
cell line, LX2, a model for partially activated hepatic 
stellate cells, but did not affect cell proliferation. IGFBP5 
induced collagen type I, alpha 1 (COL1A1) by 70% , 
tissue inhibitor of metalloproteinase (TIMP) vmetallopep鄄  
tidase inhibitor 1 (TIMP1) by 70% , and matrix 
metallopeptidase 1 by 100% in LX2 cells, suggesting 
that IGFBP5 may be a fibrotic marker [86] . 

Microarray studies have revealed that  is 
overexpressed in pancreatic adenocarcinoma [48] . When 
transfected into PANC1 pancreatic cancer cells, 

inhibited cell growth in serumfree culture and 
acted as a tumor suppressor. In contrast,  did 
not affect the growth of BxPC3 cells when it was 
transfected into the cells. Additionally, pancreatic cancer 
PaC cells can overexpress autocrine growth factors [87] 

and overexpression of these growth factors and their 
receptors is associated with increased tumorigenicity in 
pancreatic cancer [88] . BxPC3 cells overexpressing IGFBP5 
exhibited high DNA replication and cell numbers in the 
absence of serum, but the opposite phenotype was 

observed in PANC1 cells. In addition, IGFBP5 promoted 
cell cycle in BxPC3 cells but led to G2 /M arrest in 
PANC1 cells [35] . These findings support the notion that 
IGFBP5 has cellspecific and environmentspecific 
effects. Thus, IGFBP5 has cell and environmentspecific 
effects and its individualized effects must be considered 
for all cells and cancer types 

IGFBP5 is also expressed in ovarian cancers [89]  and 
may play a role in the development of highgrade serous 
carcinoma of the ovaries. Wang  . [90]  have revealed 
that undifferentiated carcinoma, serous carcinoma, and 
transitional cell carcinomas have significantly higher 
expression levels of IGFBP5 when compared to clear 
cell or mucinous carcinomas [90] . Mice bearing tumors 
generated by injection with SKOV3 ovarian cancer cells 
experienced decreased tumor growth after treatment with 
recombinant IGFBP5 [38] . This result emphasizes the role 
of IGFBP5 on tumor suppression. 

Cervical carcinoma (CC) is a common cancer of the 
female reproductive system. Development of cervical 
intraepithelial neoplasia (CIN) and CC from normal 
cervical tissue is a gradual process, and the occurrence 
and development of these diseases is related with 
persistent human papilloma virus infection. Hou  . [84] 

demonstrated that IGFBP5 levels were highest in CIN 
samples (91.9%), followed by in normal cervical tissues 
(71.4%), and lowest in CC tissues (45%). In CC samples, 
IGFBP5 is negatively correlated with lymph node 
metastasis, CC progression, and high differentiation. 
IGFBP5 expression is also negatively correlated with 
clinical stage in CC. The samples in early stage show 
increased IGFBP5 expression, whereas those in late 
stage show decreased IGFBP5 expression [84] . In contrast, 
IGFBP5 is detected in squamous cell cervical cancer 
and associated with progression of squamous cell 
carcinoma at a preneoplastic stage. Hence, IGFBP5 may 
be a marker for cancer progression in the cervical 
epithelium [47] . 

IGFBP5 is expressed in the mammary and breast 
tissues of mammals [91,92] , and it is thought to be 
necessary for normal mammary gland involution and to 
possibly regulate mammary gland morphogenesis in 
response to hormone stimulation [93] . In addition, 
has also been found to have diverse effects in breast 
cancer cells.  inhibits cell growth when transiently 
expressed in the MDAMB231 and Hs578T breast 
cancer cell lines. Both stable and adenovirusmediated 
expression of IGFBP5 in these cell lines result in a 
significant decrease in DNA synthesis, but only 
adenovirusmediated transfection of IGFBP5 cause G 2 /M 
arrest compared with vector controls [70] . As  suggested by 
an  model, plasma levels of  IGFBP5 may be 
correlated with tumor size. In breast  tumorbearing mice, 
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tumor size increases along with  levels. Plasma 
levels of  are 1.5fold higher in tumorbearing 
mice than in nontumorbearing mice [41] . Nevertheless, Li 

.  [44]  found no significant correlation  between the 
mRNA level of  and  tumor size, clinical stage, or 
nuclear grade. They determined that  mRNA 
levels were upregulated in breast cancers relative to 
normal breast tissues. They also found a positive 
correlation between  mRNA levels and the status 
of hormone receptors, including estrogen receptor (ER) 
and progesteron receptor (PR), and a negative link 
between  mRNA levels and distant metastasis or 
lymph node status [44] . In contrast, Hao  . [19]  revealed 
that IGFBP5 protein expression was elevated in lymph 
node metastasis samples compared with primary breast 
tumor samples. These findings suggest that  is 
an important player of breast cancer pathogenesis. 

could be a useful marker of cancerous tissue 
and metastasis, but it could have diverse effects on 
growth of cancer cells depending on cell type and 
expression method. 

In addition to being upregulated, IGFBP5 is 
downregulated in several cancers, including MPM [80] , and 
in some immortal cell lines [94] . Also, IGFBP5 is 
overexpressed in invasive nonfunctioning pituitary 
adenomas (NFPAs) [32] . IGFBP5 expression may also 
vary between subclasses of the same cancer, as 
observed in glioblastomas [95] . IGFBP5 levels in colorectal 
cell lines (DLD1, HCT116, SW837, HT29, and SW48) 
were 10fold lower than those in normal human 
fibroblasts [58] . Similarly, IGFBP5 expression was elevated 
in glial cells cocultured with retinoblastoma cells [28] . 
IGFBP5 expression was also higher in adenocarcinoma 
than in normal mucosa [30] . 

IGFBP5 expression patterns are also impacted by 
the cellular microenvironment and protein constituency. 
A hypoxic microenvironment contributes to tumor 
development, and hypoxiainducible factor1琢  (HIF1琢  ) 
plays a role in this process. To understand the molecular 
effects of hypoxia and HIF1琢  , the Human Genome 
U133A Array was used to determine the gene 
expression profile of NCIH446 small cell lung cancer 
cells cultured in a hypoxic environment after transfection 
with Ad5HIF1琢 or Ad5siHIF1琢  . In addition to other 
genes,  is upregulated at both the mRNA and 
protein levels in the cells transfected with HIF1琢  [96] . 
IGFBP5 expression can also be regulated by other 
proteins. In a study comparing colonic mucosa 
specimens from 12 colorectal cancer patients and 10 
healthy controls, Fos, the vFos FBJ murine 
osteosarcoma viral oncogene homolog, was found to 
activate IGFBP5 in colorectal cancer but downregulate it 
in normal colon tissue [97] . 

Migration, differentiation, and metastasis effects 
of IGFBP5 in cancer 

The effects of IGFBP5 on the biological activity of 
cells can change depending on several factors [98,99] . The 
protein interacts with many molecules that impact its 
effects on cellular characteristics [38] . Among its numerous 
effects in cells, IGFBP5 can regulate migration and 
differentiation [42,100,101] . In some cell lines or tissues, it can 
enhance migration [42,99] , differentiation, and cell attachment, 
whereas it can block cell motility, induce retention of cell 
morphology [100] , and reinforce adhesion [42]  in others. 

Cell migration, motility, and attachment to the 
extracellular matrix (ECM) are important features for 
cancer progression and metastasis process. ECM 
components like vitronectin (VN) [102,103]  are important for 
cell migration and  attachment to ECM [104,105] . The stimula鄄  
tory effect of IGFI:IGFBP5:VN complexes on cell 
migration has been shown in skin keratinocytes and 
MCF7 breast cancer cells [106,107] . Furthermore, elevated 
levels of IGFBP5 have been associated with breast 
cancer metastasis [108] . IGFBP5 expression is higher in 
metastatic breast carcinomas with axillary lymph node 
involvement than in primary breast carcinoma [19] . IGFBP5 
was also found to be elevated in lymph node metastasis 
samples than in primary tumor samples [19] . Consistent 
with this, Wang  . [40]  found that expression of IGFBP5 
was higher in T1 invasive breast carcinoma than in 
benign breast epithelium  [40] . Moreover, Hs578T breast 
cancer epithelial cells treated with IGFBP5 and IGFI 
show reduced cell attachment [99] . These findings suggest 
that IGFBP5 stimulates cell migration in breast cancer. 
Similarly, treatment with recombinant IGFBP5 protein or 
transfection with IGFBP5 plasmid decreases growth, 
stimulates migration, and reduces adhesion of HNSCC 
cells , and this effect is IGFindependent [42] . Therefore, 
both endogenously expressed or exogenously added 
IGFBP5 induces the same effect. Thus, IGFBP5 is an 
effective regulator of cell migration and adhesion and 
may control these processes through an 
IGFindependent pathway. 

We have mentioned positive effects of IGFBP5 on 
cell migration, but IGFBP5 also has opposite effects on 
cell motility. Vascularization is important for metastasis 
as it mediates cell spreading. IGFBP5 specifically inhibits 
vascular endothelial growth factorinduced endothelial 
cell proliferation and, thus, effectively suppresses the 
formation of blood vessels  and  [38] . Protein 
kinase C was reported to promote IGFBP5mediated cell 
adhesion in Hs578T breast cancer cells [99] . In a recent 
study,  and  were transfected to 
MDAMB435 breast cancer cells and this study 
revealed a negative role of IGFBP5 on cell motility [23] . 
Also, a nuclear localization signal (NLS) mutant  form of 
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is generated by sitedirected  mutagenesis. 
and  were transfected into 

MDAMB435 breast cancer cells to generate stable 
clones overexpressing either  or  . 
Cells overexpressing  has  significantly higher 
proliferation and migration rates than  do cells 
overexpressing  . Cellular localization  analyses 
have revealed that NLS mutations cause an 
accumulation of the protein in cytoplasm [23] . These results 
indicate that subcellular localization of  affects 
the growth and migration of breast cancer cells. Thus, 
cytoplasmic accumulation of IGFBP5 could induce cell 
growth and motility, which could impact cancer 
development and progression  [23] . IGFBP5 has also been 
found to inhibit IGFIinduced proliferation and migration 
of smooth muscle cells [109] . 

IGFBP5 has been reported to promote activation and 
migration of peripheral blood mononuclear cells (PBMCs) 
and these effects on migration were induced via the 
MAPK pathway and independent of IGFI. Hence, 
IGFBP5 showed a chemoattractant activity [110] . Abrass 
. [65]  found that IGFBP5 stimulated the migration of rat 

mesanglial cells in an IGFindependent and RGD 
independent manner, and McCaig  . [99]  revealed that 
IGFBP5 alone reduced cell adhesion that increased after 
coadministration of IGFBP5 and IGFI. These results 
indicate that IGFBP5 could induce migration of cells in 
an IGFIdependent or  independent manner and IGFI 
treatment could reverse the activity of IGFBP5. Since 
migration of cancer cells is an important point for 
metastasis, a great attention should be paid to 
interaction of IGFBP5 and IGFI in metastasis and 
invasion of cancer. 

IGFBP5 has been shown to regulate the differen鄄  
tiation of neuroblastoma cells. LAN5 neuroblastoma 
cells differentiate towards a neuronal phenotype and 
have elevated expression of IGFBP5 when treated with 

retinoic acid (RA) at micromolar concentrations [111] . 
RNA interference (RNAi)mediated knockdown of IGFBP5 
prevents neuroblastoma cells from differentiating towards 
a neuronal phenotype as evidenced by the absence of 
detectable neuronal markers and neurofilaments after 
treatment with RA for different durations. Compared to 
controls, cotreatment with recombinant IGFBP5 and RA 
rescues differentiation of cells in which IGFBP5 
expression was knocked down. Complete inhibition of 
IGFBP5 caused death in LAN5 cells [98] . 

IGFBP5 is the major protein secreted by skeletal 
muscles, and its expression is induced during muscle 
differentiation [112] . IGFBP5 inhibits skeletal muscle cell 
differentiation via binding IGF receptors and thereby 
blocking IGF action  [100] . In contrast, the addition of 
purified bonederived human IGFBP5 to muscle cells 
enhances differentiation [101] . Ren  . [113]  revealed that 

the expression of IGFII and IGFBP5 was elevated 
during myogenic differentiation and found that 
knockdown of IGFBP5 impaired myogenic differentiation 
of C2C12 mouse myoblast cells. In these studies, 
IGFBP5 induced myogenic differentiation via IGFII. 
IGFBP5 was found to be overexpressed in activated 
hepatic stallete cells, so it may be a marker for hepatic 
stallete cell activation [85] . IGFBP5overexpressing cells 
have high levels of osteocalcin, which is an indicator of 
advanced, differentiated osteoblast cells  [114] . Thus, 
Schneider  . [115]  suggested that IGFBP5 may promote 
osteoblast cell differentiation despite not finding a direct 
effect of IGFBP5 on osteocalcin expression. 

Cell survival and apoptotic effects of IGFBP5 in 
cancer 

There are numerous studies on the role of IGFBP5 in 
survival and apoptosis of both normal and cancer  cells. 
Butt  . [116]  showed that IGFBP5 activated caspase8 
and caspase9, causing apoptosis through Bcl2 in the 
intrinsic apoptotic pathway in MDAMB231 breast cancer 
cells. IGFBP5expressing MDAMB231 cells had 
elevated levels of JUN Nterminal kinase (JNK), which 
sensitized the cells to tumor necrosis factor鄄  琢 (TNF琢  ). 
Similar to its effects in MDAMB231 cells,  endogenous 
IGFBP5 inhibits the proliferation of MDAMB435 breast 
cancer cells [23] , and IGFBP5 has been reported to inhibit 
cell growth and cause G 2 /M arrest in human breast 
cancer and PANC1 pancreatic cancer cells [35,70,116] . These 
findings shed light on the tumor suppressor and 
antiproliferative properties of IGFBP5. Notably, IGFBP5 
do not induce apoptosis but decreased the number of 
cells in human hepatocellular carcinoma [83] . 

Other studies have focused on the antiapoptoic role 
of IGFBP5. In normal cells like myoblasts, IGFBP5 has 
been reported to inhibit apoptosis during cell differen鄄  
tiation [59] . A study of RNAimediated IGFBP5 knockdown 
in neuroblastoma cells revealed that loss of IGFBP5 
resulted in inhibition of cell growth. In these cells, 
IGFBP5 shows both IGFdependent and IGF 
independent effects that are related with cell proliferation. 
Suppression of IGFBP5 expression provoked apoptotic 
morphology, such as hypodiploid DNA content and 
activation of caspase3 and caspase7 [98] . 

Senecence may contribute to the antiapoptotic 
effects of IGFBP5. The role of IGFBP5 in cellular 
senesence was first described by Kim  . [117] . The 
knockdown of IGFBP5 in old human primary endothelial 
cells triggered antiaging effects. On the other hand, 
overexpression of IGFBP5 in young cells results in 
aging. IGFBP5 induces senescence via p53 in human 
umbilical vein endothelial cells (HUVEC). Phosphory 
lation of p53 at serine 6 and serine 15 is done by 
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IGFBP5. Notably, excess IGFI has been found in old 
cells compared to young cells, but this trend is not 
observed for IGFII [117] . 

The expression pattern of IGFBP5 in different types 
of cancers reflects its role in cell proliferation. IGFBP5 
could contribute to survival effects in breast cancer cells 
via repressing the mitochondriaindependent apoptosis 
pathway [118] , and induce the antiapoptotic effects of IGFI 
in prostate cancer cells [119] . Retinoic acid inhibits the 
growth of HPVnegative CC cells by inducing the 
IGFBP5 expression [120] . Thus IGFBP5 is an important 
player of CC cell growth, but definite mechanism is 
unknown. As described previously, IGFBP5 induces the 
response to IGFI stimulation in prostate cancer cells 
whereas reduces the response in osteosarcoma cells [121] . 
In HUVEC cells, IGFBP5 inhibits proliferation, but this 
effect could be reversed by silencing  gene 
expression [38] . IGFBP5 was found to enhance DNA 
replication and cell proliferation in BxPC3 cells after 
serum starvation [35] . As indicated above, there are 
numerous studies on the effects of IGFBP5 on cell 
proliferation, some of which show a negative effect of 
IGFBP5 on proliferation, but some show positive effect; 
however, the exact molecular mechanisms that cause 
these effects are not determined yet. 

Association of IGFBP5 with Signaling 
Pathways 

Most tumors have irregular activation of signaling 
pathways. IGFBP5 is involved in many signaling 
pathways that regulate the biological functions of cells. 

Using transgenic mice overexpressing  , 
Kuemmerle  .  [122,123]  showed that upregulation of 
IGFBP5 reduced IGFIR phosphorylation, but this did not 
affect the pAkt level in myogenic cells. Overexpression 
of IGFBP5 may activate the p38 MAPK pathway [122] , and 
IGFI may use the same pathway to stimulate IGFBP5 
expression [123] . IGFBP5 binding to its receptor induced 
the p38 MAPK and ERK1/2 pathway activation, thereby 
stimulating growth and IGFI secretion in human 
intestinal muscle cells. Moreover, IGFI stimulated 
IGFBP5 expression via the PI3K pathway during 
Schwann cell differentiation [124] . 

Kiepe  .  [78]  used two specific pharmacologic 
inhibitors of the p42/44 MAPK pathway, U0126 and 
PD098059, to evaluate IGFIinduced  mRNA 
expression in rat growth plate chondrocytes. Both 
inhibitors were capable of suppressing phosphorylation of 
ERK1/2 but did not alter total ERK1/2 concentration in 
chondrocyte cell lysates. Inhibition of the p42/44 MAPK 
pathway by U0126 did not change  mRNA 
expression. Similarly, coincubation of IGFI with U0126 

did not affect IGFIinduced  mRNA expression. 
However, coincubation of IGFI with the PI3K inhibitor 
LY294002 abolished the stimulatory effect of IGFI on 

mRNA expression. Thus, IGFI stimulates 
mRNA expression via the PI3K pathway in rat 

growth plate chondrocytes [78] . Along the same line, other 
studies revealed that  mRNA expression induced 
by IGFI is mediated via the PI3K pathway in vascular 
smooth muscle cells [125]  and primary Schwann cells [126] . In 
contrast, Xin  . [127]  found that IGFIinduced 
expression occurs via the p42/44 MAPK pathway in rat 
intestinal smooth muscle cells, and Kuemmerle [123] 

revealed that  mRNA expression was induced by 
IGFI via the p42/44 MAPK and PI3K pathways. 
Moreover, IGFIinduced  expression was 
reported to occur via the MAPK pathway in rat intestinal 
smooth muscle cells [127]  and via the PI3K and MAPK 
pathways in mammary fibroblats and human intestinal 
smooth muscle cells [123,128] . 

Kuemmerle [123]  suggested that IGFBP5 stimulates cell 
growth and IGFI secretion via the MKK3/6p38 and 
RasErk1/2 pathways, and found that a positive feedback 
mechanism links IGFI and IGFBP5 in human intestinal 
muscle cells. IGFI, via interacting with its cognate 
receptor that was facilitated by IGFBP5, activated the 
PI3K and Erk1/2 pathways that mediate enhanced 
proliferation and secretion of IGFBP5  [122,123] . In turn, 
IGFBP5, via interacting with its cognate receptor, 
activates the p38 MAPK and Erk1/2 pathways [124] . 

Johnson  . [35]  transfected fulllength human 
IGFBP5 into two pancreatic cancer cell lines, BxCPC3 
and PANC1. They found that pAkt levels were elevated 
after serum deprivation in BxCPC3 cells expressing 
IGFBP5, but Akt phosphorylation was reduced in 
PANC1 cells expressing IGFBP5. When BxCPC3 cells 
were treated with PI3K inhibitor, Akt phosphorylation was 
not induced. After treatment with MEK1/2 inhibitor, they 
found that ERK1/2 phosphorylation was 2.6fold higher in 
BxPC3 cells expressing IGFBP5 than in primary BxPC3 
cells and that IGFBP5mediated growth was inhibited 
when the MAPK pathway was blocked with MEK1/2 
inhibitor. These results suggested that the MAPK 
pathway is necessary for IGFBP5enhanced cell growth 
after serum deprivation. In addition, pathway analysis 
revealed that ERK1/2independent pathways contribute 
to the increase in Akt phosphorylation associated with 
IGFBP5 and that inhibition of the MAPK or PI3K pathway 
in IGFBP5expressing PANC1 cells may shift signaling 
to the other pathway [35] . 

Recent studies have indicated new molecules and 
approaches relevant to pathways that regulate IGFBP5. 
Erclik  . [129]  showed that parathyroid hormone (PTH) 
induced IGFBP5 protein expression in UMR10601 
osteosarcoma cells and found that activation of cyclic 
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Figure 1. Together with G鄄  proteins, IGFBP5 can 
induce phosphorylation of Erk1/2 and p38 MAPK. IGFBP5 can act independently of IGF鄄  I to stimulate proliferation and up鄄  regulate IGF鄄  I 
production through Ras鄄  dependent activation of Grb鄄  Sos鄄  Mek鄄  Erk1/2 and p38 MAPK. Activation of these pathways stimulates proliferation as well 
as IGFBP5 production. IGFBP5 and IGF鄄  I secretion are linked by a positive feedback mechanism that reinforces their individual effects on cell 
growth. The PI3K鄄  Akt pathway is also activated by IGFBP5 and IGFIR. Expression of IGFIR is stimulated by steroid and other hormones, 
resulting in an increase in Erk1/2 pathway activation, which in turn stimulates IGFBP5 production and proliferation. This suggests a positive 
feedback loop between IGFBP5 and Erk1/2. In some cancer cell lines, the small GTPases Rac, Rho, and Cdc42 are requisite co鄄  factors in Ras鄄  
dependent Raf activation and subsequent activation of Erk1/2. IGFBP5鄄  induced growth mediated by the Erk1/2 or p38 MAPK pathways has been 
shown to involve these small GTPases, as well as Raf1, MKK1/2, and SHH, but the molecular interactions of these proteins remains unclear. 

AMP, protein lipase C琢  , and protein kinase C啄 increased 
mRNA level [129] . They also  found that PTH 

mediates the activation of  gene  transcription in 
osteoblast cells [130] . Also, Akt was phosphorylated through 
IGFIR phosphorylation, which was induced by IGFBP5 [131] . 

Taken together, these studies suggest that IGFI and 
IGFBP5 have complex molecular mechanisms that 
require further investigation. Figure 1 shows possible 
molecular interactions of IGFBP5. Any dysregulation in 
these pathways cou ld cause deterioration of cellular 
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functions such as proliferation, growth, and migration, 
leading to aggressiveness and metastatic properties in 
cancers. 

Prognostic and Clinical Importance of 
IGFBP5 in Cancer 

IGFBP5 was observed to have a clinical importance in 
various cancers such as breast cancer [27,31,34] , ovarian 
cancer [46] ,  glioblastoma [29] , and NFPA [32] , and it was also 
found to be a useful marker for diagnosis and 
differentiation of CC and CIN [84] . Although  mRNA 
was found to  be overexpressed in invasive NFPAs and 
not in  noninvasive NFPAs, this differential expression 
was not confirmed at the protein level. 

IGFBP5 expression has been found to correlate with 
prognosis, clinical outcome  [36] , survival [31] , response to 
therapy [34] , and drug resistance [27] , either negatively or 
positively. IGFBP5 is one of a group of genes that has 
been shown to predict the prognosis of primary breast 
tumors in a dynamic manner [27]  and reverse tamoxifen 
resistance [31] . In addition, lower expression levels of 
IGFBP5 are reportedly associated with shorter overall 
survival after tamoxifen (TAM) therapy [31] . IGFBP5 
expression was also found to predict response to 
exemestane therapy in ERpositive (ER + ) breast cancer [34] 

and to be associated with poor clinical outcome and 
development of metastatic or recurrent disease in 
patients with malignant fibrous histiocytomas (MFH), 
pleomorphic sarcomas, and not otherwise specified 
(NOS) sarcomas [36] . 

Because the expression levels of estrogenregulated 
genes have been considered potential predictive markers 
for endocrine therapy for breast cancer, the expression 
of  , an estrogeninduced gene, and  , an 
estrogenrepressed gene, was analyzed in human breast 
cancer tissues with quantitative realtime reverse 
transcriptionpolymerase chain reaction (RTPCR). 

and  mRNA levels were found to be 
positively correlated with ER and PR status and 
negatively correlated with HER2 overexpression. IGFBP4 
expression was also found to be an independent 
prognostic factor for diseasefree survival in ER + breast 
cancers. Analysis of 116 patients with ER +  breast cancer 
revealed that higher levels of  mRNA or lower 
levels of  mRNA in tumors were associated with 
better prognosis and diseasefree survival [43] . 

To evaluate the clinical significance of IGFBP5 in 
breast cancer, mRNA expression levels have been 
analyzed in normal breast tissues, primary tumors, and 
lymph node metastases using RTPCR.  mRNA 
expression was found to be positively correlated with 

invasion of axillary lymph nodes and the status of 
hormonal receptor, and it was also found to be 
associated with poor outcome of breast cancer in 
patients with positive lymph nodes and negative ER 
status [44] . Tissue microarray and immunohistochemical 
analysis of 164 cases of T1 breast carcinoma, either with 
or without axillary lymph node involvement, revealed that 
IGFBP5 and IGFBP2 might serve as useful markers of 
lymph node metastasis in small invasive breast 
carcinomas [40] . 

Taylor  .  [27]  assessed the gene expression 
changes after TAM treatment in an ER +  estrogen 
responsive breast cancer xenograft model to predict 
endocrine sensitivity. ZR751 breast cancer cells were 
implanted into female nu/nu mice, which were separated 
into two treatment groups: TAM (the experimental group) 
or estradiol (E2) (the control group). Microarray analysis 
was used to assess gene expression changes at days 0, 
1, 2, 4, 7, and 14, and hierarchical clustering identified 6 
timerelated gene expression patterns (Set 16). These 
6 sets of genes were separated into three groups by 
early/transient responses, continuous/late responses, 
and variable responses. The continuous/late response 
group contained Set 5 and Set 6 genes, which have 
been downregulated and upregulated, respectively, in 
response to therapy.  and trefoil factor 3 (  ), 
Set 6 and Set 5 genes, respectively, exhibit a 
continuous/late response to treatment. The study of 
pretreatment and posttreatment samples of 28 patients 
revealed that the protein expression change in IGFBP5, 
TFF3 or both was significantly associated with change in 
tumor volume. Higher  gene expression was 
observed in patients with poor prognosis, but there was 
no significant difference at day 1 [27] . Four data sets 
representing a total of 404 patients have revealed that 
the genes most differentially expressed on  days 2, 4, 
and 7 after treatment with TAM were able to predict 
prognosis. The authors speculated that early/transient 
expression changes are more likely to be causative and 
primary events for tumor volume decrease, whereas 
continuous/late expression changes may be 
consequential and secondary to the volume changes [132] . 
These results also suggest that IGFBP5 may be a good 
biomarker for outcome after TAM treatment. 

Because mouse mammary gland involution 
resembles a wound healing response with suppressed 
inflammation [133]  and because inflammation is also 
associated with tumor development [134] , Stein  . [135] 

hypothesized that the wound healing gene  expression 
signature may predict metastasis formation  and survival. 
An independent cancer data set was used to test this 
hypothesis. Day 3 of mouse mammary gland  involution 
(Inv3) and cluster 5 (C5) genes showed the  strongest 

G觟  k觭e G俟  ll俟 et al. Critical roles of IGFBP5 in carcinogenesis 

273



Chinese Journal of Cancer Chin J Cancer; 2012; Vol. 31 Issue 6 

predictive power for metastasis and survival. When 
Hierarchical Ordered Partitioning and Collapsing Hybrid 
(HOPACH) clustering method was applied, the mouse 
mammary gland involution Inv3/C5 signature could not 
cluster the data set into good or poor survival. However, 
when hierarchical clustering was used, the Inv3/C5 
signature was a good predictor of overall and 
metastasisfree survival. The authors concluded that the 
gene signature was possibly a combination of weaker 
markers making its predictive power dependent on the 
clustering method used in different data sets [135] . Based 
on this finding, we conclude that results of the previous 
study [27] , which identified 6 timerelated gene expression 
patterns in response to TAM treatment using hierarchical 
clustering, depend on the clustering method. 

It was observed that IGFBP5 warrants reversing 
TAM resistance both  and  [31] . 
knockdown in MCF7 human breast cancer cells has 
been shown to induce TAM resistance  due to 
concomitant loss of ER琢  expression and signaling. 
TAMresistant MCF7 cells, which were selected from 
cultures, have also been found to have a reduced 
IGFBP5 expression. Both TAMresistant cells and 

knockdown cells could be resensitized to TAM 
by treatment with exogenous recombinant IGFBP5 
protein.  , TAM resistance of a mouse tumor 
xenograft model generated from  knockdown 
MCF7 cells was also reversed by treatment with 
recombinant IGFBP5 protein. These findings have been 
verified by IGFBP5 immunohistochemical staining in a 
cohort of tumor samples from 153 patients with breast 
cancer, indicating that low IGFBP5 expression was asso鄄  
ciated with shorter overall survival after TAM therapy [31] . 

IGFBP5 expression is not only associated with TAM; 
it is also associated with exemestane therapy response 
in ER + breast cancers [34] . Fifteen postmenopausal patients 
over 70 years who were diagnosed with primary ER + 

breast cancer were treated daily with exemestane for 6 
months. Before and after treatment, paraffin block 
sections of 15 paired tumors were analyzed with 
immunohistochemistry. Patients who responded to 
therapy showed higher expression of HER2 or IGFBP5 
in both the cytoplasm and nuclei. However, cytoplasmic 
expression of IGFBP5 was increased in posttreatment 
sections, regardless of treatment response [34] . These 
results suggest that the expression of IGFBP5 can be 
influenced by exemestane treatment and that nuclear 
IGFBP5 expression level is likely a predictor of 
response. 

IGFBP5 expression levels also have some 
diagnostic significance for cervical carcinomas [84] . cDNA 
microarray and immunohistochemistry analysis of 
squamous cell carcinomas (SCCs) and their adjacent 

normal squamous epithelia revealed that IGFBP5 mRNA 
and protein levels were significantly decreased in SCCs. 
Premalignant CIN lesions and advanced CIN3 lesions 
showed significantly weaker or negative staining for 
IGFBP5 compared to normal squamous epithelia, 
suggesting a role for IGFBP5 in cancer progression in 
cervical epithelia [47] . The expression levels of IGFBP5 and 
cellular Fasassociated death domainlike interleukin1茁   
converting enzyme (FLICE)鄄  like inhibitory protein (cFLIP) 
were measured in CC, CIN, and normal cervical tissue 
samples by RTPCR and immunohistochemistry. Stages 
II and III CIN tissues had the highest IGFBP5 protein 
expression, and CC samples had decreased protein 
levels relative to controls. The  mRNA levels in 
CC and CIN samples, relative to the controls, were 
higher and lower, respectively. There is no detectable 
expression of cFLIP protein or mRNA in normal cervical 
tissues. However, a positive correlation was found 
between the degree of pathologic change and expression 
levels of cFLIP protein and mRNA. These results 
indicate that IGFBP5 expression is upregulated during 
CIN progression and downregulated in invasive CC. 
Therefore, IGFBP5 and cFLIP may be useful markers for 
diagnosing and differentiating CIN and CC [84] . 

Serial analysis of gene expression (SAGE) of HCC 
and ICC cDNA libraries revealed distinct gene 
expression patterns for HCC and ICC [82] . Gene expression 
was validated with realtime RTPCR prior to comparing 
the ICC library with the gastric, colon, prostate, and 
breast cancer libraries. The biglycan (  ), 
and claudin4 (  ) genes were identified as ICC 
specific markers. Immunohistochemistry analysis of 74 
samples revealed that CLDN4 was highly expressed in 
ICC. Discrimination analysis was done with randomly 
selected 53 samples from the total 74 samples and 
showed an efficient receiver operating characteristic 
(ROC) curve with an area under curve (AUC) value of 
0.987. Confirmation of the discrimination analysis was 
completed with the remaining 21 samples and the 
score was found to be positive for all ICC samples. 

These results indicate that a combination of the  , 
, and  genes could be used to distinguish 

ICC from  HCC or metastatic adenocarcinoma, but a 
validation using a larger cohort is needed to confirm this 
result. 

Tissue microarray and immunohistochemistry 
analysis of normal ovarian surface epithelia and 
highgrade ovarian carcinomas of different histological 
types revealed that IGFBP2 and IGFBP5 are 
overexpressed in highgrade carcinomas, suggesting a 
role of IGFBP5 in the development of highgrade ovarian 
carcinomas. However, survival analysis revealed no 
correlation between survival and IGFBP5 expression [90] . 
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Downregulation of IGFBP5 and IGFBP3 and up 
regulation of IGFBP4 has been reported in the ER + , 
estrogenresponsive ovarian cancer cell line PE04 after 
exposure to E2. Decreased expression of IGFBP5 and 
IGFBP3 was found to be reversed by TAM treatment. 
Use of ER琢  specific and ER茁  specific agonists  revealed 
that changes produced by ER琢  specific  agonist were 
very similar to those produced by E2, suggesting that 
ER琢   is the main modulator of IGFBP expression. 
Semiquantitative immunohistochemistry analysis of 
paraffinfixed sections obtained from ovarian cancer 
patients treated with letrozole revealed that the 
expression of IGFBP5 and IGFBP3 was reduced but 
IGFBP4 expression was increased in nonprogressive 
(CA125 reduction or a minimal increase of <50%) tumors. 
Multivariate logistic regression analysis reveals  that 
IGFBP3 is the most powerful predictor of lack of  stable 
disease and ER琢 status was found to add power  to the 
prediction. Combined expressions of ER琢 plus  IGFBP4 
and ER琢 plus IGFBP5 also have predictive power, but 
they are inferior to IGFBP3 alone. The combinations of 
IGFBP4 plus ERα  and IGFBP5 plus ERα  are superior to 
IGFBP3 alone but are still inferior to the combination of 
IGFBP3 with ER琢  [46] . 

IGFBP5 shows clinical importance in HNSCC. Hung 
. [42]  identified the suppressive effects of IGFBP5 on 

the tumorigenesis of HNSCC. In addition, a functional 
polymorphism in the  promoter was recently 
found to be associated with risk of latestage HNSCC. In 
this study, which included 1082 patients with HNSCC 
and cancerfree controls, differential binding of 
transcription factor activator protein 1 (AP1) to 
promoter with the 1195C variant was associated with risk 
of latestage HNSCC when compared to the T variant 
genotype. Thus, this polymorphism could be a marker 
for susceptibility to latestage HNSCC [136] . However, there 
are limited studies on the polymorphisms of  , 
and further study is needed to evaluate polymorphic 
differences of  in different cancers. 

Recently, Shersher  .  [137]  used immunobead 
assays to measure serum levels of IGFBP5 in nonsmall 
cell lung cancer patients with different nodal status and 
metastatic progression. They found that low serum 
IGFBP5 levels correlated strongly with a positive nodal 
status and disease recurrence and also predicted poor 
recurrencefree survival [137] . These results, along with 
previous findings, suggest that IGFBP5 is an important 
player of carcinogenesis in various types of cancers and 
could be a strong biomarker for identifying nonsmall cell 
lung cancer progression and patient outcome. 

IGFBP5 is involved in carcinogenesis, treatment, 
and diagnosis processes either negatively or positively 
depending on the type of tissue or cell and its micro鄄  

environment. Some inconsistent findings summarized 
above could be due to the complexity of the IGF 
pathway and process of carcinogenesis. It is not clear 
that if  is a tumor suppressor or an oncogene, a 
predictor of good prognosis or bad prognosis, biomarker 
of survival or disease progression. 

Conclusions 
IGFBP5 is a critical member of the IGF system. It 

binds to IGFs, interacts with cell surface and matrix 
components, and becomes modified posttranslationally, 
leading to altered cell proliferation, apoptosis, survival, 
and migration. Despite a great deal in secondary 
structural analyses, the threedimensional structure of 
the protein has not yet been determined. Further 
investigations will provide insight into its extensive 
potential use in medicine. IGFBP5 localizes in both the 
cytoplasm and nucleus, and its localization affects cell 
growth, migration, and proliferation properties directly 
and indirectly by inducing the nuclear uptake of other 
proteins. Because IGFBP5 has tissuespecific and 
cellspecific effects, further studies should take this into 
consideration. Furthermore, we speculate that IGFBP5 
could have individual effects depending on the activities 
and expression patterns of its interacting proteins. 
Because cytoplasmic expression increases in post 
treatment sections of breast cancer samples [34]  and 
overexpression of the NLS mutant form in breast cancer 
cells causes higher proliferation and migration rates [23] , 
we hypothesize that proteins that interact with IGFBP5 
can cause the protein to accumulate in the cytoplasm. 
For these reasons, IGFBP5 needs to be investigated in 
terms of its function as well as its direct and indirect 
binding partners. This will reveal its potentially extensive 
and significant use in cancer prognosis, differential 
diagnosis, and treatment. A hypothetical comparative 
model for IGFBP5 in breast cancer and normal tissue is 
shown in Figure 2. 

The inhibitory and stimulatory affects of IGFBP5 are 
thought to proceed via the MAPK, PI3K, RasErk1/2, and 
MKK3 pathways. To determine exact molecular 
mechanism and properties of IGFBP5, molecular 
interactions with proteins in these pathways should be 
examined. Identifying these critical components is 
expected to increase the prognostic and clinical 
significance of IGFBP5, thereby serving to overcome 
obstacles concerning the prediction of clinical outcome, 
drug resistance, and response to therapy. Because 
IGFBP5 has different effects on normal and cancer 
tissues, drug development related to IGFBP5 may result 
in cancer cellspecific treatment strategies. 
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Figure 2. A, IGFBP5 enters the cell, probably by binding to a 
cell surface receptor through its receptor鄄  binding domain. The NLS sequence directs the protein to the nucleus, where it is transported across the 
nuclear membrane by importins. B, IGFBP5 enters the cell through its potential cell surface receptor (1). The protein is imported into the nucleus 
by importins (2) or by free diffusion (3), thereby inducing apoptosis and suppressing cell growth and proliferation. IGFBP5 can also interact with 
cytoplasmic proteins (4), which blocks the NLS sequence or changes the three-dimentional structure of the protein (5 and 6), thereby preventing 
nuclear uptake and causing IGFBP5 to accumulate in the cytoplasm. Cytoplasmic accumulation of IGFBP5 decreases or blocks apoptosis and may 
cause metastasis in some cancers. 
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