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Prognostic impact of cytoplasmatic EGFR upregulation in
patients with oral squamous cell carcinoma: A pilot study
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Abstract. In various tumors, epidermal growth factor-receptor
(EGFR) serves a role in tumorigenesis and has an impact on
survival. Usually the EGF-receptor is located on the surface
of the cell membrane and is involved in various signaling
pathways. The dimerization of EGFR with other ErbB family
proteins, such as HER2,is important for the tumor progression.
Nevertheless, a second EGFR-associated signaling
pathway appears to be important for tumor cells, which is
cytoplasmic/nuclear EGFR. The present study examined
the influence of membranous or cytoplasmic localized
EGFR on the prognosis of patients with oral squamous cell
carcinoma (OSCC). Slides from 45 OSCC tumor samples
were stained against EGFR using immunohistochemistry
and analysed by the Remmele score system. The association
with histopathological parameters and survival data was
analyzed. Cytoplasmatic EGFR localization was identified
as an independent predictive biomarker for overall survival
in the examined OSCC cohort according to multivariate Cox
regression analysis. Positive cytoplasmatic EGFR staining was
correlated with a higher risk of early death (RR=3.0; P=0.035),
while membranous EGFR localization did not affect patient
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survival. To the best of our knowledge, the present study is
the first study to demonstrate that cytoplasmatic-localized
EGFR is an independent prognostic biomarker for the overall
survival of patients with OSCC.

Introduction

Oral squamous cell carcinoma (OSCC) is responsible for
300,000 tumor cases per year (2012; 2.1% of all cancer
worldwide) and is a tumor entity that is one of the 10 most
common types of cancers worldwide (1). The five-year survival
rate has stagnated at around 40-50% (2). For this reason, new
molecular prognostic markers are urgently required to better
estimate the outcome of OSCC patients.

The epidermal growth factor receptor (EGFR) is a trans-
membrane receptor with tyrosine kinase activity and regulates
cellular processes such as proliferation, metastasis, radio- and
chemoresistance (3).

EGFR is known to be overexpressed in a large number of
human tumors of epithelial origin (3) and is associated with
the outcome of tumor patients (4). The role of EGFR in head
and neck squamous cell carcinoma (HNSCC) was exten-
sively studied and the negative prognostic impact of EGFR
overexpression on local control and patient survival has been
described. Therefore, various therapies against EGFR are
routinely used for HNSCC patients (5).

However, the impact of the subcellular EGFR-distribution
on the prognosis is controversially discussed, especially when
data were derived from immunohistochemical analysis in
different OSCC patient cohorts (5-7). A possible explanation
for the contradictory data could be the different function of
e.g. membrane or cytoplasmatic/nuclear localized EGFR.

Some authors have described that cytoplasmatic/nuclear
localized EGFR might be associated with a higher prolifera-
tion rate in cancer cells (8,9).

In addition, it was found that especially an increased level of
nuclear EGFR was associated with a poor prognosis of cancer
patients (10). A study examined the prognostic value of nuclear
expression of EGFR in tumor samples of OSCC patients. The
authors found a nuclear EGFR staining in 23 patients (28%)
but no correlation with clinicopathological factors or patient
outcome (11).
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Another possible reason for the ambiguous prognostic
influence of EGFR for OSCC patients could be the occur-
rence of alternative EGFR isoforms, which could induce
different signal transduction pathways compared to full length
EGFR (12,13).

Therefore, we investigated the level and the localization
(membranous/cytoplasmatic) of EGFR protein in OSCC
samples and their effects on patient's outcome.

Materials and methods

Tissue samples and histopathologic data. We examined
45 paraffin-embedded tumor samples from OSCC patients.
All patients underwent surgery at the Department of Oral
and Maxillofacial Plastic Surgery at the University of
Halle-Wittenberg, Germany. The clinical and histomorpho-
logical parameters of the cohort of OSCC patients are listed
in Table I. The mean age of the patients was 57 years. Twenty
eight patients (62%) died after an average of 16.1 months, and
17 OSCC patients (38%) were still alive after an average of
60 months. The study was conducted in accordance with the
Helsinki Declaration and approved by the Ethics Committee of
the Medical Faculty of the University Halle-Wittenberg (ethic
number 2017-81 issued on June 27th, 2017). The human tissue
samples were collected between 1998 and 2002. All patients
underwent surgery according standardized regimens and gave
their written consent (14,15).

Immunohistochemistry. The THC staining procedure was
applied as previously described (15). Sections (4 ym) of
paraffin-embedded tissues were heated to 56°C. Briefly, the
tumor slides were deparaffinized with xylol and transferred
into a series of ethanol dilution. The EGFR antibody (D38B1)
(Cell Signaling Technology Inc.), tested by us in a previous
work (13,16), and routinely established for IHC staining in the
Institute of Pathology (DRK Kliniken Berlin Westend), was
used. The antibody was diluted according to the manufactory
specifications (1:50). The staining (labeled streptavidin-biotin
method) was performed by using a standard protocol on a
semiautomatic staining facility (Ventana BenchMark; Roche
Diagnostics). After staining, the sections were counterstained
with Mayer's hematoxylin. The staining protocol followed a
standard protocol of the Institute of Pathology (DRK Kliniken
Berlin Westend) which always include necessary controls
(omitting of the primary antibody). The stained slides were
evaluated by an experienced pathologist (MS) and reevalu-
ated by C.W. and D.B. using the Remmele Score system and
taking into account the location of staining (membranous
or cytoplasmic) (17). In detail: First the percentage of posi-
tive cells was assigned as: 1-10% positive cells as a score 1,
11-50% positive cells as a score 2; 51-80% positive cells as
a score 3 or >80% positive cells as a score 4. Secondly, the
staining intensity was scored as negative (1), moderate (2)
or intense (3). Scores for the percentage of positive cells and
scores for the expression intensities were multiplied to calcu-
late the immunoreactive score [IRS according to Remmele
and Stegner (17)]: 0-2, no staining; 3-4, weak staining;
6-8, moderate staining; 9-12, strong staining (15). The EGFR
staining was classified as i) membEGFR (20% positive 9/45, in
detail n=36 negative, n=2 weak, n=7 moderate and n=0 strong

staining), ii) cytoEGFR (55.5% positive 25/45, in detail n=20
negative, n=12 weak, n=12 moderate and n=1 strong staining).
For survival analysis, the cohort of OSCC patients was sepa-
rated into two groups according to the expression level of
membranous or cytoplasmic EGFR as negative (IRS 0-2) vs.
positive staining (IRS 3-12).

Statistical analysis. The Cox's regression hazard model and
Kaplan-Meier analysis was used to estimate a correlation
between EGFR protein level and overall survival or relapse-
free survival of OSCC patients. The model was adjusted
for the prognostic effects of covariates (clinical T-stage,
N-stage and grading of the tumor and the sex and age of
the patients). Correlation analysis was performed using the
Kruskal-Wallis test or the Spearman rank correlation test. A
probability (P) of <0.05 was defined as significant and the
relative risk (RR) was calculated as well as the confidence
interval (CI). The statistical analysis was performed using
SPSS software version 25.0 (SPSS Inc.).

Results

Prognostic effect of membranous EGFR and cytoplasmatic
EGFR on overall and relapse free survival. The EGFR staining
i) membEGFR ii) cytoEGFR (Fig. 1) was separated into two
groups [low vs. median/high level (please see Materials and
methods)].

By Kaplan-Meier analysis, we found that patients with
a positive cytoEGFR level died on average 13.5 months
(P=0.03) earlier than patients with a negative cytoEGFR
protein localization (Table I). The membEGFR level had no
significant correlation with the prognosis in the Kaplan-Meier
analysis (Table II).

In the univariate Cox's proportional hazard regression
analysis a positive cytoEGFR staining showed a significant
correlation with a worse prognosis of the patients (RR=2.3;
P=0.039), while membEGFR do not correlate with the
prognosis.

Furthermore, we also performed a multivariate Cox's
proportional hazard regression analysis adjusted to the T-stage,
N-stage, grading, sex and age of the patients (Table III). The
Cox's analysis demonstrated that the cytoEGFR protein level
is an independent prognostic biomarker for the overall survival
of OSCC patients (RR=3.0; P=0.035) (Fig. 2; Table II), while
the membEGFR level has no significant influence on survival
in the same OSCC cohort (Table II).

Interestingly, in multivariate Cox's proportional hazard
regression analysis (RR=2.57; P=0.13) we found that even
a slight increase of cytoEGFR protein level was associated
with a higher risk of disease relapse. Again, membEGFR did
not correlate with the probability of relapse in this cohort of
OSCC patients (Table II).

Correlation of membranous EGFR and cytoplasmatic EGFR
with other parameters. In bivariate two-sided Spearman
correlation analysis, we calculated a significant correlation
between membEGFR level and cytoEGFR level (correlation
coefficient: 0.57; P<0.001). No correlation was observed
between the membEGFR level or cytoEGFR level and T-stage,
N-stage, grading, sex and age of the patients (Table I).
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Table I. Clinicopathological data of patients with oral squamous cell carcinoma.

membEGFR protein level cytoEGFR protein level
Number of Negative Positive Negative Positive

Category cases (IRS0-2),n (IRS3-12),n P-value (IRS0-2),n (IRS3-12),n P-value
Total 45 36 9 20 25
Sex

Male 31 24 7 13 18

Female 14 12 2 0.524 7 7 0.618
Age, years

<50 11 10 1 6 5

=50 34 26 8 0.303 14 20 0.443
T-stage

I 6 5 1 2 4

II 17 13 4 9 8

III 11 9 2 2 9

v 11 9 2 0.870 7 4 0.633
N-stage

NO 19 14 10 9

N1-3 26 22 0.371 10 16 0.350
Grading

1 3 2 1 3 0

2 18 16 2 9 9

3 24 18 6 0.501 8 16 0.058

P-values were calculated using a Kruskal Wallis test. cyto, cytoplasmatic; EGFR, epidermal growth factor-receptor; memb, membranous;

IRS, immunoreactive score.

Discussion

In this immunohistochemical analysis, we could show that a
cytoEGFR localization is an independent prognostic marker
for overall survival (OS) in a cohort of 45 OSCC patients
(RR=3.0, P=0.035). Moreover, the cytoEGFR was detectable
in 56% of all cases, whereas high membEGFR level was
detectable in only 20% of all cases. No evidence of nuclear
localized EGFR was found in our cohort.

The prognostic effect of subcellular localization of EGFR
protein (membranous/cytoplasmatic/nuclear) on overall and
disease free survival (DFS) is assessed heterogeneously in
the literature. Bossi et al (6) examined the prognostic effects
of EGFR THC data extracted from nine articles dealing with
OSCC patients data. While three of these studies found a posi-
tive association of EGFR expression on survival (OS or DFS)
of OSCC patients, no such correlation was found in the six
other studies (6).

It is noteworthy that even a loss of EGFR expression may
be related to invasiveness and epithelial-mesenchymal tran-
sition in oral squamous cell carcinoma (18). This could be
explained by the observation that the detection of a receptor
not always correlates with the activity of the induced
pathway, but to the opposite. Therefore it might be possible
that the tumorous EGFR-protein level is very low, but the
signaling pathway is highly activated. This is what we found

in a cohort of STS patients, where EGFR levels were low but
pAKT S473 protein levels were elevated (19,20). An expla-
nation for such a situation could be that the interaction of
high levels of EGFR ligands (e.g. EGF) can lead to a higher
turnover of EGFR proteins. This ligand-receptor complex is
normally internalized into the cytoplasm and only 50% of
the internalized EGFR is recycled and transported back to
the cell surface. When this cycle starts again, the level of
membranous EGFR decreases and the level of cytoplasmic
EGFR increases.

However, at the end of such a strongly induced
EGFR-pathway the EGFR protein is no longer detectable,
although the pathway is highly active (13). This indicates that
very low levels of EGFR protein might have two opposite
reasons i) very low expression of EGFR or II) a very high active
EGFR-pathway associated with high level of internalization
and degradation of the receptor.

Therefore point II) could be one reason why patients
without detectable EGFR levels in their tumors could benefit
from EGFR- specific therapies. The EGFR level could be low,
because the turnover and the activity of the EGFR-pathway is
very high. It is also possible, that high levels of HER2 binds
activated EGFR, forms a heterodimer and the internaliza-
tion of this complex caused a reduced level of EGFR (21). In
particular, the endocytosis, traffic, recycling and the degra-
dation of EGFR is very complex and influenced by various
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Table II. Survival data of patients (n=45) with oral squamous cell carcinoma.

membEGFR cytoEGFR
protein level protein level
Negative  Positive Negative  Positive
Category (IRS0-2) (IRS3-12)  P-value CI (IRS0-2) (IRS3-12)  P-value CI
Total, n 36 9 20 25
Kaplan-Meier analysis
Mean survival time, months 33.2+7.6 30.9+17.7 0971 40.2+100 26.7+9.2 0.031
(log-rank) (log-rank)
Overall survival
Univariate Cox Ref. RR=1.02 0.972 0.39-2.7 Ref. RR=2.31 0.039 1.04-5.1
Multivariate Cox Ref. RR=1.31 0.61 047-3.6 Ref. RR=3.03 0.035 1.08-8.5
Relapse-free survival
Univariate Cox Ref. RR=1.17 0.78 0.39-3.5 Ref. RR=1.55 0.33 0.64-3.8
Multivariate Cox Ref. RR=1.53 0.49 046-5.1 Ref. RR=2.57 0.13 0.76-8.6

cyto, cytoplasmatic; EGFR, epidermal growth factor-receptor; memb, membranous; CI, confidence interval; Ref., reference.

Figure 1. Examples of EGFR-specific staining of OSCC tumor samples. (A and B) Tumor slides positively stained for cytoEGFR. (C and D) Tumor slides
positively stained for membEGFR. The preview of the figures can be seen in the top row and the enlargement of the same figure is presented below. (E) Tumor
slide with both cytoEGFR and membEGEFR levels in the same tumor. Scale bars, 100 ym. cyto, cytoplasmatic; EGFR, epidermal growth factor-receptor; memb,
membranous; OSCC, oral squamous cell carcinoma.
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Table III. Clinicopathological data of patients with oral squamous cell carcinoma.

Univariate Cox analysis

Multivariate Cox analysis

Category Number of cases RR P-value RR P-value
Total 45
Sex

Male 31 Ref. Ref.

Female 14 0.63 0.30 0.61 0.32
Age, years

<50 11 Ref. Ref.

=50 34 2.35 0.09 4.55 0.01
T-stage

I 6 Ref. Ref.

I 17 048 0.23 0.18 0.12

11 11 0.64 0.47 0.25 0.05

v 11 1.05 0.93 0.36 0.12
N-stage

NO 19 Ref. Ref.

N1-3 26 3.16 0.01 3.09 0.02
Grading

1 3 Ref. Ref.

2 18 0.52 041 0.61 0.55

3 24 1.10 0.90 1.75 049

P-values were calculated using Cox regression analysis. RR, relative risk.

parameters and this could be important for therapeutic
options (21).

Therefore, it is difficult to derive reliable prognostic infor-
mation only from the EGFR content in the tumor, as has been
done in some studies in OSCC patients.

For example, Ryott er al (22) (investigated 78 OSCC),
Diniz-Freitas et al (23) (investigated 44 OSCCOC),
Christensen et al (5) (investigated 192 OSCC) and
Shah et al (24) (investigated 89 OSCC) but found no prognostic
effects of EGFR protein levels. However, an indication of the
activity of the EGFR pathway could be a better prognostic
marker (which could be the level of pAKT473 protein) or the
level of internalization of EGFR. The internalization could
be estimated from the level of membranous vs. cytoplasmatic
EGFR.

This is possible because Monteiro et al (25) published
the prognostic effect of the combination of membEGFR
and cytoEGFR protein level on OS in a cohort of 67 OSCC
(RR=4.92, P=0.039). Nevertheless, this study does not assess
the different prognostic effects of membEGFR compared
to cytoEGFR protein levels. In a multivariate Cox's regres-
sion analysis, Huang and colleagues described a prognostic
effect of membEGFR for 160 OSCC (OS HR: 1.775 (95% CI,
1.136-2.772) (26), whereby the cytoEGFR protein level was not
examined. In another cohort of 100 OSCC, only membEGFR
was found to have a significant prognostic effect (P=0.02). The
authors could not demonstrate such a correlation for the combi-
nation of membEGFR and/or cytoEGFR protein level (27).

In Fig. 1E, it is shown that the membEGFR and cytoEGFR
could be found simultaneously in different regions of the
same tumor. Here membEGFR is localised in the center
whereas cytoEGFR is localised at the periphery of the tumor
bulk. Such a picture can be explained by a higher content of
functional EGFR ligand in the periphery, which is able to
bind the receptor (followed by internalization and activation
of the pathway). While lower ligand levels in the center of
the tumor are unable to activate EGFR and, therefore, the
level of membEGEFR is high and the level of cytoEGFR is
low. Our interpretation of higher cytoEGFR levels is that an
activated EGF-receptor is more likely to be internalized and
thus a higher proportion of cytoEGFR could represent a more
activate EGFR pathway.

Taguchi (11) focused on a study of nuclear EGFR in a
cohort of 82 OSCC patients. The authors found a positive
staining reaction for nuclear EGFR in 28% of the tumor
samples, but no significant correlation with patient survival.
The nuclear localization of EGFR is of great interest,
e.g. Yang et al (28) found that nuclear EGFR protein level was
a better prognostic factor than the cytoplasmic EGFR level in
rectal cancer patients.

In our opinion, it is important to consider the different
localization of biomarkers, since the known biological
properties of these markers highly depend on the different
cell compartments. It was shown that the membEGFR can
be internalized in a ligand dependent manner (29), while
internalized cytoEGFR could be partially recycled and return
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Multivariable cox regression analysis
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Figure 2. Multivariate Cox's hazard regression model for cytoplasmatic EGFR protein level or membranous EGFR protein level and survival in patients with
OSCC. The protein expression levels of cytoEGFR or membEGEFR for 45 patients with OSCC were associated with survival. The model was adjusted for tumor
stage, n-stage and grading of the tumor, as well the age and sex of the patients. The relative risk of death was significantly increased for patients with a higher
cytoEGFR protein level calculated using a multivariate Cox's hazard regression model (P=0.035; RR=3.03; CI, 1.08-8.5). For membEGFR the calculated
multivariate Cox's hazard regression model missed the significant level (P=0.61; RR=1.31; CI, 0.47-3.6). The immunohistochemical staining was analyzed
using the IRS of Remmele and Stegner (17) described in detail (15). CI, confidence interval; RR, relative risk; cyto, cytoplasmatic; EGFR, epidermal growth
factor-receptor; memb, membranous; OSCC, oral squamous cell carcinoma; IRS, immunoreactive score.

to the cell surface. There is evidence that some cytoEGFR
molecules can be translocated into the nucleus of tumor
cells (9,29). In addition, different isoforms of EGFR could
even have different targets/induce different pathways which
could have different biological and therapeutic effects (13,19).

Nuclear EGFR functioned as a transcription factor and
induced proliferation-associated genes and increase the
chemo- and radioresistance of tumor cells (3). The therapeutic
options should take into account the different turnover and
traffic of such a receptor (21,30).

In conclusion, this study shows that EGFR located in the
cytoplasm is an independent prognostic biomarker of OSCC
overall survival that may be important for individualized
therapeutic approaches.
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