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RETROSPECTIVE STUDY
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Abstract
AIM: To explore the potential correlation between in-
sulin-like growth factor receptor-1 (IGF-1R) expression 
and rectal cancer radiosensitivity.

METHODS: Eighty-seven rectal cancer patients (cTNM Ⅰ-
Ⅲ) treated in our department between January 2011 
and December 2012 were enrolled. All subjects were 
treated with preoperative radiotherapy and radical re-
section of rectal carcinoma. Immunohistochemistry and 
reverse transcription polymerase chain reaction (RT-PCR) 
were performed to detect IGF-1R expression in pre-treat-
ment and postoperative colorectal cancer specimens. 
Radiosensitivity for rectal cancer specimens was evalu-

ated by observing rectal carcinoma mass regression 
combined with fibrosis on HE staining, degree of necro-
sis and quantity of remaining tumor cells. The relative 
IGF-1R expression was evaluated for association with 
tumor radiosensitivity.

RESULTS: Immunohistochemistry showed diffuse IGF-
1R staining on rectal cancer cells with various degrees 
of signal density. IGF-1R expression was significantly 
correlated with cTNM staging (P  = 0.012) while no sig-
nificant association was observed with age, sex, tumor 
size and degree of differentiation (P  = 0.424, 0.969, 
0.604, 0.642). According to the Rectal Cancer Regres-
sion Grades (RCRG), there were 31 cases of RCRG1 
(radiation sensitive), 28 cases of RCRG2 and 28 cases 
of RCRG3 (radiation resistance) in 87 rectal cancer sub-
jects. IGF-1R protein hyper-expression was significantly 
correlated with a poor response to radiotherapy (P  < 
0.001, r  = 0.401). RT-PCR results from pre-radiation bi-
opsy specimens also showed that IGF-1R mRNA nega-
tive group exhibited a higher radiation sensitivity (P  
< 0.001, r  = 0.497). Compared with the pre-radiation 
biopsy specimens, the paired post-operative specimens 
showed a significantly increased IGF-1R protein and 
mRNA expression in the residual cancer cells (P  < 0.001, 
respectively).

CONCLUSION: IGF-1R expression level may serve as 
a predictive biomarker for radiosensitivity of rectal can-
cer before preoperative radiotherapy.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: This was the first report examining the rela-



tion between insulin-like growth factor receptor-1 (IGF-
1R) expression and radiosensitivity in rectal cancer. 
Results showed that IGF-1R hyperexpression is signifi-
cantly associated with poor response to radiotherapy. 
Compared with the pre-radiation biopsy specimens, the 
paired post-operative specimens showed a significantly 
increased IGF-1R expression in the residual cancer 
cells.
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INTRODUCTION
Radiotherapy stands as one of  the major supplementary 
treatments for rectal carcinoma. Preoperative radiother-
apy effectively eliminates the peri-tumor subclinical loci, 
shrinks the tumor size, lowers the stage, maximizes the 
chance of  anus reservation, decreases local recurrence 
and maximizes the survival rate[1-3]. However, not all rec-
tal tumors respond well to radiation. Radiotherapy resis-
tance stands as a major challenge in real world practice[4]. 
Prediction of  sensitivity to radiotherapy is therefore of  
clinical significance in select­ing patients suitable for pre-
operative treatment. 

Conditions with increased insulin-like growth factor-1 
(IGF-1) levels, such as acromegaly, are associated with 
an increased risk of  malignancy, especially in colorectal 
cancer[5,6]. The expression of  IGF-1 and IGF receptor-1 
(IGF-1R) is also found in the majority of  colorectal 
carcinoma specimens[7], which implies that IGF-1/IGF-
1R may play an important role in the pathogenesis of  
colorectal carcinoma. Studies on IGF/IGF-1R signal-
ing revealed that the binding of  IGF-1 to its receptor 
activates a series of  signal transduction events related to 
DNA damage repair, which is considered part of  the ra-
diation protection mechanism[8]. Based on these prelimi-
nary data, the current study sought to examine the rela-
tive expression of  IGF-1R in biopsies collected before 
and after radiotherapy, which may provide exploratory 
evidence on the relationship between IGF-1R expression 
and sensitivity to radiotherapy. 

MATERIALS AND METHODS
Subjects and patient information
Eighty-seven rectal cancer patients (cTNM Ⅰ-Ⅲ) treated 
in our department between January 2011 and Decem-
ber 2012 were enrolled. All subjects were treated with 
preoperative radiotherapy and radical resection of  rectal 
carcinoma. Biopsies before radiotherapy were obtained 
via rectoscopy while biopsies after radiotherapy were col-

lected during surgery. Chest X-ray, computed tomogra-
phy (CT) and ultrasound examinations were performed 
to rule out metastases to lung, liver and peri-aortic lymph 
nodes. Varian 23EX linear accelerator was used for pre-
operative radiotherapy. Intensity-modulated radiation 
therapy (total dosage 50 Gy, 2 Gy/time, 25 times during a 
5 wk period) were used for the treatment. Surgical opera-
tions were performed 4-6 wk after radiotherapy.

Immunohistochemistry
Reagents: Mouse anti-human IGF-1R monoclonal anti-
body was purchased from Novocastra (United Kingdom). 
Methodology: Tissue specimens were formalin-fixed, par-
affin-embedded and consecutively sliced into 4-μm thick 
sections for immunohistochemistry. The sections were 
prepared with classic citric acid-SP immunohistochem-
istry methodology. The slides were routinely de-waxed 
and dehydrated followed by antigen repair under high 
temperature and high pressure (0.01 mmol/L citric acid 
buffer, 121 ℃, 2 min). Routine immunohistochemistry 
staining was performed thereafter as follows: DAB color 
development, haematoxylin nucleus re-staining, ethanol 
gradient dehydration, transparentizing with dimethylben-
zene and resin mounting. Results: IGF-1R staining shows 
yellow, yellowish brown or brown signal in cytoplasm. By 
analyzing the signal strength, non-staining is considered 
negative (score 0), yellow: weak positive (score 1), yellow-
ish brown: medium positive (score 2) and dark brown is 
considered strong positive (score 3). Also, results are cat-
egorized by positive cell percentage as follows: 0% (score 
0), 1%-10% (score 1), 10%-50% (score 2), 50%-100% 
(score 3). Final result is defined as the product of  two 
independent scores. Score 0 is considered negative, score 
1-3 is defined as +, score 4-6 is defined as ++, score 9 is 
defined +++, respectively. Five typical resolution fields 
were selected from each slide and total cell count is no 
less than 1000.

Evaluation of sensitivity to radiotherapy
Preoperative sensitivity for rectal cancer specimens was 
evaluated by observing rectal carcinoma mass regression 
combined with observation of  fibrosis in HE staining, 
degree of  necrosis and quantity of  remaining tumor 
cells. According to the Rectal Cancer Regression Grades 
(RCRG) proposed by Wheeler et al[9], RCRG 1: Steriliza-
tion or only microscopic foci of  adenocarcinoma remain-
ing, with marked fibrosis; 2: Marked fibrosis but presen-
tation of  macroscopic disease; 3: Little or no fibrosis with 
abundant macroscopic disease. The RCRG was assessed 
by two pathologists who were completely blinded to this 
study.

Reverse transcription polymerase chain reaction 
analysis
Reagents: Tissue RNA extraction kit and reverse tran-
scription polymerase chain reaction (RT-PCR) kit were 
purchased from Promega (United States). IGF-1R primer 
sequence: Forward: 5’-TCT TCA AGT GCG GCT CCC 
T-3’, Reverse: 5’-TCA CGC TCT GCT TCA CCA C-3’. 
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Beta-actin primer sequence: Forward 5’-CTT CCT GGG 
CAT GGA GTC-3’, Reverse 5’-GCC GAT CCA CAC 
GGA GTA-3’. All necrotic specimens were removed 
and no less than 90% tumor cell was confirmed with 
pathology before RT-PCR analysis. Fresh frozen tissue 
(10 mg) was pulverized and total RNA was extracted fol-
lowing the manufacturer’s instructions. RNA quality was 
confirmed with A260/280 ratio between 1.8-2.0 with an ul-
traviolet spectrophotometer. One step RT-PCR reaction 
(50 μL) was used for the current study. Reaction settings 
were as follows: 50 ℃ 30 min for reverse transcription, 
95 ℃ 2 min followed by 95 ℃ denaturing for 50 s, 58 ℃ 
annealing for 30 s and 72 ℃ extension for 40 s. Twenty-
eight cycles of  reaction were performed before a final 
step of  extension (72 ℃) for 7 min. PCR products were 
separated with electrophoresis and analyzed with a Scion 
imaging analysis system. Relative IGF-1R expression was 
normalized by beta-actin internal control. Triplicates were 
used in the analysis and final results were calculated as the 
mean value of  triplicates.

Statistical analysis
SPSS 10.0 software was used for statistical analysis. χ 2 
analysis was used for ratio comparison and Spearman test 

was used in correlation analysis. P < 0.05 was considered 
a statistically significant difference.

RESULTS
IGF-1R protein and mRNA expression in rectal 
carcinoma specimen
Immunohistochemistry showed diffuse IGF-1R staining 
on rectal cancer cells with various degrees of  signal den-
sity (Figures 1 and 2). With 1:120 antibody concentration, 
very rare positive staining was observed in surrounding 
stromal cells. There was strong IGF-1R expression (++ 
to +++ in 54 out of  87 subjects) in rectal carcinoma 
specimens before radiotherapy. IGF-1R expression is 
significantly correlated with cTNM staging (P = 0.012) 
while no significant association was observed with age, 
sex, tumor size and degree of  differentiation (P = 0.424, 
0.969, 0.604, 0.642 respectively, Table 1)

Compared with preoperative biopsy specimens, the 
remaining tumor cells in the corresponding 83 surgical 
specimens obtained after radiotherapy showed stronger 
IGF-1R expression (P < 0.001, Figure 3). Four subjects 
had no remaining tumor cells after radiotherapy. Most 
of  the specimens that underwent radiotherapy showed 
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Figure 1  Insulin-like growth factor receptor-1 immunostaining of rectal cancer (× 200) and histopathological response to radiation (× 100) (a radiosensitivi-
tive sample). Negative cytoplasmic immunostaining of rectal cancer cells was seen on the pre-radiation biopsy specimen (left panel); correspondingly, good histo-
pathological response to radiation therapy was seen on the post-operative sample (right panel): most of the entire lesion was replaced by fibrosis and necrosis, relic 
tumor glandular tubes and calcifications were seen.

Figure 2  Insulin-like growth factor receptor-1 immunostaining of rectal cancer (× 200) and histopathological response to radiation (× 100) (a radioresistant 
sample). Strong cytoplasmic immunostaining of rectal cancer cells was seen on the pre-radiation biopsy specimen (left panel), correspondingly, poor histopathological 
response to radiation therapy was seen on the post-operative sample (right panel): most of the tumor remained, and little fibrosis was seen among the tumor cells.
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es showed RCRG1 reactions and 2 cases showed RCRG2 
reactions, with noRCRG3 reactions. Typical cases were 
shown in Figures 1 and 2.

DISCUSSION
The outcome of  rectal cancer radiotherapy varies dramat-
ically in different patients. The sensitivity to radiotherapy 
remains a major concern for clinicians. It has been docu-
mented that radiation-mediated clonogenic cell death in 
solid tumors stands as the major underlying mechanism 
by which radiation exerts its therapeutic benefits[10,11]. 
With the advancement of  research on cell cycle regula-
tion apoptosis and DNA repair, scientists endeavored to 
identify molecular biomarkers for radiotherapy sensitivity. 
Data showed that mutations of  anti-tumor gene p53, ex-
pression of  Ku-70 (an important DNA protease involved 
in DNA damage repair), expression of  cell proliferation 
marker Ki-67, and up-regulation of  PCNA are all consid-
ered to be negatively associated with sensitivity to radio-
therapy[12,13]. Even though there is a rapid accumulation 
of  related literature, the significance of  those molecular 
biomarkers in clinical contexts remains controversial, 
which warrants further investigations on by-path bio-
markers for radiotherapy sensitivity[14,15].

This is the first report examining the relation between 
IGF-1R expression and tumor radiosensitivity in rectal 
cancer. Results showed that IGF-1R hyperexpression 
is associated with a poor response to radiotherapy. In 
contrast, all 10 subjects with negative IGF-1R expres-
sion showed a good response to radiotherapy (8 cases of  
RCRG1 and 2 cases of  RCRG2). The potential underly-
ing mechanism may involve a previous report in which 
Héron-Milhavet et al[16] reported that the binding of  IGF 
to IGF-1R could ameliorate radiation-induced cell damage 
in an IGF-1R positive mouse fibroblast NIH-3T3 cell line. 
This mechanism at least partially involves activation of  
MDM2/p53/p21 mediated DNA damage repair signal-
ing machinery. As a matter of  fact, IGF-IGF-1R binding 
activates DNA damage repair signaling cascades which 
include PI3K, MAPK and 14-3-3 protein etc.[17]. Part of  
these signaling molecules activates DNA damage repair 
genes, including GADD45 and APEN, which facilitates 
DNA repair in those scenarios and is considered to be in-
volved in the therapeutic effect of  radiation[18]. Recently, 
IGF-1R has been also associated with new partners, such 
as major vault proteins, BCL-2, BAX, or Ku70/80, relat-
ed to regulation of  apoptosis, and nonhomologous end-
joining DNA repair[19-22]. Thus we propose that the higher 
protein and mRNA expression of  IGF-1R may indicate 
the stronger DNA damage repair and anti-apoptosis 
capability, which means more surviving tumor cells and 
radiotherapy resistance.

In addition, there was a significant up-regulation 
of  IGF-1R protein and mRNA in remaining rectal ad-
enocarcinoma cells after radiotherapy compared to that 
before radiotherapy. One potential explanation for this 
observation indicates that IGF-1R hyperexpressed part of  
tumor may be the part with better tolerance to radiation, 

strong IGF-1R expression (+++, 47/83, 56.6% or ++ 
19/83, 22.9%). There were another 13 subjects with nega-
tive IGF-1R expression before radiotherapy who showed 
IGF-1R protein expression afterwards.

The product of  RT-PCR is a 427 bp fragment. Sev-
enty-seven out of  87 rectal carcinoma specimens from 
patients who underwent radiotherapy showed IGF-1R 
mRNA expression, which is consistent with immunohis-
tochemistry data (P > 0.05). Part of  the surgical speci-
men, especially those with a Stage 1 reaction to radio-
therapy, did not meet the standards for RT-PCR analysis 
due to fibrosis and necrosis in most of  the tumor tissues. 
Fifty-eight subjects met the standards for RT-PCR (tumor 
cell > 90%). Compared with the corresponding speci-
mens that underwent radiotherapy, IGF-1R mRNA ex-
pression was robustly up-regulated (Figure 4), which was 
consistent with IGF-1R protein expression as shown in 
immunohistochemistry results.

Tumor radiosensitivity
In 87 rectal cancer subjects, there were 31 cases of  RCRG1, 
28 cases of  RCRG2 and 28 cases of  RCRG3. In 4 RCRG1 
cases, rectal tumor cells were completely eliminated as man-
ifested by reactive fibrosis, necrosis and calcification after 
radiotherapy on HE slides.

Correlation between IGF-1R expression and sensitivity 
to radiotherapy
The association between IGF-1R expression in rectal 
carcinoma specimens before radiotherapy and sensitivity 
to radiotherapy is summarized in Table 2. Subjects with 
low IGF-1R protein expression (0-+) in immunohisto-
chemistry showed improved sensitivity to radiotherapy (P 
< 0.001, r = 0.401). RT-PCR data revealed that subjects 
with negative IGF-1R mRNA expression showed higher 
sensitivity to radiotherapy (P < 0.001, r = 0.497). Out of  
10 cases with negative IGF-1R before radiotherapy, 8 cas-
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Table 1  Correlation between immunohistochemistry insulin-
like growth factor receptor-1 expression on pre-radiation 
biopsy specimens and clinico-pathological parameters

Clinico-pathological 
parameters 

Cases IGF-1R P value

0-+ ++-+++

Age
   < 55 43 14 29
   ≥ 55 44 19 25 0.424
Gender
   Male 49 18 31
   Female 38 15 23 0.969
Stage
   Ⅰ-Ⅱ 47 24 23
   Ⅲ 40   9 31  0.012a

Differentiation
   Well, moderately 51 21 30
   Poorly 36 12 24 0.604
Size (cm) 
   < 4 46 19 27
   ≥ 4 41 14 27 0.642

aP < 0.05 vs stages Ⅰ-Ⅱ. IGF-1R: Insulin-like growth factor receptor-1.
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which culminates in better survival after radiotherapy. An 
alternative explanation suggests that this phenomenon 
may represent a self-protection reaction to radiotherapy. 
By reactive up-regulation of  IGF-1R expression, there is 
an increase of  DNA damage repair in tumor cells which 
warrants stronger protection to radiation. Therefore, tu-
mor cells lack of  reactive feedback will be eliminated by 
radiation. This is probably why remaining rectal adenocar-
cinoma cells, though very few in number, showed strong 

expression of  IGF-1R after radiotherapy. Given that this 
reactive IGF-1R upregulation does exist in pathophysi-
ological condition, blockage of  IGF/IGR-1R signal trans-
duction may enhance rectal cancer sensitivity to radiation. 
As a hot target for specific tumor treatment, monoclonal 
antibodies to IGF-1R and small molecule kinase inhibi-
tors have entered the clinical trial stage of  development[23] 
Thus a discussion of  regulation of  this pathway combined 
with radiotherapy stands as an important question for 
clinical practice.

In general, our results show that IGF-1R may serve as 
a novel radiotherapy sensitivity indicator for rectal cancer 
patients. IGF-1R hyperexpression in rectal cancer may 
indicate a better tolerance to preoperative radiotherapy. 
Further investigations may be directed to address the fol-
lowing questions: (1) the protective effect of  IGF-1 in ra-
diotherapy should be confirmed in colorectal cancer cells 
in vitro; and (2) how IGF-1/IGF-1R signal transduction 
regulates feedback to radiotherapy mediated cell stress.

COMMENTS
Background
Conditions with increased insulin-like growth factor-1 (IGF-1) levels, such as 
acromegaly, are associated with an increased risk of malignancy, especially in 
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Figure 3  Insulin-like growth factor receptor-1 immunostaining in the post-radiation rectal specimens. Regardless of radiosensitivity, strong cytoplasmic immu-
nostaining (left panel) was often seen in the post-radiation remaining cancer cells, fibrosis was seen around the remaining tumor glandular tubes (right panel).
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Figure 4  Insulin-like growth factor receptor-1 mRNA expression by reverse transcription polymerase chain reaction in the paired pre-radiation and post-
radiation samples. bP < 0.01 vs the paired pre-radiation specimens, the post-operative specimens showed a significantly increased insulin-like growth factor recep-
tor-1 (IGF-1R) mRNA expression. M: Marker; 1-4a: Pre-radiation samples; 1-4b: Post-radiation samples.

Table 2  Relationship between insulin-like growth factor 
receptor-1 expression on pre-radiation biopsy specimens and 
tumor radiosensitivity in rectal carcinoma

IGF-1R expression Cases RCRG P value r

1 2 3

IHC
   0-+ 33 18   9   6
   ++-+++ 54 13 19 22 < 0.001 0.401
RT-PCR
   - 10   8   2   0
   + 77 23 26 28 < 0.001 0.497

RCRG: Rectal Cancer Regression Grades; IHC: Immunohistochemistry; 
RT-PCR: Reverse transcription-polymerase chain reaction; IGF-1R: Insulin-
like growth factor receptor-1. 

 COMMENTS

Wu XY et al . IGF-1R expression and rectal cancer radiosensitivity



colorectal cancer. This implies that IGF-1/insulin-like growth factor receptor-1 
(IGF-1R) may play an important role in the pathogenesis of colorectal carci-
noma. Studies on IGF/IGF-1R signaling revealed that the binding of IGF-1 to its 
receptor activates a series of signal transduction events related to DNA damage 
repair, which is considered part of the radiation protection mechanism. Based 
on these preliminary data, the current study sought to examine the relative 
expression of IGF-1R in biopsies collected before and after radiotherapy, which 
may provide exploratory evidence on the relationship between IGF-1R expres-
sion and sensitivity to radiotherapy.
Research frontiers
The outcome of rectal cancer radiotherapy varies dramatically in different 
patients. The sensitivity to radiotherapy remains as a major concern for clini-
cians. Even though there is a rapid increase in related literature, the signifi-
cance of those molecular biomarkers in clinical contexts remains controversial, 
which warrants further investigations on by-path biomarkers for radiotherapy 
sensitivity.
Innovations and breakthroughs
This is the first report examining the relation between IGF-1R expression and 
tumor radiosensitivity in rectal cancer. Results showed that IGF-1R hyperex-
pression is associated with poor response to radiotherapy. In addition, there 
was a significant up-regulation of IGF-1R protein and mRNA in remaining rectal 
adenocarcinoma cells after radiotherapy compared to that before radiotherapy. 
Based on the DNA repair theory, authors could partially interpret our data: the 
higher protein and mRNA expression of IGF-1R may indicate the stronger DNA 
damage repair and anti-apoptosis capability, which means more surviving tumor 
cells and radiotherapy resistance. But blockage of IGF/IGR-1R signal transduc-
tion may enhance rectal cancer sensitivity to radiation.
Applications
As a hot target for specific tumor treatment, monoclonal antibodies to IGF-
1R and small molecule kinase inhibitors have entered the clinical trial stage of 
development. Thus a discussion of regulation of this pathway combined with 
radiotherapy stands as an important question for clinical practice. This article 
can stand as part of the theoretical basis.
Peer review
Authors investigated the relationship between insulin-like growth factor-1 ex-
pression and preoperative response of radiotherapy in rectal cancers. They 
showed IGF-1R overexpression was significantly correlated with a poor re-
sponse to radiotherapy, from the results of immunohistochemistry and reverse 
transcription-polymerase chain reaction. The results look informative to the 
gastroenterologists.
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