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Abstract 
It was suggested that the decrease and/or loss of E-cadherin expression in non-small cell lung cancer (NSCLC) is responsible for the 
development of the malignant phenotype. Moreover, clinical studies showed that the reduced expression of E-cadherin is associated with 
tumoral differentiation, with the presence of lymph node metastasis and with unfavorable diagnosis of patients with NSCLC. In order to evaluate if 
E-cadherin expression is involved in the NSCLC pathogenesis and significantly associated with clinicopathological parameters, we investigated 
the immunohistochemical (IHC) expression of E-cadherin in 47 lung carcinomas with tumoral resection pieces in the control peritumoral lung 
tissue, looking for possible correlations between the expression of this molecule and the clinicomorphological features and the evolutive 
prognosis of the patients. E-cadherin expression was preserved in 10 (21.28%) of the 47 NSCLCs immunostained with anti-E-cadherin 
antibody and reduced/absent in 37 of the 47 (78.72%) NSCLCs studied. E-cadherin plays a major role in the intercellular adhesion. The reduced 
expression of E-cadherin indicates an unfavorable prognosis and can be a useful prognosis factor in NSCLC – for patients with reduced 
expression of the E-cadherin/α-catenin complex, needing chemotherapy or radiotherapy. 

Keywords: E-cadherin, NSCLC, lung carcinoma, lymph node metastasis, prognosis. 

 Introduction 

E-cadherin (E-cad) is an adhesion molecule of the 
epithelial cells, dependent on calcium that plays a key 
role in stabilizing and maintaining intercellular connections 
[1–4]. E-cadherin is bound to cytoskeleton through catenins, 
and acts as a suppressor of invasion and tumoral metastasis. 
E-cadherin is expressed on the surface of cells in the 
majority of epithelial tissues, and plays an important role 
in stabilizing cell polarity, in maintaining the epithelial 
integrity and the cellular differentiation [5–8]. 

E-cadherin is involved in carcinogenesis, its expression 
being frequently reduced or absent in human epithelial 
carcinomas. Losing the intercellular adhesion and the 
invasion of tumoral cells in the adjacent conjunctive tissue 
were associated with the malignant phenotype. 

Studies showed a reduced protein expression of E-
cadherin associated with the reticent prognosis in a variety 
of human cancers, as well as those of esophagus, stomach, 
bowel, liver, pancreas and bladder, showing that the 
decrease and/or the absence of E-cadherin expression in 
carcinomas are positively linked with the potential of 
invasion and metastasis of these tumors, being connected 
to the tumoral progression and metastasis [9]. 

It was suggested that the decrease and/or the loss  
of E-cadherin expression in non-small cell lung cancer 
(NSCLC) was responsible for the development of the 
malignant phenotype. Moreover, clinical studies showed 
that the reduced E-cadherin expression is associated with 
tumoral differentiation, with lymph node metastasis, and 
with the unfavorable prognosis of patients with NSCLC 
[10]. 

Our aim was to implement a flexible, personalized 
approach, targeted in function of the etiopathogenic and 
genotypic aspects, in order to offer an integrative, complex 
research [11–18]. The attitude must take, with great 
attention, into account, all the present signs, symptoms 
and associated pathologies, the medical and family history 
and the heredo-collateral antecedents [19–21]. 

The aspects concerning the potential adverse events, 
quality of life and vulnerabilities, must be carefully 
approached [18, 22, 23]. The risk and resilience factors 
must be known and evaluated and the therapeutic approach 
must be ethical with the lowest number of adverse events 
encountered [24–27]. 

Relatively little research has been conducted on the 
expression of E-cadherin in lung carcinoma – NSCLC, 
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other than those with small cells. Our present study is 
very useful, original and of great impact, because it 
makes significant correlations in this field, between the 
E-cadherin expression and the prognosis of NSCLC. 
Further studies are needed, in order to offer a complex 
integrative proper image. 

To our knowledge, this type of studies correlating 
these prognostic markers, are also in Romania rare. The 
study includes a large cohort of patients. This is an 
important aspect, as until now there is a lack even of 
international studies, concerning these aspects in the 
population and the topic is of great interest. 

 Patients, Materials and Methods 

The E-cadherin expression was evaluated on tissular 
sections from 47 patients (40 men and seven women), 
under sanatorium surgical resection for lung carcinoma. 
The study period was between 2009–2014, the histo-
pathological identification of lesions was done according 
to the 2011 International Association for the Study  
of Lung Cancer/American Thoracic Society/European 
Respiratory Society (IASLC/ATS/ERS) lung cancer 
classification. The patients’ ages varied between 42  
and 69 years old, with an average age of 59.5 years.  
The medical charts of the 47 patients were revised 
retrospectively in order to gather pieces of information 
about the clinicopathological parameters, such as age, 
smoking history, histological degree, and TNM stage. 
None of the patients included in the study were treated 
with chemotherapy or radiotherapy before the surgery. 

Postoperatively, the patients were under supervision 
for a period of time between one month and 21 months. 
Death caused by the lung cancer was the terminal event 
for the survival assessment. The survival period was 
calculated from the time of surgery until death or until 
last exemption. 

The tissular material resected through surgery 
(containing the tumor and the adjacent non-tumoral lung 
tissue) was put in 10% formalin and included in paraffin, 
and then sectioned to 4 μm thickness and customary 
stained with Hematoxylin–Eosin (HE). Histologically, we 
identified 22 keratinized and non-keratinized squamous 
cell carcinoma (SCC), 16 pulmonary adenocarcinoma 
(ADC) [four acinar ADC, one papillary ADC, one solid 
carcinoma with mucus, six combined ADC, and four 
bronchioloalveolar carcinoma (BAC)], and nine large cell 
carcinoma (LCC). 

Immunohistochemistry 

For immunohistochemical (IHC) expression staining 
of E-cadherin, we used the Labeled Streptavidin–Biotin 
(LSAB) technique on tissular sections added in formalin 
and included in paraffin. Deparaffinized sections (with  
4 μm thickness) were treated with 3% hydrogen peroxide 
(H2O2) for 10 minutes, in order to block the endogenous 
peroxidase, then immersed in 0.05 M citrate buffer (pH 6) 
and heated for 10 minutes in the microwave, at 1000C, 
to enhance the recovery of antigen. 

The sections were incubated for 30 minutes with anti-
E-cadherin rabbit monoclonal primary antibody, clone 
EP700Y, in 1:50 dilution, and then treated for 20 minutes 

with LSAB2. To visualize the reaction, the sections were 
stained with 3,3’-diaminobenzidine (DAB) tetrahydro-
chloride, followed by light counterstaining of nuclei with 
Mayer’s Hematoxylin. 

The normal bronchial epithelium adjacent to the tumor 
was used as positive check for the evaluation of E-cadherin 
expression. For the negative check of reaction, the sections 
were applied with the same staining procedure, but 
excluding the primary antibody. 

Evaluation of IHC staining 

Following the treatment of sections with anti-E-
cadherin antibody, a membrane staining pattern and/or 
cytoplasmatic emerged. In order to quantify E-cadherin 
immunoexpression, we applied the criteria used by Lim 
et al. (2000) [9]. We considered to be negative (–)  
E-cadherin immunoreaction, the immunostaining of less 
than 5% of tumor cells or the absence of membrane 
expression in tumor cells. 

E-cadherin expression was defined as positively weak 
(+), when between 5% and 50% of the tumor cells were 
stained, and strongly positive (++), when >50% of the 
tumor cells became stained. The strongly positive E-
cadherin cases (++) were included in the tumor group 
with “preserved” E-cadherin expression, while the rest 
(tumors +,–) were included in the tumors with “decreased” 
E-cadherin expression. 

We noticed the following patterns of E-cadherin 
expression: linear patterns – with even and uninterrupted 
membrane staining (limited to cellular membrane); spotted 
pattern – with interrupted immunostaining but limited to 
cellular membrane; diffuse pattern – when there was a 
membrane and cytoplasmatic immunostaining. The even 
staining pattern of the cellular membranes was considered 
to be normal, and as an abnormal expression of E-cadherin, 
we considered the negative even and the diffuse patterns 
(cytoplasmatic and membrane). We did not take into 
consideration the areas with necrosis and bleeding. 

The expression of the non-tumoral lung tissue served 
as internal check. For every case, the IHC expression of 
the E-cadherin from malignant cells was compared to the 
intensity of the immunoreaction in the normal bronchial 
epithelium, having an intense and homogeneous E-cadherin 
expression at the membrane level. 

In order to analyze the existence of a possible 
correlation between the E-cadherin expression and the 
proliferative activity of lung carcinomas, estimated through 
Ki-67 mitotic index (MI), the IHC expression of Ki-67 
antigen was evaluated by using anti-Ki-67 monoclonal 
antibody (clone MIB-1, Dako, Carpinteria, CA, USA). 

High Ki-67 activity, meaning increased proliferative 
expression, was considered for cut-off values >50% and 
reduced activity <20%. 

Statistical analysis 

The correlations between E-cadherin expression and 
the clinicopathological factors, and the relation between 
E-cadherin expression and proliferative activity (appre-
ciated through the evaluation of Ki-67) were statistically 
analyzed with the χ2 (chi-square) test function. The value 
of p<0.05 was considered to have a statistical significance. 
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 Results 

Thirty-seven (78.72%) of the 47 NSCLC examined 
cases showed reduced or absent immunoreaction for  
E-cadherin. We noted a reduced expression of E-cadherin 
in 19 of the 22 SCC (86.36%), in 10 of 16 ADC (62.5%) 
(two acinar ADC, eight BAC) and eight of nine (88.89%) 
LCC (Table 1). 

We did not notice a significant relation between  
E-cadherin expression and the histological type of cancer. 
Both in SCC and ADC, the frequency of cases with 

reduced E-cadherin expression was higher (86.36% in 
SCC; 62.5% in ADC) than the preserved type (13.64% 
in SCC; 37.5% in ADC) (p=0.087) (Table 2). 

The frequency of linear pattern (13.64% in SCC; 
6.25% in ADC) was significantly lower than the spotted 
pattern (22.72%; 25%) or diffuse pattern (50%; 43.75%) 
(p=0.087). In general, positive E-cadherin tumors presented 
a membrane or spotted pattern, while the tumors with 
reduced expression of E-cadherin had a diffuse pattern 
or a weak cytoplasmatic staining (Table 3). 

Table 1 – The relation between E-cadherin expression and clinicopathological factors in NSCLC 

Expression of E-cadherin 
Clinicopathological features 

No. of  
cases Preserved n (%) 

n=10 (21.28%) 
Decreased n (%) 

n=37 (78.72%) 
p 

≤60 20 4 (20%) 16 (80%) 
Age [years] 

>60 27 6 (22.22%) 21 (77.78%) 
0.853 

Men 40 7 (17.5%) 33 (82.5%) 
Gender 

Women 7 3 (42.86%) 4 (57.14%) 
0.134 

Smokers 28 2 (7.14%) 26 (92.86%) 
Smoking status 

Non-smokers 19 8 (42.1%) 11 (57.9%) 
0.004 

II 6 2 (33.33%) 4 (66.67%) 
Stage 

III–IV 41 8 (19.51%) 33 (80.49%) 
0.439 

G1–G2 24 6 (25%) 18 (75%) 
Histological degree 

G3–G4 23 4 (17.39%) 19 (82.61%) 
0.524 

SCC 22 3 (13.64%) 19 (86.36%) 

ADC 16 6 (37.5%) 10 (62.5%) Histological type 

LCC 9 1 (11.11%) 8 (88.89%) 

0.146* 

NSCLC: Non-small cell lung cancer; SCC: Squamous cell carcinoma; ADC: Adenocarcinoma; LCC: Large cell carcinoma; n: No. of cases;  
p-value from χ2 (chi)-square test; *Value of p between SCC, ADC and LCC. 
 

Table 2 – E-cadherin expression according to the 
histological type in NSCLC 

Preserved  
E-cadherin 
expression 

Decreased  
E-cadherin 
expression 

Histological 
type 

No. of 
cases 

++ + – Subtotal

p 

SCC 22 
3  

(13.64%) 
16 3 

19 
(86.36%)

ADC 16 
6  

(37.5%) 
6 4 

10  
(62.5%)

0.087*

NSCLC: Non-small cell lung cancer; SCC: Squamous cell carcinoma; 
ADC: Adenocarcinoma; *Value of p between SCC and ADC. 

Table 3 – E-cadherin expression pattern correlated 
with histological type of NSCLC 

Histological 
type 

Linear 
pattern 

Spotted 
pattern 

Diffuse 
pattern 

Negative 
E-cadherin

p 

SCC  
(n=22) 

3  
(13.64%) 

5  
(22.72%) 

11  
(50%) 

3  
(13.64%)

ADC  
(n=16) 

1  
(6.25%) 

4  
(25%) 

7  
(43.75%) 

4  
(25%) 

0.087

SCC – squamous cell carcinoma; ADC – adenocarcinoma; n: No. of 
cases. 

We noticed a distinct membrane staining in SCC 
(Figure 1, a–f), sometimes more obvious in central areas 
of lobules and nests of tumoral cells with a better 
differentiation, in comparison to the marginal areas. We 
noticed more frequently a staining pattern in spots and 
diffuse in ADC (Figure 2, a and b) and BAC (Figure 2, 
c and d), without differences regarding the intensity  
of immunoreaction in areas with variable histological 
degree. LCC got stained positively weak, with E-cadherin 
expression mainly cytoplasmatic (Figure 3, a and b). 

E-cadherin expression was more frequently preserved 
in differentiated tumors (G1–G2), comparatively with 
weakly differentiated tumors (G3–G4) (25% vs. 17.39%), 
the correlation between E-cadherin expression and the 
increase of histological degree being statistically insig-
nificant (p=0.524) (Table 4). 

The linear pattern of E-cadherin expression was noticed 
in well-differentiated cancer cells, while the diffuse or 
spotted pattern was noticed more frequently in weakly 
differentiated tumors. 

Even though there were not any significant correlations 
between E-cadherin expression and the majority of 
clinicopathological factors that we analyzed, such as: 
age (p=0.853), gender (p=0.134), TNM stage (p=0.439), 
histological differentiation (p=0.524), and the histology 
of tumors (p=0.146), the E-cadherin expression still was 
not significantly decreased in male smokers (p=0.004). 
We could not note a significantly reduced expression of 
E-cadherin for the histological type of SCC, comparing 
with ADC and LCC (p=0.146). 

In patients with reduced expression of E-cadherin, 
there was an invasion of lymph nodes in 19 of the 24 
(79.2%) cases (p=0.004), invasion of pleura in 11 of the 
15 (73.33%) cases (p=0.07), invasion of blood vessels in 
nine of the 14 (64.29%) cases (p=0.285), and invasion 
of lymphatic vessels in 16 of the 23 (69.57%) cases 
(p=0.060). The tumoral relapses were noted in six of the 
seven (85.71%) cases (p=0.058), and remote metastasis 
in nine of the 11 (81.82%) cases (p=0.034) (Table 5; 
Figure 4). 



Mirela Loredana Grigoraş et al. 

 

1320 
  

Figure 1 – Squamous cell carcinoma: (a and b) Intense membrane E-cadherin expression (++); (c–f) Membrane  
E-cadherin expression with linear pattern and “in spots”. Anti-E-cadherin antibody immunostaining, ×200. 

 

Figure 2 – (a and b) Lung adenocarcinoma with membrane E-cadherin expression and linear pattern. Anti-E-cadherin 
antibody immunostaining, ×200. 
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Figure 2 (continued) – (c and d) Bronchioloalveolar carcinoma: pneumocytes of type II. Anti-E-cadherin antibody 
immunostaining, ×200. 

 

Figure 3 – Large cell carcinoma with reduced E-cadherin expression (+). Anti-E-cadherin antibody immunostaining, 
×200. 

 
Table 4 – E-cadherin expression according to the 
differentiation degree in NSCLC 

Preserved  
E-cadherin 
expression 

Decreased  
E-cadherin 
expression 

Differentiation 
degree 

No. of 
cases 

++ + – Subtotal

p 

G1–G2 24 
6  

(25%) 
13 5 

18  
(75%) 

G3–G4 23 
4  

(17.39%) 
7 12 

19  
(82.61%)

0.524

NSCLC: Non-small cell lung cancer; p-value from χ2 (chi)-square test. 

Table 5 – Relation between E-cadherin expression and 
clinicopathological factors in NSCLC 

E-cadherin expressionClinicopathological 
features 

No. of 
cases Preserved 

n (%) 
Decreased 

n (%) 
p 

Positive lymph nodes 24 
5  

(20.8%) 
19  

(79.2%) 
0.004

Invasion of pleura 15 
4  

(26.27%) 
11  

(73.33%) 
0.07 

Vascular invasion 14 
5  

(35.71%) 
9  

(64.29%) 
0.285

Lymphatic invasion 23 
7  

(30.43%) 
16  

(69.57%) 
0.06 

Relapses 7 
1  

(14.29%) 
6  

(85.71%) 
0.058

Remote metastasis 11 
2  

(18.18%) 
9  

(81.82%) 
0.034 

NSCLC: Non-small cell lung cancer; n: No. of cases; p-value from χ2 
(chi)-square test. 

 
Figure 4 – Relation between E-cadherin expression 
and clinicopathological factors in non-small cell lung 
cancer (NSCLC). 

The reduced expression of E-cadherin correlated 
significantly with the positive lymph nodes (p=0.004) 
and remote metastasis (p=0.034); also noted was an almost 
significant correlation between reduced E-cadherin and 
tumoral relapses (p=0.058) and invasion of pleura (p=0.07). 

An almost significant correlation (p=0.089) was noted 
between the E-cadherin expression and the Ki-67 prolife-
rative activity (Table 6; Figure 5). Twenty-six (70.27%) 
of the patients group with reduced E-cadherin expression 
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and only four (40%) of the group with preserved  
E-cadherin expression had an increased proliferative 
expression, being included in NSCLC group with high 
Ki-67 activity (Table 6; Figure 5). 

Table 6 – Relation between E-cadherin expression and 
Ki-67 proliferative activity 

Ki-67 immunoreactivity E-cadherin 
expression 

No. of 
cases  

(%) 
High Ki-67 MI  

n (%) 
Low Ki-67 MI 

n (%) 
p 

Preserved 
10  

(21.27%) 
4  

(40%) 
6  

(60%) 

Decreased 
37  

(78.73%) 
26  

(70.27%) 
11  

(29.73%) 

0.089

MI: Mitotic index; n: No. of cases. 

 
Figure 5 – Relation between E-cadherin expression 
and Ki-67 proliferative activity. MI: Mitotic index. 

Out of 47 NSCLC of examined E-cadherin expression, 
the complete information about dispensarization and 
tracking (over a period of 21 months for those alive) 
were available for 17 of the patients. 

The survival rates of patients with NSCLC were of 
five months (for a period of tracking between one  
and 21 months) for patients with reduced E-cadherin 
expression, and seven months (for a period of tracking 
between one and 15 months) for those with preserved  
E-cadherin (Table 7). Even though we noticed no signi-
ficant difference between the two groups, the patients 
with reduced E-cadherin expression had a more reserved 
prognosis than those with preserved expression. 

Table 7 – Relation between E-cadherin expression and 
survival of patients 

E-cadherin 
expression 

No. of  
cases  

(%) 

Average rate of survival 
(tracking period of time) 

[months] 
Preserved 10 (21.27%) 7 (1–16) 

Reduced 37 (78.73%) 5 (1–21) 

 Discussion 

Evaluating the IHC expression of E-cadherin in 65 
cases of NSCLC and in the adjacent non-tumoral lung, 
Myong [28] notes a reduced or absent expression of  
E-cadherin in 51 (78.4%) of cases and the preservation 
of E-cadherin expression in 14 (21.6%) of the examined 
NSCLC. The authors found a significantly decreased 
expression of E-cadherin in SCC, comparing with ADC 
(p=0.032), similar results being noted by Lee et al. (2000) 

[29] and Choi et al. [30]. Based on these observations, 
we describe a significant relation between E-cadherin 
expression and histological type of NSCLC, but this 
does not correlate the reduced expression of E-cadherin 
with the clinicopathological parameters of prognosis,  
as well as the histological degree, TNM stage and survival. 

According to other studies, SCC have a different pattern 
of E-cadherin expression compared to ADC [31], Myong 
[28] suggesting that E-cadherin expression in NSCLC 
can be used to differentiate SCC from ADC. 

Even though the relation between E-cadherin expression 
and the habit of smoking or male gender is unclear, it can 
still be supported while SCC (when it has E-cadherin 
expression relatively decreased) is the main histological 
type of cancer in male smokers. 

Starting from the statement that reduced or absent  
E-cadherin expression is weakly correlated with the high 
proliferative activity (appreciated through immunostaining 
with MIB-1) it was suggested that the decrease of  
E-cadherin expression is followed by the loss of negative 
control feedback (determined by the intercellular inter-
action), enhancing the cellular proliferation [32]. It was 
recently stated that E-cadherin also has a function of 
growth suppression, inducing the stop of cellular cycle 
through the enhancement of a cyclin-dependent kinase 
inhibitor [33]. 

Previous studies reported an abnormal E-cadherin 
expression in 42–81% of lung carcinomas – NSCLC [30, 
34]. Böhm et al. [31] found reduced or absent E-cadherin 
immunoreaction in 53% of the cases; E-cadherin expression 
was considered to be decreased when 90–95% of the 
tumoral cells became colored, and the coloring intensity 
was more reduced than the one of the adjacent normal 
epithelium, and absent when <5% of tumoral cells became 
colored. 

In the study conducted by Lim et al. [9], E-cadherin 
expression was more frequently preserved in SCC 
(59%) than in ADC, and in well differentiated tumors, 
comparatively with the weakly differentiated (60% vs. 
25.9%). In NSCLC with lymph node metastasis, E-cadherin 
expression dropped from 66.3% (≤N1) to 38.6% (≥N2), 
indicating that the loss of E-cadherin expression is 
responsible for acquiring the malignant potential of lung 
cancer, as well as the potential role of E-cadherin in  
the histological differentiation of lung cancer. Behrens 
et al. [7] noticed that the inhibition of cadherins with 
antibodies initiates invasiveness of tumoral cells, and 
Sulzer et al. [34] sees a high percentage of positive  
E-cadherin tumor cells in patients without lymph node 
metastasis (N0, 63%). Böhm et al. [31] found a reduced 
level of E-cadherin expression in lung cancer, with 
spotted or diffuse pattern in moderate SCC and weakly 
differentiated. Using the anti-E-cadherin monoclonal 
antibody (HECD-1), Oka et al. [35] found a correlation 
between E-cadherin expression and the degree of tumoral 
differentiation in gastric cancer, E-cadherin expression 
being preserved in 70% of the differentiated tumors,  
and reduced in the majority of undifferentiated tumors 
(85%). 
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The results shown in our study are difficult to compare 
with other studies due to the semi-quantitative criteria  
of quantification of immunoreaction; compared to the 
normal tissues, the malignant tumors that were analyzed 
had a heterogeneous E-cadherin expression. 

We found a decreased expression of E-cadherin in 
37 (78.4%) and preserved in 10 (21.28%) of the analyzed 
NSCLC. E-cadherin expression was reduced in male 
smokers (p=0.004), correlating significantly with lymph 
node metastasis (p=0.004), and remote (p=0.034), and 
almost significantly with tumoral relapses (p=0.058), and 
invasion of pleura (p=0.07), but it did not correlate with 
age (p=0.853), gender (p=0.134), TNM stage (p=0.439), 
histological differentiation (p=0.524), and tumor histology 
(p=0.146). An almost significant correlation (p=0.089) 
was noticed between E-cadherin expression and the  
Ki-67 proliferative activity (appreciated by the marking 
index IM Ki-67). Twenty-six (70.27%) of the patients 
with reduced expression of E-cadherin, and only four 
(40%) of those with a preserved E-cadherin expression 
had a high proliferation rate, being included in the 
NSCLC group with high Ki-67 MI. 

Even though other studies, Chirieac (2016), approach 
the different histological subtypes of lung cancer in 
separate study samples, we had an integrative view [36]. 
The study has its limits because it is difficult to capture 
all these aspects, also concerning the proliferation index 
Ki-67 values in different histological subtypes of lung 
cancer. Some existing studies reported on the prognostic 
value of Ki-67 index with various endpoint results. No 
consensus on the prognostic value of Ki-67 was found 
among the published studies neither according to the 
stage nor the histological subtype. Ki-67 index seems to 
be of prognostic influence in NSCLC although largely 
variable cut-off levels have been used in different studies 
and a standardization of methodology is required. Further 
research is needed and several biomarkers in combination 
may be necessary to more sufficiently stratify patients to 
various treatment options than is currently possible. The 
reduced expression of E-cadherin in NSCLC has been 
captured also in other studies but through our existent 
study, we put into forefront, interesting aspects and 
correlations that need further research in the future [28]. 
On one side, we captured the complexity and heterogeneity 
of existent situations but on the other side, we want to 
embrace a personalized, tailored therapeutic approach, 
deeply interconnected with the clinical information. So, 
that we observed and analyzed the significant relation 
between E-cadherin expression and histological type of 
NSCLC. 

The expression of E-cadherin/α-catenin complex was 
analyzed in NSCLC, a reduced immunoreactivity of  
E-cadherin being noted in all histological types of lung 
cancer [SCC, ADC, adenosquamous carcinoma (ASC)]. 
The decrease of E-cadherin/α-catenin complex expression 
(more frequently in moderate and weakly differentiated 
carcinomas) was correlated with the tumoral histological 
type, stating that the alteration of E-cadherin and α-catenin 
expressions in NSCLC plays a role in the manifestation 

of the malignant phenotype [37]. Other authors [31] 
described the reduced level of E-cadherin and altered 
patterns in moderate and weakly differentiated SCC,  
as well as in small cell lung cancer (SCLC), but not in 
well-differentiated SCC or in ADC. 

Hidaka et al. [38] noted a positive expression of  
E-cadherin in BAC and a reduced E-cadherin expression 
with disorganized pattern in 71% of ADC. E-cadherin 
expression was significantly more reduced in BAC with 
intra-lung metastasis than in BAC without intra-lung 
metastasis, suggesting that the altered function of  
E-cadherin and α-catenin can concur to detachment of 
cancer cells from the primary lesion, with the emergence 
of intra-lung metastasis. 

Other studies described the relation between reduced 
E-cadherin expression, tumor dedifferentiation, and lymph 
node metastasis, in patients with NSCLC, the reduced 
expression of E-cadherin being associated with tumoral 
dedifferentiation, lymph node metastasis and the reserved 
prognosis [39]. 

Similar results were also noted by Böhm et al. [31], 
showing that the absence of E-cadherin/α-catenin complex 
expression cannot be correlated with any of the histo-
pathological criterion of epithelial carcinoma. Nawrocki-
Raby et al. [40] explained these results through the fact 
that finding a correlation between the negative adjustment 
can underline the complexity of cell adhesion system and 
the importance of examining not only the E-cadherin 
expression. Also, it was showed that the abnormal cell 
adhesion can exist in tumoral cell lines with α-catenin 
deficit, even though these cells show normal quantities 
of E-cadherin on their surface [41]. 

 Conclusions 

Expression of E-cadherin was reduced in most of the 
studied NSCLC (78.4%), and especially in SCC, known 
as the most common type of lung cancer in male smokers. 
Even though there was no significant association noticed 
between E-cadherin expression and the majority of clinico-
pathological factors analyzed, nor with the survival,  
we still noted a relation between tumors with reduced  
E-cadherin expression and the high proliferative activity, 
appreciated through the Ki-67 mitotic index. E-cadherin 
plays a major role in intercellular adhesion. The reduced 
expression of E-cadherin indicates an unfavorable prog-
nosis, and can be a useful prognosis factor in NSCLC – 
for the patients with reduced expression of the E-cadherin/ 
α-catenin complex requiring chemotherapy or radiotherapy. 

Conflict of interests 
The authors declare no conflict of interests. 

Author contribution 
Ioana Cristina Talpoş has equal contribution and thus 

shares first authorship. 

References 
[1] Charalabopoulos K, Gogali A, Kostoula OK, Constantopoulos SH. 

Cadherin superfamily of adhesion molecules in primary lung 
cancer. Exp Oncol, 2004, 26(4):256–260. 



Mirela Loredana Grigoraş et al. 

 

1324 

[2] Chetty R, Serra S. Nuclear E-cadherin immunoexpression: 
from biology to potential applications in diagnostic pathology. 
Adv Anat Pathol, 2008, 15(4):234–240. 

[3] Serra S, Chetty R. Revision 2: an immunohistochemical 
application approach and evaluation of solid pseudopapillary 
tumour of the pancreas. J Clin Pathol, 2008, 61(11):1153–
1159. 

[4] Mayer B, Johnson JP, Leitl F, Jauch KW, Heiss MM, Schild-
berg FW, Birchmeier W, Funke I. E-cadherin expression  
in primary and metastatic gastric cancer: down-regulation 
correlates with cellular dedifferentiation and glandular 
disintegration. Cancer Res, 1993, 53(7):1690–1695. 

[5] Liotta LA, Steeg PS, Stetler-Stevenson WG. Cancer metastasis 
and angiogenesis: an imbalance of positive and negative 
regulation. Cell, 1991, 64(2):327–336. 

[6] Takeichi M. Cadherin cell adhesion receptors as a morpho-
genetic regulator. Science, 1991, 251(5000):1451–1455. 

[7] Behrens J, Mareel MM, Van Roy FM, Birchmeier W. Dissecting 
tumor cell invasion: epithelial cells acquire invasive properties 
after the loss of uvomorulin-mediated cell–cell adhesion.  
J Cell Biol, 1989, 108(6):2435–2447. 

[8] Breier G, Breviario F, Caveda L, Berthier R, Schnürch H, 
Gotsch U, Vestweber D, Risau W, Dejana E. Molecular cloning 
and expression of murine vascular endothelial-cadherin in 
early stage development of cardiovascular system. Blood, 
1996, 87(2):630–641. 

[9] Lim SC, Jang IG, Kim YC, Park KO. The role of E-cadherin 
expression in non-small cell lung cancer. J Korean Med Sci, 
2000, 15(5):501–506. 

[10] Charalabopoulos K, Binolis J, Karkabounas S. Adhesion 
molecules in carcinogenesis. Exp Oncol, 2002, 24(4):249–
257. 

[11] Nussbaum LA, Hogea LM, Andreescu NI, Grădinaru RC, 
Puiu M, Todica A. The prognostic and clinical significance 
of neuroimagistic and neurobiological vulnerability markers 
in correlation with the molecular pharmacogenetic testing  
in psychoses and ultra high-risk categories. Rom J Morphol 
Embryol, 2016, 57(3):959–967. 

[12] Calamar Popovici D, Ionita I, Ionita C, Marinita A, Moleriu RD, 
Ionita H, Iacob D, Chiriac VD, Petre I. Statistical hierarchy of 
diagnostic criteria for chronic myeloid leukemia. Rev Chim 
(Bucharest), 2017, 68(10):2463–2466. 

[13] Popa Z, Chiriac VD, Cobec IM, Lungeanu D, Craina M, 
Bernad E, Ionita I, Moleriu RD, Iacob D, Petre I. HPV cervical 
cancer screening. An analysis over HPV markers between 
worldwide statistics and Romanian reality. Rev Chim (Bucharest), 
2017, 68(10):2459–2462. 

[14] Mioc M, Avram S, Tomescu AB, Chiriac DV, Heghes A, 
Voicu M, Voicu A, Citu C, Kurunczi L. Docking study of  
3-mercapto-1,2,4-triazole derivatives as inhibitors for VEGFR 
and EGFR. Rev Chim (Bucharest), 2017, 68(3):500–503. 

[15] Mladin Micoara NC, Lungeanu D, Morariu SI, Ciacli CA, 
Moleriu LC, Toth G, Stelea L, Petre I, Chiriac D, Ionita I, 
Puschita M. Biomarkers in diagnosing preeclampsia and their 
correlation with blood pressure. Rev Chim (Bucharest), 2017, 
68(10):2448–2451. 

[16] Stevanovic D, Bagheri Z, Atilola O, Vostanis P, Stupar D, 
Moreira P, Franic T, Davidovic N, Knez R, Nikšić A, Dodig-
Ćurković K, Avicenna M, Multazam Noor I, Nussbaum L, 
Deljkovic A, Aziz Thabet A, Petrov P, Ubalde D, Monteiro LA, 
Ribas R. Cross-cultural measurement invariance of the Revised 
Child Anxiety and Depression Scale across 11 worldwide 
societies. Epidemiol Psychiatr Sci, 2016, 26(4):430–440. 

[17] Nussbaum L, Grădinaru R, Andreescu N, Dumitraşcu V, 
Tudor A, Suciu L, Ştefănescu R, Puiu M. The response to 
atypical antipsychotic drugs in correlation with the CYP2D6 
genotype: clinical implications and perspectives. Farmacia, 
2014, 62(6):1191–1201. 

[18] Nussbaum LA, Dumitraşcu V, Tudor A, Grădinaru R, 
Andreescu N, Puiu M. Molecular study of weight gain related 
to atypical antipsychotics: clinical implications of the CYP2D6 
genotype. Rom J Morphol Embryol, 2014, 55(3):877–884. 

[19] Nussbaum L, Hogea LM, Călina D, Andreescu N, Grădinaru R, 
Ştefănescu R, Puiu M. Modern treatment approaches in 
psychoses. Pharmacogenetic, neuroimagistic and clinical 
implications. Farmacia, 2017, 65(1):75–81. 

[20] Timar B, Timar R, Gaiţă L, Oancea C, Levai C, Lungeanu D. 
The impact of diabetic neuropathy on balance and on the 
risk of falls in patients with type 2 diabetes mellitus: a cross-
sectional study. PLoS One, 2016, 11(4):e0154654. 

[21] Timar B, Popescu S, Timar R, Baderca F, Duica B, Vlad M, 
Levai C, Balinisteanu B, Simu M. The usefulness of quantifying 
intraepidermal nerve fibers density in the diagnostic of diabetic 
peripheral neuropathy: a cross-sectional study. Diabetol Metab 
Syndr, 2016, 8:31. 

[22] Navolan DB, Sas I, Grigoraş D, Moldovan M, Cîrlan C, 
Angheloiu Rîcă DE, Levai CM. Reversible arterial redistribution 
in a fetus with true umbilical cord knot: case report and review 
of literature. Rom J Morphol Embryol, 2015, 56(3):1211–1215. 

[23] Nussbaum L, Andreescu N, Hogea LM, Muntean C, 
Ştefănescu R, Puiu M. Pharmacological and clinical aspects 
of efficacy, safety and tolerability of atypical antipsychotic 
medication in child and adolescent patients with schizophrenia 
and bipolar disorders. Farmacia, 2016, 64(6):868–875. 

[24] Andreescu N, Nussbaum L, Hogea LM, Grădinaru R, Muntean C, 
Ştefănescu R, Puiu M. Antipsychotic treatment emergent 
adverse events in correlation with the pharmacogenetic 
testing and drug interactions in children and adolescents 
with schizophrenia and bipolar disorder. Farmacia, 2016, 
64(5):736–744. 

[25] Nussbaum LA, Andreescu N, Nussbaum L, Gradinaru R, 
Puiu M. Ethical issues related to early intervention in children 
and adolescents with ultra high risk for psychosis: clinical 
implications and future perspectives. Rev Rom Bioet, 2014, 
12(3):64–81. 

[26] Hogea LM, Hogea BG, Nussbaum LA, Chiriac VD, Grigoraş ML, 
Andor BC, Levai CM, Bredicean AC. Health-related quality of 
life in patients with hallux valgus. Rom J Morphol Embryol, 
2017, 58(1):175–179. 

[27] Nussbaum L, Ogodescu A, Hogea L, Nussbaum L, Zetu I. 
Risk factors and resilience in the offspring of psychotic 
parents. Rev Cercet Interv Socială, 2017, 56:114–122. 

[28] Myong NH. Reduced expression of E-cadherin in human 
non-small cell lung carcinoma. Cancer Res Treat, 2004, 
36(1):56–61. 

[29] Lee YC, Wu CT, Chen CS, Chang YL. E-cadherin expression 
in surgically-resected non-small cell lung cancers – a clinico-
pathological study. Thorac Cardiovasc Surg, 2000, 48(5): 
294–299. 

[30] Choi YS, Shim YM, Kim SH, Son DS, Lee HS, Kim GY, Han J, 
Kim J. Prognostic significance of E-cadherin and beta-catenin 
in resected stage I non-small cell lung cancer. Eur J Cardio-
thorac Surg, 2003, 24(3):441–449. 

[31] Böhm M, Totzeck B, Birchmeier W, Wieland I. Differences 
of E-cadherin expression levels and patterns in primary and 
metastatic human lung cancer. Clin Exp Metastasis, 1994, 
12(1):55–62. 

[32] Janowski J, Newham P, Kandemir O, Hirano M, Takeichi M, 
Pignatelli M. Differential expression of E-cadherin in normal, 
metaplastic and dysplastic oesophageal mucosa – a putative 
biomarker. Int J Oncol, 1993, 4(2):441–448. 

[33] St Croix B, Sheehan C, Rak JW, Flørenes VA, Slingerland JM, 
Kerbel RS. E-cadherin-dependent growth suppression is 
mediated by the cyclin-dependent kinase inhibitor p27(KIP1). 
J Cell Biol, 1998, 142(2):557–571. 

[34] Sulzer MA, Leers MPG, van Noord JA, Bollen ECM, 
Theunissen PHMH. Reduced E-cadherin expression is 
associated with increased lymph node metastasis and 
unfavorable prognosis in non-small cell lung cancer. Am J 
Respir Crit Care Med, 1998, 157(4 Pt 1):1319–1323. 

[35] Oka H, Shiozaki H, Kobayashi K, Tahara H, Tamura S, 
Miyata M, Doki Y, Iihara K, Matsuyoshi N, Hirano S, 
Takeichi M, Mori T. Immunohistochemical evaluation of  
E-cadherin adhesion molecule expression in human gastric 
cancer. Virchows Arch A Pathol Anat Histopathol, 1992, 
421(2):149–156. 

[36] Chirieac LR. Ki-67 expression in pulmonary tumors. Transl 
Lung Cancer Res, 2016, 5(5):547–551. 

[37] Pirinen RT, Hirvikoski P, Johansson RT, Hollmén S, Kosma VM. 
Reduced expression of alpha-catenin, beta-catenin, and 
gamma-catenin is associated with high cell proliferative 
activity and poor differentiation in non-small cell lung cancer. 
J Clin Pathol, 2001, 54(5):391–395. 



Expression of E-cadherin in lung carcinoma, other than those with small cells (NSCLC) 

 

1325

[38] Hidaka N, Nagao T, Asoh A, Kondo Y, Nagao K. Expression 
of E-cadherin, alpha-catenin, beta-catenin, and gamma-
catenin in bronchioloalveolar carcinoma and conventional 
pulmonary adenocarcinoma: an immunohistochemical study. 
Mod Pathol, 1998, 11(11):1039–1045. 

[39] Liu D, Huang C, Kameyama K, Hayashi E, Yamauchi A, 
Kobayashi S, Yokomise H. E-cadherin expression associated 
with differentiation and prognosis in patients with non-small 
cell lung cancer. Ann Thorac Surg, 2001, 71(3):949–954; 
discussion 954–955. 

[40] Nawrocki-Raby B, Gilles C, Polette M, Bruyneel E, Laronze JY, 
Bonnet N, Foidart JM, Mareel M, Birembaut P. Upregulation 
of MMPs by soluble E-cadherin in human lung tumor cells. 
Int J Cancer, 2003, 105(6):790–795. 

[41] Toyoyama H, Nuruki K, Ogawa H, Yanagi M, Matsumoto H, 
Nishijima H, Shimotakahara T, Aikou T, Ozawa M. The 
reduced expression of E-cadherin, alpha-catenin and gamma-
catenin but not beta-catenin in human lung cancer. Oncol Rep, 
1999, 6(1):81–85. 

 

 
 
 
 
 
 
Corresponding authors 
Teodora Smaranda Arghirescu, Associate Professor, MD, PhD, Discipline of Pediatrics, “Victor Babeş” University 
of Medicine and Pharmacy, 2 Iosif Nemoianu Street, 300011 Timişoara, Romania; Phone +40732–890 543, e-mail: 
sarghirescu@yahoo.com 

Roxana Folescu, Senior Lecturer, MD, PhD, Discipline of Anatomy and Embryology, “Victor Babeş” University of 
Medicine and Pharmacy, 2 Eftimie Murgu Square, 300041 Timişoara, Romania; Phone +40729–104 103, e-mail: 
roxanafolescu08@gmail.com 
 
 
 
 
 
 
Received: January 19, 2017 

Accepted: March 12, 2018 
 
 


