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Insulin-like growth factor-1 receptor expression in oral squamous cell carcinoma

Oral yassı hücreli karsinomda insulin benzeri büyüme faktörü-1 ekspresyonu

Boby K. Joseph, Devipriyaa B. Sundaram

Department of Diagnostic Sciences, Faculty of Dentistry, Kuwait University, Kuwait

ÖZET

Amaç: İnsülin benzeri büyüme faktörü-1 reseptörü (IGF-
1R)’ün kanser gelişiminde, proliferasyon ve sağkalımda 
önemli rolleri vardır. IGF-1R aşırı salınımı sıklıkla çeşitli 
tümörlerde gözlenir ve çoğunlukla agresif fenotiple bir-
liktedir. Bu çalışmanın amacı normal ağız içi mukozası, 
fibroepitelyal polipler, displastik ağız mukozası ve iyi dife-
rensiye yassı epitel hücreli karsinom’da IGF-1R ekspres-
yonunu araştırmaktır.
Gereç ve yöntem: IGF-1R ekspresyonunu normal ağız 
içi mukozası, fibroepitelyal polipler, displastik ağız mu-
kozası ve iyi diferensiye yassı epitel hücreli karsinom’da 
araştırmak için üç basamaklı bir streptavidin peroksidaz 
immunohistokimyasal yöntem kullanıldı.
Bulgular: Yassı epitel hücreli karsinomların tümü (15 
hasta) IGF-1R için yoğun immunoreaktivite gösterdi. Orta 
düzeyde immun reaktivite “prickle” hücre lezyonu tabaka-
sıyla birlikte displastik ağız içi lezyonlarda (12 hastadan 
12’sinde) görüldü. Selim lezyonlarda (14 hasta) boyama 
dağılımı daha zayıftı ve yassı epitel hücreli karsinom ve 
displastik lezyonlarla kıyaslandığında, normal ağız muko-
zasında (10 örnek) görülene benzer şekilde idi.
Sonuç: Bulgularımız, ağız içi yassı epitel hücreli karsi-
nom ve oral kanser gelişiminde önemli rolleri olabileceği-
ni telkin eder tarzda, IGF-1R’nin ekspresyonunun arttığını 
göstermektedir.
Anahtar kelimeler: Büyüme faktörleri, insülin-benzer 
büyüme reseptörü, epitelyal displazi, ağız içi yassı epitel 
hücreli karsinom, immunohistokimya

ABSTRACT

Objectives: The Insulin-like growth factor-I receptor 
(IGF-1R) plays critical roles in cancer development, pro-
liferation, motility and survival. IGF-1R over expression is 
frequently found in various tumours and is often associ-
ated with an aggressive phenotype. Hence, the aim of the 
present study was to examine the expression of IGF-1R 
in normal oral mucosa, fibroepithelial polyps, dysplastic 
oral mucosa and well-differentiated squamous cell carci-
nomas.
Materials and methods: A 3-layered streptavidin peroxi-
dase immunohistochemical method was used to detect 
the expression of IGF-1R in normal oral mucosa, fibroepi-
thelial polyps, dysplastic oral mucosa and well-differenti-
ated squamous cell carcinomas.
Results: All squamous cell carcinomas (15 out of 15 
patients) showed intense immunoreactivity for IGF-1R. 
Moderate immunoreactivity was seen in dysplastic oral 
lesions (12 out of 12 lesions) with positive staining in the 
prickle cell layer. The staining distribution in the benign 
lesions (14 out of 14 lesions) was weaker and similar to 
that seen in normal oral mucosa (10 out of 10 samples) 
when compared to squamous cell carcinomas and dys-
plastic lesions.
Conclusions: Our results demonstrate increased IGF-1 
receptor expression in oral squamous cell carcinomas 
which suggests that IGF-1 may have an important role in 
the development of oral cancer. J Clin Exp Invest 2011; 
2 (4): 354-361
Key words: Growth factors, insulin-like growth factor 
receptor, epithelial dysplasia, Oral squamous cell carci-
noma, immunohistochemistry

INTRODUCTION

Oral squamous cell carcinoma is by far the most 
common type of cancer of the oral cavity, repre-
senting more than 90% of all oral cancers. Despite 
numerous advances in diagnosis and treatment of 
oral squamous cell carcinoma (OSCC), the prog-
nosis remains poor. A better understanding of the 

molecular basis of tumour characteristics plays an 
important role in cancer therapeutics. Recently, the 
discovery of a number of subcellular targets in can-
cer cells has led to “molecular targeted cancer ther-
apies”. This targeted approach aids the clinician in 
identifying high-risk lesions for early detection and 
to individualize the management of OSCC patients. 
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Insulin-like growth factor (IGF) signaling axis is one 
such newly emerging target.1

The Insulin-like growth factors are a family of 
mitogenic proteins that control growth, differentia-
tion and the maintenance of differentiated function 
in numerous tissues. The IGF family consists of li-
gands (insulin, IGF-1 and IGF-2), receptors (IGF-
1R, IGF-2R/mannose-6-phosphate and insulin re-
ceptor, IR) and six regulatory IGF-binding proteins 
(IGFBP 1-6). In addition to these “classic” members, 
the IGF system also consists of “non-classic” mem-
bers, which include additional receptors (the insulin-
receptor related receptor and Insulin- IGF1 hybrid 
receptor) and a growing number of IGFBPs-related 
proteins.2

The insulin-like growth factor-1 receptor (IGF-
1R) belongs to the family of transmembrane tyrosine 
kinase receptors (RTK) that is structurally and func-
tionally related to the insulin receptor.3 It is widely 
expressed in normal human tissues except hepa-
tocytes and mature B-cells and is involved in em-
bryonic development and postnatal growth.4 It binds 
primarily to IGF-1, IGF-2 and insulin with lower affin-
ity for the latter two ligands (500- to 1,000-fold less 
potent). IGF-1R activation triggers a cascade of re-
actions involving two signal transduction pathways.5 
Activation of IGF-1R has been reported to stimulate 
proliferation, survival, transformation, metastasis, 
and angiogenesis.6,7

IGF-1R levels are tightly regulated by the con-
certed action of secreted factors (eg. peptide and 
steroid hormones, growth factors and cytokines) 
and cellular factors (eg. transcription factors, on-
cogenes and tumour suppressors) that can either 
stimulate or inhibit IGF-1R biosynthesis (Fig.1). The 
balance between these stimulatory and inhibitory 
factors might ultimately determine the level of ex-
pression.8 There is a growing body of evidence that 
activation of growth factor receptors is a mechanism 
by which tumor suppressor genes and oncogenes 
modulate cellular proliferation and consequently the 
formation and/or growth of tumors.

There is considerable evidence identifying the 
IGF-1R having important roles in promoting car-
cinogenesis by increasing the risk of cellular turn-
over, thereby increasing the susceptibility of cells 
to malignant transformation. Samani et al. have re-
viewed the evidence on the role of the IGF system 
in malignancy.9 Pollak (2000) provided a hypothesis 
concerning the mechanism by which IGF physiol-
ogy influences risk of common epithelial cancers in-
cluding those of breast, prostate, lung and colon.10 
Both preclinical research and clinical investigations 
have implicated the IGF-1R and its ligands (IGF-1 

and IGF-2) in the development and progression of a 
number of human cancers.11,12

Figure 1. Factors influencing IGF-1R expression and its 
effects.

IGF-1R over expression is frequently found in 
a broad range of tumours (breast, colon, lung, ovar-
ian, prostate) and is often associated with an ag-
gressive phenotype. In tumors, such as colorectal, 
cervical, non–small cell lung, gastrointestinal and 
pediatric cancers, the role of IGF-1R is especially 
critical. Selected examples of IGF-1R involvement 
in human cancer have been reviewed by Werner 
and Bruchim in 2009.13

Hellawell et al. detected a significant upregula-
tion of IGF-1R expression level in primary prostate 
cancer cells in comparison to benign prostatic epi-
thelium.14 IGF-1R expression increased during the 
progression of colorectal adenoma to carcinoma.15 
The progression from benign nevi to malignant mel-
anoma was also accompanied by the upregulation 
of IGF-1R expression.16

However, the potential role of IGF in the de-
velopment of oral carcinomas is less clear. Hence, 
the aim of this study was to examine IGF-1 receptor 
expression in normal, benign, dysplastic and malig-
nant lesions of the oral mucosa using immunohis-
tochemistry.

MATERIALS AND METHODS
A retrospective, immunohistochemical study was 
done using the 3-layered streptavidin peroxidase 
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method to detect IGF-1R expression in normal oral 
mucosa, benign fibroepithelial polyps, oral epithelial 
dysplasia and oral squamous cell carcinoma.

Antibody to IGF-1 receptor
Anti-human IGF-I receptor polyclonal antibody which 
was raised in chicken against the alpha-subunit of 
the human IGF-1 receptor was purchased from Up-
state Biotechnology, USA. This antibody does not 
cross-react with IGF-2 receptor, with the insulin re-
ceptor, or with IGF binding proteins.

Tissue specimens
Lesional tissue was available from 15 patients with 
oral squamous cell carcinoma (SCC), 12 patients 
with oral epithelial dysplasia and 14 patients with 
benign fibroepithelial polyps (FEP). All the tissues 
were formalin-fixed, paraffin embedded archival 
material. Hence variations due to differences in fixa-
tion were not controlled. Diagnoses were confirmed 
following re-examination of haematoxylin and eosin 
stained sections. Normal oral mucosa obtained dur-
ing the removal of mandibular third molars from 10 
patients were used for comparison.

Immunohistochemistry
Deparaffinized sections were processed for the de-
tection of IGF-1R by the specific 3-layered strepta-
vidin peroxidase method. Sections were incubated 
with 0.5% (v/v) hydrogen peroxide for ten minutes at 
20°C to block endogenous peroxidase activity. Non-
specific protein binding was eliminated by incuba-
tion with 1% normal horse serum for thirty minutes.

Sections were incubated overnight at 4°C with 
chicken anti-human IGF-1 receptor (Upstate Bio-
technology, New York, USA) followed by incubation 
with donkey anti-chicken biotinylated IgG (Dako 
Corporation, USA) diluted 1:200 in PBS for 1 hour 
at room temperature. Slides were then subjected 
to incubation with streptavidin horseradish peroxi-
dase complex (Amersham, Australia), diluted 1:100 
in PBS for 1 hour at room temperature. Then, the 
slides were treated with 0.05 mg/ml of diaminoben-
zidine in PBS containing 0.05% H2O2 for five min-
utes. Between each step sections were washed two 
times in PBS. All incubations were performed in a 
humidified chamber. Sections were left uncounter-
stained or counterstained in Mayer’s haematoxylin, 
dehydrated and mounted.

Controls included omission of the primary 
antibody(negative control) and sections of rat gas-
tric mucosa (positive control). Level of immunore-

activity was graded as weak (+), moderate(++) and 
intense (+++) by two independent observers.

An interrater reliability analysis using the kappa 
statistic was performed to determine the consisten-
cy among the two observers.

RESULTS

Distribution of IGF-1R expression
The IGF-1R immunoreactivity found in normal, be-
nign, dysplastic and malignant lesions is detailed in 
Table.1. The positivity of the staining was confirmed 
in gastric epithelium where the differential expres-
sion of IGF-1 receptor in the zymogen cells of the 
gastric glands is well characterized.

Table 1. Insulin-Like Growth Factor-1 Receptor expres-
sion in normal, benign, dysplastic and malignant oral epi-
thelium.

Tissue sample Number
 of cases

Level of
 Immunoreactivity

Normal oral mucosa 10 +

Benign oral lesions 14 +

Dysplastic lesions 12 ++

Oral squamous cell
 carcinomas 15 +++

+ weak intensity ++ moderate intensity +++ strong inten-
sity 

IGF-IR localization in normal oral tissue and 
fibroepithelial polyps
IGF-IR was detected in all the normal oral tissue 
(Fig.2) and benign fibroepithelial polyps (Fig.3). The 
distribution of the IGF-1R were purely within the epi-
thelial layer and the staining was consistent through-
out the epithelial layer. All other tissue components 
stained negatively to the immunohistochemical 
stain. The intensity for normal oral tissue and be-
nign epithelium was similar and was weak (+).

IGF-IR localization in dysplastic oral mucosa
In the dysplastic oral lesions, majority of which 
showed severe dysplasia, a positive staining was 
observed in the prickle cell layer (Fig.4). The moder-
ate amount (++) of IGF-1R was seen within the stra-
tum spinosum of the epithelium. The staining was 
almost consistent throughout the epithelium layer; 
the altered nuclear/cytoplasmic ratio could be seen 
clearly due to the stain surrounding the nucleus in 
some of the cells within the epithelium layer.
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Figure 2. Section of normal oral mucosal epithelium 
stained immunohistochemically for insulin-like growth fac-
tor-1 receptor showing weak immunoreactivity throughout 
the epithelium. 10x magnification.

Figure 3. Section of benign fibroepithelial polyp stained 
immunohistochemically for insulin-like growth factor-1 re-
ceptor showing weak immunoreactivity in the epithelium. 
20x magnification.

IGF-IR localization in Squamous cell 
carcinomas
All the SCCs showed intense (+++) immunoreactiv-
ity for IGF-IR. The staining reaction was variable, 
the most intense staining were in the cells at the in-
vading tumour margin and in the cells at the periph-
ery of invading tumour islands (Fig. 5). This stain-
ing pattern showed a marked contrast with adjacent 
non staining connective tissue. The results showed 
that well differentiated SCCs tumour islands were 
staining much stronger and leaves a clear space in 
the middle which represent the keratin pearls (Fig. 

6). The cellular staining characteristics of severe 
dysplasia were also observed in the SCCs, strong 
staining in the cytoplasmic areas surrounding the 
weakly stained nucleus at the invading tumour mar-
gin. 

Incubation of sections with non-immune se-
rum, or after omission of the primary antibody or the 
secondary anti-serum, did not produce immunohis-
tochemical staining (Fig. 7).

The interobserver reliability was found to be 
Kappa=1.0 (p<0.001). There was complete agree-
ment between the observers.

Figure 4. Section of dysplastic epithelium stained immu-
nohistochemically for IGF-1R showing moderate immuno-
reactivity. 40x magnification.

Figure 5. Section of oral squamous cell carcinoma stained 
immunohistochemically for IGF-1R showing intense im-
munoreactivity. 40x magnification.
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Figure 6. Section of oral squamous cell carcinoma stained 
immunohistochemically for IGF-1R showing strong immu-
noreactivity in the periphery of the tumour islands. 20x 
magnification.

Figure 7. Section of normal oral mucosal epithelium 
stained immunohistochemically after omission of primary 
antibody showing absence of immunostaining (negative 
control). 40x magnification.

DISCUSSION

The role of the IGF-1 receptor in normal mam-
malian development is exemplified by the work of 
Efstratiadis and co-workers on mice that carried a 
null mutation for the IGF-I receptor gene.17,18 The 
growth in-utero of these mice is severely inhibited 
and the mice die immediately after birth. Fibroblasts 
derived from these mice (R- cells) cannot grow in 
IGF-1-supplemented serum-free medium whereas 

mouse fibroblasts with functional IGF-1 receptors 
(W cells) are capable of growth.19 In 10% serum, R- 
cells grow, but at a slower rate than the W cells. This 
suggested that IGF-1R is not an absolute require-
ment for growth, although it is required for optimal 
growth.

In addition to its important role in normal growth, 
it is now well established that the IGF system has a 
fundamental role in malignant transformation.20,21,22 
This notion is supported by both clinical and experi-
mental evidence, including the widespread observa-
tion that ligands and receptors are usually overex-
pressed by most primary tumours and transformed 
cell lines.23,24,25

IGF-1R is involved in transformation and prolif-
eration of malignant cells, in prevention of apoptosis 
and in the maintenance of the malignant phenotype 
of tumour cells as well as it has an important func-
tion in tumour cell protection against anti-tumour 
therapy. The transforming function of IGF-1R de-
pends on its mitogenic and anti-apoptotic activities.

The protective effect of activated IGF-1R on 
cell survival mainly depends on the regulation of the 
main elements in the apoptotic cascade. Caspase-3 
plays a key role in the apoptotic process as the 
main effector of enzymatic cleavage. It is controlled 
by certain other proteins, pro-apoptotic Bax and the 
anti-apoptotic Bcl-2.26 IGF-1R is able to indirectly in-
hibit caspase -3 activity by activation of Bcl-2 and 
inhibition of Bax.27

In an in-vivo model, Rescnicoff and co-workers 
have demonstrated that a decrease in the number 
of IGF-1 receptors , achieved using antisense oli-
gomers, resulted in massive apoptosis of tumour 
cells.28 Thus, the activation of IGF-1R may rescue 
cell populations from apoptosis that, in the absence 
of growth factor are tagged for elimination.29 Mitsia-
des et al (2004) demonstrated that IGF-1R is uni-
versally expressed in various hematologic (multiple 
myeloma, lymphoma, leukemia) and solid tumor 
(breast, prostate, lung, colon, thyroid, renal, adrenal 
cancer, retinoblastoma, and sarcoma) cells. They 
also provided in-vivo proof of principle for therapeu-
tic use of selective IGF-1R inhibitors in cancer.30

Growth of cancer cells in culture, that is breast 
cancer cell lines and Wilms’ tumor cells, can be 
inhibited by blocking the action of IGF-I with anti-
bodies to the IGF-I receptor.31,32,33 Furthermore, by 
using antisense IGF-I receptor mRNA strategies, 
investigators have shown reduced mitogenesis in 
a cultured human rhabdomyosarcoma cell line and 
breast cancer cell lines.34,35 In addition, a dominant 
negative mutation involving deletion of most of the 
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ß-subunit of the IGF-I receptor inhibited tumor for-
mation by Rat-1 fibroblasts.36 All of these findings 
are consistent with the hypothesis that functional 
IGF-I receptors are necessary for tumor formation 
and progression.

The IGF system of ligands, receptors and bind-
ing proteins is linked to a number of physiological 
and pathological oral processes. Werner and Katz 
discussed the emerging role of IGFs in oral biology.2 
They are involved in the biology of several periodon-
tal structures and various aspects of salivary gland 
homeostasis. The IGF-1 signaling axis is known 
to have a role in the developmental regulation of 
structures of the oral cavity.37,38 Brady et al. showed 
that IGF-1 protects human oral buccal mucosal cells 
from sodium nitroprusside -induced apoptosis and 
thus provided further evidence to the significance 
of IGF proteins in the possible development of oral 
cancer.39

There have been studies on the implications 
of plasma levels of IGF and IGFBPs in control and 
oral cancer patients. Bhatavdekar et al. found low 
levels of IGF-1 in patients with advanced tongue 
cancer when compared to controls. However, they 
failed to establish a predictive link between IGF 
levels and outcome.40 Brady et al. showed that, in 
contrast to other cancers such as breast, prostate 
and bowel, the serum levels of IGF-1 and IGFBP-3 
were significantly lower in oral cancer patients than 
in controls. However, serum levels of IGFBP-1 and 
IGFBP-2 were elevated.41 Papadimitrakopoulou et 
al. showed that downregulation of IGFBP-3 is a 
highly significant predictor of poor outcome for pa-
tients with tongue cancer.42

Previous studies have described the expres-
sion of various proteins of the IGF system in nor-
mal oral and epithelial tumour cell lines. Brady et 
al. suggested that production of IGF-2 together with 
over-expression of IGF-1R may be important com-
ponents in controlling the proliferation of oral carci-
noma cells.43

In patients with head and neck cancer, high se-
rum levels of IGF-1 and extreme low/ high levels of 
IGFBP 3 predict risk of second primary tumours.44 
Barnes et al. showed that IGF-1R expression is in-
creased in human head and neck cancer and that 
IGF-1R signaling significantly influences prolifera-
tion, motility and tumorigenicity of human head and 
neck cancer cell lines.1

Slomiany et al. demonstrated the potential 
for co-targeting the IGF-system and Epidermal 
Growth Factor Receptor (EGFR) in head and neck 
squamous cell carcinoma.45 Reszec et al (2004) 

evaluated the expression of IGF-1R in primary tu-
mours and lymph node metastases of oral cancers 
by immunohistochemistry. They suggested an as-
sociation between IGF-1R expression in primary 
tumours and metastatic ability.46

Tumour IGF-IR expression may, therefore, has 
profound biological and prognostic significance. 
Control of the IGF-1 receptor number at the cell sur-
face is an important level at which IGF action can be 
regulated. As the number of receptors increases, so 
does the effect that IGF-1 exerts. More IGF-1 recep-
tor activity means increased mitogenic signaling and 
increased likelihood of survival from apoptosis.43

In our study, we have demonstrated the local-
ization of IGF-1R in normal oral tissue, fibroepithe-
lial polyps, oral dysplastic lesion and squamous cell 
carcinoma and have confirmed the positive associa-
tion with cell division process. The difference in dis-
tribution of IGF-1R is observed and malignant oral 
cancer such as SCC was stained much stronger 
than the benign conditions such as dysplasia and fi-
bro epithelial polyp. Previously, Frier et al. observed 
2.5 times higher expression of IGF-1R in malignant 
colon tissue than in normal tissue and Weber et al. 
observed an overexpression of IGF-1R in 91% of all 
colon carcinomas.47,48 More importantly, using im-
munohistochemistry, IGF-1R can be seen in appre-
ciable levels in normal oral tissue, an observation 
which should be considered if IGF-1R is deemed to 
be a potential therapeutic target. Previously, in the 
study by Reszec et al., 32 out of 57 (56.1%) of the 
oral squamous cell cancers showed IGF-1R posi-
tive immunoreaction whereas all 15 cases showed 
intense IGF-1R immunoreactivity in our study.46 
These results indicate that IGF-1R is present most 
concentrated in cell populations of dividing epithe-
lium and followed by the increase in cell division, 
the amount of IGF-1R also increased.

In conclusion, these findings support the con-
cept that IGF-1R is important for growth of normal 
cells and uncontrollable growth in transformation 
and/or tumorigenesis and, as such, could be a pre-
ferred target for therapeutic interventions.
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