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A b s t r ac t
Aim: To evaluate and correlate the epidermal growth factor receptor (EGFR) expression in oral squamous cell carcinomas (OSCC) patients with
metastasis and without metastasis.
Materials and methods: The study comprised of 40 samples, 20 cases of metastatic and 20 nonmetastatic OSCC. All the cases were immunostained
for EGFR antibody. Epidermal growth factor receptor stained sections were evaluated for staining intensity and distribution. The differences
between the groups were statistically analyzed using Chi-square test.
Results: Immunoexpression of EGFR in OSCC was 100% among the study groups, where metastatic group showed an increased positive
expression comparing to nonmetastatic OSCC that show statistically significance among the study groups.
Conclusion: Expression of EGFR can be used as reliable biomarker for prognosis which can be employed in the prediction of the survival of
the patient with OSCC.
Clinical significance: Since we are in the theragnostic era, evaluating and quantifying the expression of EGFR in OSCC patient will definitely
pave a way in targeted drug therapy and personalized medicine for the diseased.
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I n t r o d u c t i o n
Cancer is the end product of an untamed proliferation of cells
resulting from the accretion of sequential genetic alterations
(mutations) in a precursor cell. Oral cancer is one of the major
public health problems faced by Indian subcontinent. It ranks
among the top three cancer types in the country.1 Oral cancer is
a malignant neoplasia which arises on the lip or oral cavity and is
traditionally defined as oral squamous cell carcinoma (OSCC). In
the orofacial region, 90% of cancers histologically arise from the
mucosal squamous cells. It has different levels of differentiation and
a propensity for lymph node metastasis.2 In India, head and neck
squamous cell carcinoma accounts for about 30–40% all cancer
types.3 In last GLOBOCAN 2018, International Agency for Research
on Cancer (IARC) released its latest global cancer data. According to
the India fact sheet of that summit, cancer of the lip and oral cavity
showed a huge increase of 114.2% with 56,000 cases in 2012 that
increased to 119,992 in 2018.4 Genetic mutation and influence of
various carcinogen will alter the tumor micro-environment which
favors increased growth and invasion of cancer.5,6
Metastasis is the spread of malignant cells from a primary to
distant sites through lymphatics or blood vessels.7 Metastasis starts
from detaching the cancer cells from the primary site, spreading in
the tissue, moving away through the extracellular matrix, invading
blood vessels, and settling in the microvasculature, and finally,
extravasation through the vessel wall and proliferating in the
recipient tissue.8
Growth factors and their receptors on cell surface are essential
for the development, growth and homeostasis of multicellular
organisms. Acting through cell surface receptors, growth factors
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are required for cell-cell communications underlying embryonic
tissue induction, fate determination, cell survival, apoptosis,
tissue specialization and cell migration. Growth factor receptors
transduce extracellular signals through the activation of intracellular
messengers or directly through receptor translocation to the
nucleus.9 Among the receptor tyrosine kinases (RTKs), the epidermal
growth factor (EGF) and epidermal growth factor receptor (EGFR),
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EGFR expression in Metastatic and Nonmetastatic OSCC
were the most extensively studied for their role in development,
physiology, and human cancer. In normal tissues, the availability
of EGFR ligands is tightly regulated to ensure that the kinetics
of cell proliferation precisely match the tissues’ requirements
for homeostasis. About 5–50 times more EGFR expression were
appreciated in mutated keratinocytes when compared to normal
ketatinocytes which promoted the tumorigenesis. In tumorigenesis
due to sustained activation of EGFR, or mutation of EGFR itself will
promote increase of cell proliferation. Overexpression of EGFR is
associated with poor clinical outcome which often results in poor
prognosis. This head made EGFR, a new target for therapeutic
intervention in head and neck cancers.10
Epidermal growth factor receptor is a key factor in epithelial
malignancies, and its activity enhances growth, invasion, and
metastasis.11 The present study was aimed to analyze and compare
the immunohistochemical expression of EGFR in metastatic and
nonmetastatic oral squamous carcinoma.

M at e r ia l s

a n d  M e t h o d s

system (DAKO REAL En Vision, Denmark) and then with Mayer’s
hematoxylin. The sections were dehydrated, air dried, cleared and
mounted using dibutylphthalate polystyrene xylene (DPX).

Interpretation of Staining
The antibodies treated slides were observed for positivity under
10×/40× magnifications and recorded with a high-quality
photomicrograph. The positive reaction was indicated by
brown precipitate in the cytoplasm tumor cells. All areas in each
section were examined and analyzed, the intensity which was
predominant in these fields was taken into consideration. The
staining was graded by evaluating the EGFR immunoexpression
in cells as grade I (up to 25% immunoexpression in tumor cells),
grade II (26–50% immunoexpression in tumor cells), grade III
(51–75% immunoexpression in tumor cells), and grade IV (76–100%
immunoexpression in tumor cells). Double blinding was done
among the study groups and two oral pathologists who had a sound
knowledge on IHC were selected as observers for the interpretation
of immunoexpression and to avoid the observer bias.

This immunohistochemical study was conducted in the Department
of Oral Pathology and Oral Microbiology, Vinayaka Mission’s
Sankarachariyar Dental College, Salem, Tamil Nadu, India with the
archived samples that were subjected to histological examination.
The samples were grouped into 20 nonmetastatic oral squamous cell
carcinoma (group I) and 20 metastatic oral squamous cell carcinoma
(group II). The samples were subgrouped into 10 samples of well
differentiated squamous cell carcinoma (group Ia, group IIa) and
10 samples of moderately differentiated squamous cell carcinoma
(group Ib, group IIb). Demographic detail and habitual history
were not taken into consideration in the study. Archived samples
which had the clinical and histological diagnosed as metastatic
and nonmetastatic well and moderately differentiated OSCC
were included in the study. Samples taken from the patient who
underwent chemotherapy or radiotherapy were excluded from the
study. Normal oral epithelium removed along with the tumors tissue
for marginal clearance was selected as positive control. IHC were
performed for all the 40 samples to evaluate the expression of EGFR.
The sections were treated with optimally diluted mouse monoclonal
EGFR (sc-71034, Santa Cruz Biotechnology, U.S.A.) in 1:250 dilutions.
The samples were washed and treated with HRP/DAB detection

Statistical Analysis

Fig. 1: Moderately differentiated metastatic oral squamous cell
carcinoma exhibits epidermal growth factor receptor positivity restricted
to the periphery of the tumor nest (photomicrograph 40×)

Fig. 2: Moderately differentiated metastatic oral squamous cell carcinoma
showing grade IV epidermal growth factor receptor immunoexpression
in the cytoplasm of the tumor cells (photomicrograph 20×)
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Statistical Package for Social Science (SPSS) software version 21,
2019 was used for statistical analysis. The level of significance
(p < 0.05) was employed in all statistical comparisons. Quantitative
data were recorded as mean ± standard deviation. The expressions
were analyzed statistically using Chi-square test.

R e s u lts
Evaluation of IHC results showed positive immunoexpression for
EGFR in all 40 cases (100%). Membranous and cytoplasmic EGFR
immunoexpression was found in all the study samples. In OSCC
specimens the EGFR immunoexpression was found in all the
layers of epithelium. In tumor nests, EGFR positive cells were often
restricted to the periphery (Figs 1 and 2).
The results revealed grade II immunoexpression in 60%, grade
III in 30% and grade IV in 10% of metastatic well differentiated
OSCC samples (Fig. 3). None of the sample showed grade I
immunoexpression. Grade III immunoexpress ion in 30%, grade
IV in 70% were seen in metastatic moderately differentiated
OSCC samples. Among nonmetastatic well differentiated OSCC
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Fig. 3: Well-differentiated nonmetastatic oral squamous cell carcinoma
showing grade IV epidermal growth factor receptor immunoexpression
in the cytoplasm of the tumor cells (photomicrograph 20×)
Table 1: Distribution of epidermal growth factor receptor immunoexpression among metastatic oral squamous cell carcinoma (OSCC)
Grade (%)
5–25
26–50
51–75
>75
Total

Metastatic welldifferentiated OSCC
0
6
3
1
10

Metastatic moderately
differentiated OSCC
0
0
3
7
10

samples, grade I immunoexpress ion was seen in 40% and grade
II was seen in 60% (Table 1) and grade II in 70% and grade III in
30% of the moderately differentiated OSCC (Fig. 4) (Table 2).
Metastatic Moderately differentiated OSCC were more sensitive
in immunoexpress ion of EGFR in comparison to metastatic
well differentiated OSCC (Table 3). Nonmetastatic moderately
differentiated OSCC shows more sensitive immunoexpress ion than
nonmetastatic well differentiated OSCC (Table 4). Metastatic OSCC
samples showed increased EGFR immunoexpress ion because,
grade IV was observed only in Metastatic well differentiated
OSCC (Table 5) and metastatic moderately differentiated OSCC
(Table 6). In positive control, EGFR immunoexpress ion was seen
only in basal layer (Fig. 5).

D i s c u s s i o n
Carcinogenesis is a multistep process which includes initiation,
promotion, progression and metastasis. Multiple genetic events
can occur during the process that alter the normal function of
oncogenes and tumor suppressor genes. Cancer related genes
must be considered in the context of ten fundamental changes:
•
•
•
•
•
•
•
•

Self-sufficiency in growth signals.
Insensitivity to anti-growth signals.
Evading programmed cell death.
Limitless replicative potential.
Sustained angiogenesis.
Tissue invasion and metastasis.
Chronic Inflammation.
Reprogramming of energy metabolism.

Fig. 4: Moderately differentiated nonmetastatic oral squamous
cell carcinoma showing grade IV epidermal growth factor receptor
immunoexpression in the cytoplasm of the tumor cells (photomicrograph
20×)
Table 2: Distribution of epidermal growth factor receptor
immunoexpression among nonmetastatic oral squamous cell carcinoma
(OSCC)
Grade (%)
5–25
26–50
51–75
>75
Total

•
•

Nonmetastatic welldifferentiated OSCC
6
4
0
0
10

Nonmetastatic moderately
differentiated OSCC
0
7
3
0
10

Genomic instability and mutation.
Evading the immune destruction.

Any normal cells require stimulation on the basis of signals to
undergo growth, differentiation and proliferation which was carried
by growth factors. Epidermal growth factor receptor plays an
important role in the proliferation and survival in mammalian cells
morphogenesis and differentiation of many organs. Epidermal
growth factor receptor has been reported to be expressed in a
variety of human tumors, especially tumors of epithelial origin;
over expression of EGFR has been documented in 80% of SCC.
Epidermal growth factor receptor enhances tumor growth, invasion,
and metastasis resistance to chemotherapy and poor prognosis.12,13
Throughout the literature, studies have been reported the
expression of EGFR in majority of head and neck cancer, including
oral cancer.14 Since most of the oral cancers belongs to epithelial
origin, they have high chances of expressing EGFR.
A well-controlled cellular differentiation and proliferation
is necessary for the development and maintenance of normal
epithelia or any other tissue. Deregulation of EGFR activity has
been correlated to a malignant evolution of cells. Increased EGFR
expression was found in different types of human tumors and often
correlates with the enhanced cellular proliferation and invasion.
oral squamous cell carcinomas are epithelial malignancy with high
EGFR expression, showed an uncontrolled growth.15
Our study showed variable EGFR immunoexpression in
different grades of metastatic and nonmetastatic carcinomas.
Immunoexpression and intensity scores of EGFR in well and
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Table 3: Metastatic well-differentiated oral squamous cell carcinoma vs metastatic moderately differentiated oral squamous cell carcinoma (OSCC)
Groups
Metastatic well-differentiated OSCC
Metastatic moderately differentiated OSCC

Grade I
0
0

Grade II
6
0

Grade III
3
3

Grade IV
1
7

Chi-square value
10.500

p value
0.005*

*Level of significance (p < 0.05)

Table 4: Nonmetastatic well differentiated oral squamous cell carcinoma vs nonmetastatic moderately differentiated oral squamous cell carcinoma (OSCC)
Groups
Nonmetastatic well-differentiated OSCC
Nonmetastatic moderately differentiated
OSCC

Grade I
4
0

Grade II
6
7

Grade III
0
3

Grade IV
0
0

Chi-square value
7.077

p value
0.029*

Grade IV
1
0

Chi-square value
8.000

p value
0.046*

Chi-square value
14.000

p value
0.001*

*Level of significance (p < 0.05)

Table 5: Metastatic vs nonmetastatic well differentiated oral squamous cell carcinoma (OSCC)
Groups
Metastatic well-differentiated OSCC
Nonmetastatic well-differentiated OSCC

Grade I
0
4

Grade II
6
6

Grade III
3
0

*Level of significance (p < 0.05)

Table 6: Metastatic vs nonmetastatic moderately differentiated oral squamous cell carcinoma (OSCC)
Groups
Metastatic moderately differentiated OSCC
Nonmetastatic moderately differentiated
OSCC

Grade I
0
0

Grade II
0
7

Grade III
3
3

Grade IV
7
0

*Level of significance (p < 0.05)

Fig. 5: Control samples shows epidermal growth factor receptor positive
in basal cells (photomicrograph 20×)

moderately differentiated OSSCs displayed pathological feature
more towards aggressive which may be attributable to the
activation of different signalling pathways that control diverse
biological process.
In a previous study, Her2/neu, a proto-oncogene with sequence
homology to EGFR was studied among normal oral mucosa,
oral precancerous lesions of epithelial dysplasia, and OSCC.
Negative Her2/neu immunoexpression was found in normal oral
mucosa, 25% immunoexpression in epithelial dysplasia and 40%
immunoexpression in OSCC. It also states that there is a significant
difference in normal oral mucosa and OSCCs group.16 In a study
conducted by Hiraishi et al., positive EGFR immunoexpression
438

was found in 92.3% of the OSCC study samples and intense
immunoexpression was found in 63.4% of the OSCC study samples.
All the samples were staged and graded with TNM and S-LI grading
system. However statistically significant correlation was identified
between high EGFR expression and the pathological factor tumor
invasion. No other study attempted the EGFR immunoexpression
comparison among metastatic and nonmetastatic OSCCs.17
Intracellular signalling pathways cascade will be initiated
by dimerization of EGFR when it ligands with epidermal growth
factor (EGF) and transforming growth factor α (TGF-α). This
ligand has a major downstream signalling route is via the RasRaf-MAPK. Activation of Ras initiates a multistep phosphorylation
cascade that leads to the activation of MAPKs, ERK1 and ERK2,
which ultimately regulate transcription of molecules involved in
cell proliferation. Another important target in EGFR signalling is
phosphatidylinositol 3-kinase (P13K) and the downstream proteinserine/threonine kinase Akt. This later protein kinase transduces
molecular signals triggering crucial steps for cell growth and
survival. The demonstration that EGFR results abnormally expressed
or upregulated in 50–80% of all cases of malignant tumors brought
to the active development of anti-EGFR treatment strategies for
these patients, including monoclonal antibodies, which target the
extracellular domain of the EGFR and small molecules (tyrosine
kinase inhibitors, (TKIs)), which target the tyrosine kinase domain
of the receptor.18 The deregulation of EGFR molecule results in
the net effect of TGF-β signalling accompanied by a concomitant
EMT-associated gene switch of tumor cells, as well as gaining of a
migratory mesenchymal phenotype.19,20 TGFα-EGFR signalling in
colon cancer cells creates a microenvironment that is favorable
for metastasis, providing a justification for efforts to inhibit EGFR
signalling in TGFα-positive cancers. These EGFR aberrations
deregulate downstream pro-oncogenic signalling pathways,
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including the RAS-RAF-MEK-ERK MAPK and AKT-PI3K-mTOR
pathways. These pathways then activate many biological outputs
that are beneficial to cancer cell proliferation, including their
initiation to metastatic progression.11,21
The purpose of this study is to understand the role of EGFR
expression in metastatic and nonmetastatic OSCCs. Epidermal
growth factor receptor expression in OSCCs was twice as high
comparing with normal oral mucosa and the grade of expression
varies among the different grades of OSCC. These finding supports
the stages of tumorigenesis and further increased in changes from
normal to metastatic and nonmetastatic OSCCs and also support
concept of multistep oncogenic activation among the tumors of
head and neck region.

L imi tat i o n s
The study is restricted with specimens from buccal mucosa and
was carried only in a selected population. Larger sample size
from a wide population group is required to validate the results
obtained in the study and also to confirm EGRF expression in OSCC
patients.

C o n c lu s i o n
Epidermal growth factor receptor expression suggests the poor
prognostic outcome of the disease. Multiple therapeutic options
targeting the EGFR molecular pathway have been proposed for the
positive prognostic outcome of the diseased. EGFR might be useful
for assessing the risk of tumor development and progression. It
could be used as a potential biomarker for intermediate end points
in chemoprevention trails in the near future.

C l i n i c a l  S i g n i f i c a n c e
All around the world, so many researches were working hard to
bring down the morbidity and mortality rate of oral cancer victims.
Being a chronic multifactorial disease, whose genesis occurs at a
variable rate due to deregulation of various gene, the satisfactory
treatment is still unravelled. Since we are in the theragnostic era,
evaluating and quantifying the expression of EGFR in OSCC patient
will definitely pave a significant part in targeted drug therapy and
personalized medicine for the diseased.
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