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E-cadherin (E-cad) and epidermal growth factor receptor (EGFR) are important cell adhesion and signaling
pathway mediators. This study aimed to assess their expression in lung adenocarcinoma (AdC) and squamous
cell carcinoma (SCC) and their association with clinicopathologic variables. In all, 130 resectable lung cancers
(stages I–IIIA) were studied using a high-density tissue microarray. Two to three cores from each case were
arrayed into three blocks using a Beecher system. Immunohistochemistry was performed using an avidin–
biotin complex method and monoclonal antibodies against E-cad and EGFR. Unequivocal membrane staining in
410% of tumor cells was considered as a positive expression of E-cad and EGFR. Markers expression and
coexpression were analyzed against clinicopathologic variables (age, gender, smoking status, performance
status, weight loss, histology, grade, stage, and lymph node involvement) and patient survival. There were 118,
126, and 115 cases that were fully assessable for E-cad, EGFR, and both markers, respectively. For E-cad, 65
cases (55%) were positive (þ ), 53 (45%) were negative (�); 23 cases of the negative group had only cytoplasmic
staining. For EGRF, 43 cases (34%) were (þ ), and 83 (66%) were (�). There was no significant association
between E-cad or EGFR, and any of the clinicopathologic variables except for an association between EGFR(þ )
and SCC histologic type. Both negative and cytoplasmic staining of E-cad correlated with shorter patient
survival with P¼ 0.008 and 0.002, respectively. EGFR expression did not correlate with patient survival;
however, patients with E-cad(�)/EGFR(þ ) phenotype had poorer survival than those with E-cad(þ )/EGFR(�)
(P¼ 0.026). Our study suggests that lung AdC and SCC may be stratified based on expression of E-cad and
EGFR with the E-cad(�)/EGFR(þ ) expression having a worse disease outcome. Moreover, the cytoplasmic
expression of E-cad may represent an altered localization of this protein in association with tumorigenicity.
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Recently, several biological markers have been
recognized as prognosticators, as well as indicators
of potential therapeutic targets for different types of

human cancer including non-small-cell lung cancer
(NSCLC). Owing to the complexity of the molecular
biology of NSCLC, multiple factors, including those
involved in the cell growth and cell cycle control,
morphogenesis, apoptosis, angiogenesis, and meta-
static adhesion, have been studied with the aim of
creating biological risk assessment and biological
staging models for NSCLC.1,2 E-cadherin (E-cad) is a
cell–cell adhesion transmembrane molecule that
connects epithelial cells via homotypic calcium-
dependent interactions. E-cad has an important role
in cell adhesion specificities and morphogenesis,
and it may have a signaling effect through interaction
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with intracellular cytoskeleton where the tyrosine
kinase of the src family is localized.3,4 In addition,
because cell discohesiveness and detachment are
important for tumor invasiveness, decreased expres-
sion or loss of E-cad, quantitatively and qualita-
tively, may facilitate tumor invasiveness and
metastasis.4 Epidermal growth factor receptor
(EGFR), a member of the superfamily of receptors
with intrinsic tyrosine kinase activity,5 plays a role
in signal transduction inducing cell proliferation
and differentiation. Furthermore, it has been sug-
gested that these two molecules have a reciprocal
relationship in controlling cell-to-cell adhesion and
cell proliferation and differentiation.6 In vitro,
stimulation of EGFR resulted in reduced intercel-
lular adhesion in esophageal cancer cell lines and
blockage of EGFR activity was reported to upregu-
late E-cad in lung cancer cell lines.7,8 Clinically,
reduced E-cad expression was found to correlate
with dedifferentiation, invasiveness, and poor prog-
nosis in NSCLC, although there was an inconsis-
tency regarding its dependability as a prognostic
factor.9–11 On the other hand, overexpression of
EGFR was reported to be associated with lymph
node involvement and poor prognosis in
NSCLC.11,12

Few investigations addressed the coexpression of
E-cad and EGFR,13 and the relation between this
expression and patient survival in NSCLC. The aim
of this study was to utilize a high-throughput tissue
microarray (TMA) and immunohistochemistry (IHC)
for assessment of E-cad and EGFR expressions in
two major subtypes of NSCLC, adenocarcinoma
(AdC) and squamous cell carcinoma (SCC), to
evaluate their association with clinicopathologic
variables and patient survival, and to address their
possible value as prognosticators.

Materials and methods

Patients Selection

The study group was retrospectively selected from
Roswell Park Cancer Institute patients between 1996
and 1999. The selection criteria were having lung
AdC or SCC as a primary diagnosis, complete
surgical resection of the tumor (macroscopically
and microscopically) as the initial treatment mod-
ality, availability of adequate archival tissue for
evaluation, and complete clinicopathologic data.
Patients who died within 1 month of the operation
were excluded from the study to avoid the bias of
perioperative mortality. In all, 130 patients met the
study criteria. Patients were followed through 3/6/
2002 and the median follow-up time was 57.2
months.

Clinicopathologic data included age (years), gen-
der (male or female), ECOG performance status (0 vs
1, 2, or 3),14 weight loss (presence or absence),
smoking history (never or ever), tumor histology
(AdC, SCC, or large cell carcinoma), tumor grade

(well, moderate, or poor differentiation), pathologic
stage (I vs II and IIIA), positive lymph nodes (0 vs 1
and 2), and last clinical follow-up date or date of
death from lung cancer. This study was performed
under an Institutional Review Board-approved pro-
tocol to investigate molecular markers relevant to
lung cancer pathogenesis.

Histologic Examination and TMA Construction

Hematoxylin and eosin (H&E)-stained slides were
reviewed for confirmation of histopathologic dia-
gnoses and selection of adequate specimens for
analysis. All cases were classified according to the
histological classification of lung tumors specified
by the World Health Organization.15 Pathologic stage
was based on the revised international system.16 The
diagnoses were established by examination of con-
ventional H&E-stained slides for most cases. Neutral
buffered formalin-fixed (10% vol/formalin in water;
pH: 7.4) and paraffin-embedded tissue blocks were
retrieved from the Department of Pathology, Paraffin
Archive Resource of Roswell Park Cancer Institute.
Areas of viable tumor as well as normal tissue
elements were identified and marked by an inves-
tigator (DFT) for the construction of microarrays.
High-density TMAs were assembled using a Beecher
tissue puncher/array system (Beecher Instruments,
Silver Spring, MD, USA) as previously described.17

The system consists of thin-walled stainless-steel
needles with an inner diameter of approximately
1 mm and a stylet for transferring and emptying the
needle contents. The assembly is held in an X–Y
position guide that is manually adjusted by digital
micrometers. Specimens were retrieved from se-
lected regions of the donor paraffin block and are
precisely arrayed in a new recipient block. Tissue
cores were 1.0 mm in diameter and ranged in length
from 1.0 to 3.0 mm depending on the depth of tissue
available in the donor block. For each case, two to
three core samples of normal and tumor tissue were
acquired from two different donor blocks resulting
in 336 cores. Cores were assembled in three high-
density TMA blocks. One arrayed core contained up
to 3200 neoplastic cells.

IHC and Scoring

Sections, 5-mm-thick, were cut from microarrays for
IHC and processed within 1 week of cutting to avoid
oxidation of antigens. Initial sections were stained
for H&E to verify histology. Avidin–biotin-staining
method was employed as previously described.14

Briefly, for E-cad, antigen retrieval was carried out
using Dako Target Retrieval Solution (H1, Target
Retrieval Solution, pH: 9.9, 10 min, Dako, CA, USA).
Mouse monoclonal antibodies against E-cad (clone:
36B5, Novocastra, UK) were used at a dilution of
1:50. These antibodies react with the N-terminal
external region of E-cad. For EGFR, the sections
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were treated with proteinase K (Dako, CA, USA) for
5 min. Mouse monoclonal antibodies against EGFR
(clone: H11, Dako, CA, USA) were used at a dilution
of 1:200. These antibodies react with Mr 170 000
wild-type EGFR and the Mr 145 000 deletion mutant
form of the receptor (EGFRvIII). The antibodies were
incubated with the array sections for 30 min at room
temperature in an automatic immuostainer (Dako,
CA, USA), and then with a detection kit in
accordance with the manufacturer’s instructions.
Immunoreactivity of the normal lung tissue was
used as a positive control. Two investigators (DFT,
GD) independently reviewed the IHC slides without
the knowledge of patient outcome. The percentages
of stained neoplastic cells in TMA sections were
assessed for each case, as well as the pattern of their
staining. More than 10% unequivocal membrane
staining was considered a cut-off point for positive
E-cad and EGFR expression. In addition, E-cad and
EGFR cytoplasmic pattern of staining were reported
separately.

Statistical Analysis

For statistical analyses, patients were separated
according to E-cad expression into positive (þ )
and negative (�) groups; the latter group included
tumors with only cytoplasmic expression. Regarding
E-cad and EGFR coexpressions, the patients were
divided into: E-cad(�)/EGFR(�), E-cad(�)/EGFR(þ ),
E-cad(þ )/EGFR(�), and E-cad(þ )/EGFR(þ ) groups.
In addition, one group with only cytoplasmic
expression of E-cad was analyzed separately.
Categorical variables were analyzed using Fisher’s
exact test. The interobserver reproducibility was
evaluated by analysis of Spearman’s rank test.
Age was analyzed using the Mann–Whitney
rank-sum test. The follow-up time was calculated
using the potential follow-up method. The overall
patient survival was defined as the time between
the date of surgical diagnosis to the date of last
follow-up (censored) or date of patient death (event).
Differences in survival times between patient
subgroups were analyzed using the log-rank test
and proportional hazard regression model. Survival
probabilities were estimated using the Kaplan–
Meier method.18 Statistical significance for model
parameters was based on the likelihood ratio test.
Cox proportional hazards regression analysis
with SAS software (Statistical Analysis Systems)
was used to determine the association between
clinicopathologic variables and overall patient sur-
vival. In all tests, statistical significance was set at
Po0.05.

Results

Clinicopathologic Data

After immunohistochemical staining, 118, 126, and
115 cases were fully assessable for E-cad, EGFR, and

both markers, respectively. In the E-cad group, there
were 55 (47%) women and 63 (53%) men with a
median age of 65.2 years. NSCLC histologic sub-
types were 81 (69%) AdCs and 37 (31%) SCCs.
These tumors were 10 (8%) well-differentiated, 41
(35%) moderately differentiated, and 67 (57%)
poorly differentiated. There were 97 tumors (82%)
with stage I and 21 (18%) with stages II or IIIA. In
all, 79 patients (67%) had negative lymph node
metastases, where 39 (33%) had one or two positive
lymph nodes. Regarding EGFR group, there were 57
(45%) women and 69 (55%) men, with a median age
of 65.0 years. NSCLC histologic subtypes were 83
(66%) AdCs and 43 (34%) SCCs. These tumors were
10 (8%) well-differentiated, 43 (34%) moderately
differentiated, and 73 (58%) poorly differentiated.
There were 102 patients (81%) with stage I disease
and 24 (19%) with stages II or IIIA disease. In all, 85
patients (67%) had negative lymph nodes, where 41
(32%) had one or two positive lymph nodes. The
combined E-cad and EGFR groups had 54 (47%)
women and 61 (53%) men with a median age of 65.3
years. NSCLC histologic subtypes were 78 (68%)
AdCs and 37 (32%) SCCs. These tumors were 10
(9%) well-differentiated, 39 (34%) moderately dif-
ferentiated, and 66 (57%) poorly differentiated.
There were 94 patients (82%) with stage I disease
and 21 (18%) with stages II or IIIA disease. A total of
79 patients (67%) had no evidence of lymph node
metastases and 38 (33%) had one or two patholo-
gically positive lymph nodes. Patients’ clinicopa-
thologic features, including those with only
cytoplasmic E-cad expression, are summarized in
Table 1.

Expression of E-cad and EGFR in Normal Lung Tissue
and in Adc and SCC

The normal respiratory and alveolar epithelia
exhibited a delicate membrane staining for
E-cad (Figure 1a and b). Cytoplasmic staining alone
was not observed in the normal epithelium.
The respiratory epithelium had EGFR membrane
expression with basal localization. The alveolar
epithelium was negative for this marker (Figure
1c and d).

The immunohistochemical data of E-cad and
EGFR expressions in assessable tumor cases are
shown in Tables 2 and 3. The neoplastic cells in the
TMA sections had a delicate membrane expression
of E-cad and EGFR. In all, 53 tumors (45%) were
E-cad(�) and 65 (55%) were (þ ). According to the
histologic types, 47/81 cases (58%) of AdCs and 18/
37 (49%) of SCCs were E-cad(þ ). A total of 23
tumors (19%) had only cytoplasmic expression of
E-cad; 14/23 tumors (61%) were AdCs and 9/23
(39%) were SCCs. In all, 43 tumors (34%) were
EGFR(þ ) and 83 (66%) were (�). Out of the 83 cases
18 (22%) of AdCs and 25/43 (58%) of SCCs were
EGFR(þ ). The only cytoplasmic pattern of staining
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was not identified in EGFR(þ ) cases. EGFR(þ )
SCCs, when compared with the normal respiratory
epithelium, showed a pattern of staining that
extended beyond the basal layer to involve variable
portions of the neoplastic epithelial thickness. Both

markers were simultaneously (þ ) in 13/115 cases
(11%) and were (�) in 22/115 (19%). There were 52/
115 cases (44%) with E-cad(þ )/EGFR(�) and 28/
115 (24%) with E-cad(�)/EGFR(þ ). When stratify-
ing markers’ expressions according to the tumor

Table 1 Clinicopathologic features of the study group

Variables E-cad E-cad(c)1 EGFR E-cad and EGFR
(n¼118) (n¼23) (n¼ 126) (n¼ 115)

Age (years) Median 65.2 67.2 65 65.3
Sex Female 55 (47%) 10 (43%) 57 (45%) 54 (47%)

Male 63 (53%) 13 (57%) 69 (55%) 61 (53%)
Smokea Never 12 (10%) 1 (5%) 13 (10%) 12 (11%)

Ever 105 (90%) 21 (95%) 112 (90%) 102 (89%)
PSa 0 79 (68%) 15 (68%) 86 (69%) 77 (68%)

1, 2, 3 38 (32%) 7 (32%) 39 (31%) 37 (32%)
WLb Absent 104 (90%) 20 (91%) 109 (88%) 101 (89%)

Present 12 (10%) 2 (9%) 15 (12%) 12 (11%)
Histology AdC 81 (69%) 14 (61%) 83 (66%) 78 (68%)

SCC 37 (31%) 9 (39%) 43 (34%) 37 (32%)
Grade Well 10 (8%) 0 10 (8%) 10 (9%)

Mod 41 (35%) 6 (26%) 43 (34%) 39 (34%)
Poor 67 (57%) 17 (74%) 73 (58%) 66 (57%)

Stage I 97 (82%) 18 (78%) 102 (81%) 94 (82%)
II, IIIA 21 (18%) 5 (21%) 24 (19%) 21 (18%)

PN Negative 79 (67%) 16 (70%) 85 (67%) 77 (67%)
Positive 39 (33%) 7 (30%) 41 (32%) 38 (33%)

c, cytoplasmic staining only; PS, performance status; WL, weight loss. AdC, adenocarcinoma; SCC, squamous cell carcinoma. Well, well
differentiated; mod, moderately differentiated; poor, poorly differentiated. PN, lymph node metastasis.
a
One patient lacked smoking and PS data.

b
Two patients lacked WL data.

Figure 1 (a) and (b) Benign respiratory and alveolar epithelia, respectively, show a membrane-staining pattern of E-cadherin (E-cad)
expression. (c) Benign respiratory epithelium basal layer shows a membrane-staining pattern of epidrmal growth factor receptor (EGFR)
expression in contrast to the alveolar lining (d) which is negative for EGFR expression (immunoperoxidase stain, �200).
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grade, EGFR(þ ) was more frequent in poorly
differentiated than in well and moderatly differen-
tiated AdCs. Out of the 48 cases 14 (29%) of poorly
differentiated AdCs were (þ ) for EGFR, where 1/9
(11%) and 3/26 (12%) of well and moderately
differentiated AdCs, respectively, were (þ ) for the
latter marker. The only cytoplasmic expression of E-
cad was observed exclusively in both moderately
and poorly differentiated AdC and SCC, and it was
more frequent in poorly than in moderately differ-
entiated tumors. Detailed expressions of E-cad and
EGFR in tumor grade strata is shown in Tables 2 and
3. Representative photomicrographs of E-cad and
EGFR expressions in tumor samples are shown in
(Figure 2a-d).

Association of E-cad and EGFR with Clinicopathologic
Parameters and Overall Survival

There was no statistically significant association
between E-cad and any of the clinicopathologic
parameters analyzed. This was also true for EGFR
and for simultaneous assessment of both markers;
the only exception was the association between

EGFR(þ ) and SCC histologic type (Po0.001, Fish-
er’s exact test). Among the analyzed clinicopatholo-
gic parameters only performance status, stage,
lymph node involvement, and age were significantly
associated with patient survival in both univariate
and multivariate analyses (Table 4). Patients with
E-cad positive tumors had longer overall survival
when compared to those with negative expression
(P¼ 0.008, log-rank test) (Figure 3). Interestingly,
patients with only cytoplasmic expression of E-cad
had a shorter survival in comparison with those who
had positive expression (P¼ 0.002, log-rank test)
(Figure 4). In multivariate analysis, E-cad(þ )
patients were still having a longer survival (P¼ 0.016)
than those with negative and/or cytoplasmic stain-
ing. There is no statistically significant difference in
survival between EGFR(þ ) patients and those who
were negative for this marker (P40.05). Analyzing
coexpression of E-cad and EGFR after dividing our
patients into four groups indicated an association
between E-cad(�)/EGFR(þ ) phenotype and worse
patient survival (P¼ 0.026, log-rank test) (Figure 5)
in comparison with E-cad(þ )/EGFR(�) phenotype.
However, this association was not valid in multi-
variate analysis (P40.05). The association between

Table 2 E-cad and EGFR expressions in lung AdC and SCC

Grade E-cad(�) E-cad(+) Total EGFR(�) EGFR(+) Total

(n¼ 30)a (n¼23)b (n¼65) (n¼ 118) (n¼ 83)a (n¼43) (n¼ 126)

AdC 20 (25%) 14 (17%) 47 (58%) 81 (100%) 65 (78%) 18 (22%) 83 (100%)
Well 4 (44%) 0 5 (56%) 9 8 (89%) 1 (11%) 9
Mod 5 (20%) 4 (16%) 16 (64%) 25 23 (88%) 3 (12%) 26
Poor 11 (24%) 10 (21%) 26 (55%) 47 34 (71%) 14 (29%) 48

SCC 10 (27%) 9 (24%) 18 (49%) 37 (100%) 18 (42%) 25 (58%) 43 (100%)
Well 0 0 1 1 0 1 1
Mod 7 (44%) 2 (12%) 7 (44%) 16 7 (41%) 10 (59%) 17
Poor 3 (15%) 7 (35%) 10 (50%) 20 11 (44%) 14 (56%) 25

AdC, adenocarcinoma; well, well differentiated; mod, moderately differentiated; poor, poorly differentiated. SCC, squamous cell carcinoma.
a
Cases with no and less than 10% staining.

b
Cases with only cytoplasmic staining.

Table 3 E-cad and EGFR coexpressions in lung AdC and SCC

Grade E-cad(�)/EGFR(�) E-cad(�)/EGFR(+) E-cad(+)/EGFR(�) E-cad(+)/EGFR(+) Total
(n¼ 22) (n¼28) (n¼52) (n¼ 13) (n¼ 115)

AdC 19 (24%) 12 (15%) 41 (53%) 6 (8%) 78 (100%)
Well 3 (33%) 1 (11%) 5 (56%) 0 9
Mod 5 (22%) 2 (9%) 15 (65%) 1 (4%) 23
Poor 11 (24%) 9 (20%) 21 (46%) 5 (10%) 46

SCC 3 (8%) 16 (43%) 11 (30%) 7 (19%) 37 (100%)
Well 0 0 0 1 1
Mod 2 (12%) 7 (44%) 4 (25%) 3 (19%) 16
Poor 1 (5%) 9 (45%) 7 (35%) 3 (15%) 20

AdC, adenocarcinoma; well, well differentiated; mod, moderately differentiated; poor, poorly differentiated. SCC, squamous cell carcinoma.
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E-cad and EGFR expressions and patient survival is
shown in Table 4.

Discussion

Identifying molecular markers to distinguish resect-
able NSCLC patients with a high risk of recurrence is

crucial to improving therapeutic outcome. There-
fore, several biological effectors related to cell
adhesions, growth, and differentiation have been
studied in individuals who develop NSCLC. In this
study, we utilized a TMA method to screen a group
of NSCLC for the expression of E-cad and EGFR
independently and simultaneously and for evaluat-
ing their role as prognosticators. TMA is a procedure

Figure 2 A case of adenocarcinoma (AdC), which is diffusely positive (490%) for membrane E-cad (a), but otherwise is negative for
EGFR in the same section profile (b). A case of squamous cell carcinoma, (SCC) which is negative for membrane E-cad, but shows only
cytoplasmic staining for this marker (c). The same case, in the same section profile, is 490% positive for membrane EGFR (d)
(immunoperoxidase staining, � 100 and � 400.
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that has proven to be a valid methodology in
screening human tumor tissue for different biologi-
cal markers.19 Our selected group of patients was
validated by integrating newly studied markers with
significant factors identified in earlier studies, such
as tumor lymph node metastasis (TNM) staging
system parameters.16,20 The stage of disease and the
lymph node involvement were correlated with
patient survival in both univariate and multivariate
statistical analyses, a fact that supports the accurate
representation of our TMA samples.

Lee et al 9 studied 115 cases of NSCLC (3 cm or
less in size) for E-cad and catenins expressions
using IHC. They found that membranous E-cad
expression was associated with tumor dedifferentia-
tion, invasiveness, and advanced stage, although it
did not have a prognostic value in multivariate
analysis. Kase et al21 assessed the expression of
E-cad and b-catenin in 331 cases of NSCLC
using IHC. They concluded that there was no

independent predictive value of E-cad as a disease
prognosticator; only reduced expression of both
membrane E-cad and b-catenin expressions was

Table 4 Association of E-cad, EGFR, and both with survival:
univariate and multivariate analyses

Variables Relative risk 95% CI P-value

Univariate analysisa

Age (years) Median Ref
4Median 1.2 1.1–3.0 0.025

PS 0 Ref
1, 2, 3 3.3 2.0–5.5 o0.001

Stage I Ref
II, IIIA 2.9 1.7–5.1 o0.001

PN Negative Ref
Positive 2.5 1.5–4.1 o0.001

E-cad Negative Ref
Positive 0.5 0.3–0.8 0.008

E-cad(c) Absent Ref
Present 0.4 0.2–0.7 0.002

EGFR Negative Ref
Positive 1.5 0.9–2.5 40.05

E-cad/EGFR (�/+) Ref
(+/�) 2.1 1.1–4.0 0.026

Multivariate analysisa

Age (years) Median Ref
4Median 1.9 1.1–3.3 0.032

PS 0 Ref
1, 2, 3 3.1 1.8–5.4 o0.001

Stage I Ref
II, IIIA 2.3 1.0–5.2 0.042

PN Negative Ref
Positive 2.0 1.0–4.1 0.061

E-cad Negative Ref
Positive 0.5 0.3–0.9 0.016

E-cad(c) Absent Ref
Present 0.4 0.2–0.8 0.007

EGFR Negative Ref
Positive 1.1 0.6–2.0 40.05

E-cad/EGFR (�/+) Ref
(+/�) 1.8 0.8–3.8 40.05

PS, performance status; PN, lymph node metastasis; c, cytoplasmic
staining only.
a
Clinicopathologic variables (age, PS, stage, and PN) are those of the

largest group (EGFR group, n¼ 126).

p = 0.008
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Figure 3 Survival curve of lung cancer (AdC and SCC) patients
according to E-cad expression: positive membrane staining with a
median survival time of 56.1 months vs negative staining with a
median survival time of 40 months (P¼0.008, log-rank test).
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Figure 4 Survival curve of lung cancer (AdC and SCC) patients
according to E-cad expression: positive membrane staining with a
median survival time of 56.1 months vs cytoplasmic staining (c)
with a median survival time of 30.4 months (P¼0.002, log-rank
test).
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significantly correlated with a poor prognosis
(P¼ 0.0003).

In contrast, our results support that E-cad expres-
sion using IHC, when taking into account the
unequivocal membrane staining in 410% of neo-
plastic cells, is statistically associated with favor-
able patient survival in univariate and multivariate
analyses (P¼ 0.008 and 0.016, respectively). This
finding is also in concordance with a recent report
by Bremnes et al22 The authors utilized TMA and
IHC to evaluate E-cad pathway cofactors. They
showed that membranous E-cad expression is an
independent prognostic factor for NSCLC patient
survival (P¼ 0.002). However, their study did not
comment on the significance of cytoplasmic expres-
sion of E-cad in relation to survival. In our study, we
observed a cytoplasmic staining of E-cad in a minor
subset of NSCLC (Figure 2c); the pattern that may be
suggestive of cytoplasmic localization of this pro-
tein. Interestingly, cytoplasmic staining of E-cad was
associated with shorter patient survival in both
univariate and multivariate analyses (P¼ 0.002 and
0.007, respectively). In addition the absence of E-cad
cytoplasmic expression from benign pulmonary
epithelia and strict expression in malignant epithe-
lia may be a tumorigenesis-related phenomenon.
Bremnes et al22 observed nuclear staining of E-cad
only when using antibodies that react to the
cytoplasmic domain of the molecule. The antibodies
we used recognize the N-terminal external region of
E-cad. Therefore, E-cad cytoplasmic staining may be
due to E-cad proteolytic cleavage by a membrane-

bound metalloprotease to yield a soluble form;23 this
mechanism is referred to as ‘regulated intramem-
branous proteolysis’.24 However, a defective intra-
cellular transportation pathway, or a nonspecific
reaction of E-cad antibodies with intracytoplasmic
proteins may also account for this observation.
Although nuclear staining of E-cad protein has been
described in association with Merkel cell tumors of
the skin,25 we did not observe such an expression in
our NSCLC patient cohort. The reason for this
difference may be the different antibodies or
retrieval methods used.

EGFR has a complex role in cell transduction
signaling that promotes cell proliferation and differ-
entiation.5 Therefore, targeting the EGFR tyrosine
kinase activity might represent an effective thera-
peutic modality for the treatment of NSCLC pa-
tients.26,27 The existing literature regarding EGFR
expression in NSCLC and its association with
patient survival has been inconsistent. Nicholson
et al,10 after reviewing the literature from 1985 to
2000 regarding EGFR and cancer types association,
indicated that this marker was rarely related to other
clinical and prognostic markers in NSCLC. However
other studies had reported a relationship between
EGFR expression and patient survival,28 as well as a
relationship between this expression and tumor
pathogenesis progression.29

In our cohort, there was no statistical correlation
between diffuse membranous expression of EGFR
and patient survival (P40.05). However, all
EGFR(þ ) tumors, markedly SCCs, had a neoplastic
distribution of the marker beyond its basal localiza-
tion in benign respiratory epithelium; this finding,
which was also observed by others,29 suggests that a
correlation between diffuse EGFR expression and
tumor progression may exist.

Although both markers, E-cad and EGFR, have
been individually studied in NSCLC, assessment of
their coexpression and its relationship to patient
survival has been limited and inconsistent. Sorscher
et al13 evaluated the expression of E-cad and EGFR
in 37 cases of stages I and II NSCLC. The authors
used IHC to assess the nuclear and cytoplasmic
staining of both markers. They found a statistically
significant correlation between E-cad and EGFR
staining in primary tumor, but not between the
primary tumor and its metastatic disease.

In the current study, we divided our cases into
four groups: E-cad(�)/EGFR(�), E-cad(�)/EGFR(þ ),
E-cad(þ )/EGFR(�), and E-cad(þ )/EGFR(þ ). There
was a significant difference in patient survival
between E-cad(�)/EGFR(þ ) group and E-cad(þ )/
EGFR(�) group, with the former associated with
shorter patient survival (P¼ 0.026) (Figure 5).
Although this result is in agreement with a pre-
viously reported correlation between E-cad(þ )/
EGFR(�) tumor phenotype and longer patient
survival in esophageal cancer,30 the association
failed the multivariate statistical analysis. The latter
statistical failure might be due to the small study
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Figure 5 Survival curve of lung cancer (AdC and SCC) patients
according to E-cad and EGFR coexpressions: positive E-cad/
EGFR(�) group with a median survival time of 57.7 months vs
negative E-cad/EGFR(þ ) group with a median survival time of
41.4 months (P¼0.026, log-rank test).
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size and/or multiple parameters used; nevertheless,
because of the hypothesized complicated biological
relationship between the two markers, a large
prospective study may be needed to further assess
this relation at an immunohistochemical observa-
tional level.

No significant association between E-cad and
EGFR expressions and tumor differentiation was
entertained in these strictly selected cases of
resectable (stages I–IIIA) AdCs and SCCs; however,
an increased frequency of EGFR expression was
seen in poorly differentiated AdCs in comparison
with more differentiated ones (Table 2).

In conclusion, TMA is a feasible and useful
procedure for screening NSCLC for E-cad and EGFR
protein expressions. Decreased membranous expres-
sion of E-cad is associated with shorter patient
survival. Owing to of its association with unfavor-
able disease outcome, the only cytoplasmic expres-
sion of E-cad may represent an intermediate level of
E-cad intracytoplasmic degradation in NSCLC.
Although it did not associate with patient survival,
diffuse EGFR expression may be related to tumor
progression. Our study suggests that NSCLC may be
grouped based on the expression of E-cad and
EGFR with E-cad(�)/EGFR(þ ) expression having
a probable worse disease prognosis. Evaluation
of E-cad and EGFR may represent an important
disease prognosticator and may aid in clinical
decision-making with respect to the therapy
employed.
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