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Abstract Insulin-like growth factor peptides, play an

important role in regulating cell growth, differentiation, and

apoptosis, which has been demonstrated to promote the

development of cancer. The purpose of our study is to assess

the association between circulation insulin-like growth factor

peptides and colorectal cancer (CRC) risk. We searched

Medline, EMBASE, OVID and Web of Science and picked up

epidemiological studies that satisfied our inclusion criteria. A

meta-analysis of 19 epidemiological studies containing 5,155

cases and 9,420 controls related with the association of cir-

culation insulin-like growth factor peptides and CRC risk was

carried out. Meta-analysis showed that high level IGF-I and

IGF-II significantly increased CRC risk, (OR = 1.25, 95 %

CI: 1.08–1.45 for IGF-I; OR = 1.52, 95 % CI: 1.16–2.01 for

IGF-II; OR = 0.85, 95 % CI: 0.70–1.03 for IGFBP-1;

OR = 0.77, 95 % CI: 0.41–1.43 for IGFBP-2 and

OR = 0.88, 95 % CI: 0.71–1.10 for IGFBP-3). Subgroup

analysis showed that the increased cancer risk by IGF-I was

more distinguished in colon cancer (OR = 1.35, 95 % CI:

1.04–1.75) and Caucasian (OR = 1.32, 95 % CI: 1.12–1.56).

Our meta-analysis provides comprehensive support for a role

of circulation IGF-I and IGF-II in the etiology of CRC.
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Introduction

Colorectal cancer (CRC) is the third most common cancer,

with over 1 million new cases occurring every year worldwide

[1]. CRC has been long prevalence in development countries,

and even reached up to the second of cancer-related death

these years [2]. In United States, there were an estimated

142,570 new cases and 51,370 cancer deaths in 2010 [3]. The

incidence and mortality of CRC have also grown rapidly in

developing countries, which has become one of the most

serious threats to some developing countries [4]. Although the

pathogenesis of CRC still remains unclear, a link between

CRC and insulin resistance has drawn a lot of interest and has

been hypothesized mediated by increasing exposure to the

promitotic and antiapoptotic effects of insulin and insulin-like

growth factor peptides [5].

Circulation insulin-like growth factor peptides, include

insulin-like growth factors (IGF-I and IGF-II) and their

binding proteins (IGFBP-1–IGFBP-6). Unlike most other

growth factors, IGFs are produced by endocrine, autocrine,

paracrine and occur in high concentrations in the blood.

Free IGF-I in circulation plays an important role in cell

behavior regulation by binding to its receptor. Neverthe-

less, IGFBPs can inhibit IGF-I action by binding compet-

itively to it and thereby reducing its bioavailability [6].

Circulation insulin-like growth factor peptides are multi-

functional peptides in regulating cell proliferation, differ-

entiation, and apoptosis and necessary for the normal

development of the colon and rectum [7, 8]. Besides, the

cell behaviors mentioned above are all involved in cell

malignant growth and transformation, therefore compo-

nents of IGFs and their binding proteins may be also

involved in CRC initiation and progress [9, 10]. Some

epidemiological studies have shown that high concentra-

tion of IGF-I increased cancer risk, including CRC
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[11, 12], but others did not [13–15]. In addition, the

association between high concentration of IGFBP-3 and

CRC risk was more controversial [11, 15–18]. Moreover,

there were a limited number of publications exploring the

association between other components of IGF peptides,

such as IGF-II, IGFBP-1–3, and CRC risk, which required

comfirmation by studies with bigger sample size.

To understand the carcinogenesis role of the insulin-like

growth factor peptides, an updated and comprehensive

meta-analysis focused on more publication and peptides

was conducted.

Materials and methods

Data collection

We identified eligible epidemiological studies by searching

MEDLINE, EMBASE, OVID and Web of Science from

January 1990 to May 2012 with the combination of the

search phrases: ‘‘colorectal or colon or rectum’’ (title) and

‘‘cancer or carcinoma or neoplasia or tumor or neoplasm’’

(title) and ‘‘IGF* or IGFBP*’’ (title/abstract). Additional

studies were identified by searching references list of key

studies and reviews. The search was repeated after the

paper writing, and no additional published data was found.

Criteria for inclusion and exclusion

Inclusion criteria: (1) primary research (not reanalysis, note

or review); (2) cohort studies or case–control study design;

(3) exploring the association between circulation IGF*

and/or IGFBP* concentration and colorectal carcinogene-

sis; (4) presenting odds ratio (OR) and 95 % confidence

interval (CI) or sufficient data to calculate OR and 95 %

CI; (5) healthy people as control.

Exclusion criteria: (1) unpublished studies; (2) abstract,

case report, comment, review and editorial; (3) Whenever

reports pertained to overlapping patients, we retained only

the largest study to avoid duplication of information.

Data extraction

Two investigators extracted data independently using a

standardized data form, including data of author, year of

publication, location, study design, sample size, demo-

graphic characteristics, CRC ascertainment method, adjusted

factor, matching situation, test method and maximally

adjusted OR. Then the two sets of extracted data were

entered into database and checked for consistency by an

automatic procedure.

Statistical analysis

We used maximally adjusted OR comparing the highest

with lowest categories as the principle effect measure in

this meta-analysis. We obtained adjusted ORs and 95 %

CIs from the publications directly. Studies included in our

meta-analysis differed in the variables of interest, so any

kind of variability among studies may result in heteroge-

neity. Heterogeneity across studies was checked using the

Cochran’s Q-test, which was considered significant at

P \ 0.05 [19]. The quantity I2 that presents the percentage

of total variation across studies as a result of heterogeneity

was also calculated [20]. After that, appropriate method

(fixed effect model or random effect model) was applied to

calculate summary OR estimates. A fixed effect model was

used as all the studies were homogeneous; otherwise, a

random effect model was applied [21]. We calculated the

combined effect of maximally adjusted ORs of IGFs and

IGFBPs. Additional analysis of IGF-I and IGFBP-3 by

subsite (colon and rectum) and ethnicity (Caucasian and

Asian) was also conducted. The Egger and Begg tests were

used to estimate publication bias [22, 23]. All statis-

tic analyses were done with Stata Statistical Package

(version 10.0).

Results

Literature search and meta-analysis databases

Our research yielded 279 potentially related publications.

We finally selected 19 publications into our analysis, which

included 16 prospective nested case–control studies and

three case–control studies with 5,155 cases and 9,420

controls after screening according to the inclusion and

exclusion criteria. Table 1 lists the characteristics of stud-

ies included. There were 16, 6, 7, 3 and 15 publications that

involved results of IGF-I, IGF-II, IGFBP-1, IGFBP-2 and

IGFBP-3 associated with CRC risk, respectively (Fig. 1).

There were two publications [16, 24] from the Nurses’

Health Study cohort (NHS), two [25, 26] from the New

York University Women’s Health Study (NYUWHS) and

two [27, 28] from the Northern Sweden Health and Disease

Cohort, but they explored the relationship between CRC

risk with different components of IGF system. Four pub-

lications were carried out in male and six were done in

female exclusively. Fourteen of nineteen studies were

conducted in Caucasians, four in Asian, and one in mixed

population. The types of sample and assay varied among

these studies. One publication [17] displayed its outcomes

by gender which did not provide enough information for us

to combine the outcomes from the two categories, so in the
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following analysis, we treated the publication as two

independent ones.

Test of heterogeneity

Figure 2 shows the association between the IGF system and

CRC risk. The Q values from the heterogeneity tests on IGF

peptides showed that all publications about IGF-I, IGF-II

and IGFBP-1were homogenous, and that of IGFBP-2 and

IGFBP-3 was heterogeneous (IGF-I: Pheterogeneity = 0.212,

I2 = 20.7 %; IGF-II: Pheterogeneity = 0.318, I2 = 14.9 %;

IGFBP-1: Pheterogeneity = 0.397, I2 = 3.8 %; IGFBP-2:

Pheterogeneity = 0.043, I2 = 68.3 %; IGFBP-3: Pheterogeneity

= 0.024, I2 = 45.6 %). Therefore, fixed effect model was

used for meta-analysis of IGF-I, IGF-II and IGFBP-1, and

random effect model was applied for IGFBP-2 and IGFBP-

3. Besides publications on IGFBP-3 in Caucasian existed

heterogeneity, other subgroup analyses by cancer site and

ethnicity on IGF-I and IGFBP-3 found no heterogeneity in

related publications (Figs. 3, 4).

Meta-analysis

Overall, the pooled maximally adjusted ORs and 95 % CIs

for comparison of highest and lowest categories of all

components in IGF system of CRC were: IGF-I,

OR = 1.25, 95 % CI = 1.08–1.45, P = 0.003; IGF-II,

OR = 1.52, 95 % CI = 1.16–2.01, P = 0.003; IGFBP-1,T
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Fig. 1 Flow diagram of study inclusion
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OR = 0.85, 95 % CI = 0.70–1.03, P = 0.101; IGFBP-2,

OR = 0.77, 95 % CI = 0.41–1.43, P = 0.399; IGFBP-3,

OR = 0.88, 95 % CI = 0.71–1.10, P = 0.269 (Fig. 2).

Subanalysis was conducted to explore the association

between IGF-I, IGFBP-3 and CRC risk by cancer site. High

level IGF-1 increased colon cancer risk with an OR of 1.35,

(95 % CI = 1.04–1.75), but not in rectal cancer (OR = 0.88,

95 % CI = 0.58–1.36). IGFBP-3 presented influence in

neither cancer site (Fig. 3). Further stratified analysis by

ethnicity showed that IGF-I increased CRC risk more obvi-

ously in Caucasian than in Asian, with ORs of 1.35 (95 %

CI = 1.12–1.61) and 1.03 (95 % CI = 0.74–1.42),

respectively. IGFBP-3 did not display any difference in

cancer risk between these two groups (Fig. 4).

Bias diagnosis

Finally, funnel plots and the Egger’s test were used to assess

publication bias. None Begg’s funnel plot of IGF system on

CRC showed obvious asymmetry (Supplemental Fig. 1). The

consistent results of Egger’s test were as follow: IGF-I

t = 1.42, P = 0.176; IGF-II t = 0.23, P = 0.832; IGFBP-1,

t = -1.13, P = 0.310; IGFBP-2 t = -7.75, P = 0.082;

IGFBP-3 t = -0.84, P = 0.415. Therefore, there was no

significant publication bias in the studies included in current

analyses.

Sensitivity analysis

In the sensitivity analysis, we repeated all above tests with

different models to see how different the result would be

because the quality of all publications was good in total.

The pooled ORs for random models of CRC were as fol-

low: IGF-I, 1.28 (95 % CI: 1.07–1.53); IGF-II, 1.52 (95 %

CI: 1.09–2.11); IGFBP-1, 0.85 (95 % CI: 0.69–1.04), and

pooled ORs for fixed effect models: IGFBP-2, 0.98 (95 %

CI: 0.74–1.29); IGFBP-3, 0.91 (95 % CI: 0.80–1.06).

Subgroup and influence trend analysis also showed stable

Fig. 2 Forest plots of the association between IGF system and

colorectal cancer risk showing the effect comparing highest versus

lowest category. The dashed vertical line and diamonds (95 % CI) are

the pooled estimated of IGF-I, IGF-II and IGFBP-1 based on fixed

effect models and that of IGFBP-2 and IGFBP-3 based on random

effect models. Otani 2007a and Otani 2007b represented data on men

and women of Otani’s publication, respectively

Fig. 3 Forest plots of the association between IGF-I and IGFBP-

3, and colorectal cancer risk by site. Otani 2007a and Otani
2007b represented data on men and women of Otani’s publica-

tion, respectively

Mol Biol Rep (2013) 40:3583–3590 3587
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statistical results in different models. All the results were

similar to those we mentioned in the above paragraphs.

Discussion

This meta-analysis systematically assessed the relationship

between CRC risk and IGF system concentration and

revealed that the highest blood IGF-I and IGF-II concen-

tration increased CRC risk by 25.2 and 52.2 %, respec-

tively. However, there was no significant difference of the

concentration of other IGF peptides in CRC risk. More-

over, in the stratified analyses, we found that higher con-

centrations of IGF-I increased colon cancer risk and CRC

risk in Caucasian.

IGF family, which involves two ligands (IGF-I and IGF-II),

two receptors (IGF-I R and IGF-II R) and six high-affinity

binding proteins (IGFBP-1–6), is supposed to play an

important role in regulating cell proliferation, apoptosis and

transformation [29]. IGFs are mainly produced from liver with

mitotic and anti-apoptotic roles and the bioactivities are reg-

ulated by their levels as well as the expression of proteases and

IGFBPs. The IGF signaling pathways involving multiple

interaction components are extremely complex and form

networks. The pattern of the interactions within these net-

works, their kinetics and their subcellular compartmentaliza-

tion result in alterations to cellular behaviors that increase the

risk of deregulated cell growth and, ultimately, permit the

growth of neoplastic cells that are more likely to develop into

carcinomas in the presence of high IGFs level [30]. As the

main ligands, the potential carcinogenesis role of IGF-I and

IGF-II has been addressed in various cancers. In vitro models,

IGFs have presented potent antiapoptotic and mitogenic prop-

erties in both normal and neoplastic cells. IGF-I and IGF-II

were found commonly expressed by tumor cells and may act

as an autocrine growth factor to promote the initiation and

development of tumor [31]. Conversely, blockade of IGF-IR,

the principle receptor of IGF-I and IGF-II, inhibits growth and

angiogenesis of IGFs in colon cancer. Many tumor cells

respond to IGF by increasing growth and many cancer cells

have been shown to secrete high levels of IGF-I and IGF-II to

sustain autocrine growth [32]. Epidemiological evidences also

suggested the association between serum IGFs and the onset

or progression of carcinoma [33–38]. For example, increasing

IGF-I concentration was associated with a significant increase

in breast cancer risk in women who developed breast cancer

after 50 years of age [37]. Harman et al. [39] found that IGF-I

was a significant risk factor for prostate cancer, and Muti et al.

[40] presented the same effect of IGF-I on pre-menopausal

breast cancer. London supported this association between

plasma IGF-I and lung cancer [41]. The relationship between

IGF-I and colorectal has also been summarized by previous

meta-analyses, which found a 58 % increased OR (95 % CI

1.11–2.27) [42], a 56 % increased OR (95 % CI 1.1422.13)

[43] and a 31 % increased OR (95 % CI 1.0321.67) [44] of

CRC risk by comparing the highest with the lowest category of

IGF-I. Since our meta-analysis was based on more publica-

tions, the pooled result tended to more modest and reasonable

for complex disease. Besides, IGF-II was also presented

association with CRC. Loss of imprinting (LOI), an epigenetic

alteration affecting IGF-II gene, was found in normal colonic

mucosa of about 30 % of CRC patients, but it was found in

only 10 % of healthy individuals [45]. Additionally, IGF-II

expression was up-regulated in many cancers including colon

cancer [46]. Previous meta-analysis based on thre studies

indicated a 95 % increased CRC risk by high level IGF-II [44],

which might be overestimated but also indicated the carci-

nogenesis role of IGF-II.

There are some strengths in our meta-analysis. This is

the first meta-analysis on five components of IGF family

(IGF-I, IGF-II, IGFBP-1, IGFBP-2 and IGFBP-3) and CRC

risk. Compared to previous ones [42, 43], this analysis not

only included more IGF components but also attained more

epidemiological studies, which makes the pooled results

more stable, reasonable and comprehensive. In addition,

our meta-analysis showed not only results on CRC risk but

also results on colon and rectal cancer risk separately,

Fig. 4 Forest plots of the association between IGF-I and IGFBP-3, and

colorectal cancer risk by ethnicity. Otani 2007a and Otani 2007b
represented data on men and women of Otani’s publication, respectively
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which is helpful to identify the exact organ where IGF

system may play their role and specificity species of cancer

risk. Besides, to our knowledge, as a meta-analysis, our study

is the first to explore the association between IGFBP-1 and

IGFBP-2 and CRC risk.

Our study has several limitations. The number of pub-

lications about the association between IGFBP-2 and risk

CRC was limited, so we need more epidemiological studies

to validate our results. In this meta-analysis, we did not

have sufficient data to classify CRC patients into different

stages, which may influence the role of hormone levels in

cancer risk. Tissue IGF bioactivity is determined by blood

circulating and local IGF level, the IGF-IR and IGFBPs,

but all researches we attained reported circulating IGFs and

IGFBPs level, which may underestimate the real effects of

IGFs/IGFBPs.

In summary, our findings suggest that the higher the

circulating level of IGF-I, the greater the subsequent risk

for CRC especially for colon cancer risk. High level of

IGF-II may play a slight role in colorectal carcinogenesis.
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