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Expression and clinical significance
of the receptors of the EGF family
in oral squamous cell carcinomas
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Abstract

Objective: To examine the immunohistochemical expression of four members of the type | growth factor receptor family in
oral squamous cell carcinomas (OSCCs) and to correlate with clinical outcomes.

Materials and methods: Sixty OSCCs from a patient cohort in Sri Lanka were included in the study. Five sections from each
carcinoma were immunostained with antibodies to epidermal growth factor receptor (EGFR)/c-erbB-1, c-erbB-2/HER-2/neu,
c-erbB-3/HER-3 and c-erbB-4/HER-4. Two clones were used to stain for c-erbB-2/HER-2/neu. Semiquantitative analysis of
immunoreactivity was carried out by scoring the intensity of expression and proportions of positively stained cells. A logistic
regression analysis was performed to examine positive expression against overall survival.

Results: There was heterogenous expression of the four receptors, positivity ranging from 26% to 60%. Co-expression of all four
markers was observed only in 1-3% of the tumours. Both membranous and cytoplasmic expressions were observed, EGFR
showing predominantly membranous expression and c-erbB-2 showing only cytoplasmic staining. In logistic regression analysis,
none of the growth factor receptors were significantly predictive of overall survival.

Conclusion: Type | growth factor receptors are highly expressed in oral carcinomas, EGFR being the predominant marker-.
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provides a ligand-binding site for multiple ligands, EGF, trans-
forming growth factor alpha and amphiregulin which are spe-
cific ligands of the EGFR. Few others, such as B-cellulin,
heparin-binding EGF and epiregulin, are less specific ligands
that bind to EGFR and c-erbB4. Seven growth factors bind to
EGFR/HER-1, none bind to c-erbB-2/HER-2, two bind to

Introduction

In the past few decades, many studies have focused on identi-
fying key genes and signalling pathways, which help us to
understand the molecular mechanisms of oral carcinogenesis
and development of the disease. The key objective of such
studies has been to develop diagnostic and prognostic molecu-
lar biomarkers for oral squamous cell carcinoma (OSCC). One
of the key molecules that has received much attention relates to

the epidermal growth factor receptor (EGFR) that belongs to
the type 1 family of growth factor receptors. EGFR is a member
of this family composed of four different receptors — EGFR/c-
erbB-1, c-erbB-2/HER-2/neu, c-erbB-3/HER-3 and c-erbB4/
HER-4 — all of which are transmembrane proteins with tyrosine
kinase activity. EGFR has an extracellular domain, which
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c-erbB3/HER-3 and seven ligands bind to c-erbB-4/HER-4.'
Upon ligand fixation, EGFR homodimerization or heterodi-
merization with another HER receptor occurs, leading to the
activation of the intracellular tyrosine kinase. This stimulates
kinase signal transduction pathways involved in tumour prolif-
eration, differentiation, cell migration and invasion.

The type 1 family of growth factors and their receptors play
an important role in normal development, wound healing and
cancer.” Role of EGFR and its ligands in the pathogenesis of
OSCCs is confirmed by a number of studies that have shown
overexpression of this protein in a majority of cancers at high
frequency. On average, 50-80% of oral carcinomas have been
found to overexpress EGFR.*>"'* In contrast, studies that have
examined the expression of other members of the family are
generally more limited.

So far, few studies have investigated HER-2/neu in OSCCs.
To the best of our knowledge, a Taiwan study has reported
on HER-2/neu expression during the development of oral
cancer'® and more recently by few other authors in OSCC
tissues.'””'” The roles of HER-3 and HER-4 have not been
widely studied.

All four members of the receptor family were investigated
by O-charoenrat et al. and Rautava et al.>**! A combined study
of EGFR, HER-2/neu and HER-3 investigated a series of 111
patients with SCC by Xia et al.>> Evidence suggests that coop-
eration of multiple ErbB receptors and cognate ligands is nec-
essary to induce cell transformation.”® For these reasons, we
aimed to investigate all members of the ErbB (HER) tyrosine
kinase receptor family in a single cohort of OSCCs.

Materials and methods

Sixty pathologically confirmed OSCCs of the oral cavity were
included in the study. The samples were obtained during the
course of diagnosis and treatment planning of patients attend-
ing two teaching hospitals in Central Sri Lanka.

The detail of the sampling and inclusions/exclusions are
already described and published in an earlier publication.**
Age and sex distributions of patients and anatomical subsites
are shown in Table 1. Sample was dichotomized as tongue and
other intra-OSCCs with reference to anatomical location,
because there was no significant number of samples from other
intra-oral sites within the selected cohort to consider
them separately.

Antibodies, pretreatments and dilutions used for immunolo-
calization in paraffin-embedded tissues are shown in Table 2.
Five adjacent sections from each tumour were used for immu-
nostaining performed with antibodies to EGFR, c-erbB-2,
c-erbB-3 and c-erbB-4, which included two clones to c-erbB-
2. Two clones against c-erbB-2 were used, with the aim of
identifying the true pattern of expression, because variation
in expression has been observed in different types of tissues
including OSCCs. Immunostaining was carried out using the
ABC staining kit (DAKO) according to the manufacturer’s
instructions and recommended reagents with 3,30-
diaminobenzidine (DAKO) as chromogen applied for 5 min.

Table I. Characteristics of the sample.?

Feature Number of patients N =60 %

Age at presentation

50 years or under 16 26.7
Over 50 years 4473.3
Gender
Male 48 80
Female 12 20
Tobacco use (smoking or chewing)
Yes 5286.7
No 6 10.0
Unkown 2 33
Betel quid with areca nut
Yes 4371.7
No 15 25.0
Unknown 2 33
Anatomical site
Tongue 15 25
Other oral site 45 75
T stage
TI 4+ T2 5286.7
T3+ T4 813.3
Nodes
N 0 16 26.7
Nodes clinically present 44 733

*From Dissanayake (2017).

Table 2. Antibodies, their clones and concentrations used in the
present study.

Antibodies Clone/domain  Source Dilution Method

EGFR EGFRI13 Novocastra  1:20 Microwave
(external)

c-erbB-2  CBI | (internal) Novocastra 1:30 Non-microwave

c-erbB-3  3B5 (internal)  Calbiochem 1:30 Non-microwave

c-erbB-3  RTJ-I (internal) ICRF 1:30 Non-microwave

c-erbB-4  HFR-I (internal) ICRF [:1000 Non-microwave

EGFR: epidermal growth factor receptor.

Counterstaining was with Harris haematoxylin for 2 min. Spe-
cificity of the immunoreaction was monitored by replacing
primary antibodies with non-immune sera. Positive and nega-
tive control sections were included in each run. The positive
controls included an oral epithelial cell carcinoma known to
express EGFR (membranous expression) and two adenocarci-
nomas of the breast known to express c-erbB-2 (membranous
expression) and c-erbB-3 and 4 (cytoplasmic expression).

In OSSCs, gradient of intensity of staining was assessed as
negative = 0, mild = 1 (4), moderate = 2 (4++) and strong = 3
(+++). Tissues with +4 and +++ immunostaining were
considered as demonstrating overexpression.

Semiquantitative analysis of immunoreactivity was jointly
carried out by two observers blinded to clinicopathological
characteristics, and for statistical purposes each case was clas-
sified as negative (0; 0-5% positivity) or positive (1; >5%
of positivity).
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Review of literature revealed, these scores used in the pres-
ent study were the most commonly used, comparatively reli-
able and less expensive, evaluating criteria that have been
employed to assess the overexpression of type 1 growth factor
receptor proteins.

The associations between categorical variables were evalu-
ated by ° tests. Survival rates and curves were estimated using
the Kaplan—Meier method, and differences between groups
were assessed using the log-rank test. Hazard ratios and 95%
confidence intervals were estimated using multivariable Cox
proportional hazards regression model to investigate the inde-
pendent effects of the variables studied. Differences were con-
sidered statistically significant at p < 0.05. Statistical analysis
was carried out using SPSS Statistics version 10.0 software
(Armonk, New York, United States).

Results

The study group included 60 patients: four-fifth of the patients
(n = 48) in the present study were males and one-fifth were
(n = 12) female. The mean age of the patients was 59.1 + 11.9
years (Table 1). The study material included both tongue and
other intra-OSCC. Other clinical and pathologic characteristics
are presented in Table 1.

At the time of last follow-up examination, 25/60 (41.6%)
patients were alive and did not show any evidence of recurrent
disease. There were nine (15%) patients with residual disease
who were under further treatment. Twenty-four (40%) of
60 had died due to the disease within this follow-up period
and 2 patients had died due to other causes and 1 of them had
residual disease at the time of death.

Epidermal growth factor receptor

The positive control used showed strong EGFR membranous
positivity. The normal oral mucosal samples showed membra-
nous pattern of expression with very low intensity. The distri-
bution of the staining was mostly limited to the basal cell layer
with few suprabasal layers stained in normal epithelium. In
minor salivary glands, acinar cells and scattered ductal cells
in the lamina propria also displayed immunoreactivity.

Expression of EGFR protein was found in 57% (34/60)
OSCCs with monoclonal antibody EGFR 113. These
34 (57%) tumours showed EGFR immunoreactivity in more
than 5% of neoplastic cells. Rest of the cases were EGFR
negative or scored less than 5% of cells as positive (n = 26,
43%). Of 34 immunopositive tumours, overexpression of
EGFR (++, +++) was found only in 16 (26.7%) of the
tumours. Expression/overexpression of EGFR protein in posi-
tive cases was membranous.

c-erbB-2

Breast cancer positive controls showed strong membranous
expression with little cytoplasmic positivity. The normal muco-
sal samples also showed cytoplasmic expression with mild

intensity. Adjacent normal salivary tissues in tumour sections
also showed moderate to strong cytoplasmic positivity.
c-erbB-2 expression was strictly cytoplasmic with both clones
used in the study sample and no membranous staining was
found. The expression was limited to few suprabasal layers;
however, basal layer was also positive in some tumours.

Staining with the two antibodies (CB11 and 3B5) demon-
strated negative expression in 15 and 24% tumours (respec-
tively), while 58 and 45% had positive expression in
comparison with normal tissues. c-erbB-2 was strongly over-
expressed (++, +++) in 16 (26.7%) tumours with monoclonal
antibody CB and in 19 (31.7%) with clone 3B5.

C-erbB-3 and c-erbB-4

The breast cancer positive control samples used showed strong
cytoplasmic expression. The normal mucosal samples showed
cytoplasmic expression with mild intensity. The staining in the
normal control epithelia extended to both suprabasal layers as
well as basal layer. Salivary acini in the mucosal tissue adjacent
to the tumours showed mild to moderate cytoplasmic expres-
sion. The expression/overexpression of c-erbB-3 and c-erbB-4
in the oral carcinomas was also cytoplasmic except six tumours
which showed a mixed membrane/cytoplasmic staining for
both markers.

Five cancers (8.4%) were c-erbB-3 negative and had no
immune staining in the neoplastic cells; 15/60 (25%) tumours
had expression similar to normal epithelium. Forty (66.6%)
tumours overexpressed (++, +++) c-erbB-3 protein. Six
(10%) tumours of these 40 positive cases showed membrane
staining as well.

Three cancers (5%) were c-erbB-4 negative and had no
immune staining in the neoplastic cells; 21/60 (35%) tumours
had expression similar to normal epithelium. Thirty six (60%)
tumours overexpressed (++, +++) c-erbB-4 protein. Six
(10%) tumours of these 31 positive cases showed membrane
staining as well. Tumours with c-erbB-4 protein overexpres-
sion had a tendency to be well differentiated (data not shown).

Table 3 gives the summary of the numbers and percentage
of tumours, which were immunopositive and immunonegative
for the expression/overexpression of all four growth factor
receptor family members when reacted with five different anti-
bodies. Figures 1 to 5 present immunoreactive patterns
observed with five different antibodies.

Co-expression of all four markers was observed only in
1.6% of tumours, when CB11 monoclonal antibody was used
to assess c-erbB-2 protein, whereas it was 3% with monoclonal
antibody 3BS5.

Table 4 gives the details about overexpression of each of the
other markers in relation to EGFR overexpression. Two
tumours of 60 overexpressed both EGFR and c-erbB-2 assessed
with monoclonal antibody CB11. Both these markers were
overexpressed by nine tumours when c-erbB-2 was assessed
using monoclonal antibody 3B5. Simultaneous overexpression
of EGFR and c-erbB-3 was observed in 13 of 60 tumours. Both
EGFR and c-erbB-4 were overexpressed in 10 of 60 tumours.
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Table 3. Immunoreactivity of type | growth factor receptor family
members in 60 oral carcinomas.

GF family member  Immuno reactivity Number of cases (%)

EGFR None or low (+) 26 (43.4)
Normal (+) 10 (16.7)
Intermediate (++) 14 (24.4)
Strong (+++) 10 (16.7)
c-erbB-2 (CBI ) None or low (+) 9 (15)
Normal (+) 9 (15)
Intermediate (++) 19 (31.7)
Strong (+++) 23 (384)
c-erbB-2 (3B5) None or low (+) 14 (24.4)
Normal (+) 06 (10)
Intermediate (++) 12 (20)
Strong (+++) 28 (46.7)
c-erB-3 None or low (+) 05 (18.4)
Normal (+) 20 (33.4)
Intermediate (++) 23 (38.4)
Strong (+++) 12 (20)
c-erbB-4 None or low (+) 03 (5)
Normal (+) 26 (43.4)
Intermediate (++) 15 (26.6)
Strong (+++) 16 (16.7)

EGFR: epidermal growth factor receptor.

Figure |. Immunostained section of an OSCC of the study sample.
Overexpression of EGFR (with monoclonal antibody EGFR | 13):
membranous pattern (x200). OSCC: oral squamous cell carcinoma;
EGFR: epidermal growth factor receptor.

No significant relationships were found between the EGFR
score and clinicopathological factors. Overexpression of
EGFR, c-erbB-2 CB11, c-erbB-2 3B5, c-erbB-3 and c-erbB-4
showed no significant prognostic value in terms of survival.

Discussion

The significance of EGFR protein in tumorogenesis came into
much consideration after Cohen and Merlino et al.>>° Their in
vitro studies demonstrated abnormally high levels of EGFR in
A431 cell line established from a mucocutaneous carcinoma of

Figure 2. Strong cytoplasmic staining of a section of OSCC in the
study sample which overexpressed c-erbB-2 protein with antibody
NCL CBI1 (x100). OSCC: oral squamous cell carcinoma.

Figure 3. Strong cytoplasmic staining of a section of OSCC in the
study sample which overexpresses c-erbB-2 protein with antibody
3B 5 (x100). OSCC: oral squamous cell carcinoma.

the vulva —10 to 50 times more when compared with other
tumour cell lines. Early studies confirmed that the expression
of EGFR is a common phenomenon in most of the cell types
but most abundantly in epithelial cells.?’

Our interest in examining EGFR expression in SCCs
relates to translation of these findings to direct molecular-
targeted therapy. There are several ways of blocking EGFR
biological activities in head and neck cancer: either acting
intracellulary by inhibiting EGFR phosphorylation or by tar-
geting the extracellular part of the receptor and blocking
dimerization and thus activation. The inhibition of phophor-
elation is targeted by the so-called small molecules such as
gefitinib, erlotinib and lapatinib; the blocking of the extra
cellular domain of the receptor is dealt by monoclonal
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Figure 4. Overexpression of c-erbB-3 oncoprotein in tumour islands
of the OSCC (mostly cytoplasmic) with monoclonal antibody RTJ-I
(x 100). OSCC: oral squamous cell carcinoma.

Figure 5. Overexpression of c-erbB-4 oncoprotein in tumour islands
of the OSCC (mostly cytoplasmic) with monoclonal antibody HRF-1
(x100). OSCC: oral squamous cell carcinoma.

antibodies such as cetuximab, panitumumab, matuzumab and
nimotuzumab.*®

Immunohistochemical expression and overexpression of
EGFR in oral and head and neck cancers have been shown in
several key studies mentioned earlier. An Indian study on mul-
tiple molecular markers reported that EGFR was the most fre-
quently expressed (150/178 or 84%) biomarker of their cases."®
Some authors also report on the expression pEGFR — the active
molecule.?*>° Latter authors found that more than one-third
(41%) of the cases expressed the activated form of this pro-
tein.*° In some reported studies, the immune histochemical
results are validated by EGFR gene copy number studies.
These studies illustrate that EGFR plays an important role in
oral and head and neck cancer development. Nakata et al
demonstrated that EGFR copy number status is a more reliable
indicator than EGFR protein overexpression in tongue cancers

and that the copy number increase is not correlated with EGFR
protein levels.*! However, Ryott et al. reported that EGFR gene
copy number was significantly associated with EGFR protein
expression (p = 0.002) in oral tongue SCC.*>* EGFR protein
expression and gene copy number have also been shown to be
an effective markers of the risk of potentially malignant dis-
orders progressing to OSCC.>* In a recent study, cytological
smears subjected to automated, quantitative risk assessment
tools found cell-surface EGFR intensity to be one of the para-
meters that yielded significant information in discriminating
between ‘Low-risk’ and ‘High-risk’ potentially malignant dis-
orders.** Thus, EGFR expression is useful in predicting any
risk of development of OSCC.

In the present study, we observed that 57% of OSCC
expressed EGFR, that is, in line with other authors. Although
most of the studies had reported the EGFR positive immunoex-
pression in the cell membrane, co-expression of EGFR both in
the cell membrane and in the cytoplasm of the tumour cells has
been reported by Monteiro et al. (2012).'® We did not observe
any cytoplasmic expression of EGFR in the present sample.
However, presence of both membranous and cytoplasmic
expression has been shown to affect the prognosis of oral can-
cer patients'® and in other cancers.*®

Although some of the studies have correlated this marker
with clinical and pathological variables,***2%%" our data are
in agreement with reports of other authors that concluded that
the study of EGFR expression does not give any additional
information on the clinicopathological status of patients with
oral cancer.'**!"*? This may be because of the participation of
this marker in both the early stages and more advanced cases of
HNSCC. Moreover, some studies have identified a statistically
significant correlation between ‘high’ EGFR expression with
certain pathologic factorseg; tumour invasion.?’ This was a
limitation in our study that we did not separately analyse high
expression groups (++, +-+-) against tumour factors.

The influence of EGFR expression on poor prognosis of oral
cancers has been highlighted in several studies.*>****** Con-
tradictory results with no association was reported by Monteiro
et al., Solomon et al., Jonsson et al. and Galvis et al., though a
trend was found in the latter study.'®'*"'® In contrast to this,
Maiorano et al. showed that the overexpression of EGFR is
associated with a prolonged survival.** These contradictory
results are discussed in a literature review that found five stud-
ies reporting EGFR expression having an influence on survival
while two studies with negative findings.*’

Few studies have compared the utility of pEGFR against
EGFR expression as prognostic markers.>**® In multivariable
analysis, Monteiro et al. reported that only pEGFR expression
(and tumour stage) proved to be of independent prognostic
value on survival.>® They concluded that pEGFR has more
prognostic value than EGFR expression of a tumour. No cor-
relation has been found between high EGFR expression and
pEGFR expression levels? and for this reason it would be
prudent to estimate pEGFR expression in future studies.

HER-2 gene is amplified or overexpressed in 10-34% of
breast cancers and historically, HER-2-amplified metastatic
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Table 4. Expression/overexpression of EGFR in relation to expression/overexpression of c-erbB-2, c-erbB-3 and c-erbB-4.?

EGFR expression/overexpression

(negative) (+) (normal expression) (++/4+++) (overexpression)
c-erbB-2 0 (negative) 4 | 6
(CBI1) + (normal expression) 12 13 8
++/+-++ (overexpression) 10 4 2
c-erbB-2 0 (negative) 4 4 6
(3B'5) + (normal expression) 4 3 |
++/4+++ (overexpression) 18 I 9
c-erbB-3 0 (negative) 2 2 |
+ (normal expression) 8 5 2
+-+/+++ (overexpression) 16 I 13
c-erbB-4 0 (negative) 2 0 |
+ (normal expression) 10 6 4
++/+-++ (overexpression) 20 7 10

EGFR: epidermal growth factor receptor.
*Level of significant; with reference to each marker p > 0.05.

breast cancer is an aggressive cancer.*’ In oral cancers, some
studies reported the expression of c-erbB-2 as membranous™*®
and the others as mixed, cytoplasmic and membranous® or
even as cytoplasmic (only). The studies that examined HER-
2 in OSCCs have reported divergent results with reference to
pattern of expression. While cytoplasmic staining comparable
to normal tissue was found in all but one tumour,'® the authors
found no overexpression of HER-2/neu in head and neck can-
cers (HNSCC). HER-2/neu overexpression was not identified
in any of the cases examined by BShintani et al.** A further
study reported HER-2 expression and gene amplification are
rarely found in HNSCC and the subset of OSCC.'” In 11 of 97
biopsies (11.3%), membranous overexpression (score 2+ and
3+) of HER-2/neu was shown by immunohistochemistry and
the authors found no correlation between survival and HER-2/
neu overexpression.'® However, our data indicate the overex-
pression of HER-2 in oral cancers falls within the range of
breast cancers (10-34%) irrespective of the antibody used.
These data imply that HER-2 overexpression may have a role
to play in oral cancer in a way similar to breast cancers. There
is little published data on c-erbB-3 and c-erbB-4 alone on oral
cancer to make any comparisons with our data.

Previous authors have investigated all type 1 growth factor
receptors as we did in our study. Their observations suggested
that the expression of all EGFR members was significantly
associated with shortened patient survival, and the association
was strongest for HER-2/neu overexpression.”” However, only
47 of 111 cases entered to the study had all clinical data. In a
further study conducted among the four family members,
EGFR appears to be an independent prognostic marker.?’
Co-expression of all four markers was found to be limited in
our study 1-3%. Overexpression of the four markers demon-
strated a heterogeneous pattern and we did not find any corre-
lation with expression patterns. However, co-expression of
more than a single c-erbB receptor may play a significant role
in the pathogenesis of HNSCC. Studies involving whole

genome sequencing in head and neck cancer have stratified
head and neck cancer to several subtypes based on high or low
expression of EGFR in addition to few other markers.*®

One of the important clinical applications of assessing
EGFR status of a tumour is the possibility of using it as a
target for anticancer molecular therapy for tumours with
EGFR expression. Numerous strategies for inhibiting EGFR
are in current use, which include monoclonal antibodies (e.g.
cetuximab) and tyrosine kinase inhibitors (e.g. gefitinib, erlo-
tinib), which may be used in combination with other thera-
pies.’! With biologically guided tumour characterization,
personalized treatment protocols can be designed for individ-
ual patients

Conclusion

A heterogeneous pattern of expression of the family of type 1
growth factor receptors is reported in the present study. These
data suggest that when planning molecular-targeted therapy for
OSCC, it is necessary to investigate the tumours for each mem-
ber of the EGF receptor family. Further clinical trials are
needed to test whether in addition to EGFR other members
of the family may also serve as candidates for molecular-
targeted therapies.

Acknowledgements

The author wish to thank Prof. Newell W. Johnson and Prof. Saman
Warnakulasuriya for their encouragement and supervision of my
laboratory studies. Prof. W. J. Gullick (University of Kent) kindly
gifted two antibodies (CB11 and 3B5) for this study. Dr Derek Cooper
PhD helped the author with statistical analysis of data.

Declaration of Conflicting Interests

The author(s) declared no potential conflicts of interest with respect to
the research, authorship, and/or publication of this article.



Dissanayake

Funding

The author(s) received no financial support for the research, author-
ship, and/or publication of this article.

ORCID iD
Upul Dissanayake (2 https://orcid.org/0000-0002-3809-2858
References

1. Roskoski R Jr. ErbB/HER protein-tyrosine kinases: structures and

10.

11.

12.

13.

14.

small molecule inhibitors. Pharmacol Res 2014; 87: 42-59.

. Gullick W. The type 1 growth factor receptors and their ligands

considered as a complex system. Endocr Relat Cancer 2001; 8:
75-82.

. Partridge M, Gullick WJ, Langdon JD, et al. Expression of the

epidermal growth factor receptor on oral squamous cell carcino-
mas. BrJ Oral Maxillofacial Surg. 1988; 26: 381-389.

. Grandis JR, Melhem MF, Gooding WE, et al. Levels of TGF-

alpha and EGFR protein in head and neck squamous cell carci-
noma and patient survival. J Natl Cancer Inst 1998; 90: 824-832.

. Bankfalvi A and Piffko J. Prognostic and predictive factors in oral

cancer: the role of invasive tumour front. J Oral Pathol Med 2000;
29: 291-298.

. Chen B, van der Brekel MW, Buschers W, et al. Validation of

tissue array technology in head and neck squamous cell carci-
noma. Head Neck 2003; 25: 922-930.

. Kalyankrishna S and Grandis JR. Epidermal growth factor recep-

tor biology in head and neck cancer. J ClinOncol 2006; 24(17):
2666—2672.

. Diniz-Freitas M, Garcia-Caballero T, Antunez Lopez J, et al.

Pharmacodiagnostic evaluation of EGFR expression in oral squa-
mous cell carcinoma. Oral Dis 2007; 13: 285-290.

. Monteiro LS, Diniz-Freitas M, Garcia-Caballero T, et al. EGFR

and Ki-67 expression in oral squamous cell carcinoma using tis-
sue microarray technology. J Oral Pathol Med 2010; 39(7):
571-578.

Monteiro LS, Diniz-Freitas M, Garcia-Caballero T, et al. Com-
bined cytoplasmic and membranous EGFR and p53 overexpres-
sion is a poor prognostic marker in early stage oral squamous cell
carcinoma. J Oral Pathol Med 2012; 41(7): 559-567.

Mehta A, Chowdhary M and Sinha R. Immunoscoring of epider-
mal growth factor receptor expression in recurrent cases of oral
squamous cell carcinoma. J Oral Pathol Med 2015; 44: 818-822.
de Andrade AL, Ferreira SJ, Ferreira SM, et al. Immunoexpres-
sion of EGFR and EMMPRIN in a series of cases of head and
neck squamous cell carcinoma. Pathol Res Pract 2015; 211(10):
776-781.

Solomon MC, Vidyasagar MS, Fernandes D, et al. The prognostic
implication of the expression of EGFR, p53, cyclin D1, Bcl-2 and
pl6 in primary locally advanced oral squamous cell carcinoma
cases: a tissue microarray study. Med Oncol 2016; 33(12): 138.
Jonsson EL, Nylander K, Hallén L, et al. Immunohistochemical
analysis of EGFR and hyaluronan in tongue cancer and the devel-
opment of regional recurrence in patients initially diagnosed NO.
Acta Otolaryngol 2017; 137(8): 877-882.

. Galvis MM, Santos-Silva AR, Jardim JF, et al. Different patterns

of expression of cellcycle control and local invasion-related

16.

17.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

proteins in oral squamous cell carcinoma affecting young
patients. J Oral Pathol Med 2018; 47: 32-39.

Fong Y, Chou SJ, Hung KF, et al. An investigation of the differ-
ential expression of Her2/neu gene expression in normal oral
mucosa, epithelial dysplasia, and oral squamous cell carcinoma
in Taiwan. J Chin Med Assoc 2008; 71(3): 123-127.

Hanken H, Gaudin R, Grébe A, et al. Her2 expression and gene
amplification is rarely detectable in patients with oral squamous
cell carcinomas. J Oral Pathol Med 2014; 43(4): 304-308.

. Scheer M, Prange W, Petmecky K, et al. Evaluation of her-2/neu

amplification/overexpression in OSCC with fluorescence in situ
hybridization (FISH) and immunohistochemistry. [Article in Ger-
man]. Mund Kiefer Gesichtschir 2003; 7(3): 138-145.

Sardari Y, Pardis S, Tadbir AA, et al. HER2/neu expression in
head and neck squamous cell carcinoma patients is not signifi-
cantly elevated. Asian Pac J Cancer Prev 2012; 13(6):
2891-2896.

O-charoenrat P, Rhys-Evans PH, Archer DJ, et al. C-erbB recep-
tors in squamous cell carcinomas of the head and neck: clinical
significance and correlation with matrix metalloproteinases and
vascular endothelial growth factors. Oral Oncol 2002; 38(1):
73-80.

Rautava J, Jee KJ, Miettinen PJ, et al. ERBB receptors in devel-
oping, dysplastic and malignant oral epithelia. Oral Oncol 2008;
44(3): 227-235.

Xia W, Lau YK, Zhang HZ, et al. Combination of EGFR, HER-2/
neu, and HER-3 is a stronger predictor for the outcome of oral
squamous cell carcinoma than any individual family members.
Clin Cancer Res 1999; 5(12): 4164-4174.

Normanno N, De Luca A, Bianco C, et al. Epidermal growth
factor receptor (EGFR) signalling in cancer. Gene 2006; 366(1):
2-16.

Dissanayake U. Malignancy grading of invasive fronts of oral
squamous cell carcinomas: correlation with overall survival.
Transl Res Oral Oncol 2017; 2: 1-8.

Cohen S. Purification of the receptor for epidermal growth factor
from A-431 cells: its function as a tyrosyl kinase. Methods Enzy-
mol 1983; 99: 379-387.

Merlino GT, Xu YH, Ishii S, et al. Amplification and enhanced
expression of the epidermal growth factor receptor gene in A 431
human carcinoma cells. Science 1984; 224: 417-419.

Gusterson B, Cowley G, Smith JA, et al. Cellular localisation of
human epidermal growth factor receptor. Cell Biollnt Rep 1984;
8(8): 649-658.

Schmitz S and Machiels JP. Molecular biology of squamous cell
carcinoma of the head and neck: relevance and therapeutic impli-
cations. Expert Rev Anticancer Ther 2010; 10: 1471-1484.
Hiraishi Y, Wada T, Nakatani K, et al. Immunohistochemical
expression of EGFR and p-EGFR in oral squamous cell carcino-
mas. Pathol Oncol Res 2006; 12(2): 87-91.

Monteiro L, Ricardo S, Delgado M, et al. Phosphorylated EGFR
at tyrosine 1173 correlates with poor prognosis in oral squamous
cell carcinomas. Oral Dis 2014; 20(2): 178-185.

Nakata Y, Uzawa N, Takahashi K, et al. EGFR gene copy number
alteration is a better prognostic indicator than protein


https://orcid.org/0000-0002-3809-2858
https://orcid.org/0000-0002-3809-2858
https://orcid.org/0000-0002-3809-2858

Translational Research in Oral Oncology

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

overexpression in oral tongue squamous cell carcinomas. Eur J
Cancer 2011; 47(15): 2364-2372.

Ryott M, Wangsa D, Heselmeyer-Haddad K, et al. EGFR pro-
tein overexpression and gene copy number increases in oral
tongue squamous cell carcinoma. Eur J Cancer 2009; 45:
1700-1708.

TaoudiBenchekroun M, Saintigny P, Thomas SM, et al. Epidermal
growth factor receptor expression and gene copy number in the risk
of oral cancer. Cancer Prev Res (Phila) 2010; 3(7): 800-809.
Abram TJ, Floriano PN, Christodoulides N, et al. ‘Cytology-on-a-
Chip’ based sensors for monitoring of potentially malignant oral
lesions. Oral Oncol 2016; 60: 103—111.

Ueda S, Ogata S, Tsuda H, et al. The correlation between cyto-
plasmic overexpression of epidermal growth factor receptor and
tumor aggressiveness: poor prognosis in patients with pancreatic
ductal adenocarcinoma. Pancreas 2004; 29(1): el—e8.
Kusukawa J, Harada H, Shima I, et al. The significance of epi-
dermal growthfactor receptor and matrix metalloproteinase-3 in
squamous cell carcinoma of oral cavity. Eur J Cancer Oral Oncol
1996; 32: 217-221.

Ulanovski D, Stern Y, Roizman P, et al. Expression of EGFR and
Cerb-B2 asprognostic factors in cancer of the tongue. Oral Oncol
2004; 40: 532-537.

Temam S, Kawaguchi H, El-Naggar AK, et al. Epidermal growth
factor receptor copy number alterations correlate with poor clin-
ical outcome in patients with head and neck squamous cancer.
J Clin Oncol 2007; 25: 2164-2170.

Ch’ng S, Low I, Ng D, et al. Epidermal growth factor receptor: a
novel biomarker for aggressive head and neck cutaneous squa-
mous cell carcinoma. Hum Pathol 2008; 39: 344-349.

Hama T, Yuza Y, Suda T, et al. Functional mutation analysis of
EGFR family genes and corresponding lymph node metastases in
head and neck squamous cell carcinoma. Clin Exp Metastasis
2012; 29(1): 19-25. DOI: 10.1007/s10585-011-9425-5.
Christensen ME, Engbaeck F, Therkildsen MH, et al. A sensitive
enzyme-linked immunosorbent assay used for quantitation of epi-
dermal growth factor receptor protein in head and neck carcino-
mas: evaluation, interpretations and limitations. Br J Cancer
1995; 72: 1487-1493.

Ang KK, Berkey BA, Tu X, et al. Impact of epidermal growth
factor receptor expression on survival and pattern of relapse in
patients with advanced head and neck carcinoma. Cancer Res
2002; 62(24): 7350-7356.

Laimer K, Spizzo G, Gasti G, et al. High EGFR expression pre-
dicts poor prognosis in patients with squamous cell carcinoma of
the oral cavity and oropharynx: a TMA based immunohistochem-
ical analysis. Oral Oncol 2007; 43: 193-198.

44,

45.

46.

47.

48.

49.

50.

51.

Maiorano E, Favia G, Maisonneuve P, et al. Prognostic implica-
tions of epidermal growth factor receptor immune reactivity in
squamous cell carcinoma of the oral mucosa. J Pathol 1998; 185:
167-174.

Oliveira LR and Ribeiro-Silva A. Prognostic significance of
immunohistochemical biomarkers in oral squamous cell carci-
noma. Int J Oral Maxillofac Surg 2011; 40(3): 298-307.
Theocharis S, Giaginis C, Dana E, et al. Phosphorylated epider-
mal growth factor receptor expression is associated with clinico-
pathologic parameters and patient survival in mobile tongue
squamous cell carcinoma. J Oral Maxillofac Surg 2017; 75:
632-640.

Cantini L, Pistelli M, Savini A, et al. Long-responders to anti-
HER?2 therapies: a case report and review of the literature. Mol
Clin Oncol 2018; 8(1): 147-152.

Kilpi A, Rich AM, Konttinen YT, et al. The expression of c-erbB-
2 protein in the keratinocytes of oral mucosal lichen planus. Br J
Dermatol 1995; 133(6): 847-852.

BShintani S, Funayama T, Yoshihama Y, et al. Prognostic sig-
nificance of ERBB3 overexpression in oral squamous cell carci-
noma. Cancer Lett 1995; 95(1-2): 79-83.

Keck MK, Zuo Z, Khattri A, et al. Integrative analysis of head and
neck cancer identifies two biologically distinct HPV and three
non-HPV subtypes. Clin Cancer Res 2015; 21(4): 870-881.
Sandra Schmitz S and Machiels JP. Blockage of EGFR pathway
for anticancer therapy in squamous cell carcinoma of the head and
neck. In: Warnakulasuriya S and Kahn Z (eds.) Squamous cell
carcinoma, molecular targeted therapies, Chapter 6. Berlin:
Springer, 2017, pp. 135-161.

Translational Value

Only few studies have investigated the expression of all
of members of the type 1 growth factor receptors. The
mAD cetuximab is the main FDA approved molecular
targeting agent in HNSCC. For oral cancers expressing
HER-2, cotargeting of epidermal growth factor recep-
tor and HER-2 may augment cetuximab responses and
mitigate therapeutic resistance. Therapeutic inhibition
of HER-3/HER-4 has so far not been clinically evalu-
ated but our data suggest that these could also be a
potential target in treating advanced oral squamous cell
carcinomas.
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