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Large bowel cancer is one of the leading causes of deaths from cancer in Western countries, and the incidence 
of colorectal cancer is increasing with the steady increase in life expectancy. Modification of diet and lifestyle 
provide measures of reducing the risk of developing colon cancer. Evidence suggests that the components of 
the insulin-like growth factor (IGF) system may be appropriate targets for cancer prevention and therapy. A 
positive correlation was found between dietary and lifestyle, plasma IGF-I, and colon cancer incidence rates. 
Diet, nutrition, and other lifestyle features affect the expression and production of IGF-1 and other members of 
the IGF family. The purpose of this review is to examine current evidence obtained from our recent studies and 
others that investigated the role of dietary components in the regulation of the IGF system and colon cancer cell 
growth.   
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INTRODUCTION   
Colorectal cancer is one of the most common malignancies 
in the Western world, and the incidence of this disease is 
increasing worldwide. Surgical removal of the primary 
tumor combined with adjuvant chemotherapy for a subset 
of patients is the standard treatment for colon cancer. Un-
fortunately, despite intense efforts, in advanced cases of the 
disease, treatment has had limited success. Since cancer 
usually develops over a 10- to 20-year period and conven-
tional treatments such as surgical resection, radiation ther-
apy, and chemotherapy are still unsatisfactory, prevention 
of this disease or at least stopping it at its inception is 
important. Diet and lifestyle modifications offer means of 
reducing the risk of developing colon cancer. Epidemi-
ologic studies combined with animal models and in vitro 
experiments indicate that natural components of the diet 
may serve as chemopreventive agents that suppress the 
growth and dissemination of neoplastic colon cells.  
    The dysregulation of the insulin-like growth factor (IGF) 
system should be considered an important cancer risk factor, 
and thus a potential target for new antineoplastic therapies 
and/or preventive strategies in high-risk groups.1 The IGF 
system may play an important role in the proliferation of 
colon cancer.2 The potential for dietary intervention to alter 
the IGF system thereby decreasing cancer risk, is supported 
by several lines of evidence.3 In this review we focus on 
our recent research results from studies of the effect of 
various dietary components on colon cancer growth and the 
IGF system family members. 

 
IGF system and colon cancer 
The IGF system comprises the peptide growth factors IGF-I 

and -II, type I and II IGF receptors, IGF-binding proteins 
(IGFBPs) and their corresponding proteases.4 IGF-I and -II 
play important roles in proliferation, differentiation and 
transformation in a wide variety of cell types. The actions 
of IGFs are mediated through the IGF-I receptor (IGF-IR). 
Ligand binding to IGF-IR induces receptor autophosphory-
lation in the intracellular domain of the β-subunit and 
results in activation of the intrinsic tyrosine kinase of the 
IGF-IR. Upon tyrosine phosphorylation of the IGF-IR, 
multiple intracellular substrates are recruited to “docking 
sites” formed by the phosphotyrosine. These include the 
insulin-receptor substrate (IRS) family of proteins and the 
Shc family of adaptor proteins. Signaling pathways known 
to be activated by IGF-IR activation include pathways 
involved in activation of the extracellular signal-regulated 
kinase (ERK) subfamily of mitogen-activated protein 
kinases (MAPKs) and a pathway involved in the activation 
of phosphatidylinositol 3-kinase (PI3K).5  
    Unlike insulin, the IGFs are bound to IGFBPs in the 
circulation and in extracellular fluids.4 Six IGFBPs with 
high affinity to IGFs have been identified, and at least nine 
IGFBP-related proteins with low affinity have also been 
described.6 Under certain conditions the IGFBPs inhibit 
IGF stimulation of the IGF-I receptor, whereas under other 
conditions, they may increase the IGF-stimulated IGF-I 
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receptor activation. In addition, IGFBPs may have IGF-
independent actions.7 
    Several elements of the IGF axis exhibit altered expres-
sion and thereby may play an important role in the devel-
opment of colon cancer.2 Positive associations were found 
between plasma IGF-I and colorectal cancer risk in North 
American,8 Northern Sweden,9 and multiethnic cohorts.10 
The single most overexpressed gene in colorectal cancer 
relative to normal colonic epithelial cells is IGF-II and 
elevated circulating levels of IGF-II are associated with 
the development of colorectal cancer.11,12 IGFBP-2 levels 
are also increased in sera and tumors from patients with 
colonic neoplasia.13 Utilizing liver specific IGF-I-
deficient mice in which serum IGF-I levels are 25% of 
that in control mice, Wu et al.14 have shown that circulat-
ing IGF-I levels regulate growth and metastasis of or-
thotopically transplanted colon tumors.   
    The human colon adenocarcinoma cell lines, Caco-2, 
HCT116, COLO 205, COLO 320 DM, LoVo, DLD-1, 
SW480 and HT29, secrete IGF-II and several IGFBPs,15-

19 and IGF-II acts as an autocrine growth stimulator of 
these cells.20-22 IGF-II up-regulates COX-2 expression in 
Caco-2 cells; this up-regulation is mediated by activation 
of the IGF-IR.23 Blocking IGF-IR-mediated signaling by 
truncated IGF-IR in HT-29 cells inhibits anchorage-
independent growth, apoptosis, IGF signaling through 
Akt-1, and in vivo tumor growth in nude mice.24  
    We have shown that overexpression of IGFBP-3 by 
stable transfection of IGFBP-3 inhibits Caco-2 cell 
growth,25 whereas inhibition of IGFBP-3 expression 
stimulates growth of these cells.26 IGFBP-3 enhances 
p53-dependent apoptosis and differentiation in colonic 
epithelial cells.27 In addition to in vitro studies, studies 
with animal models have shown that the number of aber-
rant crypt foci induced by azoxymethane was signifi-
cantly lower in IGFBP-3 transgenic mice compared to 
wild type controls.28 Furthermore, tumors caused by in-
oculation of CT26 cells were significantly smaller in 
BALB/c mice that received IGFBP-3 than in controls. 
Overexpression of IGFBP-4 also leads to decreased Caco-
2 cell growth and increased expression of sucrase-
isomaltase, a marker for enterocyte differentiation.16 
These findings are consistent with the hypothesis that 
IGFBPs inhibit cancer cell growth by binding to endoge-
nously produced IGF-II, thereby preventing IGF-II from 
interacting with IGF-IR to stimulate cellular proliferation 
by an autocrine mechanism.  

 
n–3 Polyunsaturated fatty acids (PUFAs) 
Available data show that n–3 PUFAs act at different 
stages of cancer development and through a number of 
mechanisms such as the inhibition of arachidonic acid-
derived prostaglandin production, and Ras and protein 
kinase C. Consequently, n–3 PUFAs limit tumor cell pro-
liferation, increase apoptosis, support differentiation and 
possibly limit angiogenesis.29 We examined the effect of 
n–3 PUFAs on the proliferation of Caco-2 cells.30 Ei-
cosapentaenoic acid (EPA) and docosahexaenoic acid 
(DHA) inhibited cell proliferation compared to linoleic 
acid (LA). EPA or DHA decreased secretion of both ma-
ture 7,500 Mr and higher Mr forms of pro IGF-II com-
pared to LA. Caco-2 cells produced IGFBP-2, IGFBP-4, 

and IGFBP-6. EPA and DHA increased IGFBP-6 secre-
tion and the steady state levels of IGFBP-6 mRNA com-
pared to LA. Exogenously added IGFBP-6 inhibited 
Caco-2 cell proliferation. We proposed that low IGF-
II/IGFBP-6 ratios may have resulted in less free IGF-II 
and, as a result, slower proliferation of Caco-2 cells 
treated with EPA or DHA.  

 
All-trans retinoic acid (tRA) 
Retinoids induce growth inhibition and apoptosis in a 
wide variety of tumor cells.31 We have shown that treat-
ment of Caco-2 cells with tRA inhibited cell growth con-
comitant with stimulation of IGFBP-6 secretion.32 1 
μmol/L tRA caused a decrease of 48 ± 6% and 70 ± 13% 
in the concentrations of IGFBP-2 and IGFBP-4, respec-
tively, whereas the concentration of IGFBP-6 increased 
by 698 ± 20%. tRA decreased mRNA levels of IGFBP-2 
and IGFBP-4 by 20 ± 3% and 50 ± 8%, respectively, 
whereas IGFBP-6 mRNA increased by 660 ± 20%. tRA 
did not alter levels of IGF-II mRNA or peptide. Caco-2 
cell clones overexpressing IGFBP-6 grew more slowly 
than vector controls33 and clones with decreased produc-
tion of IGFBP-6 grew faster.32 These results show that the 
anti-proliferative effect of tRA in Caco-2 cells may be 
due, at least in part, to increased IGFBP-6 expression. 

 
Low-calcemic Vitamin D analogues 
Epidemiological and experimental evidence has accumu-
lated indicating that vitamin D and calcium may act as 
protective agents against colon cancer.34 In addition to its 
well defined role in calcium homeostasis, the physiologi-
cally active form of vitamin D, 1α,25-dihydroxyvitamin 
D3 [1α,25-(OH)2D3] is also recognized as a potent inhibi-
tor of cancer cells.35 Since the clinical utilization of 
1α,25-(OH)2D3 in the treatment of cancer is limited by its 
tendency to cause hypercalcemia,36 we compared the abil-
ity of synthetic analogues of 1α,25-(OH)2D3, EB1089 and 
CB1093, to inhibit proliferation of HT-29 cells.19 1α,25-
(OH)2D3, EB1089 and CB1093 inhibited cell proliferation, 
but EB1089 and CB1093 were relatively more potent and 
had higher efficacies than the native vitamin. Both 10 nM 
EB1089 and CB1093 markedly inhibited secretion of both 
mature and higher Mr forms of IGF-II. HT-29 cells se-
creted IGFBP-4, IGFBP-2, and IGFBP-6. The level of 
IGFBP-2 was decreased by EB 1089 and CB1093 com-
pared to controls. IGFBP-6 was increased approximately 
two-fold by EB1089 and CB1093, and exogenously 
added IGFBP-6 inhibited HT-29 cell proliferation. These 
results suggest that inhibition of HT-29 cell proliferation 
by EB1089 and CB1093 may be at least partly attributed 
to a decreased secretion of IGF-II. The increase in 
IGFBP-6 concentration coupled with its high affinity for 
IGF-II may also contribute to decreased cellular prolifera-
tion by an indirect mechanism involving sequestration of 
endogenously produced IGF-II. 

 
Conjugated linoleic acid (CLA) 
CLA is comprised of a complex mixture of positional and 
stereo-isomers of octadecadienoate and has chemoprotec-
tive properties in a variety of experimental cancer mod-
els.37 We have demonstrated that a mixture of CLA iso-
mers decreases colon cancer incidence in rats treated with 
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1,2-dimethylhydrazine.38 In addition, the two main CLA 
isomers, cis-9,trans-11 (c9t11) and trans-10,cis-12 
(t10c12), inhibit metastasis of colon cancer cells.39 Our in 
vitro studies revealed that CLA decreased growth of HT-
29 and Caco-2 cells. In addition, CLA inhibited DNA 
synthesis and induced apoptosis in HT-29 cells.40 CLA 
decreased protein levels of both mature and pro IGF-II 
and IGF-II transcripts.41 While exogenous IGF-I and IGF-
II produced an increase in cell number, neither IGF-I nor 
IGF-II counteracted the inhibition of growth due to CLA. 
CLA decreased IGF-IR transcript and protein levels in a 
dose-dependent manner. CLA inhibited IGF-I-induced 
phosphorylation of IGF-IR and IRS-1, recruitment of the 
p85 regulatory subunit of PI3K to IGF-IR, IGF-IR-
associated PI3K activity, and phosphorylated Akt and 
ERK-1/2 levels. The inhibition of cell proliferation and 
induction of apoptosis by CLA in HT-29 cells may be 
mediated in part by its ability to decrease IGF-II synthesis 
and to down-regulate IGF-IR signalling and the PI3K/Akt 
and ERK-1/2 pathways. 
    We compared the individual potencies of c9t11 and 
t10c12 CLA and assessed whether decreased colon cancer 
cell growth is related to changes in secretion of IGF-II 
and/or IGFBPs.42,43 t10c12 dose-dependently decreased 
viable cell number, induced apoptosis and decreased 
DNA synthesis, whereas c9t11 had no effect. t10c12 de-
creased GF-II secretion, whereas c9t11 had no effect. 
t10c12 slightly decreased IGFBP-2 production but c9t11 
had no effect. Exogenous IGF-II reversed t10c12-induced 
growth inhibition and apoptosis. These results indicate 
that CLA-inhibited colon cancer cell growth is caused by 
t10c12 CLA and may be mediated by decreased IGF-II 
secretion in colon cancer cells. 

 
CONCLUSIONS 
The IGF system has emerged as a potential molecular 
target for cancer therapy and/or prevention. In recent 
years, it has been identified as a critical mediator of colon 
cancer cell growth. As diet and lifestyle modification pro-
vide a mean of reducing the risk of developing colon can-
cer, dietary components which can inhibit IGF-II produc-
tion and/or IGF-IR signaling hold promise as adjuvant 
therapies for patients with colon cancer. 
    The search for individual components in the diet that 
convey protection and influence the IGF system continues 
and there is growing interest in other plant-based com-
pounds, so-called phytochemicals, although our under-
standing of their effects is quite limited at present. Ellagic 
acid, a natural, dietary phenolic antioxidant induced 
down-regulation of IGF-II, increased p21waf1/Cip1, medi-
ated a cumulative effect on G1/S transition phase and 
caused apoptotic cell death in SW 480.17 Future studies 
are needed to study the mechanisms by which various 
phytochemicals exhibit chemopreventive effects through 
regulation of the IGF system. 
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