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Background 

The last year has seen the introduction of several clinical trials that are testing the safety and 

tolerability of inhibitors and antibodies directed at the type 1 insulin-like growth factor 

receptor (IGF1R).  This is an exciting new development for patients with prostate cancer, 

given the importance of the IGF signaling pathway in this disease.  Previous work in our 

group, using both immunohistochemistry and in situ hybridisation, demonstrated increased 

levels of IGF1R in malignant prostatic epithelium. This up-regulation was demonstrated to 

persist in metastatic disease (Hellawell 2002). This contradicts the results from an in vivo 

model, a transgenic adenocarcinoma of mouse prostate model (TRAMP mouse), which 

demonstrates selection against the IGF1R during progression to metastatic, androgen 

independent prostate cancer (Kaplan 1999).  

 

The Prostate UK grant has supported two areas of work in our laboratory: 

 

1) Role of the IGF1R in development of androgen resistance 

The aim was to clarify the expression of IGF1R in vivo in human prostate tissue and to 

investigate the changes that may occur in IGF1R expression with disease progression.  The 

study was performed on archival prostate material obtained from the John Radcliffe Hospital 

Department of Cellular Pathology, under OxREC study 04/Q1606/96: Pathways involved in 

the development of urological disorders. All specimens were from patients who had suspected 

or confirmed prostate cancer and who required transurethral resection of their prostate (TURP) 

for difficulties with voiding urine. Patients were identified that had serial TURP procedures 

over the course of several years. Complete clinical data about their disease progression was 

obtained by review of their notes. Details of their PSA result, treatment, and co-morbidity at 

the time of each resection were recorded. 

 

Optimisation of antibodies for immunostaining was performed with appropriate controls 

(Figure 1). From this optimisation work it was decided that both the NEB and Neomarkers 

antibodies should be used on the prostate sections because they showed cell membrane 

selectivity (halo effect seen in (Figure 1: 2A & 3A), clearly negative staining in the IGF1R null 

cells (Figure 1: 2B & 3B), and convincing positive staining in the breast cancer tissue control 

with glandular rather than stromal localisation (Figure 1: 2C & 3C). 
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Figure 1. Optimisation of immunohistochemistry.  MCF7 cell pellet (left column - A), R- cell pellet (middle 

column – B) and breast cancer tissue (right column – C).  All sections were immunostained for the IGF1R 

simultaneously using different antibodies to the � -subunit. Top row: Santa Cruz antibody (1:250 primary antibody). 

Middle row: Cell signalling antibody (1:50 primary antibody). Bottom row: Neomarkers antibody (prediluted by 

manufacturer). Original magnification x400. 

 

 

From a pathology database of 2395 prostate specimens collected from 1989 to 2004, eighteen 

(18) patients with serial TURP specimens were identified. Full clinical data was collected on 

these patients from searching the patient notes. A total of 47 pathological specimens from these 

patients were collected and sectioned. These were stained, with appropriate controls, using 

both of the antibodies identified from the optimisation. These sections were assessed and 

scored with the help of Dr Gareth Turner, Consultant Uropathologist (Figures 2 & 3) 
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Figure 2. Range of IGF1R immunohistochemical staini ng of formalin-fixed sections of prostate chips . All 

images show prostate adenocarcinoma at x400 magnification. (A) no / negligible staining, scored 1. (B) mild staining, 

scored 2. (C) moderate staining, scored 3. (D) strong staining, scored 4.  

 

 

Figure 3. IGF1R immunohistochemistry showing membrane stainin g. Sample of prostate adenocarcinoma, 

Gleason grade 3, stained with Cell Signaling antibody. (A) IGF1R staining is strong (score 4) in epithelial tissue and 

not in the surrounding stroma. (B) Higher magnification of the area outlined in A, shows the membrane association 

of the antibody. 

 

Comparison was made between the two antibodies. Both antibodies demonstrated high levels 

of IGF1R in the malignant areas of the samples (Figure 4). However, the Neomarkers antibody 

was not able to discriminate between benign and malignant areas within a tissue sample. Of the 

previous studies that showed IGF1R up-regulation in prostate cancer by 

immunohistochemistry, three specifically commented that IGF1R immunohistochemical 

staining levels were much lower in benign epithelium (Hellawell et al., 2002; Cardillo et al., 
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2003; Liao et al., 2005). Furthermore, these authors and Grzmil et al. (2004) also reported 

significantly lower levels of IGF1R RNA in benign prostatic epithelium. Therefore due to its 

ability to discriminate between benign and malignant prostate epithelium the Cell Signalling 

antibody IGF1R staining scores were used in further analysis of the clinical data. 
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Figure 4. Comparison of IGF1R immunostaining of pro state tissue using two antibodies.  There was 

significant correlation between the two antibodies in the staining of the malignant epithelium (Spearman rank 

p=0.0014). The Cell Signaling antibody demonstrated significant differences between the benign and malignant 

epithelium within each section (Fisher’s exact test p<0.0001). The Neomarkers antibody showed significantly higher 

histology scores in the benign glands than the Cell Signalling antibody (Fisher’s exact test p<0.0001). There was no 

significant difference in IGF1R staining intensity between the benign and malignant epithelium with the Neomarkers 

antibody. 

 

 

Analysis of the clinical data demonstrated that the majority of patients on androgen ablation 

therapy and metastatic disease had high levels (score 3 or 4) of IGF1R staining in their prostate 

specimens (Figure 5). Furthermore, analysis of the changes in IGF1R staining in individual 

patients over the course of their disease progression demonstrated that the majority of patients 

that had progressed to androgen independence or metastases had an increase or high stable 

level of IGF1R expression in their prostatic tissue and those that demonstrated a fall in IGF1R 

levels were generally responding to androgen ablation therapy (Table 1). 
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Figure 5. A - IGF1R staining score of prostate tiss ue taken from patients known to have androgen ablat ion.  

Seventeen (17) procedures were performed on patients with androgen ablation, either medical (14) or surgical (3). 

B - IGF1R staining score of specimens taken from pa tients at the time of radiologically confirmed 

metastases. Twelve (12) procedures were performed on patients with metastases. Eight of these specimens 

showed strong (score 4) or moderate (score 3) immunostaining for the IGF1R and no specimens from patients with 

metastases had a no/negligible (score 1) IGF1R staining, suggesting that the IGF1R remains upregulated in the 

prostate of these patients with metastatic disease. 

 

Prostate cancer 

status 

Change in  

IGF1R staining score 

Androgen therapy 

response 

Androgen 

independence 
Metastases 

Increase 2 4 4 

Stable 2 4 3 

Decrease 5 1 2 

 

Table 1. Number of patients demonstrating a change in prostate cancer disease status between procedure s 

and the associated change in IGF1R staining score o f the prostatic tissue. 

 

In summary, these results demonstrate that the IGF1R is expressed at high levels in the 

majority of prostate cancers, confirming the previous findings from our laboratory (Hellawell 

et al., 2002) and subsequent studies (Cardillo et al., 2003; Liao et al., 2005; Ryan et al., 2007). 

Furthermore, analysis of IGF1R staining in samples taken from the same patient over the 

course of their disease progression, provides evidence that the IGF1R levels are high in 

prostate tissue in patients that have androgen-independent and metastatic disease. These data 

support the use of IGF1R targeted therapy in advanced prostate cancer. 

 

 

 

A B 
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2) The effect of IGF1R targeting in clinically relevant models of prostate cancer 

The initial aim had been to use primary prostate cancer cultures and prostate xenografts to test 

novel IGF1R inhibitors and siRNAs in vitro and in vivo.  However as described in the 

previous report, this proved to be problematic, because of difficulties in culturing primary 

prostate cells, and in establishing the required in vivo models.  As outlined previously, we 

were offered the opportunity to investigate in vitro some novel small molecule inhibitors of the 

IGF1R.  These compounds were thought to have similarities in structure and function to the 

known IGF1R inhibitor picropodophyllin (PPP).  When tested by another research group 

these agents had shown promise in in vivo experiments on prostate cancer xenografts.  

Although these novel compounds had been designed as IGF1R inhibitors, others had not been 

able to confirm this effect, and our laboratory was approached because of our expertise in this 

area.  Thus the second part of the project investigated the effects of these inhibitors on 

activation (phosphorylation) of the IGF1R, on the downstream signalling pathways and on cell 

proliferation. 

 

Using an antibody specific to the activating tyrosine residues 1135 and 1136 of the IGF1R, 

treatment of DU145 cells with the ANA-89R resulted in dose-dependent inhibition of IGF1R 

phosphorylation with an IC50 of ~0.2� M (Figure 5). Similar inhibition of phosphorylation of 

the IGF1R was observed also in MCF7 (breast cancer cells) with both ANA-89 and FANA-32 

(data not shown). In immunoprecipitation experiments the compounds did not show inhibition 

of the insulin receptor or the EGF-receptor (data not shown). 
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Figure 5. Effects of ANA-89R on phosphorylation of the 1135 & 1136 tyrosine residues of the IGF1R in 

DU145 cells.  (A) DU145 cells were serum-starved overnight, treated with ANA-89R for 4 hours and stimulated with 

10nM IGF1 for 5 minutes. (B) Three independent sets of DU145 lysates were analysed and the results were 

quantified by densitometry, and expressed as percentage activation in the absence of ANA-89R. The data points 

were fitted to a non-linear regression curve using GraphPad Prism software. 
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The compounds also showed inhibition of the two principal downstream signalling pathways 

of the IGF1R. Representative immunoblots and graphs are shown for ANA-89R in DU145 

cells (Figure 6). Similar experiments were performed with FANA-32 and demonstrated similar 

inhibitory effects on phosphorylation of the downstream signalling proteins (data not shown).  
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Figure 6 Effect of ANA-89R on IGF-induced signallin g in DU145 cells.  

A- Following overnight treatment with ANA-89R in serum-free medium, cells were stimulated for 5 minutes with 

IGF1 (10nM). Cell lysates were analysed by immunoblotting for phospho-Akt and phospho-MAPK. B - DU145 cells 

were treated with ANA-89R as in the upper panel, and parallel cultures were treated with 5� M PPP for comparison. 

C & D - Similar results to those in A and B were obtained in 4-5 sets of independently prepared lysates. The blots 

were quantified by densitrometry, corrected for loading and expressed as percentage phosphorylation in 

solvent-treated controls (IGF1 only). Bars represent mean ± SEM of pooled data from 5 (p-Akt) and 4 (p-MAPK) 

experiments. The data points were fitted to a non-linear regression curve using Graph Pad Prism software, and IC50 

values were extrapolated from the graphs. 

 

The final aspect of the assessment of the Analytecon compounds was to investigate their 

effects on cell proliferation. DU145 or PC3 human prostate cancer cells were seeded into 96 

well plates and treated with compounds as indicated, or DMSO solvent control. After 72 hours, 

growth was quantified by MTS assay, and expressed as percentage of OD490 in cells treated 

with solvent control (Figure 7). Similar results were obtained with the other compound 

A B 

C D
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(FANA-32) and in the PC3 human prostate cancer cell line (data not shown).  
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Figure 7. Effect of ANA-89R, FANA-32, and PPP on pr oliferation of DU145 cells. DU145 cells were treated with 

compounds or solvent (DMSO) for 72 hours and the mass of viable cells was determined by MTS assay. Results are 

combined data from 3 or 4 separate experiments with 8 replicates for each concentration of each agent per 

experiment (i.e. 24-32 data points). IC50s are extrapolated from the graphs using non-linear regression curves. 

 

Compound 

IC50 for growth 

inhibition of DU145 

cells (nM) 

ANA-89R 20 

FANA-32 45 

PPP 550 
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Conclusions and Future Work 

The IGF1R immunohistochemistry results demonstrated that the IGF1R remains up-regulated 

in prostate tissue following androgen-independence and metastasis and is thus an important 

target for prostate cancer therapy. This work is the first study of serial expression levels of the 

IGF1R, and will form the basis of future studies investigating the levels of activated IGF1R 

antibody using phospho-IGF1R antibodies and activated downstream signalling proteins. 

Accurate analysis of the IGF1R and signalling status in prostate tissue will be essential to 

assess the pharmacodynamic effects of any IGF1R targeted therapy. 

 

The work on small molecule inhibitors demonstrated inhibition of IGF1R phosphorylation 

inhibitory effects on signalling and growth. Further work is required to investigate their 

specificity for the IGF1R and effects in vivo.  

 

Only recently has it been feasible to target the IGF1R with specific or selective small molecule 

inhibitors. Results presented here and in other reports (Garcia-Echeverria et al., 2004; 

Warchamana-Greene et al., 2005) have provided evidence pave the way for clinical trials with 

small molecule inhibitors and other strategies that target the IGF1R.  Within the next year, 

clinical studies of IGF1R antibodies and inhibitors will commence at the CRUK Medical 

Oncology Unit at the Churchill, and will provide the opportunity for us to exploit the 

knowledge gained in this research study. 

 

Thus this is a very exciting time for IGF research, and we are grateful to Prostate UK for 

supporting this work, which has allowed us to explore the potential therapeutic benefits of 

targeting the IGF axis in prostate cancer. 
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