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Abstract
Purpose  IGF-1Ec is an isoform of Insulin-like growth factor 1 (IGF-1) and has recently been identified to be overexpressed 
in cancers including prostate and neuroendocrine tumours. The aim of this paper is to investigate the expression of IGF-1Ec 
in colorectal cancer and polyps compared to normal colon tissues and its association with recurrent disease using semi-
quantitative immunohistochemistry.
Methods  Immunohistochemistry for IGF-1Ec expression was performed for colorectal cancer, colorectal polyps and normal 
colonic tissues. The quantification of IGF-1Ec expression was performed with the use of Image J software and the IHC 
profiler plugin. Following ethics approval from the National Research Ethics Service (Reference 11/LO/1521), clinical 
information including recurrent disease on follow-up was collected for patients with colorectal cancer.
Results  Immunohistochemistry was performed in 16 patients with colorectal cancer and 11 patients with colonic polyps and 
compared to normal colon tissues and prostate adenocarcinoma (positive control) tissues. Significantly increased expression 
of IGF-1Ec was demonstrated in colorectal cancer (p < 0.001) and colorectal polyps (p < 0.05) compared to normal colonic 
tissues. Colonic adenomas with high-grade dysplasia had significantly higher expression of IGF-1Ec compared to low-
grade dysplastic adenomas (p < 0.001). Colorectal cancers without lymph node metastases at the time of presentation had 
significantly higher IGF-1Ec expression compared to lymph node-positive disease (p < 0.05). No correlation with recurrent 
disease was identified with IGF-1Ec expression.
Conclusion  IGF-1Ec is significantly overexpressed in colorectal cancer and polyps compared to normal colon tissues offer-
ing a potential target to improve colonoscopic identification of colorectal polyps and cancer and intraoperative identification 
of colorectal tumours.
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Introduction

Colorectal cancer (CRC) is the third most frequently diag-
nosed cancer in males, and the second in females world-
wide with an estimated 1.36 million new cancer cases and 
694,000 deaths in 2012 (‘Fact Sheets by Cancer’ 2016). 

The CONCORD -3 study demonstrated a wide variation 
in 5-year survival statistics across the different countries in 
colon and rectal cancer, and the trend has been identified to 
be either flat or increasing (Allemani et al. 2018). Biomark-
ers are potentially essential tools in improving outcomes for 
the management of different cancers. In colorectal cancer, 
the most frequently used biomarkers include Carcinoembry-
onic Antigen which has been demonstrated to be the most 
sensitive investigation for the detection of early recurrent 
disease compared to radiological and endoscopic investiga-
tions and the use of KRAS to predict the effectiveness of 
anti-EGFR therapies for adjuvant chemotherapy (Tsikitis 
et al. 2009; Duffy et al. 2014; Allegra et al. 2009; Van Cut-
sem et al. 2010). The quest for further biomarkers continues 
to help improve outcomes.
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The IGF-1 axis involvement in tumorigenesis, cancer 
growth and invasion has been demonstrated in vitro and in vivo 
(Bowers et al. 2015). Numerous studies from as early as the 
1980s have demonstrated aberrant IGF-1 signalling in colon 
cancer, prostatic cancer, pancreatic cancer, osteosarcoma, mel-
anoma and childhood malignancies (Denduluri et al. 2015; 
Beckwith and Yee 2015; Sachdev and Yee 2007). This led to 
the development of multiple agents targeting the IGF-1 axis, 
including receptor targeting agents and drugs reducing ligand 
bioactivity (Bowers et al. 2015; Beckwith and Yee 2015). 
However, despite promising preclinical trials with xenograft 
in vivo models and early phase clinical trials, the results were 
not replicated in later phase human clinical trials leading to 
multiple pharmaceutical companies discontinuing these agents 
from further research (Bowers et al. 2015; Beckwith and Yee 
2015). The failure to reflect these results in large scale clinical 
trials is likely related to the complexity of the IGF-1 signal-
ling axis and its interplay with other growth factor pathways. 
Clearly, further scrutinization of this pathway is required and 
this includes the growing research into the different isoforms 
of IGF-1 and its implications for tumorigenesis and cancer 
progression. IGF-1Ec is an isoform of the insulin-like growth 
factor 1 (IGF-1) which is generated from the splicing of exons 
4, 5 and 6 of the IGF-1 gene (Matheny et al. 2010). It was ini-
tially demonstrated to be upregulated in skeletal muscle after 
exercise and injury and subsequently identified to have other 
physiological roles in neuroprotection in the setting of brain 
ischaemia, promoting cartilage regeneration at sites of dam-
aged cartilage and protection of cardiac tissues in ischaemia 
(Zanou and Gailly 2013; Dluzniewska et al. 2005; Luo et al. 
2015; Stavropoulou et al. 2009). Its role in cancer pathogen-
esis has been recently investigated and initially confirmed in 
prostate cancer with prostatic adenocarcinoma tissues dem-
onstrating higher expression of IGF-1Ec compared to normal 
prostate tissues and intraepithelial neoplasia (Savvani et al. 
2013). Subsequently, upregulation of IGF-1Ec expression was 
demonstrated in osteosarcoma cell lines and in gut neuroen-
docrine tumours (Shang et al. 2015; Alexandraki et al. 2017). 
Recently, we demonstrated the over-expression of IGF-1Ec in 
colorectal cancer cell lines, colorectal cancer and polyp tissues 
compared to normal tissues (Alagaratnam et al. 2019). To fur-
ther understand the role of IGF-1Ec in colorectal cancer and 
potential biomarker roles, we describe the use of quantitative 
immunohistochemistry to investigate the association between 
IGF-1Ec expression and the different stages of colorectal can-
cer and grades of dysplasia of polyps.

Methods

Tissues

Ethics approval was obtained from the National Research 
Ethics Service committee in West London, UK (Reference 
11/LO/1521) for the use of colorectal cancer and polyp tis-
sues from tumours resected from patients who had under-
gone surgery at our institution. Tissue blocks were identi-
fied retrospectively, and the slide cuts were confirmed by a 
consultant histopathologist. The hospital database was uti-
lised to obtain tissues based on the TNM staging and pol-
yps excised. Basic demographics of the patients, such as 
age and gender, were collected from the hospital database 
and follow-up, where available, was reviewed by looking 
at clinic letters and investigations with an emphasis on 
recurrent cancer. Six frozen sections of normal colon tis-
sues and prostate cancer tissues fixed in cold acetone were 
purchased from Ambsio [AMS Biotechnology (Europe) 
Limited] and Biotechne® with the validity of these speci-
mens confirmed by in-house pathologists in these compa-
nies. The morphologies of these tissue slides were further 
reviewed under light microscopy prior to performing our 
experiments.

Quantitative immunohistochemistry

Immunohistochemistry staining for IGF-1Ec was per-
formed with an initial incubation with polyclonal anti-
IGF-1Ec antiserum (Phoenix Pharmaceuticals INC) at 
a dilution of 1: 1,000 followed by the application of the 
secondary biotinylated goat anti-rabbit IgG (ThermoFisher 
scientific) and visualization of the immunocomplex was 
obtained by incubating the sections in a solution of 
3,3-diaminobenzidine counterstained in haematoxylin. 
Confirmation of the specificity of the polyclonal anti-IGF-
1Ec to the IGF-1Ec peptide was described in our previous 
work using dot blot experiments (Alagaratnam et al. 2019). 
Prostate cancer tissues were used as positive control tis-
sues, and negative controls were established by substi-
tuting the anti-IGF-1Ec antiserum with PBS. The slides 
were captured with a Leica SCN400F and scanned at 
20× magnification. Semi-quantitative image analysis was 
performed with the open-source software ImageJ, and the 
IHC profiler plug-in developed by Varghese et al. (2014). 
This software performs quantitative antibody staining 
intensity measurements for DAB/haematoxylin stained 
tissues with pixel-by-pixel analysis and assigns a score to 
a four-tier system. The score included high positive (pixel 
intensity 0–60), positive (pixel intensity 61–120), low pos-
itive (pixel intensity 121–180), negative (pixel intensity 
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181–235), while pixels from 236 to 255 were excluded 
due to it representing fatty tissues which were not relevant 
to the score. The final score was calculated by the simple 
algebraic formula:

The score of the zone was four for high positive, three 
for positive, two for low positive and 1 for negative. Var-
ghese et al. (2014) validated this software by analysing 1703 
DAB-stained IHC images and demonstrated an 88.6% con-
cordance in a comparison study with manual pathological 
scoring. Examples of recent studies utilising Image J and 
the IHC profiler are outlined in Table 1. Images were mag-
nified to ×40 and analysed using the IHC profiler plug-in. 
Three slides for each tumour section were used, and four 
random areas were captured for analysis. The pixel count 
for each intensity was utilised and the score calculated using 
Microsoft Excel using the simple algebraic equation out-
lined above. Statistical analysis was performed using IBM® 
SPSS® v22. Comparisons between 2 groups were performed 
with the Mann–Whitney test and between multiple groups 
(more than 2) with the Kruskal–Wallis test; p < 0.05 was 
regarded as statistical significance and denoted with * whilst 
p < 0.01 was regarded as highly significant and denoted with 
** on the graphs. The medians of the samples collected were 
plotted with 95% confidence interval bars.

Score = ((number of pixels in a zone) × (each score of the zone))∕total number of pixels in the image

Results

Immunohistochemistry

Following ethics approval, cancer tissues were obtained 
for 16 patients, and polyp tissues obtained for 11 patients 
(Table 2). This included 7 patients with cancers without 
lymph node involvement and 9 patients with lymph node 
involvement with 3 of these patients presenting with distant 
metastatic disease. The median age for the cancer patient 
group was 79 (range 67–92) with a 10:6 male: female ratio 
and a median follow-up of 30 months (Table 2). The polyps 
examined included adenomas with low-grade dysplasia (5), 
high-grade dysplasia (3) and serrated adenomas (3).

All tissues were stained for IGF-1Ec expression using 
indirect immunohistochemistry. In cancer tissues, tumour 
cells demonstrated predominantly cytoplasmic staining. 
Prostate adenocarcinoma tissues were used as positive con-
trols for methodological confirmation. Figure 1 demonstrates 
the images captured from the slides, including the positive 
and negative control tissues, normal colon and colon cancer 
tissues and colonic polyps. Figure 2 illustrates the differ-
ence in IGF-1Ec expression in normal colon tissues com-
pared to colonic polyps and colon cancer tissues. The stain-
ing intensity on the IHC profiler was significantly higher 
(p = 0.03) for the positive control prostate cancer tissues with 
a median of 1.95 (range 1.4–2.3), while the intensity for the 
negative control (prostate cancer tissues not incubated with 
the primary antibody) tissues was a median of 0.4 (range 
0.1–0.6). There was a significantly reduced expression of 

Table 1   Recent studies utilising the IHC profiler plug-in for quantifying immunohistochemistry with ImageJ software

Author and year Study

Alrashdan et al. (2016) IHC profiler used to quantify immunohistochemistry for expression of CD3, CD4, CD8, CD68 and CD1a and compare 
between smokers and non-smokers for oral lichenoid lesions

Ke et al. (2016) Effect of Vitamin D3 on tissue damage and oxidative stress following exhaustive exercise investigated in mice. IHC 
profiler used to quantify oxidative product 4-hydroxynonenal in lung and kidney tissues

Rotoli et al. (2016) The effect of oxaliplatin-based chemotherapy on the expression of immunophilin FK506-binding protein 5 (FKBP51) 
in colorectal liver metastases was quantified using the IHC profiler

Zhang et al. (2016) Immunochemistry and expression of protein cytokeratin 5 in vulval squamous cell carcinoma compared to intraepithe-
lial neoplasia and normal vulval tissue using IHC profiler

Fathollah et al. (2016) Expression of transforming growth factor cytokine was quantified using the IHC profiler and compared in diabetic 
wounds subjected to non-thermal atmospheric plasma treatment

Nanda et al. (2016) Inflammatory and anti-apoptotic markers in rat models of colorectal cancer were quantified using IHC profiler, and the 
effects of doxycycline administration studied

Dequanter et al. (2016) IHC profiler was used to quantify the expression of glutamate = cysteine ligase in head and neck squamous cell carci-
noma

Kumar et al. (2014) Dietary effects of curcumin on the levels of benzopyrene induced DNA adducts in mice investigated with quantitative 
comparisons of BPDE-DNA nuclear adducts in lung and liver sections using IHC profiler



2864	 Journal of Cancer Research and Clinical Oncology (2020) 146:2861–2870

1 3

Table 2   Patient demographics 
and cancer tissues

Category Numbers

Patients—cancer tissues 16
Age 67–92 years (median 79 years)
Gender—M:F 10:6
Patients with follow-up 12
Length of follow-up 4 days–132 months (median 30 months)
Cancer tissues (total = 16)
 T stage s T1 (3), T2 (3), T3 (4), T4 (6)
 N stage Node positive (9), Node negative (7)
 M stage Metastasis (3), No metastasis (13)

Polyps (total = 11)
 Low-grade dysplasia—adenoma 5
 High-grade dysplasia—adenoma 3
 Serrated adenoma 3

Fig. 1   Immunohistochemistry for IGF-1Ec expression. a Positive 
control—prostate cancer. b Negative control—prostate cancer with-
out primary IGF-1Ec antibody. c Normal colon tissue, d COLON 
cancer tissue, e low-grade dysplastic adenomatous polyp. f high-

grade dysplastic adenomatous polyp, g colon cancer tissue with 
lymph node-negative disease, h colon cancer with lymph node-posi-
tive disease
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IGF-1Ec in normal colon tissues with a median expression 
of 1.2 (range 1.1–1.4) compared to colonic polyps (p < 0.05) 
with a median expression of 1.7 (range 0.7–2.4) and colon 
cancer tissues (p < 0.001) with a median expression of 1.7 
(range 0.7–2.6). There were no differences in the expres-
sion of IGF-1Ec between colonic polyps and colonic can-
cer tissues. There was a significant increase in expression 
of IGF-1Ec (p = 0.001) in high-grade dysplastic adenomas 
(median 2, range 0.8–2.4) compared to low-grade dys-
plastic adenomas (median 1.6, range 1–2.2). Compared to 
normal colon tissues, a significantly higher expression of 
IGF-1Ec was identified in low-grade dysplastic adenomas 
(p = 0.001), high-grade dysplastic adenomas (p < 0.001) and 

serrated adenomas (p = 0.001) (Fig. 3). Lymph node-nega-
tive tumours demonstrated a significantly higher expression 
of IGF-1Ec (median 1.9, range 1–2.6) compared to lymph 
node-positive tumours (median 1.6, range 0.7–2.2) as illus-
trated in Fig. 4 (p = 0.008). Comparison of the scores for 
the primary colon tumours with different T stages (depth of 
spread through the layers of the bowel lining) and M stages 
(metastatic disease at the time of presentation) did not dem-
onstrate any difference in IGF-1Ec expression (Figs. 5 and 
6). Similarly, for patients who presented with M0 disease, 
comparison between recurrent disease and no evidence of 
recurrence on follow-up did not demonstrate any differences 
in IGF-1Ec expression (Fig. 7).

Fig. 2   Median immunohisto-
chemistry scores (IHC profiler) 
with 95% confidence interval 
bars for different tissues. Posi-
tive control—prostate cancer 
tissues. Negative control—
prostate cancer tissues with 
the primary IGF-1Ec antibody 
substituted with PBS. Sig-
nificant differences between the 
negative and positive control 
as illustrated. Normal colon 
tissues expression of IGF-1Ec 
was significantly lower than 
colon polyp and colon cancer 
tissues. p < 0.05 was considered 
as significant and denoted as * 
and p < 0.01 was considered as 
highly significant and denoted 
as **

Fig. 3   Median immunohisto-
chemistry scores (IHC profiler) 
with 95% confidence interval 
bars for the expression of IGF-
1Ec peptide in the different 
colonic polyp tissues. Signifi-
cantly higher expression of IGF-
1Ec in high-grade dysplastic 
tubular adenomas compared to 
low-grade dysplastic polyps and 
normal colon tissues. p < 0.01 
was considered as highly sig-
nificant and denoted as **
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Discussion

We used an automated immunohistochemistry quanti-
fication system to investigate overexpression of an IGF 
isoform in colorectal cancer and precursor lesions as a 
potential biomarker of disease. The use of image J IHC 
profiler plugin has been validated by Varghese et al. (2014) 
with the growing popularity of this approach due to the 
objective nature of quantification and the ease and speed 
of performing this process compared to manual approaches 
to quantify immunohistochemistry, such as the H score.

The immunohistochemistry findings suggest that IGF-
1Ec is overexpressed in colon polyps and cancer tissues 
at significantly higher levels than normal colon tissues. 

There appears to be some baseline expression of IGF-1Ec 
in the normal colon tissues as evidenced by significantly 
higher levels than the baseline background readings of 
the negative controls. However, IGF-1Ec expression was 
unchanged for advancing stages of cancer with similar 
levels of expression in patients presenting with metastatic 
disease compared to patients presenting without metastatic 
disease. Interestingly, there appears to be a higher expres-
sion of IGF-1Ec in lymph node-negative disease at pres-
entation compared to lymph node-positive disease. Gener-
ally, lymph node involvement is regarded to be associated 
with an increased risk of recurrent disease and is a ration-
ale for offering postoperative chemotherapy in patients 
with colorectal cancer to reduce this risk (‘Colorectal 
Cancer: Diagnosis and Management|Introduction|Guidan

Fig. 4   Median immunohisto-
chemistry scores (IHC profiler) 
with 95% confidence interval 
bars for primary colon cancer 
tissues with lymph node status. 
A higher level of expression of 
IGF-1Ec in node-negative dis-
ease compared to lymph node 
involvement. p = 0.008

Fig. 5   Median immunohisto-
chemistry scores (IHC profiler) 
with 95% confidence interval 
bars for the expression of IGF-
1Ec peptide in different T stages 
of the primary colon cancer tis-
sues. No significant differences 
for the expression of IGF-1Ec 
identified between the T stages 
p = 0.15
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ce and Guidelines|NICE’ n.d. 2016). However, there is an 
area of uncertainty with stage 2 colorectal cancer (lymph 
node-negative cancers with T stage > 3) where the inci-
dence of recurrent disease in these patients has been dem-
onstrated to be approximately 20–25% within 5 years with 
outcomes for these patients similar to those with stage III 
disease where lymph nodes are involved (Chen and Bil-
chik 2006; Davies et al. 2008). The use of chemotherapy 
in all patients with stage II colorectal cancer has not been 
found to be beneficial, and therefore demonstrates the need 
to identify the subgroup of patients with stage II cancer 
who would benefit from chemotherapy, thereby avoiding 
over- or undertreating patients with adjuvant therapies and 
their associated side effects and complications. Our study 

group had insufficient numbers to investigate the relation-
ship between IGF-1Ec expression in stage II colorectal 
cancer and recurrence but this is an area which would ben-
efit from closer review.

We investigated the expression of IGF-1Ec in colonic 
polyps which are known precursor lesions for colorectal 
cancer. The ‘adenoma–carcinoma’ sequence is an accepted 
concept in the pathogenesis of colorectal cancer, and most 
cancers are thought to arise from polyps. This hypothesis is 
supported by the epidemiological evidence that the preva-
lence of adenomas and carcinomas increases with age, with 
adenomas peaking 5 years prior to carcinomas and the geo-
graphical variations in prevalence of both adenomas and car-
cinomas are very similar (Leslie et al. 2002). In addition, the 

Fig. 6   Median immunohis-
tochemistry scores (IHC 
profiler) with 95% confidence 
interval bars for primary colon 
cancer tissues with and without 
metastatic disease at the time 
of presentation. No difference 
between the two groups identi-
fied. p = 0.53

Fig. 7   Median immunohisto-
chemistry scores (IHC profiler) 
with 95% confidence interval 
bars for IGF-1Ec expression in 
primary colon cancer tissues 
with and without evidence of 
recurrence on follow-up. No dif-
ference between groups p = 0.38
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distributions of adenomas and carcinomas are very similar in 
the colon, and removal of the adenomas is known to reduce 
the long-term incidence of colorectal cancers (Leslie et al. 
2002; Atkin et al. 1992; Winawer et al. 1993). We, there-
fore, looked at the expression of IGF-1Ec in the polyps of 
different grades of dysplasia (low and high dysplasia) and 
compared adenomatous polyps to normal colon tissues. The 
expression of IGF-1Ec was identified to be significantly 
higher in colonic polyps compared to normal colon tissues 
with increased expression with a worsening degree of dys-
plasia. This suggests that IGF-1Ec is involved in the early 
stages of cancer pathogenesis in colon cancer.

Within the limits of this study, IGF-1Ec expression was 
identified to occur at a low level in normal colon tissues 
with significantly higher expression in colonic polyps, par-
ticularly with worsening dysplasia. Significantly higher 
expression of IGF-1Ec was identified in colon cancer com-
pared to normal colon tissues though the former was at 
similar levels to colonic polyps. The potential involvement 
of IGF-1Ec in different cancers has been described in the 
literature. The potential role of IGF-1Ec in prostate cancer 
has been demonstrated by the Department of Experimental 
Physiology at the University of Athens (Savvani et al. 2013; 
Armakolas et al. 2010; 2015; Philippou et al. 2013). Their 
published work spanning over a few years initially reported 
higher IGF-1Ec peptide expression, using immunohisto-
chemistry, in prostate cancer tissues compared to normal 
prostate tissue (Savvani et al. 2013). Subsequent work with 
semi-quantitative PCR demonstrated increased expression 
of IGF-1Ec in prostate cancer and intra-epithelial neoplasia 
(very early stage/in situ cancer) compared to normal pros-
tate tissues and demonstrated a correlation with the level 
of expression of IGF-1Ec peptide with the stage of prostate 
cancer. IGF-1Ec expression in osteosarcomas was confirmed 
in vitro with the cell lines MG-63 and Mhos (Philippou et al. 
2011; Shang et al. 2015). Quantitative PCR, western blotting 
and immunohistochemistry confirmed the over-expression 
of mRNA IGF-1Ec transcripts in the malignant cell lines 
(MG-63) compared to ‘less’ malignant cell lines (Mhos), and 
exogenous administration of a synthetic peptide Ec peptide 
demonstrated significantly increased the proliferation index 
compared to controls with increased migration distances and 
invasion (through an 8 µm pore of polycarbonate membrane) 
in a dose-dependent manner (Shang et al. 2015). Alexand-
raki et al. (2017) reported IGF-1Ec peptide expression in 
neuroendocrine tumours was more prevalent in metastatic 
tumours with higher proliferation indices compared to 
primary neuroendocrine tumours with lower proliferation 
indices.

Further work would include reviewing IGF-1Ec as a 
prognostic factor in stage II colorectal cancer to identify 
if this could help stratify patients who would benefit from 
chemotherapy and overall outcomes. The findings from our 

study suggest that IGF-1Ec is overexpressed in colonic pol-
yps and cancer tissues compared to normal colon tissue. 
Further clarification with larger number of tissue samples 
followed by animal models will be required prior to con-
sidering the potential clinical applications including a role 
as a targeting peptide for drug delivery agents, fluoroscopic 
agents for intraoperative visualization of colonic tumours 
and improving colonoscopic visualization of polyps and 
tumours, thereby reducing missed lesions which have been 
reported as high as 25% (Zhao et al. 2019).
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