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Take-home message: The downregulation of the EMT repressor Smad pathway may favor a 

pro-tumoral microenvironment in patients with chronic airways diseases, namely COPD, which 

could be eventually targeted therapeutically.  

 

 

 

 



ABSTRACT 

Epithelial-mesenchymal transition (EMT) is involved in the pathophysiology of lung cancer 

(LC) and chronic obstructive pulmonary disease (COPD), and the latter is an important risk 

factor for LC. We hypothesized that gene expression profile of EMT and signaling cascade may 

differ in LC patients with COPD from those with no respiratory diseases.  

In lung tumor specimens obtained through video-assisted thoracoscopic surgery (VATS) from 

LC (n=20, control group) and LC-COPD patients (n=30), gene expression (qRT-PCR) of EMT 

markers: SMAD3, SMAD4, ZEB2, TWIST1, SNAI1, ICAM1, VIM, CDH2, MMP1, and MMP9 

were detected.  

In lung tumors of LC-COPD compared to LC patients, gene expression of SMAD3, SMAD4, 

ZEB2, and CDH2 significantly declined, while no significant differences were detected for the 

other analyzed markers. A significant correlation was found between packs-years (smoking 

burden) and SMAD3 gene expression among LC-COPD patients. LC-COPD patients exhibited 

mild-to-moderate airway obstruction and a significant reduction in diffusion capacity compared 

to LC patients. 

In lung tumor samples of patients with COPD, several markers of EMT expression, namely 

SMAD3, SMAD4, ZEB2, and CDH2 were differentially expressed suggesting that these markers 

are likely to play a role in the regulation of EMT in patients with this respiratory disease. 

Cigarette smoke did not seem to influence the expression of EMT markers in this study. These 

results have potential clinical implications in the management of patients with LC, particularly 

in those with underlying respiratory diseases.  
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INTRODUCTION 

Nowadays lung cancer (LC) continues to be a major cause of mortality worldwide [1-3]. De-

spite the progress in the diagnosis and treatment of LC that has been achieved in the last dec-

ades[2], the pathophysiology and underlying biology remains to be fully understood. Im-

portantly, patients with underlying obstructive lung diseases, namely chronic obstructive 

pulmonary disease (COPD) are placed at a greater risk to develop tumors in their lungs and 

airways [3, 4].  

Several biological mechanisms have been shown to participate in the greater risk for LC de-

velopment in COPD patients [5]. For instance, increased oxidative stress [6], inflammation 

including a differential inflammatory profile [7], epigenetics abnormalities [8], and the pattern 

of expression of stroma markers [9] have all been demonstrated to be differentially expressed in 

tumors of patients with mild-to-moderate COPD. In addition, overall survival was also shown 

to be significantly altered on the basis of the inflammatory profile in lung tumors of patients 

with underlying COPD compared to LC patients without COPD [10].  

Epithelial-mesenchymal transition (EMT) is a biological process characterized by the loss of 

polarity and cell-cell adhesion of epithelial cells to gain invasive characteristics. The trans-

formed epithelial cells become mesenchymal stem cells, which can differentiate into a great 

variety of cell types [11, 12]. EMT is a physiological process involved in organ development in 

the embryo and in wound [11]. Recently, a role of EMT in the pathogenesis of COPD has also 

been demonstrated in the literature [13]. Furthermore, tumor development and progression also 

relies on the expression of EMT within the lungs of LC patients [13-16]. Whether a differential 

expression profile of EMT markers can be observed in LC patients with COPD, even in those at 

early stages of their disease remains to be answered. 

We hypothesized that EMT gene expression profile and signaling cascade may differ in lung 

tumors of patients with COPD from those without this respiratory disease. Thus, our objectives 



were that in a clinical observational study, lung tumors of patients with and without COPD: 1) 

gene expression of EMT signaling markers, 2) EMT gene expression profile of specific markers 

such as intracellular adhesion molecule-1 (ICAM-1), cadherin-2 (CDH2), and vimentin (VIM), 

and 3) correlations between clinical and biological variables were explored. A group of LC 

patients with no COPD was included as a control group for the purpose of comparisons.  

 

METHODS (See specific details in the online data supplement) 

Study population 

All patients were prospectively and consecutively recruited from the Lung Cancer Clinic at 

Hospital del Mar (Barcelona, Spain). All the patients were part of the Lung Cancer Mar Cohort. 

For this observational investigation, 50 patients with LC were consecutively recruited during 

the years 2018-2020. Patients were further subdivided according to the presence or absence of 

COPD: n=30 patients with COPD (LC-COPD group) and n=20 patients with no COPD (LC 

control group). This was a prospective controlled clinical investigation, in which the World 

Medical Association guidelines for research on human beings (Seventh revision of Declaration 

of Helsinki, Fortaleza, Brazil, 2013) were followed. The institutional Ethics Committee on 

Human investigations (protocol #2008/3390 /I, February 4
th

 2008, at Hospital del Mar-IMIM, 

Barcelona, Spain) approved all the procedures and study protocol. All patients invited to par-

ticipate in the study signed their written informed consent. 

In all cases, pre-operative staging was performed using chest and upper abdominal computed 

tomography (CT) scan and fluoro-deoxy-glucose positron emission tomography/computed 

tomography (PET) body-scan. When suspected mediastinal lymph-node involvement, a fi-

beroptic bronchoscopy with endo-bronchial ultra-sound (EBUS) and trans-tracheal biopsy of 

the suspected nodes were performed. In case of negative results, a surgical exploration of the 

mediastinum: cervical video-assisted mediastinal lymphadenectomy (VAMLA) and/or anterior 



mediastinotomy were performed, the latter depending on the location of the suspected nodes. 

Notwithstanding, in all surgical cases, intra-operative systematic hilar and mediastinal lym-

phadenectomy (at least, ipsilateral paratracheal, subcarinal, and ipsilateral pulmonary ligament) 

was performed as previously recommended [17, 18].  

Sample collection and preservation 

Lung samples were obtained from tumors following standard technical procedures during 

video-assisted thoracoscopic surgery (VATS) in the surgery room. The fresh samples were 

carefully transported to the Pathology Department, located at a very short distance (less than 5 

minutes). In all patients, the expert pulmonary pathologists selected tumor lung specimens of 

approximately 10x10 mm
2
 area from the fresh samples. For all the recruited patients, fragments 

of tumor specimens were immediately snap-frozen to be subsequently stored at -80ºC until 

further use in the laboratory experiments.  

Biological experiments 

Figure 1 illustrates the flow of the signaling markers analyzed in the investigation. The se-

quence of experiments and results description follow this chart.  

RNA isolation. RNA was isolated from 30-50 microgram frozen tumor samples using 500 

microL TRIzol reagent (Cat. 15596026, Thermo Fisher Scientific, Waltham, MA, USA).  

RNA reverse transcription (RT). Invitrogen® cDNA Synthesis Kit (Cat.18018044, Thermo 

Fisher Scientific, Carlsbad, CA, USA) was used to prepare cDNA templates following the 

manufacturer’s instructions.  

Quantitative real time-PCR amplification (qRT-PCR). Real-time PCR was performed using 

commercially gene expression assays for human studies.  

Statistical analysis 

Sample size was calculated on the basis of four target markers (CDH2, ZEB2, SMAD4, and 

SMAD3). Accepting an alpha risk of 0.05 and a beta risk of 0.2 in a two-sided test: 16, 16, 13, 



and 16 subjects were required in each group to identify a statistically significant difference 

greater than or equal to 0.5, 2, 1.7, and 3 units in the mean value and a standard deviation of 0.5, 

2, 1.5, and 3 in the expression of the genes CDH2, ZEB2, SMAD4, and SMAD3, respectively. 

As 30 and 20 patients were included in LC-COPD and LC control group of patients, respec-

tively, the total number of patients was sufficient to attain an 80% power.  

The normality of the study variables was examined using the Shapiro-Wilk test. For an initial 

descriptive analysis of clinical parameters, qualitative variables were described as frequencies 

(number and percentage) and quantitative variables as mean and standard deviation. Potential 

differences between LC and LC-COPD and between smokers and never-smokers as a whole 

(with no distinction between COPD and non-COPD patients) were assessed using Student’s 

T-test. Chi-square test was used to assess differences between the two groups for the categorical 

variables including the driver mutations and expression or no gene expression for the markers: 

SMAD3, SMAD4, ZEB2, TWIST1, SNAI1, ICAM1, VIM and CDH2, MMP1, MMP9.  

In each group of patients, potential correlations between clinical and biological variables were 

explored using the Pearson’s correlation coefficient. All the statistical analyses were performed 

using the Statistical Package for the Social Sciences (Portable SPSS, PASW statistics 22.0 

version for Windows, SPSS Inc., Chicago, IL, USA). Correlations are displayed in graphical 

correlation matrixes, obtained from R package corrplot 

(https://cran.r-project.org/web/packages/corrplot/index.html), in two different colors: blue for 

positive correlations and red for negative ones. Statistical significance was established at p ≤ 

0.05 for all the comparisons. 

  



 

RESULTS 

Clinical characteristics of the study patients 

Clinical and functional characteristics of all the study patients are expressed in Table 1. Age 

and gender did not significantly differ between the two study groups, while BMI was greater in 

the LC-COPD patients than in LC patients (Table 1). The number of ex-smokers and 

packs-year variables were significantly higher in the LC-COPD patients than in the LC patients 

(Table 1). LC-COPD patients exhibited mild-to-moderate airway obstruction along with a 

significant reduction in diffusion capacity compared to LC patients (Table 1). As expected, the 

majority of the COPD patients were in GOLD stages I and II (96.6%). TNM staging or histo-

logical subtypes did not significantly differ between the study groups. Adenocarcinoma was the 

predominant histopathological subtype in both groups of patients (Table 1). The levels of blood 

parameters such as total leukocytes, neutrophils, lymphocytes, albumin, total proteins and body 

weight loss did not significantly differ between the two study groups of patients.  

 

  



 

 

Table 1. Clinical characteristics of the study groups of patients. 

Anthropometric variables LC control (N=20) LC-COPD (N=30) 

Age, years 65 (7) 69 (8)  

Male, N/Female, N 13 / 7 26 / 4 

BMI, kg/m
2
 25.6 (4) 27.9 (4)

 *
 

Smoking history   

Current: N, % 6, 30 6, 20 

Ex-smoker: N, % 6, 30 24, 80
*
 

Never smoker: N, % 8, 40 0, 0
*
 

Packs-year 37 (37) 61 (18)
 *
 

Lung function parameters   

FEV1 83 (17) 68 (14)
 ***

 

FEV1/FVC, % 75 (6) 59 (9)
 ***

 

DLco, % 82 (16) 60 (12)
 ***

 

Kco, % 83 (14) 63 (15)
 ***

 

GOLD stage   

GOLD stage Ⅰ: N, % NA 4, 13 

GOLD stage Ⅱ: N, % NA 25, 83
 
 

GOLD stage Ⅲ: N, % NA 1, 3
 
 

GOLD stage Ⅳ: N, % NA 0, 0 

TNM staging   

Stage Ⅰ: N, % 8, 40 10, 33 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 1. Continuous variables are reported as mean and standard deviations, categorical variables are expressed as 

the number of patients per group and the respective percentage in each group with respect to the total population. 

Definition of abbreviations：N, number; Kg, kilograms; m, meters; BMI, body mass index; FEV1, forced expir-

atory volume in one second; FVC, forced vital capacity; DLCO, carbon monoxide transfer; KCO, Krogh transfer 

factor; GOLD: Global initiative for Chronic Obstructive Lung Disease; NA, not applicable; TNM, tumor, nodes, 

metastasis; L, liter. Statistical significance: *P<0.05, ***P<0.001 between LC-COPD and LC patients. 

Stage Ⅱ: N, % 5, 25 14, 47 

Stage Ⅲ: N, % 7, 35 5, 17 

Stage Ⅳ: N, % 0, 0 1, 3 

Histological diagnosis   

   

Squamous cell carcinoma: N, % 4, 20  8, 27  

Adenocarcinoma: N, % 11, 55 21, 70  

Others: N, % 5, 25 1, 3  

Blood parameters   

Total leukocytes/μL 8.53 (2.8)×10
3
 8.85 (2.4)×10

3
 

Total neutrophils/μL 5.48 (2.6)×10
3
 5.51 (2)×10

3
 

Total lymphocytes/μL 2.24 (0.6)×10
3
 2.15 (0.8)×10

3
 

Albumin (g/dL) 4.39 (0.4) 4.28 (0.4) 

Total proteins (g/dL) 7.22 (0.5) 7.05 (0.4) 

Body weight loss, kg   

0, N, % 18, 90 29, 97 

1–5, N, % 1, 5 0, 0 

6–10, N, % 1, 5 1, 3 



The proportions of tumor driver mutations of the genes Kirsten rat sarcoma virus (KRAS), 

epidermal growth factor receptor (EGFR), and anaplastic lymphoma kinase (ALK) did not 

significantly differ between the two groups of patients (Table 2).  

  



 

Table 2. Driver mutation status of the study groups of patients 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 2. Categorical variables are expressed as the number of patients per group and the respective percentage in 

each group to the total population. Definition of abbreviations: KRAS, Kirsten rat sarcoma virus; EGFR, epi-

dermal growth factor receptor; ALK, anaplastic lymphoma kinase. Statistical significance: no statistically signif-

icant differences were found between LC-COPD and LC patients. 

  

Mutation status LC control (N=20) LC-COPD (N=30) 

KRAS   

no mutation (n, %) 10 (76.9) 12 (75.0) 

Mutation (n, %) 3 (23.1) 4 (25.0) 

EGFR   

no mutation (n, %) 11 (84.6) 14 (87.5) 

Mutation (n, %) 2 (15.4) 2 (12.5) 

ALK   

no mutation (n, %) 13 (100.0) 16 (100.0) 

Mutation (n, %) 0 (0) 0 (0) 



 

EMT signaling markers 

The gene expression profile of all the analyzed genes is depicted in Figure 1. LC-COPD pa-

tients are represented in green color, while LC patients are shown in red color (Figure 2). In 

tumors of LC-COPD patients, SMAD3 gene expression was significantly reduced compared to 

tumors in LC patients (Figure 3A). The number of patients who did not show any expression of 

SMAD3 in their tumors did not significantly differ between the two study groups (Figure 3A). 

SMAD4 gene expression was also significantly lower in tumors of LC-COPD than in LC pa-

tients (Figure 3B). The number of patients who did not show any expression of SMAD4 in their 

tumors did not significantly differ between the two study groups (Figure 3B). ZEB2 gene ex-

pression levels significantly declined in tumors of LC-COPD patients compared to the LC 

patients (Figure 3C). The number of patients who did not show any expression of ZEB2 in their 

tumors did not significantly differ between LC-COPD and LC patients (Figure 3C). No sig-

nificant differences were seen in TWIST1 gene expression between LC and LC-COPD patients 

(Figures 3D). SNAI1 gene expression did not show any significant differences between LC and 

LC-COPD patients (Figure 3E). When the overall patients (n=50) were analyzed according to 

smoking history, no significant differences were detected in the expression of these genes, 

except for ZEB2 between smokers (current and ex-smokers) and never smokers (Figure S1).  

Expression of markers of EMT 

Gene expression levels of ICAM1 did not significantly differ in tumors between the two study 

groups (Figures 3F). No significant differences in tumor VIM gene expression were observed 

between LC and LC-COPD patients (Figure 3G). VIM gene expression was detected in all the 

tumor samples from both groups (Figure 3G). In tumors of LC-COPD patients, CDH2 gene 

expression was significantly reduced compared to tumors of LC patients (Figure 3H). The 

number of patients who did not show any expression of CDH2 in their tumors did not signifi-

cantly differ between the two patient groups (Figure 3H). MMP1 and MMP9 gene expression in 



tumors did not significantly differ between the two study patient groups (Figures 3I and 3J, 

respectively). The number of patients who did not show any expression of MMP1 or MMP9 in 

their tumors did not significantly differ between LC and LC-COPD patients (Figures 3I and 3J, 

respectively). When the overall patients (n=50) were analyzed according to smoking history, no 

significant differences were detected in the expression of these genes between smokers (current 

and ex-smokers) and never smokers (Figure S2). Among LC patients, significant positive 

correlations were found between VIM and lung function parameters (FEV1/FVC, DLCO, and 

KCO, respectively, Figure 4). In LC-COPD patients, the number of packs-years positively 

correlated with SMAD3 gene expression (Figure 4 and Figure S2). Moreover, among the same 

group of patients, CDH2 gene expression positively correlated with blood neutrophil and 

leukocyte counts (Figure 4).  

 

DISCUSSION 

In the current investigation, the main findings were that gene expression of the EMT signaling 

markers SMAD3, SMAD4, ZEB2 was significantly lower in the tumors of patients with 

LC-COPD than in LC control patients. In addition, a significant decline in the EMT marker 

CDH2 was also observed in the tumors of the patients with underlying COPD compared to 

non-COPD patients. Driver mutations were similarly distributed across the two study groups. A 

differential profile of gene expression of EMT signaling markers was observed among the 

patients with underlying COPD in this study.  

During EMT, polarized epithelial cells transform into fibroblast-like mesenchymal cells in a 

process in which the cells can move and invade tissues [19]. Several growth factors initiate and 

maintain EMT within tissues, particularly transforming growth factor (TGF)-beta [20, 21]. 

TGF-beta has been consistently shown to increase in the systemic compartment and lungs of 

patients with LC, particularly in those with COPD [9, 22]. In a previous investigation [23], we 



clearly demonstrated that TGF-beta expression levels were significantly greater in lung tumors 

compared to non-tumor control tissues and in patients with COPD those levels were, indeed, 

significantly higher than in tumor specimens of non-COPD patients.  

TGF-beta signaling involves several ligands and SMAD2/3 protein expression, which subse-

quently activate SMAD4 to translocate to the nucleus to activate or repress gene expression 

[24]. Disruptions in the expression of SMAD signaling pathway may impact on the functions of 

TGF-beta cytokine as was shown to occur in bronchial epithelial cells of COPD patients that 

were also exposed to cigarette smoke [25] and in myofibroblasts of the airway remodeling 

process in healthy smokers and COPD patients [26]. Similarly, in the current investigation, 

gene expression of SMAD3 and SMAD4 was significantly reduced in the tumors of the patients 

with underlying COPD. This signaling pathway may play an important role in the initiation of a 

profibrogenic effect through TGF-beta signaling in patients with COPD, thus favoring lung 

carcinogenesis [12, 27]. As such the downregulation of the EMT repressor Smad pathway may 

favor a pro-tumoral microenvironment in patients with chronic airways diseases, namely 

COPD, which could be targeted therapeutically. On the other hand, EMT-related protein ex-

pression increased in the peripheral leading edge of NSCLC and was related to the tumor 

characteristics that were associated with a poor prognosis in the patients [28]. Furthermore, 

cigarette smoke also downregulates SMAD gene expression [25], which may also enhance the 

profibrogenic status reported in patients with COPD. Importantly, the expression of SMAD3 

was higher in LC-COPD patients with a greater burden of cigarette smoke exposure (positive 

correlation). These are relevant findings that are consistent with previous knowledge on the 

persistent increase in SMAD3 expression induced by cigarette smoke [29]. Nonetheless, the 

analysis between smokers and never smokers of the entire population of patients did not yield 

any relevant results in the current study.  



Cadherin-2 is a transmembrane protein involved in cell adhesion with multiple biological roles 

including its contribution to cancer development and metastasis [30]. In the present study, 

CDH2 gene expression levels were significantly lower in tumors of patients with underlying 

COPD than in those without this respiratory disease. In a previous investigation that was based 

exclusively on patients with COPD, gene expression of CDH2 was increased in the bronchial 

epithelial cells compared to cells obtained from healthy subjects [31]. Differences in the 

methodologies employed (laboratory techniques and sample types, cells versus tumor biopsies) 

to identify levels of CDH2 gene expression as well as the number of patients (greater in the 

current study) analyzed in each investigation are likely to account for the discrepancies en-

countered between the two studies [31].  

ZEB2 transcription factor is involved in the process of human carcinogenesis and correlates 

well with invasiveness and metastasis [32]. In mammary epithelial cells, ZEB2 favored EMT 

expression, while repressing E-cadherin expression [33]. It has also been demonstrated that the 

targeting of ZEB2 expression avoided the migration and invasion of LC cells [34]. Moreover, 

ZEB2 has also been involved in the response to therapy in LC patients [35]. Importantly, gene 

expression of ZEB2 also decreased in bronchial epithelial cells from patients with COPD 

compared to control cells [31]. The authors demonstrated that bronchial epithelial cells from 

COPD patients underwent EMT during normal baseline conditions and this may have favored 

other biological processes in those patients [31]. In the present investigation, a significant 

decline in ZEB2 gene expression was also detected in the tumors of the patients with underlying 

COPD. The results obtained in the present study are very consistent with those previously 

reported by our group and others [34, 36], and should be the focus of future research to better 

identify LC development in patients with chronic respiratory diseases, with a special emphasis 

on COPD due to its high prevalence worldwide.   



SNAI1 is a transcription factor that represses the transcription of membrane adhesion mole-

cules and interacts with Smads to induce EMT [37]. TWIST1 is another transcription factor that 

along with SNAI1 downregulates epithelial gene expression to activate EMT [38]. In patients 

with moderate-to-severe COPD, the expression of SNAI1 and TWIST1 was higher in the 

bronchial epithelium specimens than in those of the healthy subjects [39]. Vimentin, an in-

termediate filament, is expressed in mesenchymal cells. In the airways of patients with COPD, 

expression levels of vimentin were increased compared to samples obtained from the healthy 

controls [40]. Collectively, these findings imply that differences exist in the expression of EMT 

markers such as Twist1, Snail1, and Vimentin in the airways of patients with COPD compared 

to a group of healthy subjects. In the current investigation, however, no significant differences 

were detected in the gene expression levels of these markers between the two groups of LC 

patients. These results imply that COPD per se may not have influenced EMT expression in this 

cohort of patients. The specific localization of the samples analyzed across the different in-

vestigations [24] and the degree of the COPD itself may explain the discrepancies encountered 

across studies in the gene expression profile of the target EMT markers.  

Study limitations 

A limitation is related to the lack of expression of some of the analyzed markers in the tumors of 

the two study groups of patients. Despite that samples were always run in duplicates and two 

replicas were performed on the gene expression experiments, no expression could be detected 

in the tumor samples of a few patients in both groups. Assessment of protein expression levels 

of EMT signaling or of additional markers (e.g. inhibitor SMAD) would have been of interest 

and could be a matter of research in future investigations. The fact that non-tumor lung spec-

imens from patients with no COPD were not available in the study might be another limitation. 

However, for ethical reasons those samples could not be obtained. Whether different results 

might have been obtained in patients with more advanced COPD should be assessed in future 



investigations using other approaches (e.g. lung volume reduction surgery). Another limitation 

may be related to the assessment of the potential influence of cigarette smoking in the expres-

sion of EMT in larger cohort of patients, particularly in follow-up investigations. As not all the 

smokers develop COPD, monitoring of smokers throughout time would be of interest.  

Conclusions 

In lung tumor samples of patients with COPD, several markers of EMT expression, namely 

SMAD3, SMAD4, ZEB2, and CDH2 were differentially expressed suggesting that these markers 

are likely to play a role in the regulation of EMT in patients with this respiratory disease. 

Cigarette smoke did not seem to influence the expression of EMT markers in this study. These 

results have potential clinical implications in the management of patients with LC, particularly 

in those with underlying respiratory diseases.  
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FIGURE LEGENDS 

Figure 1. EMT pathway schematic diagram. Definition of abbreviations: SMAD, mothers 

against decapentaplegic homolog; TF, Transcription factors; P, phosphate group; ZEB, zinc 

finger E-box binding homeobox; CDH, cadherin; ICAM, intercellular adhesion molecule; 

MMP, matrix metalloproteinases; EMT, epithelial mesenchymal transition. 

Figure 2.  Gene expression profiles of the analyzed genes in the two groups of patients. In 

the graph, LC patients are depicted in red lines, while LC-COPD patients are represented in 

green lines. In the Y-axis, the names of the analyzed genes are included, while gene expres-

sion levels are depicted in the X-axis. The gene expression levels obtained from the q-PCR 

results were normalized to GAPDH expression levels for each sample. Definition of abbrevia-

tions: SMAD3, mothers against decapentaplegic homolog 3; SMAD4, mothers against 

decapentaplegic homolog 4; ZEB, zinc finger E-box binding homeobox; CDH, cadherin; 

ICAM, intercellular adhesion molecule; MMP, matrix metalloproteinases; LC, lung cancer; 

COPD, chronic obstructive pulmonary disease. 

Figure 3. Gene expression of EMT between LC and LC-COPD patients. A-J. left panels: 

qRT-PCR analysis of gene expression of EMT (SMAD3, SMAD4, ZEB2, TWIST1, SNAI1, 

ICAM1, VIM, CDH2, MMP1, MMP9) between LC and LC-COPD patients. *P < 0.05, 

two-tailed Student’s t test. Right panels: Comparisons of the number of patients expressing 

the target genes of EMT (SMAD3, SMAD4, ZEB2, TWIST1, SNAI1, ICAM1, VIM, CDH2, 

MMP1, MMP9) between LC and LC-COPD groups. Data are presented as means and stand-

ard deviation. Student's t test was used to assess significance of difference, *P < .05 and **P 



< .01. Definition of abbreviations: LC, lung cancer; COPD, chronic obstructive pulmonary 

disease; GAPDH, glyceraldehyde-3-phospate dehydrogenase; SMAD, mothers against 

decapentaplegic homolog; ZEB, zinc finger E-box binding homeobox; CDH, cadherin; ICAM, 

intercellular adhesion molecule; MMP, matrix metalloproteinases. 

Figure 4. Clinical correlations in each group of patients. A. Correlation matrix of the clinical 

and analytical variables in LC (panel A) and in LC-COPD (panel B. B. Correlation matrix of 

the clinical and analytical variables in LC-COPD. In matrices, blue represent Positive correla-

tions are represented in blue dots, while negative correlations are represented in red dots. The 

intersection within the circle represents p value > 0.05. Color intensity and the size of the cir-

cle are proportional to the correlation coefficients, as indicated in the Y axis on the right-hand 

side of the graph. Definition of abbreviations: LC, lung cancer; COPD, chronic obstructive 

pulmonary disease. 



Figure 1. EMT pathway schematic diagram. Definition of abbreviations: SMAD,
mothers against decapentaplegic homolog; TF, Transcription factors; P, phosphate
group; ZEB, zinc finger E-box binding homeobox; CDH, cadherin; ICAM,
intercellular adhesion molecule; MMP, matrix metalloproteinases; EMT, epithelial
mesenchymal transition.



Figure 2. Gene expression profiles of the analyzed genes in the two groups of patients.
In the graph, LC patients are depicted in red lines, while LC-COPD patients are
represented in green lines. In the Y-axis, the names of the analyzed genes are included,
while gene expression levels are depicted in the X-axis. The gene expression levels
obtained from the q-PCR results were normalized to GAPDH expression levels for
each sample. Definition of abbreviations: SMAD3, mothers against decapentaplegic
homolog 3; SMAD4, mothers against decapentaplegic homolog 4; ZEB, zinc finger
E-box binding homeobox; CDH, cadherin; ICAM, intercellular adhesion molecule;
MMP, matrix metalloproteinases; LC, lung cancer; COPD, chronic obstructive
pulmonary disease.



Figure 3. Gene expression of EMT between LC and LC-COPD patients. A-J. left
panels: qRT-PCR analysis of gene expression of EMT (SMAD3, SMAD4, ZEB2,
TWIST1, SNAI1, ICAM1, VIM, CDH2, MMP1, MMP9) between LC and LC-COPD
patients. *P < 0.05, two-tailed Student’s t test. Right panels: Comparisons of the
number of patients expressing the target genes of EMT (SMAD3, SMAD4, ZEB2,
TWIST1, SNAI1, ICAM1, VIM, CDH2, MMP1, MMP9) between LC and LC-COPD
groups. Data are presented as means and standard deviation. Student's t test was used
to assess significance of difference, *P < .05 and **P < .01. Definition of
abbreviations: LC, lung cancer; COPD, chronic obstructive pulmonary disease;
GAPDH, glyceraldehyde-3-phospate dehydrogenase; SMAD, mothers against
decapentaplegic homolog; ZEB, zinc finger E-box binding homeobox; CDH, cadherin;
ICAM, intercellular adhesion molecule; MMP, matrix metalloproteinases.



Figure 4. Clinical correlations in each group of patients. A. Correlation matrix of the
clinical and analytical variables in LC (panel A) and in LC-COPD (panel B. B.
Correlation matrix of the clinical and analytical variables in LC-COPD. . In matrices,
blue represent pPositive correlations are represented in blue dots, while negative
correlations are represented in red dots. The intersection within the circle represents p
value > 0.05. Color intensity and the size of the circle are proportional to the
correlation coefficients, as indicated in the Y axis on the right-hand side of the graph.
Definition of abbreviations: LC, lung cancer; COPD, chronic obstructive pulmonary
disease.
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METHODS 

Study population 

All patients were prospectively and consecutively recruited from the Lung Cancer 

Clinic at Hospital del Mar (Barcelona, Spain). All the patients were part of the Lung 

Cancer Mar Cohort. For this observational investigation, 50 patients with LC were 

consecutively recruited during the years 2018-2020. Patients were further subdivided 

according to the presence or absence of COPD: n=30 patients with COPD (LC-COPD 

group) and n=20 patients with no COPD (LC control group).  

In all cases, pre-operative staging was performed using chest and upper abdomen 

Computed Tomography (CT) scan and fluoro-deoxy-glucose positron emission 

tomography/computed tomography (PET) body-scan. When suspected mediastinal 

lymph-node involvement, a fiberoptic bronchoscopy with endo-bronchial ultra-sound 

(EBUS) and trans-tracheal biopsy of the suspected nodes were performed. In case of 

negative results, a surgical exploration of the mediastinum: cervical video-assisted 

mediastinal lymphadenectomy (VAMLA) and/or anterior mediastinotomy were 

performed, the latter depending on the location of the suspected nodes. 

Notwithstanding, in all surgical cases, intra-operative systematic hilar and mediastinal 

lymphadenectomy (at least, ipsilateral paratracheal, subcarinal, and ipsilateral 

pulmonary ligament) was performed as previously recommended [1,2].  

Standard clinical guidelines were used to establish the selection of patients and 

contraindications for thoracic surgery as previously described [2]. Decisions on the best 

therapeutic approach were always made during the weekly meetings of the 

Multidisciplinary Lung Cancer Committee. Candidates for tumor resection underwent 

pulmonary surgery (video-assisted thoracoscopic surgery, VATS)
 

prior to 

administration of any sort of adjuvant therapy. LC diagnosis and staging were 



established by histological confirmation and classified according to currently available 

guidelines for the diagnosis and management of LC [3,4]. TNM (tumor, node, and 

metastasis) staging was defined as stated in the 8
th

 edition Lung Cancer Stage 

Classification [5].  

Exclusion criteria were: small cell lung cancer (SCLC), chronic cardiovascular disease, 

metabolic or clot system disorders, signs of severe inflammation and/or bronchial 

infection (bronchoscopy), current or recent invasive mechanical ventilation, or long-

term oxygen therapy. The presence/absence of these diseases was confirmed using 

standard clinical tests: exercise capacity electrocardiogram, clinical examination, blood 

tests, bronchoscopy and echocardiography. 

This was a prospective controlled clinical investigation, in which the World Medical 

Association guidelines for research on human beings (Seventh revision of Declaration 

of Helsinki, Fortaleza, Brazil, 2013) were followed. The institutional Ethics Committee 

on Human investigations (protocol #2008/3390 /I, February 4
th

 2008, at Hospital del 

Mar-IMIM, Barcelona, Spain) approved all the procedures and study protocol. All 

patients invited to participate in the study signed their written informed consent. 

Clinical assessment 

In all patients, lung function parameters were assessed following standard procedures. 

Diagnosis and severity of patients with COPD were determined according to currently 

available guidelines [5,6]. Nutritional evaluation included the assessment of body mass 

index (BMI) and nutritional blood parameters from all the patients.  

Sample collection and preservation 

Lung samples were obtained from tumors following standard technical procedures 

during VATS in the surgery room. The fresh samples were carefully transported to the 

Pathology Department, located at a very short distance (less than 5 minutes). In all 



patients, the expert pulmonary pathologists selected tumor lung specimens of 

approximately 10x10 mm
2
 area from the fresh samples. For all the recruited patients, 

fragments of tumor specimens were immediately snap-frozen and stored at -80ºC until 

further use in the laboratory experiments. As patients were recruited consecutively, 

sample collection procedures were equally applied to all. In the same vein, non-tumor 

specimens were also collected as far distal to the tumor margins as possible (average >7 

cm). Fragments of non-tumor specimens were also immediately snap-frozen and stored 

at -80ºC until further use. The pathologists were not aware of the presence or absence of 

COPD in the study patients. Thus, no differences in sample preservation were applied 

between LC and LC-COPD patients. Driver mutations were analyzed by the 

pathologists on the tumor specimens of all the study patients. Pilot experiments were 

conducted in order to test whether any differences were observed in non-tumor samples 

between LC-COPD and LC control patients. No significant differences were observed 

in non-tumor samples between LC-COPD and LC patients. Thus, for the sake of clarity 

the results obtained from the tumor samples in both study groups are the ones depicted 

in the figures.  

Biological experiments 

Figure 1 illustrates the flow of the signaling markers analyzed in the investigation. The 

sequence of experiments and results description follow this chart. SMAD4 can form 

homologous complexes by itself or heterologous complexes with other activating 

SMAD family members, translocate to the nucleus, and act synergistically with other 

transcription factors to affect the EMT pathway [7,8]. ZEB2 inhibits the expression of 

E-cadherin, activates matrix metalloproteinases (MMP), induces the occurrence of 

EMT, and promotes cell proliferation and migration [9,10]. In EMT pathway, increased 

expression of CDH2, a downstream protein of Twist1, may render tumor cells more 



aggressive [11,12]. The most important function of Snail1 is to induce EMT in tumor 

cells by inhibiting the transcription of E-cadherin, while favoring the expression of VIM 

[13]. Cells with low expression of ICAM1 or MMP9 will enter EMT [14,15]. 

RNA isolation. RNA was isolated from 30-50 microgram frozen tumor samples using 

500 microL TRIzol reagent (Cat. 15596026, Thermo Fisher Scientific, Waltham, MA, 

USA). After incubation of the samples at room temperature for 10 minutes to achieve 

complete dissociation of nucleoprotein complexes, 200 microL chloroform were added, 

and samples were then centrifuged at 13,500 rpm at 4ºC for 15 minutes. The aqueous 

phase was recovered and the RNA was precipitated with 600 microL isopropanol. 

Subsequently, samples were incubated at 4ºC for 30 minutes and were then cooled 

down to -20ºC overnight. After thawing the samples at room temperature, they were 

centrifuged at 13,500 rpm at 4ºC for 10 minutes, and the supernatant was removed. The 

remaining pellet was then washed using one mL solution of 75% ethanol to be 

subsequently centrifuged at 9,000 rpm at 4ºC for five minutes. The RNA containing 

pellet was air-dried for 30 minutes and was then dissolved in 20 microL RNase-free 

water. To assess the quality and purity of the isolated RNA, concentrations of total 

RNA were determined using NanoDrop 1000 (Thermo Fisher Scientific, Waltham, MA, 

USA) according to the manufacturer’s instructions. 

RNA reverse transcription (RT). Invitrogen® cDNA Synthesis Kit (Cat.18018044, 

Thermo Fisher Scientific, Carlsbad, CA, USA) was used to prepare cDNA templates 

following the manufacturer’s instructions. Total RNA isolated samples were 

manipulated to add oligo (dT), dNTP mix, DTT, reverse transcriptase and buffer. 

Initially, 20 microL reaction mix (4 microL buffer, 1 microL 0.1 M DTT, 1 microL 

reverse transcriptase and 1 microL oligo (DT), 1 microL dNTP mix, 12 microL RNase-

free water) was mixed with 100 nanogram of each sample for all the samples and 



singlets. The mixture was then incubated in a thermal cycler (Biometra Tone 96, 

Analytik Jena, Jena, Germany) to perform the synthesis reaction at 50ºC for 60 minutes. 

This step was followed by incubation at 70ºC for 15 minutes to stop the reaction and 

samples were finally kept at -80ºC up until the performance of the real-time polymerase 

chain reaction (PCR) procedures. 

Quantitative real time-PCR amplification (qRT-PCR). Real-time PCR was performed 

using commercially gene expression assays for human studies. The probes 

corresponding to the following genes involved in signaling of EMT were detected: 

SMAD family member 3 (SMAD3, Hs00969210_m1, Life Technologies), SMAD 

family member 4 (SMAD4, Hs00929647_m1, Life Technologies), zinc finger E-box 

binding homeobox 2 (ZEB2, Hs00207691_m1, Life Technologies), twist family 

transcription factor 1 (TWIST1, Hs00361186_m1, Life Technologies), snail family 

transcriptional repressor 1 (SNAIL1, Hs00195591_m1, Life Technologies), intercellular 

adhesion molecule 1 (ICAM1, Hs00164932_m1, Life Technologies), vimentin (VIM, 

Hs00185584_m1, Life Technologies), cadherin-2 (CDH2, Hs00983056_m1, Life 

Technologies), matrix metallopeptidase 1 (MMP-1, Hs00899658_m1, Life 

Technologies), matrix metallopeptidase 9 (MMP-9, Hs00957562_m1, Life 

Technologies) and glyceraldehyde-3-phosphate dehydrogenase (GAPDH, 

Hs99999905_m1, Life Technologies). As previously described [16], GAPDH was used 

as an exogenous control in order to normalize the RNA amplification in all the study 

samples. Samples from both groups of patients were always run simultaneously in 

duplicates for comparison purposes. Briefly, 4.5 microL of the resulting cDNA samples 

were mixed with 0.5 microL of each specific probe and 5 microL Taqman universal 

master mix no AmpErase UNG
TM

 (Cat. 4440044, Thermo Fisher Scientific). The 

samples were run in a thermal cycler (QuantStudio Real-time PCR system, Thermo 



Fisher Scientific). The first step was the enzyme activation, achieved at 95ºC for 20 

seconds and was followed by 40 combined cycles of denaturation (95ºC for one 

second), and final annealing (60ºC for 20 seconds) as also previously described in 

studies assessing gene expression of EMT markers [16,17]. As duplicates from all the 

patient samples were run, the average value was calculated for each marker in each 

patient. Two replicas of these experiments were performed for all the target genes. No 

expression could be detected for a few of the patients despite the sample duplicates and 

the replicas of the experiments. Patients with no expression have been represented as no 

expression samples in a separate table in the results section. Appropriate statistical 

analyses have been conducted in order to assess potential differences in the number of 

no-expression samples between the two study groups. The results obtained from the 

experiments were collected and analyzed using the Expression Suite Software version 

1.0.4 from Applied Biosystems (Thermo Fisher Scientific), in which the comparative 

CT method (2-ΔΔCT) for relative quantification was used as also previously described 

[18].  

Statistical analysis 

Sample size was calculated on the basis of four target markers (CDH2, ZEB2, SMAD4, 

and SMAD3). Accepting an alpha risk of 0.05 and a beta risk of 0.2 in a two-sided test: 

16, 16, 13, and 16 subjects were required in each group to identify a statistically 

significant difference greater than or equal to 0.5, 2, 1.7, and 3 units in the mean value 

and a standard deviation of 0.5, 2, 1.5, and 3 in the expression of the genes CDH2, 

ZEB2, SMAD4, and SMAD3, respectively. As 30 and 20 patients were included in LC-

COPD and LC control group of patients, the total number of patients was sufficient to 

attain an 80% power.  



The normality of the study variables was examined using the Shapiro-Wilk test. For an 

initial descriptive analysis of clinical parameters, qualitative variables were described as 

frequencies (number and percentage) and quantitative variables as mean and standard 

deviation. Differences between LC and LC-COPD and between smokers and never-

smokers as a whole (with no distinction between COPD and non-COPD patients) were 

assessed using Student’s T-test. Chi-square test was used to assess differences between 

the two groups for the categorical variables including the driver mutations and 

expression or no gene expression for the markers: SMAD3, SMAD4, ZEB2, TWIST1, 

SNAI1, ICAM1, VIM and CDH2, MMP1, MMP9.  

Potential correlations between clinical and biological variables were explored using the 

Pearson’s correlation coefficient. All the statistical analyses were performed using the 

Statistical Package for the Social Sciences (Portable SPSS, PASW statistics 22.0 

version for Windows, SPSS Inc., Chicago, IL, USA). Correlations are displayed in 

graphical correlation matrixes, obtained from R package corrplot (https://cran.r-

project.org/web/packages/corrplot/index.html), in different colors: blue for positive 

correlations and red for negative ones. Statistical significance was established at p ≤ 

0.05 for all the comparisons. 

 

  



Figure S1 

 

Figure S1. Gene expression of EMT markers (SMAD3, SMAD4, ZEB2, TWIST1, 

SNAI1, ICAM1, VIM, CDH2, MMP1, MMP9) between never smokers and smokers in 



the overall patients (n=50). Student's t test was used to assess potential significant 

differences, *P < .05. 

 

 

 

Figure S2 

 

 
Figure S2. Linear regression plot between SMAD3 expression and the number of packs-

years among LC-COPD patients. SMAD3 gene expression for each patient is 

represented in the X-axis, while the number of packs-year is represented in the Y-axis. 

Twenty-eight patients are represented, since two patients did not show any expression 

of SMAD3 in their lung tumors.  
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