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Summary Fifty-two lung carcinomas obtained at surgi-
cal resection were examined by immunofluorescence
for their expression levels and- patterns of the calcium-
dependent intercellular adhesion molecule E-cadherin.
In well-differentiated squamous cell and adenocarcino-
mas expression of E-cadherin was confined to the lat-
eral cell border, similar to the expression level and pat-
tern of normal lung tissue. The E-cadherin level was re-
duced and the expression pattern was spotty or diffuse
in moderately and poorly differentiated squamous cell
carcinomas and in small cell carcinomas of the lung.
Also, most metastases resected had a reduced level and
an altered pattern of E-cadherin expression. In con-
trast, no such correlation was found in adenocarcino-
mas of the lung. This indicates that different cellular
mechanisms are responsible in the progression of squa-
mous cell carcinomas versus adenocarcinomas of the
lung.
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Introduction

Progression of a tumor to malignancy includes pro-
found alterations in cell-to-cell and cell-to-substratum
interactions, These alterations are evident in epithelial
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tumors when malignant cells begin to invade the sur-
rounding tissue and metastasize to distant organs. Ap-
parently, a prerequisite for this process is that the carci-
noma cells detach from their primary site and become
motile, i.e., that these cells have reduced adhesion to
neighboring tumor cells. E-cadherin is a mediator of
epithelial cell-to-cell adhesion and is considered to be
an important member of the family of calcium-depend-
ent cell-adhesion molecules: E-cadherin plays an essen-
tial role in organogenesis during embryonic develop-
ment and in maintaining the histoarchitecture in adult
tissue [1].

In human squamous cell carcinoma of the head and
neck, lack of E-cadherin expression is correlated with
dedifferentiation and metastasis [2]. So far, there are
only few studies of E-cadherin expression in lung carci-
nomas, and an association of down-regulation of E-cad-
herin expression and dedifferentiation and invasiveness
has been described only in some lung carcinoma cell
lines [3, 4]. In this study we analyzed expression levels
and expression patterns of E-cadherin by immunofluor-
escence staining of surgically resected normal lung tis-
sue and lung carcinomas.

Materials and methods

Biopsies of lung carcinomas and of normal lung tissue were re-
sected from 32 patients undergoing routine surgery. The biopsies
were immediately frozen and stored in liquid nitrogen; the time
between ligation of the supplying blood vessels and freezing was
less than 15 min. Serial 6-um frozen sections were stained with
hematoxylin/eosin, or incubated with anti-E-cadherin monclonal
antibody 6F9 (Boehringer Mannheim) or anti-pancytokeratin
monoclonal antibody KL1 (Dianova) as described elsewhere [2].
Dichlorotriazinyl-aminofluoresceine-conjugated polyclonal goat
anti-mouse antibody (Dianova) was used as a second fluorescent
antibody. Only vital tumor tissue representative of routine for-
malin-fixed paraffin-embedded diagnostically relevant tumor tis-
sue was evaluated under the microscope with respect to expres-
sion level and expression pattern. Histological classification and
grading of the tumors was made according to the criteria of the
World Health Organization [5].
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Table 1 E-cadherin expres-
sion levels and patterns in
human lung carcinomas

Expression level® Expression pattern®

++ + - Linear Spotty Diffuse

Squamous cell carcinomas®

Gl 3 0 0 2 1 0

G2 6 14 4 3 13 4

G3 2 3 4 0 3 2
Adenocarcinomas®

Gl 3 0 0 3 0 0

G2 6 1 1 5 1 1

G3 4 1 0 3 1 1
Small cell carcinomas®

G4 0 3 14 0 2 1

# E-cadherin expression level was classified as normal (+ +) when fluorescence intensity was similar
to that of normal epithelium and more than 90% of the tumor cells were stained, as reduced (+)
when fluorescence intensity was less than half of that of normal epithelium and/or 90-95% of the
tumor cells were stained, and as absent (—) when the staining was not distinguishable from back-
ground or less than 5% of the tumor cells were stained

" E-cadherin expression pattern was classified as linear when staining was uninterrupted and con-
fined to the cell borders, as spotty when it was interrupted but confined to the cell borders, and as
diffuse when it was not confined to the cell borders

¢ Histological grading according to WHO criteria [5]. The largest group for each grade is printed in
bold numbers. In four biopsies both squamous cell and adenocarcinomas were distinguished and

were evaluated separately

4 Metastasis obtained by mediastinoscopy

Table 2 E-cadherin expres-
sion levels and patterns in
primary lung carcinomas and

Expression level® Expression pattern®

their metastases. Only pairs, o + B Linear Spotty Diffuse
consisting of primary tumor . ¢
(P) and its metastasis (M), Sqéaémous cell carcinomas > M > "
are listed G2 P M P
G2 P M P
G2 P M P
G2 P M P
G3 P,M P.M
Adenocarcinoma®
G2 P,M
Small cell carcinoma®
G4 P M P

#=< See footnotes to Table 1

Results

The 52 lung carcinomas consisted of 36 squamous cell
carcinomas, 16 adenocarcinomas, and four small cell
lung carcinomas (summarized in Table 1). Of the squa-
mous cell carcinomas three were well differentiated, 24
were moderately differentiated, and nine were poorly
differentiated. The well differentiated carcinomas ex-
pressed E-cadherin at levels found in the normal lung
epithelium, and in two of the three E-cadherin was con-
fined to the lateral cell borders. In 14 of 24 moderately
differentiated forms, however, the amount of E-cadher-
in was reduced and expression appeared in a spotty or
diffuse pattern. An additional four expressed no E-cad-

herin. In seven of nine poorly differentiated squamous
cell carcinomas E-cadherin was either reduced and ex-
pressed in a nonlinear pattern or absent. Down-regula-
tion of E-cadherin expression was also observed in all
lymph node metastases of squamous cell carcinomas
(Table 2). These results suggest that down-regulation
and/or alterations in the expression pattern of E-cad-
herin correlates with a less differentiated and more
malignant phenotype of squamous cell lung carcinomas.
In the few small cell lung carcinomas examined here,
E-cadherin was also down-regulated and expressed in a
nonlinear pattern (Table 1).

In contrast, most (10/13) moderately and poorly dif-
ferentiated adenocarcinomas of the lung expressed E-
cadherin at about normal levels and in a linear pattern



(Table 1). The difference between squamous cell and
adenocarcinomas was evident even within the same car-
cinoma: In lung carcinomas of the adenosquamous
type, the adenoid parts exhibited a normal, linear E-
cadherin expression, while the squamous parts showed
a reduced, spotty expression. A weighted analysis of
variance showed a correlation between grading and the
E-cadherin expression level in squamous cell carcino-
mas (p=0.02), but not adenocarcinomas (p=0.77). It
also showed a correlation between grading and the E-
cadherin expression pattern in squamous cell carcino-
mas (p =0.03), but not adenocarcinomas (p =0.30).

Discussion

In a previous study, loss of E-cadherin expression was
demonstrated to be associated with progression of
squamous cell carcinomas of the head and neck, i.e.,
carcinomas that originate in the mucosa of the aerodi-
gestive tract [2]. No such close association has been re-
ported for lung carcinomas [3], although these tumor
cells are derived from related epithelia of endodermal
origin. A normal E-cadherin expression was observed
in the majority of well differentiated squamous cell car-
cinomas and adenocarcinomas of the lung. In contrast,
in nearly half of the poorly differentiated squamous cell
carcinomas E-cadherin expression was absent. Accord-
ingly, lack of E-cadherin appears to be associated with
poor differentiation in squamous cell lung carcinomas,
which is similar to the finding in squamous cell carcino-
mas of head and neck. In the majority of moderately
differentiated squamous cell carcinomas E-cadherin was
still expressed, albeit at reduced levels. However, the
pattern of expression was spotty or diffuse.

None of the metastases exhibited normal E-cadherin
expression. All five metastases of moderately differen-
tiated squamous cell carcinomas showed a reduced E-
cadherin expression as compared with the respective
primary tumor. This suggests that down-regulation of
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E-cadherin expression is associated with metastasis in
this subgroup of squamous cell carcinomas. Alterna-
tively, as all five primary tumors showed a nonlinear
expression pattern, an altered E-cadherin expression
pattern in the primary tumor could be related to metas-
tasis.

In contrast, no association between dedifferentiation
and alterations in E-cadherin expression was found in
lung adenocarcinomas. These results suggest that dif-
ferent mechanisms are responsible in the progression of
squamous cell carcinomas and adenocarcinomas of the
lung [6].
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