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Abstract
Abstract:
Background: Head and neck Tumour (HNT) are tumour of the paranasal sinuses, the salivary
glands and the upper aero¬digestive tract. EGF can stimulate cell proliferation, cell differentiation, cell
growth, migration, and inhibit apoptosis. The aim of this study was to investigate the expression of EGFR
in head and neck tumour.
Method: EGFR expression was analyzed using quantitative real-time PCR (qRT-
PCR) and immunohistochemical staining on tissue samples from a consecutive series of 150 head and
neck tumour patients who underwent tumor resections between 2014 and 2018.
Results: The relationship
between EGFR expressions, clinicopathological factors, was investigated. qRT-PCR results showed that
the EGFR expression was high in tumor tissue samples than in the normal head and neck tissues. High
and low EGFR was compared with ages ≤40,>40 in the head and neck cancer of p- value 0.03. There was
a significant difference between the histological differentiation of the malignant tumour with p values of
0.001, when well, moderate and poor was compared. There was a significant difference (p-value 0.012)
between the I-II and III-IV tumour stages when the high level and low expression of EGFR were compared.
Conclusion: Our data suggest that EGFR plays an important role in head and neck tumour progression
and that its expression will provide baseline data to facilitate identification of new molecular targeting
therapeutics.
Keywords: EGFR, Head and neck tumour, Clinicopathological factors.

Background
Head and neck tumours (HNT) are tumours that originate from the oral cavity, pharynx and larynx. It is
one of the most common tumours with 599,000 patients diagnosed worldwide in 2012 and 325,000
deaths [1].

Epidermal growth factor receptor (EGFR) is classified as part of the ErbB/HER family of receptor tyrosine
kinase (TK). The EGFR is a transmembrane glycoprotein. These receptors comprise of an extracellular
ligand-binding domain, a hydrophobic transmembrane segment, and an intracellular TK domain. A
change in the conformation of EGFR occurs when it is bound to ligands such as amphiregulin and
transforming growth factor alpha (TGF-α). Homo- or hetero-dimerization with other ErbB/HER family of
receptors and results to autophosphorylation and its activation [2]. The activation of EGFR initiates the
induction of intracellular signaling pathways which initiate cell proliferation, invasion, angiogenesis and
metastasis during tumourgenesis.

Elevated EGFR are seen occurs in many epithelial malignancies such as head and neck tumours. This
study investigated the correlation of EGFR expression with clinicopathological parameters such as age,
sex, tumour differentiation and the stage of the tumour for development of head and neck tumour.

Methods
Patient Tissue Samples
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A total of 150 paraffin-embedded blocks of samples (archival tissue specimens) from patients with
histologically HNT specimens were collected from the pathology laboratory at Cape Coast Teaching
Hospital and KATH in Ghana. 150 normal tissues were also taken as a control. The clinical parameters
are indicated in Table 1and 2. This study was approved by the Institutional Ethics Committee of the Cape
Coast Teaching Hospital and theCommittee of Human Research, Publications and Ethics at kwame
Nkrumah University of Science and Technology, School of Medical Sciences & Komfo Anokye Teaching
Hospital.

Immunohistochemistry
Epidermal Growth factor receptor (EGFR) expressions were detected by immunohistochemistry (IHC). The
goat anti-EGFR (Biosynthesis Biotechnology Co LTD, Beijing China) antibody was used. 4um formalin
fixed paraffin embedded (FFPE) mounted sections were deparaffinized, rehydrated and rinsed three times
in distilled water. After heat antigen retrieval and cooling in citrate buffer solution, they were incubated
with 5% bovine serum albumin (BSA) at 37oC for 30 minutes following three times phosphate-buffered
saline (PBS) rinses. The slides were incubated at 4oC with primary antibody EGFR (1:500 dilution)
overnight followed by incubation with Biotinylated anti-rabbit immunoglobulin G (IgG) and SABC at 37oC
for 30 minutes each. The subsequent processes were performed as previously described [3].

The EGFR in the cells were scored semi-quantitatively according to the number of positive-staining cells
and the staining intensity. Cytoplasmic immunostaining in the tumor cells was considered positive
staining.

Real-time PCR
RNA was obtained from the tumor with a TRIzol reagent (Takara, Otsu, Japan). 0.5 mg total RNA from
each sample were used for the Reverse transcription. SYBR Green PCR Master Mix (Takara) polymerase
chain reaction. The sequences of the primer pairs of EGFR were as follows: Forward 5’-
GCGTCTCTTGCCGGAATGT–3’ Reverse 5’-GGCTCACCCTCCAGAAGGTT–3’. The levels of EGFR were
presented as ΔCt = Ct of EGFR—Ct of GAPDH, and 2–ΔΔCt method.

Statistical analysis
SPSS 17.0 for Windows (SPSS, Chicago, IL) is the statistical tool which was used. The statistical
analyses were performed using. Significant level was set at 0.05. For qualitative variables, proportions
and percentages was used to summarize the data. The relationship between EGFR expression and HNT
patient clinicopathologic parameters were analysed with χ2 test.

Results
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In our study, during the period of 4 years, from 2014 to 2016, a total of 250 cases of head and neck
tumour were studied. Epidermal growth factor receptor mutation analysis was done for 150 head and
neck normal (control) tissues and 150 head and neck tumours. Age of the patients varied from 18 to 89
years.

Clinical and pathologic variable analysis for Head
and Neck Malignant Tumour
Out of the 150 EGFR analysis, 98 of the cases were patients with head and neck malignancy and 52 were
patient with benign head and neck tumour. p value for the EGFR scoring when high and low EGFR was
compared was 0.03 (Table 1), which was significant statistically. Out of 98 malignant tumour of head
and neck cancer cases in the study, 62 and 36 were males and females respectively (Table 1). For both
males and females, majority of the cases had a high EGFR 40(58.8%) males and 28(%) females). But no
association was found between sex and EGFR scoring (Table 1).

When the high and low levels of EGFR were analysed, oral cavity (36.7%) was the most prevalent tumour
location in our study, followed by respiratory (28.6%), mandible (14.2%), nasopharynx (11.2%) (Table 1).
All the anatomical sites were presented with a majority of high expression levels of EGFR.

The level of EGFR and Tumour Staging
When the retrievable staging information of the patients was analysed, the majority were in stage II
37(37.8%) tumour stage, followed by stage III 25(25.5%). From this present study, I-II and III-IV, EGFR high
expression were found in 41(60.3%) and 27(39.7%) cases, respectively (Table 1). There was significant
difference (p-value 0.012, Table 1) when the stages I-II and III-IV were compared.

The high levels of EGFR measured by the overall score was presented in 32.4%, 29.4%, 7.4%, 16.2%, 11.8,
1.47% and 1.47% of cases from oral cavity, respiratory, upper GI, mandible, nasopharynx, salivary gland
and the eye, respectively (Table 1), with an overall rate of high-expression at 45.3% (Table 3).

Based on the histological grade, when the high and low levels of EGFR were compared most (46.9%) of
the patients were diagnosed as moderate differentiated HNC followed by 36.7% well differentiated and
16.3% poorly differentiated. When well and moderate were compared with poor differentiation there was
a significant difference of p-value 0.001. Twenty-five (25.5%) were stage I, 22 (22.4%) stage II, 14 (14.3%)
stage III and 37 (37.8%) stage IV. There was a significant difference between the high and low expression
of the EGFR (p- value 0.012) when I-II and III-IV were compared.
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Clinical and pathologic variable analysis for Head
and Neck Benign Tumour
There were 52 patients with head and neck benign tumour. 34(65.4) were above 40 years old and 18
(34.6%) below 40 years old. When the high and low expression of EGFR was compared with the ages
between above and below 40 years, there was a significant difference of p-value 0.013. Twenty- eight
(53.8%) were male, 24 (46.1) were female (Table 2).

Immunohistochemistry Epidermal Growth Factor
Receptor Protein Expression
The protein levels of the epidermal growth factor receptor were analysed by immunohistochemistry. The
EGFR were seen in the cytoplasmic and also in the nucleus (Figure 2). Tumours with EGFR expression
<20.8 were reported as low (n = 49), and tumours with EGFR expression >20.8 were reported as high (n =
101).

Expression of EGFR of the Benign Tumour
The males were 28 and the females were 24. The ages were between 18–89 years. Among the benign
tumours, a high expression of EGFR was found in 10 of 19 (%) cases from oral cavity, 14 of 18 (%) cases
from mandible, 7 of 12 (%) cases from respiratory, 2 of 3 nasopharynx (Table 2). The overall high
expression of EGFR in benign tumour is 33 (63.5%) (Table 3).

The levels of EGFR and Clinical Parameters of the
Benign Tumours
The level of EGFR correlated with ages (aged ≤40  years vs. >40years) p-value 0.013 (Table 2). But no
association was found with sex (28 males and 24 female) Table 2 (p-value 0.89).

Discussion
Head and neck region having geographical variation in the incidence and anatomic distribution of HNT
worldwide. Mitogenic EGFR signaling pathways and its ligand, transforming growth factor-alpha (TGF-
alpha) in HNT are usually highly expressed. It is relatively less studied particularly in Ghanaian
population within the African populations. Moreover, there is no local study in Ghana about the level of
EGFR expression in head and neck tumours in Ghana. This study investigated the level of expression of
EGFR in head and neck tumours in some selected hospital in Ghana. Regards with this study, a high
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expression of EGFR staining was found in 101(67.3%) head and neck tumours (Table 3). This is in
accordance with a study, which reported high expression of EGFR in 42–80% of the cases [5]. From this
present study, high expression of EGFR was seen among both malignant and benign tumour of patients
with head and neck (Table 3). But the level of EGFR expression is negligible in normal head and neck
tissue (Table 3, Figure 2B).

The abnormal expression of EGFR is as a results of high expression of EGFR in normal epithelium which
is adjacent to tumour and abnormal up‐regulation in the change from dysplasia to squamous cell
carcinoma [6]. This results from an uncontrolled ligand production, receptor mutations or deletions which
results in abnormal cell multiplication, invasion, high angiogenesis and metastasis. Activating the EGFR
leads to induction of cellular pathway which is initiated by toxic environmental stimuli such as ultraviolet
irradiation, or to receptor occupation by EGF, the EGFR forms homo- or heterodimers with other family
members [7].

The high expression of EGFR in head and neck tumours also leads to tumour invasion since it initiates
the produces proteolytic enzyme‐matrix metalloproteinases through paracrine and autocrine epidermal
growth factor (EGF) or transforming growth factor‐alpha (TGF‐α)–EGFR system [8].

From this present study the EGFR was found localized in both the nucleus and the cytoplasm (Figure 2)
this is similar to a study by Lo et al [8]. In the normal tissue, EGFR is localized at the cytoplasm (Figure
2B), this explain the fact that EGFR signaling is involve in cell proliferation.

Nuclear localization sequences and endocytosis cause the nuclear translocation of the EGFR. EGFR
carried to nucleus instead of degraded. When there is a cytoplasmic-nuclear transport, EGFR proteins
which have nuclear localization sequences (NLS) form a complexes with importin α/β. The complex then
associates with nucleoporins in the nuclear pore complex (NPC) and finally the EGFR is transported into
the nucleus [9].

In the nucleus, it serves as a transcriptional regulator which transmits signals and inititaes cell
proliferation, tumor progression, DNA repair and replication, chemo- and radio-resistance. Nuclear EGFRis
a a transcriptional co-activator for cyclin D1[10], nitric oxide synthase (iNOS) [11], B-Myb [12, 13],
cyclooxygenase–2 (COX–2) [14], c-Myc [15] and breast cancer resistant protein (BCRP) [16].

From this study, high levels of EGFR significantly associated with the stages of the head and neck
tumours when stage I-II and III-IV (p-value 0.012) (Table 1), this was in accordance with the study by
Reimers et al. [17] which also suggested a correlation of EGFR expression with advanced tumor stage.
This also confirm the role of EGFR expression in relation to tumour growth and size [18]. Moreover, report
also indicates that lymph node and advanced stage IV disease is a prognostic parameter for overall
survival [19].

Conclusion
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Epidermal Growth Factor Receptor can serve as biomaker in diagnosing and prognosis of head and neck
tumour. Hence, EGFR can be use in developing targeting therapy for head and neck tumour.

List Of Abbreviation
HNT- Head and Neck Tumour

EGFR-Epidermal Growth Factor Receptor

TK- Tyrosine Kinase

TGF-α- transforming growth factor alpha

HNSCC-Head and Neck Squamous Carcinoma

KATH-Komfo Anokye Teaching Hospital

FFPE -Formalin fixed paraffin embedded

PBS - Phosphate-buffered saline
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Tables
Due to technical limitations the tables could not be inserted here. They can be found in the supplemental
files.

Figures

Figure 1

Real-time polymerase chain reaction analyses of EGFR in head and neck tumours samples and control
tissues. The data are representation of mean ± SD of three replicates in three different experiment.
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Figure 2

EGFR expression levels were upregulated in the head and neck tumour samples (left) compared with the
paired control tissues (right). The data was produced from 3-5 fields per slide ×400.
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