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Abstract. The type I insulin-like growth factor receptor 
(IGF-IR) and its associated signaling system play a significant 
role in tumorigenesis, tumor survival and progression, and 
cancer therapeutic resistance, and thus has provoked great 
interest as a promising target for cancer treatment. In this 
report we present the role of IGF-IR in gastrointestinal 
carcinomas whose pathology has been identified as tightly 
correlated with an abnormal expression and activation of 
IGF-IR. Reported data from experimental studies suggest the 
feasibility of targeted IGF-IR therapy in gastrointestinal car-
cinomas. Many types of inhibitors against IGF-IR have been 
developed. Inhibitors with anti-IGF-IR monoclonal antibodies 
and tyrosine kinase inhibitors currently undergoing preclinical 
and clinical evolution are also reviewed.
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1. Introduction

The insulin-like growth factor (IGF) signaling system is com-
prised of 2 cognate ligands (IGF-I and IGF-II), cell surface 
receptors (IGF-IR, IGF-IIR, IR and hybrid receptors) and 
at least 6 IGF binding proteins (IGFBPs) (1). Accumulated 
evidence has demonstrated that the signal transmitted by 
IGF-IR is required for normal cell growth, the development 
of tissues and the regulation of overall organism growth (2), 
and that its dysregulation is associated with tumorigenesis, 
cancer development and resistance to existing forms of cancer 
therapy in various diverse malignancies (3), including gastro-
intestinal cancers (4). IGFs are single chain polypeptides 
that share 40% homology with proinsulin in amino acid 
sequences (5). The biological role of IGFs in both normal 
and pathological cells is exerted by its binding with IGF-IR, 
which is a tetrameric transmembrane receptor tyrosine kinase, 
leading to autophosphorylation of IGF-IR and the activation 
of downstream cascades, including IRS (insulin receptor 
substrates 1-4) and Shc (Src homology and collagen domain 
protein). These early activations trigger multiple signaling 
pathways, including phosphatidylinositide 3-kinase (PI3K)/
Akt-1 (protein kinase B) pathways and the mitogen-activated 
protein kinase (MAPK) pathway (6,7), playing an important 
role in cell proliferation, migration and metabolism. There are 
3 key downstream protein kinases, ERK (extracellular signal-
regulated kinases), JNK (c-Jun amino-terminal kinases) and 
p38 protein kinases, which respectively contribute to cell divi-
sion, protein transcription and various diseases such as asthma 
and autoimmunity (7).

Gastrointestinal carcinoma is one of the most common can-
cers that threatens human life. The recent consensus regarding 
the role of IGF signaling in initiating and promoting tumor 
progression makes it an attractive target for cancer therapy. 
Various strategies targeting IGF-IR are being developed 
that effectively inhibit tumor growth, metastasis and induce 
apoptosis, suggesting that IGF-IR is an attractive target for 
gastrointestinal cancers. Monoclonal antibodies and tyrosine 
kinase inhibitors against IGF-IR are two of the most effective 
strategies, especially monoclonal antibodies, some of which 
are advancing to clinical use. Due to the complexity of the 
IGF system and the diversity of inhibitors targeting IGF-IR 
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that are being developed, this review introduces current evi-
dence from preclinical and clinical studies that suggests the 
increasing role of IGF-IR in gastrointestinal cancers. We also 
present a review of ongoing inhibitors, monoclonal antibodies 
and tyrosine kinase inhibitors against IGF-IR in gastrointes-
tinal cancers such as colorectal adenocarcinoma, pancreatic 
adenocarcinoma, esophageal squamous cell carcinoma and 
hepatoma, and discuss the potential effects of these inhibitors 
on anti-cancer treatment.

2. The role of type I insulin-like growth factor receptor in 
gastrointestinal cancers

Aberrant expression of type I insulin-like growth factor 
receptor is correlated with malignancy. Overexpression of 
IGF-IR has been reported in several types of gastrointestinal 
cancers. The expression level of IGF-IR in colon carcinomas 
can be detected by RT-PCR and immunohistochemistry at the 
nucleotide level and the protein level, respectively (8). The 
quantity of IGF-IR mRNA in colon cancers was found to be 
2-fold higher than in adjacent normal mucosa in 32 of 40 (80%) 
samples. Ninety-one percent of tumors (30 of 33) were IGF‑IR-
positive compared with the adjacent normal colonic epithelial 
cells that were IGF-IR-negative. These results confirmed the 
role of IGF-IR in the pathogenesis of colorectal cancer. 
Jiang et al found that IGF-IR was strongly expressed in 62% of 
gastric tumor tissue specimens via immunohistochemistry 
when compared with adjacent normal gastric mucosa, and its 
higher expression status was associated with increased lymph 
node metastasis (9). Sixty percent of human esophageal 
squamous cell carcinomas had strong immunoreactivity with 
an anti-IGF-IR antibody and correlated with metastasis, inva-
sion depth, advanced tumor stage and recurrence (10). High 
expression levels of IGF-IR in pancreatic cancer (11) and hepato-
cellular carcinoma (12) were also reported, indicating that a 
high level of expression is related to angiogenesis, proliferation 
and survival.

The pathway of IGF-IR-mediated signaling has been sum-
marized in several reviews, revealing that the IRS-1/PI3K/AKT 
and Shc/RAS/RAF/MEK/ERK axes are key downstream sig-
naling pathways (13,14). Furthermore, the specific regulatory 
mechanism of IGF-IR expression was reported on in pancreatic 
cancer, suggesting that IRS-2 is involved in the translational 
regulation of IGF-IR expression via PKCδ and mTOR rather 
than AKT (15). Overexpression of a protein arises through the 
amplification of the gene or the increase in the binding strength 
of the promoter region. An increased number of copies of the 
IGF-IR gene, which is located at 15q25~qter, was found in 
human breast cancer (16,17), pancreatic adenocarcinoma (18) 
and Wilms' tumors (19). However, its low frequency makes it 
uncommon (~2%). Recently, Meng et al studied the internal 
ribosomal entry site (IRES) of the 5'-untranslated region 
(5'-UTR) of human IGF-IR, indicating that its activity is aber-
rantly increased which enhances the translational efficiency in 
some human breast tumors compared with non-transformed 
human breast epithelial cells through an alteration in the 
activities of RNA-translation regulatory proteins (20). The 
transcription of IGF-IR mRNA might be regulated by Sp1, a 
transcription factor, since patients exhibiting strong expression 
of Sp1 also have active transcription of IGF-IR (9). Although 

there are few reports regarding the mechanism underlying the 
physiological dysregulation of IGF-IR, it is clear that there is 
great complexity in the patterns of its overexpression in tumors 
of different origins.

Rigorous, prospective research has found a consistent cor-
relation between the circulating IGF-I level and cancer risk in 
various malignancies of the gastrointestinal tract, e.g. colorectal 
carcinoma (21) and prostate carcinoma (22). These studies 
showed that individuals at the high end of the normal range 
of serum IGF-I concentration and/or lower levels of IGFBPs 
had more than double the risk of a subsequent cancer diagnosis 
than those at the low end of the normal range. Imsumran et al 
revealed that expression of IGF-IR/IGF-IIR in esophageal 
squamous cell carcinoma was observed in more than half of the 
tumors and markedly correlated with clinicopathological char-
acteristics (e.g. depth of invasion, lymph node metastasis, distant 
metastasis, advanced pTNM stage and recurrence), concluding 
that expression of IGF-IR/IGF-II may be useful for the predic-
tion of recurrence and poor prognosis (10). Notably, a study of 
specimens from 161 patients with curatively resected Dukes' C 
colorectal cancer (CRC) using immunohistochemistry detected 
focal staining membrane IGF-IR (low expression level) in 72% 
of specimens, while diffuse staining membrane IGF-IR (high 
expression level) was detected in 28%. The recurrence rate was 
significantly higher in the focal staining group than in the dif-
fuse staining group. This indicates that low IGF-IR membrane 
expression in Dukes' C CRC may be a predictor of a high risk 
of metastasis (23). Use of the expression level of IGF-IR as a 
tumor marker or as a risk factor varies among studies, perhaps 
due to imperfect measurement methodology or the different 
cellular microenvironment of tumors or IGF-IR levels related 
to a specific subset of patients.

Type I insulin-like growth factor receptor is a promising target 
in gastrointestinal carcinomas. The effects of blocking the 
function of IGF-IR have been confirmed by studies conducted 
over the last two decades. In a variety of in vitro and in vivo 
models, an interruption of IGF-mediated signaling has been 
demonstrated to induce apoptosis, inhibit tumor growth and 
migration, and augment the response to other forms of cancer 
therapy. In this section we discuss data from recent studies on 
the effects of the down-regulation of IGF-IR in gastrointes-
tinal cancers, confirming that IGF-IR is a therapeutic target 
for cancer therapy. These studies demonstrated that, in accu-
mulated experimental settings, interference with the IGF-IR 
function leads to the inhibition of cancer cell proliferation, 
survival, anchorage-independent growth in vitro and leads to 
the inhibition of tumor growth and the metastasis and sensi-
tization of the cancer cells to various chemotherapeutic and 
radiation treatments in vivo.

There are many effectors to regulate cell growth and 
proliferation. IGF-IR is not unique in propelling tumor cell 
proliferation, but it is indispensable for mediating the prolif-
eration and survival of tumor cells for anchorage-independent 
growth. In vitro, blocking IGF-IR, using its specific tyrosine 
kinase inhibitor NVP-AEW541, potently inhibited the cell 
proliferation of gastrointestinal neuroendocrine tumors (NET) 
and CRC by inducing apoptosis, which was characterized by 
the activation of caspase 3 and the expression of BAX and 
Bcl-2, and by cell cycle arrest at the G1/S checkpoint in both 
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primary and permanent NET and CRC, respectively (24,25). 
In vivo, the tyrosine kinase activation of IGF-IR inhibited 
by small molecular inhibitor led to a significant reduction of 
HT29 tumor growth in nude mice (26), further confirming its 
essential role in tumor growth.

Components of the IGF-I/IGF-IR signaling system are 
important mediators of tumor cell migration and invasion. 
Recent research showed that IGF-I-mediated migration and 
invasion were mostly inhibited via the down-regulation of 
c-Met with ribozyme-expressing adenovirus, suggesting that 
IGF-IR signaling cooperates with c-Met signaling to induce 
migration and invasion of human pancreatic carcinoma cells 
(27). That IGF-IR regulates the liver metastasis of colon cancer 
cells was strongly confirmed by the observation that colon 
cancer cells with dominant negative IGF-IR failed to produce 
liver metastases after splenic injection (28).

Resistance to clinically useful anti-cancer therapies such as 
chemotherapy and radiation is a common occurrence among 
patients suffered from cancer. IGF-IR is tightly correlated 
with resistance to the cytotoxic effects of chemotherapy due 
to the protection of tumor cells against apoptosis through the 
PI3K/AKT pathway and the cytostatic effects via the MAPK 
pathway (29). There is considerable evidence to confirm the 
viewpoint that IGF-IR inhibition enhances the activity of cyto-
toxic chemotherapy and radiation. In rectal adenocarcinoma 
for example, the activation of the IGF-IR-mediated signal by 
IGF-I reduced the expected cytotoxicity of 5-FU, resulting in 
a 10-fold increase in the IC50, however, the cytotoxic effect of 
5-FU was enhanced in conjunction with an IGF-IR monoclonal 
antibody (30). The combination of IGF-IR inhibitor NVP-
AEW541 and the chemotherapy drugs cisplatin and 5-FU in 
gastrointestinal carcinoma cells significantly enhanced the 
effect of cisplatin and increased chemotherapy-induced apop-
tosis (26). Similarly, in the presence of the unique receptor 
inhibitor IGF-Ir/dn (dominant negative), which was constructed 
to inhibit the function rather than the expression of wild-type 
IGF-IR, both radiation- and chemotherapy-induced apoptosis 
increased significantly in treated gastric cancer cells, and the 
effect of chemotherapy in combination with IGF-Ir/dn on the 
suppression of tumor growth was remarkably augmented in 
pre-existing tumors in mice (31).

Based on the above data, IGF-IR mediates proliferation, 
motility and protection from apoptosis in cancer, and IGF-IR 
blockage can effectively suppress its role in gastrointestinal 
malignant transformation and progression. IGF-IR may thus 
have therapeutic use for gastrointestinal carcinomas.

3. Inhibitors targeting type I insulin-like growth factor
receptor

Unlike members of the epidermal growth factor family, 
overexpression of IGF-IR is not sufficient to induce its 
phosphorylation, and its activation requires ligand stimulation. 
Therefore, the optimal strategy for interfering with the 
function of IGF-IR may be the inhibition of ligand-receptor 
interaction. When developing inhibitors targeting IGF-IR, the 
high homology between IGF-IR and IR, which share a high 
sequence identity (84%) at the kinase domains and especially 
at the ATP-binding pocket (100%) (32), should also be 
considered, as IR plays a critical role in glucose homeostasis 

and its blocking may lead to various diseases such as type 2 
diabetes. Various strategies have been used to block IGF-IR 
and some of them are in clinical use (33). These strategies 
include the down-regulation of IGF-IR by single-chain 
antibodies, antisense oligonucleotides, triple helix-forming 
oligodeoxynucleotides, antisense RNA, small interfering 
RNA, fully humanized anti-IGF-IR monoclonal antibodies 
and specific kinase inhibitors. Furthermore, the neutralization 
of ligands can also inhibit the activity of IGF-IR because 
it is activated predominantly after binding to the cognate 
ligands. There are three ways to neutralize the action of IGF: 
overexpression of IGF-IIR (specifically binds to IGF-II) (34) 
and IGFBP-3 (35), the creation of soluble IGF-IR (e.g. IGF-
1R933) and antibodies against IGF-I and IGF-II (e.g. KM1468, 
a rat monoclonal antibody) (36).

Among the various strategies mentioned above, the two 
most investigated strategies are tyrosine kinase inhibitors and 
monoclonal antibodies. Both have various advantages and 
show different activity profiles which have been confirmed 
by an abundance of data. Tyrosine kinase inhibitors are orally 
available and more easily penetrate the blood-brain barrier 
as they possess a small molecular size, while monoclonal 
antibodies are more likely to be selective to the target, which 
may avoid toxicities caused by inhibition of insulin receptors. 
On the other hand, the wider spectrum of characteristics of 
tyrosine kinase inhibitors might have alternative benefits due 
to the common expression of insulin receptors on cancers, 
hyperinsulinism in aggressive cancer and insulin-receptor-
mediated resistance to IGF-IR-targeting therapy. In these 
cases, small molecular inhibitors may induce anti-neoplastic 
activity superior to that of the antibodies (37).

Currently, more than 25 molecules are at different stages 
of development (38). The clinical and preclinical development 
of both approaches is discussed, and various inhibitors will be 
reviewed below.

Anti-type I insulin-like growth factor receptor monoclonal 
antibodies. Numerous antibodies have been developed by 
pharmaceutical companies and have been proven effective in 
preclinical experiments. They subsequently have proceeded to 
clinical trials. Although generated using different strategies, 
these antagonists targeting the extracellular domain of IGF-IR 
specifically bind to IGF-IR, effectively interrupting the signal 
transformation by IGF-IR.

CP-751,871. Pfizer's CP-751,871, a fully human IgG2 
antibody with a high affinity for human IGF-IR, is a product 
of XenoMouse technology. Currently, phase I and II clinical 
trials of CP-751,871 are underway in patients with multiple 
myeloma and non-small cell lung cancer (NSCLC) respectively, 
suggesting it may be a safe, tolerable and effective antagonist 
against IGF-IR (39,40). It is also the first inhibitor targeting 
IGF-IR to initiate a phase III trial in NSCLC. In preclinical 
experiments, CP-751,871 inhibited the interaction of the IGF-IR 
with the IGF-I ligand and the autophosphorylation of IGF-IR 
induced by IGF-I and IGF-II. Internalization of IGF-IR by 
binding to CP-751,871 leads to the down-regulation of IGF-IR-
mediated signaling through a decrease in the phosphorylation 
of AKT. As a single agent, CP-751,871 significantly inhibited 
the growth of tumor xenograft models derived from colon 
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(Colo-205), lung (H460) and breast (MCF7) cancer cell lines, 
showing anti-tumor efficacy that improved by combination 
treatment with standard chemotherapeutic agent 5-FU (41).

IMC-A12. ImClone Systems Inc.'s IMC-A12, another fully 
human IgG1 antibody, generated by screening a human 
Fab phage display library, selectively binds to IGF-IR 
(4.11x10-11  mol/l, IC50 0.6-1 nmol/l) without interrupting 
insulin binding to the insulin receptor. The role of IGFs in 
proliferation and mitosis was antagonized by IMC-A12 via 
inhibiting 2-key downstream signaling of IGF-IR, MAPK and 
PI3K/AKT. A xenograft tumor model experiment demonstrated 
that IMC-A12 possesses high efficacy of growth inhibition of 
breast, pancreatic and colon tumors (42). As a signal agent, 
IMC-A12 has anti-tumor activity. It is well known that a 
combination therapy of IGF-IR-specific inhibitors and most 
classes of nonspecific chemotherapeutic agents or radiation 
may yield augmented anti-cancer efficacy over conventional 
treatments alone. Combining IMC-A12 with radiation 
significantly enhanced radiation-induced apoptosis, clonogenic 
survival and the growth inhibition of tumor xenografts (43). 
Markedly enhanced effects of either bortezomib or melphalan 
on decreasing the tumor burden and prolonging survival 
were demonstrated when combined with IMC-A12 (44). In 
addition, co-treatment with IMC-A12 and cetuximab (an 
anti-epidermal growth factor receptor antibody) in human 
tumor xenografts derived from colorectal and pancreatic 
tissues, showed impressive anti-tumor effects, confirming the 
therapeutic effects of targeting IGF-IR-mediated signaling and 
other signaling pathways associated with tumor growth and 
survival (45,46). The phase I and II clinical trials of IMC-A12 
demonstrated favorable, safe pharmacokinetic profiles. A phase 
II study is in progress in certain gastrointestinal cancers 
including colorectal, pancreatic and liver cancer (http://www.
imclone.com).

MK-0646. MK-0646, also known as h7C10 or F50035, 
a recombinant humanized IgG1 anti-IGF-IR antibody, blocks 
cell proliferation induced by IGF-I and IGF-II, inhibits IGF-IR 
phosphorylation in a dose-dependent manner, interrupts 
IGF‑I-induced activation of PI3K/AKT and MAPK pathways, 
induces both internalization and degradation of IGF-IR 
resulting in the decrease in the number of available binding 
sites for the cognate ligands on the cell surface (47,48). This 
antibody exhibits potent anti-tumor efficacy in well-established 
tumor models. Like other inhibitors against IGF-IR, combined 
therapy with either a chemotherapeutic agent or an agent that 
specifically thwarts other signal transduction pathways, such 
as an epidermal growth factor receptor, may be more effective 
in the treatment of cancer than when used alone. Prolonged 
survival was observed when mice were simultaneous treated 
with MK-0646 and either vinorelbine or the EGFR antibody 
225 (47). Recently, Pandini et al found that, besides IGF-IR, 
this antibody recognizes and specifically binds hybrid receptors 
composed of IGF-IR and IR without affecting IR, and in vivo 
displays efficacious anti-tumor activity to hybrid receptor 
down-regulation and degradation (49). It may also exert more 
therapeutic effects than blocking only IGF-IR, particularly in 
tumors with a high hybrid: IGF-IR ratio. A phase I study of 
MK-0646 in advanced solid tumor patients is in progress.

Tyrosine kinase inhibitors. To inhibit the tyrosine kinase 
activity of IGF-IR is another strategy of IGF-IR-targeted 
therapy. There are several tyrosine kinase inhibitors against 
IGF-IR in preclinical and clinical development. According to 
the characteristics of inhibitors to ATP, tyrosine kinase inhibi-
tors may be divided into two categories: ATP antagonists and 
non-ATP antagonists. Most of the inhibitors belong to the 
former group. Pharmacologic studies demonstrated that the 
selectivity of these agents to IGF-IR over IR varies in vitro. 
OSI-906, NVP-AEW541, picropodophyllin and INSM-18 
seem to be more selective for IGF-IR. BMS-554417, however, 
has a similar potency toward both receptors. The difference 
in selectivity of each receptor defines the specific therapeutic 
window for each drug.

INSM-18 (nordihydroguaiaretic acid). INSM-18 (nordihy-
droguaiaretic acid, NDGA), a naturally occurring compound 
isolated from the creosote bush Larrea divaricatta, is the 
only tyrosine kinase inhibitor of IGF-IR that has progressed 
to a clinical phase I trial for prostate cancer. It possesses 
co-targeting properties that directly inhibit IGF-IR tyrosine 
kinase and epidermal growth factor receptors, the c-erbB2/
HER2/neu (HER2/neu) receptor in human breast cancer 
(50), including tamoxifen or trastuzumab refractory HER2-
overexpressing breast cancer cells (51,52). The mechanism 
involved in the inhibition of IGF-IR activation is not yet known. 
INSM-18 promotes cell death via the induction of apoptosis 
which is detected by the activation of caspase  3 and PARP 
in trastuzumab-resistant HER2-overexpressing breast cancer 
cells (52). In preclinical studies, the anti-tumor activity of 
INSM-18 has been demonstrated in breast, prostate, pancreatic 
and lung tumors. The safety and tolerability of this agent have 
been documented in two single-dose phase I clinical studies 
in healthy volunteers (http://www.insmed.com/oncology.php). 
Moreover, Ryan et al in a dose-escalating (750, 1250, 1750, 
2250 and 2500 mg of NDGA) phase I and II clinical study 
in patients with relapsed prostate cancer found that, although 
no other toxicity was found in patients receiving an oral daily 
dose of NDGA up to 2500 mg, transaminitis occurred in some 
patients (53). This finding will lead to further study in order 
to evaluate the optimum pharmacokinetics and anti-tumor 
efficacy of NDGA.

NVP-AEW541. NVP-AEW541 belongs to the pyrrolo [2, 3-d] 
pyrimidine class and is a new, orally bioavailable small 
molecular inhibitor of IGF-IR tyrosine kinase (54). Currently, 
studies of this inhibitor are in the preclinical stage, focusing 
on its effects on growth inhibition, the induction of apoptosis 
in various tumor cells in vitro and anti-tumor activities in vivo. 
NVP-AEW541 has been confirmed as highly selective towards 
IGF-IR kinase with an IC50 value of 0.086 µM over IR kinase 
with an IC50 value of 2.3 µM (54). Several malignancies of 
the gastrointestinal tract, such as CRC (25), gastrointestinal 
stromal tumors (26), gastrointestinal NET (24), pancreatic 
cancer (55) and hepatocellular carcinoma (HCC) (56), were 
employed to study the anti-neoplastic potency of NVP-
AEW541 and the associated signaling cascade after IGF-IR 
blocking with NVP-AEW541. For instance, in pancreatic 
cancer cells NVP-AEW541 interfered with the signal 
transduction, which is known to be involved in IGF/IGF-IR 
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signaling, through inhibiting the activation of IRS-1, ERK, 
AKT and transcription factor STAT3. Regarding the potential 
cytotoxic effect of this chemical compound and cell motility, 
NVP-AEW541 decreased pancreatic cancer cell growth and 
abrogated migration mediated by IGF-I. An orthotopic model 
of pancreatic cancer was established to assess the in vivo effects 
of NVP-AEW541 in the appropriate tumor microenvironment, 
and the results revealed that the blocking of IGF-IR with 
NVP-AEW541 harbours the potential to effectively inhibit the 
growth and vascularization of human pancreatic cancer. As a 
single agent, NVP-AEW541 may be effective against various 
types of malignancies; however its therapeutic effects may 
be augmented by combination with nonspecific cytotoxic or 
targeted therapeutics, since IGF-IR is closely related with cell 
survival, anti-apoptosis and resistance to the cytotoxic effects 
of radiation and chemotherapy. Combinational treatment 
of NET cells with NVP-AEW541 and the cytostatic drugs 
doxorubicin or HMG-CoA (3-hydroxy-3-methylglutaryl 
coenzyme A) reductase inhibitor, fluvastatin, enhanced the 
anti-proliferative effect of NVP-AEW541 (24). Simultaneous 
blockage of IGF-IR and EGFR by IGF-IR tyrosine kinase 
inhibitors NVP-AEW541 and EGFR tyrosine kinase inhibitors 
erlotinib in colorectal cancer impaired the cell proliferation 
more effectively than did blocking with either inhibitor alone, 
suggesting that combination therapy targeting IGF-IR and 
EGFR might be feasible in clinical application (57). Taken 
together, NVP-AEW541 may have potential therapeutic utility 
in the treatment of gastrointestinal tumors for which IGF-IR-
mediated signaling is essential for survival and proliferation.

BVP-51004 (PPP). BVP-51004, also named PPP, is a 
cyclolignan-derivative picropodophyllin. It was originally 
identified at the Karolinska Cancer Institute (Sweden) and is 
currently being developed by Biovitrum. Most of the identified 
small molecular inhibitors against IGF-IR belonging to ATP 
competitive inhibitors might inhibit the activation of insulin 
receptors due to the high homology of ATP binding sites of 
IGF-IR and insulin receptor kinase (32,58), coinhibition of 
which may cause diabetic response. PPP, however, is an ATP 
non-competitive IGF-IR inhibitor and exerts its function 
through inhibiting Tyr1136 phosphorylation in the activation 
loop of IGF-IR kinase, which contributes to stabilize the 
conformation of the activation loop (59,60). PPP causes tumor 
regression in murine xenograft models (e.g. multiple myeloma 
and HCC mice) (61,62), and is well-tolerated in vivo as shown 
by the fact that the survival of the mice bearing multiple 
myeloma treated with PPP was prolonged by almost 3 months 
compared with the control group (63). It has been shown that 
PPP also down-regulates IGF-IR leading to the apoptosis of 
tumor cells without affecting the highly homologous insulin 
receptor (64). The cytotoxicity of PPP is associated with the 
inhibition of AKT activation, with temporary stimulation of 
ERK activation via IGF-IR ubiquitination. This is a novel 
aspect of mechanism of PPP action, interfering with the two 
major signaling branches of the IGF-IR cascade through 
different mechanisms (65). Notably, IGF-IR-deficient R-cells, 
exposed to PPP, were sensitive to PPP, which is inconsistent 
with the its potential as a IGF-IR-specific inhibitor (66). Thus, 
the mechanism of PPP action need to be further elucidated.

4. Conclusion

Signal transduction via IGF-IR is associated with cell prolifer-
ation, anti-apoptosis, metastasis, tumorigenesis and resistance 
to cytotoxic cancer therapies. The role IGF-IR plays in driving 
tumor cell survival has been demonstrated in many different 
types of tumors, including gastrointestinal malignancies, and 
targeting IGF-IR by a variety of approaches, particularly 
monoclonal antibodies and small molecule tyrosine kinase 
inhibitors, may be some of the most effective ways to treat 
cancer. This has been confirmed by accumulated data from 
preclinical and early clinical trials. In view of the complexity 
of roles of the IGF axis in both normal and malignant cells, it is 
crucial to know that the properties of agents against IGF-IR do 
not impede normal physiology while exhibiting high toxicity 
to cancer cells. Thus, careful attention must be paid to the dose 
effect and the potential side effects resulting from the admin-
istration of IGF-IR inhibitors. Also, combination therapy with 
conventional cytotoxic therapy may be more effective than 
inhibitors alone. Therefore, selecting suitable combinations 
must be the focus of future clinical trials. Final evaluations for 
all of the therapeutics described here are forthcoming from the 
results of clinical trials.
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