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Expression of Transforming Growth Factor β1 and 
Cadherins in Lung Adenocarcinoma

Purpose: There is evidence supporting the concept of tumor progression from 
pulmonary adenocarcinoma in situ (formerly bronchioloalveolar carcinoma, 
BAC) to adenocarcinoma with varying degrees of invasion. The aim of this 
study was to investigate the role of transforming growth factor β1 (TGFβ1) 
in tumor invasiveness in lung adenocarcinoma, and to determine the potential 
relationships between its expression and immunophenotypes of cell adhesion 
molecules. Materials and Methods: Tumor samples from adenocarcinoma in 
situ (n=13), minimally invasive adenocarcinoma (formerly BAC with ≤5 mm 
invasion, n=2), and lepidic predominant invasive adenocarcinoma (formerly 
mixed adenocarcinoma showing non-mucinous BAC features with >5 mm 
invasion, n=25) were examined for the expression of TGFβ1, E-cadherin, 
N-cadherin, and H-cadherin proteins using immunohistochemistry. Results: 
Of a total of 40 cases, 25 (63%) were positive for TGFβ1. The frequency 
of immunoreactivity in patients with adenocarcinoma in situ, minimally invasive 
adenocarcinoma, and lepidic predominant invasive adenocarcinoma was 23% 
(3/13), 50% (1/2), and 84% (21/25), respectively (p=0.001). TGFβ1 correlated 
with T classification (p=0.006) and stage (p=0.001). Loss of E-cadherin 
expression was more frequently observed in invasive adenocarcinomas than 
in adenocarcinomas in situ (p=0.034). E-cadherin expression inversely 
correlated with T classification (p=0.009). TGFβ1 expression showed a 
statistically significant correlation with H-cadherin expression (p=0.040), but 
not with E-cadherin expression (p=0.752). Conclusion: These results suggest 
that TGFβ1 and E-cadherin may play an important role in invasive progression 
of lung adenocarcinoma through regulating epithelial-to-mesenchymal 
transition. (J Lung Cancer 2012;11(1):38 44)
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INTRODUCTION

  Pulmonary adenocarcinoma in situ (formerly bronchiolo-

alveolar carcinoma, BAC) grows in a lepidic fashion along the 

alveolar septa. The diagnosis is restricted to noninvasive lesions 

as defined by the World Health Organization (WHO) (1). The 

lepidic growth pattern sometimes seen in varying degrees with 

invasive adenocarcinomas (2) has led to the hypothesis of 

tumor progression from in situ carcinoma to invasive 

adenocarcinoma (3,4). Sequential accumulation of genetic 

aberrations may resultin the development of increasingly 

invasive tumor phenotypes. It remains unclear which molecular 

events are responsible for invasive progression of pulmonary 

adenocarcinoma.

  The transforming growth factor β (TGFβ) signaling path-

way plays a dual role in epithelial malignancies. TGFβ acts 

as a tumor suppressor early in tumorigenesis, but when genetic 

or epigenetic alterations in multiple pathways compromise the 

tumor suppressor activity later in the process, it then functions 

as an oncogene to promote tumor progression (5,6). Three TGFβ 

isoforms (TGFβ1, TGFβ2, TGFβ3) are expressed in 

mammals, and TGFβ1 is the most abundant and universally 

expressed isoform. The expression of TGFβ1 has been 
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reported in various human malignancies, including lung 

carcinoma. TGFβ1 expression is associated with angiogenesis 

and plays a role in tumor progression of non-small cell lung 

carcinomas (NSCLC) (7). The acquisition of epithelial-to-mes-

enchymal transition (EMT) may be induced by TGFβ, 

especially TGFβ1 (8,9). EMT phenotype in cancers has been 

associated with tumor invasion, metastasis and poor clinical 

outcome (9). However, the precise mechanisms that mediate 

these processes remain poorly defined, especially for lung 

adenocarcinoma.

  In the present study, samples obtained from patients with 

pulmonary adenocarcinoma demonstrating lepidic pattern with 

or without invasion were re-categorized according to the new 

criteria by the International Association for the Study of Lung 

Cancer, American Thoracic Society, and European Respiratory 

Society (10), and were investigated using immunohistochemi-

stry for the expression of TGFβ1 to determine its role in 

invasive progression. Cell adhesion molecules, including 

E-cadherin, N-cadherin, and H-cadherin proteins were also 

evaluated for possible correlation with TGFβ1.

MATERIALS AND METHODS

1) Study materials

  Pathology reports were searched through a computerized 

database for patients who were diagnosed as having BAC or 

adenocarcinoma with BAC features after lung resection at our 

institution from January 2007 to December 2010. Forty cases 

with available paraffin blocks were included in this study. All 

the hematoxylin-eosin stained slides were reviewed and 

reclassified by an experienced pathologist (J. Yoo) on the basis 

of the amount of invasive component as described recently by 

the International Association for the Study of Lung Cancer, 

American Thoracic Society, and European Respiratory Society 

(10). Tumors were categorized as 1) adenocarcinoma in situ 

[AIS, ≤3 cm formerly BAC as defined by WHO (1)] if there 

was no evidence of invasion, 2) minimally invasive adeno-

carcinoma (MIA, formerly BAC with focal invasion) if there 

was a predominant lepidic pattern with an area of invasion 

comprising ≤5 mm in the total tumor mass ≤3 cm, 3) lepidic 

predominant invasive adenocarcinoma (LPIA, formerly non- 

mucinous BAC pattern with ＞5 mm invasion). The study 

protocol was approved by the Institutional Review Board (IRB) 

of St. Vincent’s Hospital, The Catholic University of Korea 

(IRB No. VC10SIS10028). Informed consent was waived by 

the IRB. Corresponding clinical information was obtained from 

patient medical records.

2) Immunohistochemical analysis

  Tissue sections were obtained from 40 formalin-fixed, para-

ffin-embedded specimens. Immunohistochemical studies were 

performed using a sensitive peroxidase-streptavidin method for 

detection of the following antigens: TGFβ1 (Santa Cruz 

Biotechnology, Inc., Santa Cruz, CA, USA), E-cadherin (Cell 

Marque, Rocklin, CA, USA), N-cadherin (Cell Marque), and 

H-cadherin (Cell Marque). Sections 4μm thick were placed on 

positively charged slides, deparaffinized in xylene and 

rehydrated in graded alcohols and water. Endogenous per-

oxidase activity was blocked with 3% H2O2 in methanol at 

45
oC for 30 minutes. For antigen retrieval, the sections were 

immersed in a citrate buffer (2.1 g/L, pH 6.0) in an autoclave 

for 15 minutes. The slides were treated with a protein blocking 

reagent for one hour before overnight incubation at 4
oC in a 

humidified chamber with primary antibodies at a 1:50 dilution, 

as recommended by manufacturer instructions. After washing 

with Tris buffer, the immunoperoxidase activity was detected 

using the UltraVision LP detection system (Thermo Fisher 

Scientific, Fremont, CA, USA). 0.05% 3,3’-diaminobenzidine 

was used as a chromogen and hematoxylin as a nuclear 

counterstain.

  Positive and negative controls were run in all series. Positive 

controls were breast carcinoma tissue for TGFβ1 and 

E-cadherin, pituitary gland for N-cadherin, and heart for 

H-cadherin. For negative controls, the primary antibody was 

omitted during processing. All immunostained slides were 

examined by a pathologist (J. Yoo) in a blind fashion. 

Expression for TGFβ1 was evaluated according to the 

percentage of immunoreactive cells to total tumor cells showing 

immunoreactivities in cytoplasm: ＋, ≥10% of tumor cells 

were stained; and −, no detectable expression or ＜10% of 

tumor cells were stained (11). E-cadherin and N-cadherin 

stained the membrane strongly and the cytoplasm weakly. 

H-cadherin stained cytoplasm. Expressions for E-cadherin and 

H-cadherin were evaluated according to the percentage of 

immunoreactive cells to total tumor cells showing immuno-

reactivities: 0, 0∼10%; 1＋, 10∼30%; 2＋, 30∼70%; 3＋, 
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Table 1. Patient Characteristics

No. of patients (n=40) %

Age, yr

≤60 17 43

＞60 23 58

Gender

Male 14 35

Female 26 65

Smoking history

Never 30 75

Ever 10 25

Tumor size, cm

≤3 30 75

＞3 10 25

Histology

AIS 13 33

MIA 2 5

LPIA 25 63

T classification

Tis 13 33

T1∼2 25 63

T3∼4 2 5

N classification

N0 31 78

N1∼3 9 22

M classification

M0 39 98

M1 1 2

Stage

0 13 33

I＋II 21 53

III＋IV 6 15

AIS: adenocarcinoma in situ, MIA: minimally invasive adenocar-

cinoma, LPIA: lepidic predominant invasive adenocarcinoma.

＞70%), and were interpreted as positive when the scores were 

≥2 (12). Cases with ≥2% immunoreactive tumor cells were 

assigned a positive score for N-cadherin (13).

3) Statistical analysis

  Statistical analysis was carried out using the SPSS software 

package version 13.0 (SPSS Inc., Chicago, IL, USA). Asso-

ciations between clinicopathologic factors and protein ex-

pressions were estimated using Spearman’s chi-square test and 

Fisher’s exact test. All p-values were two-sided. p＜0.05 was 

considered statistically significant.

RESULTS

  Table 1 summarizes the patient demographics for the 40 

cases. Patients ranged in age from 30∼78 years (mean age, 

61.2 years). There was a great predominance of women to men, 

and most patients reported a negative smoking history. There 

were 26 women (65%) vs. 14 men (35%), and 30 never- 

smokers (75%) vs. 10 former or current smokers (25%). The 

tumor was ≤3 cm in 30 patients (75%), and ＞3 cm in 10 

patients (25%). Upon pathology review, tumor histology was 

reclassified to AIS in 13 patients (33%), MIA in 2 patients 

(5%), and LPIA in 25 patients (63%). Most tumors presented 

as pathologic Tis-T2 (95%) and pathologic stage 0-II (85%).

  All samples were investigated for the expression of TGFβ1, 

E-cadherin, N-cadherin, and H-cadherin proteins. The negative 

and positive controls gave the expected results. Positive immun-

ostaining for TGFβ1 was observed in 25 tumors (63%) (Table 

2, Fig. 1A). TGFβ1 expression was positive in 3 (23%) of 

Tis, in 21 (84%) of T1∼2 tumors, and in 1 (50%) of T3∼4 

tumors. This difference was statistically significant (p=0.006). 

TGFβ1 was more frequently expressed in patients with N1-3 

status than in patients with N0 status (78% vs. 58%), but the 

difference was not statistical significant (p=0.232). TGFβ1 

was detected in 3 (23%) of the patients with stage 0 disease, 

whereas it was overexpressed in 17 (81%) of patients with 

stage I-II disease and in 5 (83%) of patients with stage III-IV 

disease (p=0.001). E-cadherin was expressed in 20 tumors 

(50%), N-cadherin in 2 tumors (5%), and H-cadherin in 6 

tumors (15%) (Table 2, Fig. 1B∼D). E-cadherin was preserved 

in 9 (69%) of Tis, in 10 (40%) of T1∼2 tumors, and in 1 

(50%) of T3∼4 tumors. This difference was a statistically 

significant negative correlation (p=0.009). N status and stage 

were not associated with E-cadherin expression. There were no 

associations between the N-cadherin expression and any of 

parameters. Of 6 samples positive for H-cadherin, one was an 

in situ lesion (Tis, p=0.090; and stage 0, p=0.062) and the other 

5 were invasive lesions.

  A greater prevalence of TGFβ1 expression was identified 

with increasingly invasive tumor phenotypes: 3 in AIS (23%), 

1 in MIA (50%), and 21 in LPIA (84%) (Table 3). This 

difference was statistically significant (p=0.001). Loss of E- 

cadherin expression was significantly more frequent in LPIA 

than in AIS: 64% (16/25) vs. 31% (4/13) (p=0.034). N-cadherin 

expression was detected only in 2 cases with LPIA (2/25, 8%; 

p=0.279). H-cadherin was expressed in 8% (1/13) of AIS, 50% 

(1/2) of MIA, and 16% (4/25) of LPIA (p=0.646). When the 
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Fig. 1. Immunohistochemistry for transforming growth factor β1 showing cytoplasmic positivity (A), E-cadherin showing predo-

minantly membranous reactivity (B), N-cadherin showing membranous and cytoplasmic staining (C), and H-cadherin showing 

cytoplasmic reactivity (D) (×100).

Table 2. Association between Protein Expressions and Clinical Variables

Variables
TGFβ1 E-cadherin N-cadherin H-cadherin

＋ − p-value ＋ − p-value ＋ − p-value ＋ − p-value

Smoking history 0.663 0.273 0.418 0.163

Never (n=30) 18 12 15 15 2 28 3 27

Ever (n=10)  7  3  5  5 0 10 3  7

T classification 0.006 0.009 0.991 0.09

Tis (n=13)  3 10  9  4 0 13 1 12

T1∼2 (n=25) 21  4 10 15 2 23 4 21

T3∼4 (n=2)  1  1  1  1 0  2 1  1

N classification 0.232 0.611 0.451 0.102

N0 (n=31) 18 13 16 15 2 29 3 28

N1∼3 (n=9)  7  2  4  5 0  9 3  6

M classification 0.446 0.446 0.822 0.015

M0 (n=39) 24 15 20 19 2 37 5 34

M1 (n=1)  1  0  0  1 0  1 1  0

Stage 0.001 0.128 0.898 0.062

0 (n=13)  3 10  9  4 0 13 1 12

I＋II (n=21) 17  4  8 13 2 19 3 18

III＋IV (n=6)  5  1  3  3 0  6 2  4

Total (n=40) 25 15 20 20 2 38 6 34
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Table 3. Results of Immunohistochemical Staining according to Histology

Markers
Histology Histology

AIS (%) MIA (%) LPIA (%) p-value AIS＋MIA (%) LPIA (%) p-value

TGFβ1 0.001 0.002

＋ (n=25)  3 (23) 1 (50) 21 (84)  4 (27) 21 (84)

− (n=15) 10 (77) 1 (50)  4 (16) 11 (73)  4 (16)

E-cadherin 0.034 0.022

＋ (n=20)  9 (69) 2 (100)  9 (36) 11 (73)  9 (36)

− (n=20)  4 (31) 0 (0) 16 (64)  4 (27) 16 (64)

N-cadherin 0.279 0.273

＋ (n=2)  0 (0) 0 (0)  2 (8)  0 (0)  2 (8)

− (n=38) 13 (100) 2 (100) 23 (92) 15 (100) 23 (92)

H-cadherin 0.646 0.825

＋ (n=6)  1 (8) 1 (50)  4 (16)  2 (13)  4 (16)

− (n=34) 12 (92) 1 (50) 21 (84) 13 (87) 21 (84)

Total (n=40) 13 2 25 15 25

AIS: adenocarcinoma in situ, MIA: minimally invasive adenocarcinoma, LPIA: lepidic predominant invasive adenocarcinoma, TGFβ1: 

transforming growth factor β1.

Table 4. Association between TGFβ1, E-cadherin, N-cadherin, and H-cadherin Protein Expressions

Markers
E-cadherin N-cadherin H-cadherin

＋ − ＋ − ＋ −
TGFβ1

＋ 12 13 1 24 6 19

−  8  7 1 14 0 15

p-value 0.752 0.717 0.04

E-cadherin

＋ 0 20 3 17

− 2 18 3 17

p-value 0.154 0.825

N-cadherin

＋ 0  2

− 6 32

p-value 0.554

TGFβ1: transforming growth factor β1.

AIS and MIA were grouped together, the results were the same. 

The central area of the LPIA, which showed invasive com-

ponents, and the peripheral area, which showed lepidic pattern, 

were examined separately for the immunoreactivities for each 

protein. Sixteen of 21 TGFβ1-positive LPIAs demonstrated 

immunostaining only in the central area. On the other hand, 

E-cadherin staining was more frequently identified in the tumor 

cells within the peripheral region than in the tumor cells within 

the central region. No association was found between TGFβ1 

and E-cadherin expressions (p=0.752) (Table 4). TGFβ1, how-

ever, strongly correlated with H-cadherin expression (p=0.040).

DISCUSSION AND CONCLUSION

  TGFβs are members of a large superfamily of pleiotropic 

cytokines, and regulate complex processes including cell 

proliferation, differentiation, adhesion, cell-cell and cell-matrix 

interactions, motility, and cell death (14). TGFβs bind to a 

heteromeric complex of serine/threonine kinases, the type I and 

type II receptors (TβRI and TβRII). Following ligand 

binding to TβRII, TβRI is recruited to the complex, which 

allows for the constitutively active TβRII kinase to trans-

phosphorylate and activate TβRI and thus regulates gene 
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transcription (15). Overexpression of TGFβ is frequently 

associated with metastasis and poor prognosis. Furthermore, 

TGFβ antagonism has been shown to prevent metastasis in 

preclinical models (16-19). There are, however, no collective 

data regarding the significance of TGFβ1 expression in 

pulmonary adenocarcinomas with lepidic pattern. In the present 

study, we hypothesized that TGFβ1 is associated with invasive 

progression in the putative progression model from in situ to 

invasive adenocarcinoma. We found that the prevalence of TGFβ1 

expression increased in tumors with progressively more in-

vasive histologic type (from 23% in AIS to 50% in MIA, and 

to 84% in LPIA). In LPIAs, TGFβ1 was more frequently 

identified in the tumor cells within the central region than in 

the tumor cells within the peripheral region. Our findings were 

supported by the results of other investigations on gastric 

carcinoma, colorectal carcinoma and NSCLC (7,11,20). An 

investigation of NSCLC by Hasegawa et al. (7) showed that 

TGFβ1 protein level measured by enzyme-linked immun-

oadsorbent assay was higher in patients with lymph node 

metastasis and in patients with advanced stage. Their study also 

demonstrated the effects of TGFβ1 on angiogenesis, exhibiting 

a positive association of microvessel density with TGFβ1. 

Invasive properties during intravasation are reminiscent of EMT 

that occurs during embyogenesis. Hallmarks of carcinoma cells 

undergoing EMT are loss of polarity and cell-cell contacts 

(19,21).

  Cell-to-cell adhesion is important in maintaining tissue archi-

tecture. Cadherins are cell-surface glycoproteins that mediate 

cell-to-cell adhesion, and include E-cadherin, N-cadherin, and 

H-cadherin. E-cadherin has been subjected to extensive 

investigation, and reduced or absent E-cadherin has been iden-

tified to be associated with dedifferentiation, invasion and/or 

metastasis in various cancers (21,22). The expression of 

E-cadherin was significantly decreased with an increased depth 

of tumor invasion of colorectal cancer (23). In NSCLC, 

E-cadherin promoter hypermethylation and loss of E-cadherin 

expression were associated with the development of malignant 

phenotype (22), suggesting that E-cadherin may be an im-

portant component of tumor invasiveness. The present study 

also revealed a negative association of E-cadherin expression 

with invasive histology.

  N-cadherin is a major cell adhesion molecule in normal 

physiology as well as in tumorigenesis. Up-regulation of 

N-cadherin is associated with induced cellular motility (24), 

suggesting that it may mediate adhesion of malignant cells to 

stromal or endothelial cells and facilitate invasion of tumor 

cells. We observed N-cadherin expression in only 2 patients, 

both with LPIA, showing no association with E-cadherin 

expression. To the best of our knowledge, the significance of 

N-cadherin expression in pulmonary adenocarcinoma has not 

been investigated. There is a need to conduct further work on 

a larger scale for N-cadherin linked to the classical cadherins. 

  In a study of breast cancer cell lines, EMT was induced after 

treatment with TGFβ, as evidenced by a strong morphologic 

epithelial to fibroblastic tumor differentiation and inhibition of 

E-cadherin (21). We observed in the current study that more 

invasive morphologies are positively associated with TGFβ1 

and negatively with E-cadherin. Although no direct association 

was identified between TGFβ1 and E-cadherin expressions, 

TGFβ1 expression is significantly associated with H-cadherin 

expression. In contrast to classical cadherins, accumulating data 

implicate that H-cadherin is unlikely to function in the 

maintenance of cell-to-cell adhesion, but rather, is involved in 

intercellular signaling (25). Furthermore, the role of H-cadherin 

in EMT was recently confirmed in vivo and in vitro models 

(26). Our results of an association between TGFβ1 and 

H-cadherin expressions suggest that H-cadherin in tumor cells 

may represent an additional mechanism contributing to the 

incorporation of EMT-mediators. The acquisition of an EMT 

phenotype may be an important step in invasive progression 

from in situ to invasive tumor of pulmonary adenocarcinoma, 

and may be accomplished by integration of several complex 

EMT mediators. Further studies to ascertain the role of TGFβ1- 

induced EMT are warranted, including epithelial and mesen-

chymal markers.

  In conclusion, high expression of the EMT phenotype (high 

TGFβ1 and low E-cadherin) was more frequently observed in 

tumors with invasive morphology, suggesting that TGFβ1 

overexpression and down-regulation of E-cadherin may provide 

a favorable environment for tumor cell invasion. Although TGFβ1, 

E-cadherin, and H-cadherin have been implicated in EMT, the 

underlying molecular mechanisms need to be elucidated.
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