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A B S T R A C T

Determination of the role of insulin-like growth factor (IGF) family components in carcinogenesis of
several human tumors is based on numerous epidemiological and pre-clinical studies, experiments in
vivo and in vitro and on attempts at application of drugs affecting the IGF axis. Investigative hypotheses in
original studies were based on biological functions manifested by the entire family of IGF (ligands,
receptors, linking proteins, adaptor molecules).
In the context of carcinogenesis the most important functions of IGF family involve intensification of

proliferation and inhibition of cell apoptosis and effect on cell transformation through synthesis of
several regulatory proteins. IGF axis controls survival and influences on metastases of cells. Interactions
of IGF axis components may be of a direct or indirect nature. The direct effects are linked to activation of
PI3K/Akt signaling pathway, in which the initiating role is first of all played by IGF-1 and IGF-1R. Activity
of this signaling pathway leads to an increased mitogenesis, cell cycle progression, and protection against
different apoptotic stresses. Indirect effects of the axis depend on interactions between IGF and other
molecules important for cancer etiology (e.g. sex hormones, products of suppressor genes, viruses, and
other GFs) and the style of life (nutrition, physical activity). From the clinical point of view, components of
IGF system are first of all considered as diagnostic serous and/or tissue biomarkers of a given cancer,
prognostic factors and attractive target of modern anti-tumor therapies. Several mechanisms in which
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IGF system components act in the process of carcinogenesis need to be clarified, mainly due to
multifactorial etiology of the neoplasms. Pin-pointing of the role played in carcinogenesis by any single
signaling pathway remains particularly difficult.
The aim of this review is to summarize the current data of several epidemiological studies, experiments

in vitro and on animal models, to increase our understanding of the complex role of IGF family
components in the most common human cancers.

ã 2016 Elsevier B.V. All rights reserved.
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1. Introduction

For at least 30 years the dominant theory of carcinogenesis has
been the somatic mutation theory (SMT), which postulates that the
formation of a cancer is a multistep process characterized by
accumulation of molecular alternations in cell DNA that involves
genetic and epigenetic mechanisms [1,2]. The SMT theory of cancer
proposes that cancer is a clonal, cell-based disorder. However,
most of the cancers are histopathologically diverse, and possess
cytologically different clones that arise from one transformed cell
through genetic alterations. Generally, agents causing cancers can
be classified as genotoxic or non-genotoxic (epigenetic). The
biological activity of many genotoxic agents is manifested by
changing information encoded in cell DNA. The main cause of
cancer is accumulation of multiple DNA mutations in oncogenes,
tumor suppressor genes, microRNA genes, DNA-mismatch repair
genes or genes involved in the control of cell proliferation, cell
cycle and apoptosis. Massive chromosomal rearrangements, gene
amplification, or gene deletion are also observed in many tumor
cells [3].

The non-genotoxic agents can change the degree of methylation
of the DNA, and/or chromatin conformation what is manifested
through changes of the genes activity without causing mutations.

The cancer can be caused by a number of internal factors such as
hereditary, immunological and hormonal ones as well as external
factors (including genotoxic agents) such as chemicals, life style
factors (e.g. diet, cigarette smoking, physical activity, sun expo-
sure), radiations or viral infections (e.g. HBV, HCV, EBV, HPV and
other ones) [1,2].

Tomasetti and Vogelstein [4] have recently shown that
spontaneous mutations occurring during stem cells division can
also cause cancer in some tissues, and lifetime risk of cancers is
strongly correlated with the total number of divisions of the
normal self-renewing cells maintaining tissues homeostasis. Such
mutations arise during DNA replication of non-cancerous stem
cells [4]. The origin of cancer stem cells (CSCs) within a tumor has
not been clarified.

The SMT theory is now supplemented by a theory called the
Tissue Organization Field Theory (TOFT), which suggests that the
origin and subsequent behavior of cancer results from disorders of
the microenviromental tissue of the cell in which tumor arises,
lives and grows. In molecular dialog in this zone and cells
communication participate a variety of host cells (e.g. endothelial
cells, pericytes, fibroblasts, inflammatory cells), soluble factors and
structural components, such as ECM proteins (e.g. integrins,
metalloproteinases), various GFs and their receptors, as well as
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