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phosphorylation but not of EGFRvIII mutation in resected
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Aims: Overexpression and mutation of epidermal growth factor regulator (EGFR) are frequently found in
the carcinogenesis of non-small cell lung cancer (NSCLC). Because targeting of this receptor has proven
therapeutic efficacy, studying EGFR has become a matter of particular scientific interest. The present study
analysed the EGFR receptor, rate of EGFRvIII mutations, and rate of activated phosphorylated EGFR
(pEGFR) by immunohistochemistry on cryostat sections.
Methods: Surgically obtained tumour specimens of a series of 78 NSCLC patients and 66 adjacent tumour
free specimens were examined immunohistochemically using monoclonal antibodies to stain EGFR,
pEGFR, and EGFRvIII.
Results: EGFRvIII and pEGFR expression was found in 42% and 26% of the tumours respectively and both
were increased significantly compared with tumour free samples. EGFR, pEGFR, and EGFRvIII expression
did not correlate with any of the previously tested markers (c-erbB-2, c-erbB-3, p53, ki-67, and
microvessel density). Similar distributions of immunohistochemical profiles were seen, regardless of
histological subtype, age, or sex. In stage I patients, EGFR phosphorylation at tyrosine residue 845 proved
to be an independent prognostic factor.
Conclusion: Because pEGFR correlated with poor prognosis, it can be speculated that it plays a crucial
biological role in the pathogenesis of NSCLC.

N
on-small cell lung cancer (NSCLC) belongs to the
group of most common malignant diseases with the
highest mortality rate in industrial nations.1 Only 30%

of patients can be treated surgically in a curative attempt, but
for the majority of patients, traditional treatment options are
of modest efficacy.2–4

Recently, new treatment strategies based on targeting
molecular alterations have raised hopes of developing an
effective and well tolerated medication against this fatal
disease.3 4 Inhibition of the epidermal growth factor receptor
(EGFR) is one of the most promising approaches.5–7 EGFR is a
170 kDa tyrosine kinase receptor consisting of an extra-
cellular domain, a transmembrane domain, and a cytoplas-
mic domain comprised of the tyrosine kinase domain and the
C-terminus region with multiple tyrosine residues. Activation
of the receptor occurs when a specific ligand binds and
subsequently induces homodimerisation with another EGFR,
or heterodimerisation with a member of the tyrosine kinase
receptor family.4 8

Overexpression of EGFR is frequently found in NSCLC (32–
81%).5 The EGFR signal regulates proliferation, apoptosis,
angiogenesis, cell adhesion, and motility, and therefore the
receptor has a great impact on tumour growth and progression.4

Nevertheless, the prognostic potential of EGFR overexpression
in NSCLC is controversial.9 However, recent data on EGFR show
that both mutations and the activation status, defined by
phosphorylation, might have a strong impact on the clinical
course.10–12 By far the most common mutation is EGFRvIII,
found in 16%–39% of NSCLC.11–14 EGFRvIII lacks the extra-
cellular ligand binding domain, because of deletion of exon 2–7.
Although ligand binding is impossible, the tyrosine kinase is
constitutively activated, which leads to various functional
signalling differences from EGFR.15–18 The prognostic relevance
of EGFRvIII has so far not been proven.12 19

The aim of the present study was to evaluate EGFR
receptor status by analysing the rate of EGFRvIII mutations

and the rate of EGFR phosphorylation on cryostat sections
and to correlate these findings with clinical parameters,
immunohistochemical expression of p53, ki-67, c-erbB-2 and
c-erbB3, and microvessel density (MVD).

PATIENTS AND METHODS
Patients
In total, 155 lung tissue specimens from 78 patients and 11
postmortem normal lung tissue samples were analysed.
Tumour and adjacent tumour free tissue samples were
obtained surgically. From these, 78 tumour and 66 adjacent
histological tumour free specimens were selected. One part of
the sample was fixed in 10% formalin and routinely
processed for paraffin embedding. The samples for immuno-
histochemical analysis were snap frozen immediately in
liquid nitrogen and stored at 280 C̊ until sectioning.

All surgical tumour specimens were classified histopatho-
logically according to the World Health Organisation
Classification.20 Histological diagnosis of the 78 NSCLC
patients revealed 36 adenocarcinomas, 37 squamous cell
carcinomas, 3 large cell carcinomas, and 2 carcinoid tumours.
According to UICC recommendations, 51 patients were
classified as stage I, 16 as stage II, 9 as stage III, and 2 as
stage IV. All 78 patients were treated surgically between 1994
and 2001. Patients in advanced clinical stages were also
treated with chemotherapy and/or radiotherapy. Median
observation time was 29.3 months (range 0.6–127), and 29
patients died in this period of time. The median age of the
patients at the time of surgery was 61 years (range 37–79),
and the male to female ratio was 3.3:1 (60 men and 18
women).

Abbreviations: EGFR, epidermal growth factor regulator; MVD,
microvessel density; NSCLC, non-small cell lung cancer; pEGFR,
phosphorylated epidermal growth factor regulator; SCC, squamous cell
carcinoma
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Routine postmortem lung tissue samples of the 11 patients
without a malignant disease served as the control group for
immunohistochemical analysis.

Immunohistochemical staining
We examined fresh frozen lung tissue samples for the
expression of EGFR, EGFR phosphorylation, and EGFRvIII
with established immunoperoxidase staining methods as
described previously.21

Frozen lung tissue specimens were cut with a cryostat at 3–
5 mm and mounted on slides. The sections were air dried and
fixed with acetone. Before incubation with primary anti-
bodies, a permeabilisation step was performed. All antibodies
were diluted with phosphate buffered saline (PBS) contain-
ing 1% bovine serum albumin (BSA). Primary antibodies
were incubated for 45 minutes. The slides were washed three
times in TPS for 5 minutes each, then incubated with the
bridging antibody (Dako Z0259), followed by alkaline
phosphatase complex (Dako D0651). For pEGFR staining,
an additional antibody (Dako M0737) was used. Sections
were slightly counterstained with Mayer’s haemalum
(Merck) and mounted with Aquatex (Merck).

The following primary antibodies were used: EGFR (clone
EGFR 1; Pharmingen, USA), polyclonal rabbit phospho-EGF
receptor (Tyr845) antibody (Cell Signaling, Beverly, MA, USA;
1:200 dilution), and monoclonal mouse anti-EGFRvIII (clone
G100; Zymed, San Francisco, CA, USA; 1:100 dilution).

Immunohistochemical evaluation
The slides were evaluated by at least two of the authors (WH,
SD, or BS) using a semiquantitative method on a Zeiss light
microscope (Axioskop 2). The percentages of immunopositive
cells in the representative areas of the sections were assessed,
and the intensity of immunohistochemical staining divided
into four categories: negative (–), low (+), moderate (2+),
and high (3+). Only cells with moderate or high staining
intensities were counted. Based on the results achieved from
the tumour free specimens of the NSCLC patients (66 tumour
free tissues), the cutoff levels were defined as follows (mean
value ¡ 2SD): EGFR .0.3%, pEGFR .0.6% and EGFRvIII
.0.2%. All cases with moderate or high staining intensity
and percentages of immunopositive cells above the cutoff
point were scored as ‘‘positive’’.

Comparison with previous data
Previously we reported on the immunohistochemical expres-
sion of various markers in NSCLC.21 To evaluate the biological
relevance of EGFR, pEGFR, and EGFRvIII, the results were
compared retrospectively with the following parameters
achieved from the same patients: c-erbB-2, c-erbB-3, p53,
ki-67, and MVD.

Statistical analysis
The Pearson x2 test was used to evaluate the differences
between the groups. Significance was determined using 95%
confidence intervals. The log rank test and Cox proportional
hazards model were applied to examine the relationship
between cancer specific survival and the immunohistochem-
ical markers. Cancer specific survival was defined as the time
between surgery and death or last follow up. All statistical
procedures were performed with SPSS statistical software
(version 12.0, SPSS Inc, Chicago, IL, USA).

Figure 1 pEGFR positive cells in a NSCLC specimen, APAAP staining
on cryostat sections.

Figure 2 EGFRvIII positive cells in a NSCLC specimen, APAAP staining
on cryostat sections.
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Figure 3 Percentage of positive cases expressing EGFR, EGFRvIII, and
pEGFR in the tumour group compared with the tumour free specimens.

256 Sonnweber, Dlaska, Skvortsov, et al

www.jclinpath.com



RESULTS
The analysis was based on three different groups of lung
samples: (a) tumour specimens of NSCLC patients (tumour
group), n = 78; (b) histologically tumour free specimens of
the same NSCLC patients (tumour free group) to detect
premalignant lesions and determine cutoff levels, n = 66; and
(c) tumour free specimens of non-tumour patients (control
group) obtained by postmortem examination, n = 11.

Immunohistochemical expression of EGFR, pEGFR,
and EGFRvIII
In the tumour group, EGFR expression was increased in 41%,
pEGFR in 26%, and EGFRvIII in 42% of the cases (pEGFR
staining, fig 1; EGFRvIII, fig 2). The tumour free cohort revealed
a significantly decreased rate of expression of all three tested
receptors: EGFR in 2%, pEGFR in 3%, and EGFRvIII in 6% of the
samples (p = 0.000), and the normal lung tissues of the autopsy
samples were negative for all three (fig 3). Increased pEGFR
and EGFRvIII expression correlated significantly (p = 0.000)
with phosphorylation or EGFRvIII mutation, whereas EGFR
expression was independent of both (tables 1 and 2).

Comparison of EGFR, pEGFR and EGFRvIII with other
immunohistochemical parameters
EGFR, pEGFR, and EGFRvIII expression did not correlate with
any of the previously tested markers (c-erbB-2, c-erbB-3, p53,
ki-67, and microvessel density). Only for p53 expression was a
statistical correlation with pEGFR expression detected
(p = 0.096). All correlations are shown in table 2.

Comparison of EGFR, pEGFR and EGFRvIII with clinical
characteristics
Similar distributions of immunohistochemical parameters
were seen with regard to age and sex.

In the pEGFR positive group, large cell carcinomas (10% v
1.8%) and squamous cell carcinomas (SCC; 55% v 46%) were
more commonly seen, whereas the number of adenocarcino-
mas (30% v 52.6%) was decreased compared with pEGFR
negative patients. For EGFRvIII, the histological subtypes
were distributed similarly, with a slightly increased rate of
SCC (55% v 43%). However, none of these differences reached
statistical significance.

No significant imbalance was found for the clinical stages
of the patients, but there was a somewhat higher rate of stage
I in the pEGFR and EGFRvIII positive cohorts compared with
the negative cases.

Survival and EGFR, pEGFR, and EGFRvIII
Neither EGFR overexpression nor EGFRvIII expression was
significantly correlated with survival. Only for pEGFR
positive patients was a statistical trend to shorter survival
observed (p = 0.091).

Subanalysis of stage I tumour patients
Because advanced clinical stages go together with poor
prognosis, the predictive value of biological markers could
be misinterpreted. Therefore 50 stage I patients were
analysed separately.

Of 50 tissue slides, 23 (46%) were EGFRvIII positive. An
inverse correlation between EGFRvIII and cerbB-3 was found
(p = 0.005). However, EGFRvIII revealed no prognostic
relevance in log rank analysis.

Increased pEGFR expression was found in 15 of 49 (30.6%)
examined patients, which did not correlate with any of the
other immunohistochemical parameters. Furthermore, pEGFR
expression was not influenced by the distribution of age, sex, or
histology. Consequently, pEGFR seems to be an independent
parameter. Interestingly, patients with positive pEGFR staining
had a higher mortality (60% v 23,5%, p = 0.010) and the
Kaplan-Meier curve (fig 4) showed a significantly decreased
survival probability (log rank p = 0.006).

DISCUSSION
EGFR represents a cornerstone in signal transduction and cell
growth control. EGFR overexpression and mutation play an
important role in the carcinogenesis of NSCLC and occur
frequently in this disease.5 6 22 23 Because targeting of this
receptor has proven therapeutic efficacy, studying EGFR has
become a matter of particular scientific interest.24–30

Therefore, this study analysed the EGFR receptor by
evaluating the rate of EGFRvIII mutations and the rate of
activated phosphorylated EGFR by applying immunohisto-
chemistry to cryostat sections.

We were able to demonstrate that (a) the rate of EGFR,
pEGFR, and EGFRvIII expression in lung cancer specimens is
significantly increased compared with tumour free speci-
mens, and (b) pEGFR is a valuable prognostic factor,
especially in stage I patients.

EGFR overexpression was observed in 41% of 79 NSCLC
specimens,31 a result that lies in the range of those found in
previous studies, which reported overexpression in 32–81% of
the cases.32–38 In contrast to other solid tumours, EGFR
expression in NSCLC is not associated with poor prognosis.4

In a previous study, our group found that neither EGFR-PCR
positivity nor EGFR-immunohistochemical expression
reached statistical significance in survival analysis.31

Similarly, in a recent meta-analysis, 7 of 10 studies failed
to prove the prognostic relevance of EGFR overexpression.9

Increasing knowledge about EGFR led to the presumption
that EGFRvIII or EGFR phosphorylation are more likely to be
of biological relevance in NSCLC.10 12 13 39 40 Our study showed
that 42% of tumour samples were positive for EGFRvIII
overexpression. Okamoto and colleagues published an
EGFRvIII incidence of 39% using the same antibody and a
comparable number of paraffin embedded NSCLC speci-
mens.12 Interestingly, in stage I patients, an non-significant
inverse correlation with c-erbB-1 was seen. However, this
was expected, as EGFRvIII represents the mutated variant of
c-erbB-1.23 40 Furthermore a significantly decreased rate of c-
erbB-3 was detected in cases with EGFRvIII expression,
which indicates that transcription of the truncated form of c-
erbB-341 is associated with EGFRvIII mutation.

Another investigation in our study analysed EGFR phos-
phorylation in NSCLC specimens. We used an antibody that
detects epitopes that are exposed only after phosphorylation

Table 1 Comparison of immunohistochemical markers (number of positive cases in %)

Parameter

Tumour specimens of NSCLC Tumour free specimens of NSCLC Tumour free specimens, controls

p*Positive
Median (range) of
positive cells, % Positive

Median (range) of
positive cells, % Positive

Median (range) of
positive cells, %

pEGFR 20/77 (26%) 0 (0 to 11.9) 2/66 (3%) 0 (0 to 1.5) 0/11 (0%) 0 (0 to 0) 0.000
EGFRvIII 33/78 (42%) 0.1 (0 to 5.7) 4/66 (6%) 0 (0 to 0.5) 0/11 (0%) 0 (0 to 0) 0.000
EGFR 32/79 (41%) 3 (0 to 80) 1/66 (2%) 0 (0 to 1) 0/11 (0%) 0 (0 to 0) 0.000

*Correlation of parameters with tumour (Pearson x2). Cutoff values: pEGFR .0.6%, EGFRvIII .0.2%, EGFR >0.3%. EGFR, epidermal growth factor receptor.
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of Tyr845. This tyrosine residue is located in the activation
loop of the receptor kinase domain and seems to be
important for maintaining tyrosine kinase in an active state.42

Tyr845 and Tyr1101 have been identified as c-src dependent
sites of phosphorylation.43 In this study, 26% of the tumour
specimens showed increased Tyr845 phosphorylation.

Furthermore, a strong association between EGFRvIII and
pEGFR (p = 0.000) was seen. Association between EGFRvIII
and pEGFR is of special interest because the oncogenic
potential of EGFRvIII is caused by constitutive activation of
the tyrosine kinase domain, which leads to autophosphoryla-
tion as well as phosphorylation of substrates such as
Shc.17 18 44 Analysis of individual phosphorylation sites
showed that EGFRvIII uses the same spectrum of autopho-
sphorylation sites as normal EGFR.15 45

So far, five autophosphorylation sites have been identified
in EGFR: three major (Tyr1068, Tyr1148, and Tyr1173) and
two minor (Tyr992 and Tyr1086) sites.43 The analysis of the
Tyr845 site in our study showed that not all EGFRvIII positive

cases (33 tumours) has positive staining with the p845
antibody (17 tumours were p845 negative).

Okamoto et al investigated the major autophosphorylation
site Tyr1173, and found that all EGFRvIII expressing tumours
(7 cases) were p1173 positive but neither parameter was of
prognostic relevance.12 In contrast, we found that Tyr p845
positive expression correlated marginally with the prognosis for
the whole group (n = 77). This finding agrees with the
assumption that c-Src plays a significant role in the regulation
of growth factor receptor function and signal transduction.43

Eliminating the prognostic bias of advanced clinical stages
by analysing stage I patients separately, Tyr845 phosphoryla-
tion was highly predictive for poor survival. In accordance
with these results, a previous smaller study (n = 36) revealed
pEGFR expression in 44% of the cases, and a correlation with
significant survival disadvantage was seen, independent of
stage.10 The authors used the same antibody as us, but on
paraffin embedded material.

Theoretically, an increased rate of pEGFR or EGFRvIII should
lead to an increased rate of proliferating cells, marked by an
increased rate of ki-67, p53, or MVD, which signifies biologically
more aggressive tumours.46 Surprisingly, no correlations were
seen for ki-67 or MVD, but in stage I patients a marginal
correlation was detected between pEGFR and p53 expression.

The microscopically tumour free samples of lung cancer
patients revealed a very low rate of positive cases ((6%) for
all three EGFR tested parameters. With regard to the
significantly higher rates in the tumour samples, overexpression

Table 2 Comparison of immunohistochemical markers in NSCLC with clinical
parameters.

Parameters Total pEGFR EGFRvIII EGFR cerbB2 cerbB3 p53 Ki-67 MVD

Total 79
Clinical parameters

AC 37 6/36 14/36 11 16 17* 13 13 11
SCC 37 11 17 19 12 27* 15 24 17
LCC 3 2 1 1 1 2 1 0 1
Carcinoid 2 1/1 1 1 0 0 0 0 0
Death 29 10 12 12 10 21 13 14 12

IHC
pEGFR 20/77 – 15* 9 8 14 10 8 7
EGFRvIII 33/78 15* – 11 11 18 14 14 13
EGFR 32 9 11 – 10 22 9 18 10
cerbB2 29 8/28 11/28 10 – 21 12 15 5*
cerbB3 46 14 18 22 21 – 18 28* 18
p53 29 10/27 14/27 9 12 18 – 18* 12
Ki-67 36 8 14 18 15 28* 18* – 13
MVD 29 7 13 10 5* 18 12 13 –

*Significant correlation between two parameters (Pearson x2 test, p,0.05). NSCLC, non-small cell lung cancer;
AC, adenocarcinoma; SCC, squamous cell carcinoma; LCC, large cell carcinoma; IHC, immunohistochemistry;
EGFR, epidermal growth factor; MVD, microvessel density.
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TAKE HOME MESSAGES

N EGFRvIII and pEGFR expression was found in 42% and
26% of the tumours respectively, and both were at
significantly higher levels than in tumour free samples.

N EGFR, pEGFR, and EGFRvIII expression did not
correlate with any of the previously tested markers (c-
erbB-2, c-erbB-3, p53, ki-67, and microvessel density).

N In stage I patients, EGFR phosphorylation at tyrosine
residue 845 proved to be an independent prognostic
factor.

N Correlation of pEGFR with poor prognosis indicates
that it plays a crucial biological role in the pathogene-
sis of NSCLC.
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seems to be a late event in lung carcinogenesis. It is well known
that EGFR expression can revert to normal after smoking
cessation.35 To what extent EGFRvIII or pEGFR expression are
reversible is unclear. The theoretical method of EGFR receptor
regulation by endocytosis, internalisation, and recycling47

cannot be directly applied to EGFRvIII, because Huang et al45

found that defective endocytosis and receptor downregulation
lead to prolonged signalling of EGFRvIII.

As phosphorylation of tyrosine 845 has proven to be an
independent prognostic factor in early tumour stages, it can
be speculated that it plays a crucial role in EGFR signalling
and thus the pathogenesis of NSCLC. Whether or not pEGFR
could function as a predictor for anti-EGFR therapies needs
to be answered in further studies.
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