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Abstract 

 

 

Introduction: MicroRNA’s (miRNA) as class of small cellular RNA’s acting agents of the 

interference pathway lead to silencing their cognate target genes and are differentially 

expressed in human cancer. The precise role of microRNA’s in specific stages of malignant 

progression, including metastasis, is still unknown. 

 

Objectives: Our goal was to analyse the expression profile of miR-21 in lung cancer. 

 

Materials and Methods: For that purpose, a microRNA qRT-PCR was performed.in 7 

pulmonary adenocarcinomas and 5 squamous cell carcinomas and respective metastasis in 

order to try to understand its role in tumorogenesis.  

 

Results and Discussion: We found an increase in miR-21 expression in primary tumour and 

metastases in pulmonary adenocarcinomas when compared with miR-21 overexpression in 

squamous cell carcinoma. Despite the small sample studied, further investigation may indicate 

therapeutic and prognostic relevance of this determination as previous studies suggest that 

miR-21 functions as an oncogene and has a role in tumorogenesis through regulation of 

tumour suppressor genes. 

. 

Keywords: miR6A’s; metastatic lung cancer, gene targets, miR-21, qRT-PCR
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Resumo 

 

 

Introdução: os microRNA’s (miRNA) são uma classe de pequenos RNA’s celulares que 

actuam na via de interferência e conduzem ao silenciamento de determinados genes-alvo, 

exprimindo-se de forma distinta no cancro humano. 

O papel preciso dos microRNA’s nos estadios da progressão tumoral, incluindo a 

metastização, é ainda desconhecido. 

 

Objectivos: consistiu na pesquisa do perfil de expressão do miR-21 no cancro do pulmão. 

 

Materiais e Métodos: para este propósito, fez-se uma qRT-PCR dos microRNA em 7 

adenocarcinomas, em 5 carcinomas de células epidermóides e nas respectivas metástases, com 

o objectivo de tentar compreender o seu papel na tumorogénese. 

 

Resultados e Discussão: encontrou-se um aumento da expressão de miR-21 nos tumores 

primários e metástases nos adenocarcinomas pulmonares, quando comparados com a sobre-

expressão nos carcinomas de células epidermóides. Apesar do número reduzido de amostras 

estudadas, investigações futuras podem mostrar a importância terapêutica e prognóstica desta 

descoberta, dado que estudos anteriores sugerem que o miR-21 se comporta como um 

oncogene e tem um papel na tumorogénese, através da regulação de genes supressores 

tumorais. 

 

 

Palavras-chave: miR6A’s; metastatic lung cancer, gene targets, miR-21, qRT-PCR
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miR-21 overexpression in Pulmonary Adenocarcinomas and 

Squamous Cell Carcinoma 

 

 

Introduction 

 Lung cancer is the leading cause of cancer deaths worldwide. The main risk factor continues 

to be tobacco smoke in a genetic and epigenetic context not entirely understood [Travis et al., 

(2004)]. The systematic analysis of mRNA and protein expression levels among thousands of 

genes will contribute to define the molecular machinery and process of lung carcinogenesis 

[Yanaihara et al., (2006)]. 

Defects in tumour suppressor genes p53 and RB/p16 are common. Oncogenes c-myc, K-ras, 

EGFR and HER-2/neu are also involved with therapeutic influences [Yanaihara et al., 

(2006)]. 

The existence of familiar clusters such as polymorphisms of CYP1A1 of P450 cytochrome 

suggests a hereditary genetic susceptibility.  

Although much information has been gathered, a growing list of reports has been suggesting 

that miRNA’s could play a crucial role in cancer progression and metastization. 

Micro-RNA’s (miRNA’s) are a class of non-coding RNA molecules 17-24 nucleotides in 

length and are initially express as a bigger precursor (pri-miRNA) which is processed by 

RNase III (Drosha) and its cofactor Pasha, generating a precursor: pre-miRNA [Yaguang et 

al. (2007)]. This molecule has 60 to 70 nucleotides and a stem-loop to be transported to the 

cytoplasm by an exportin-5 in a Ran-GTP consuming process. Once in the cytoplasm the 

stem-loops are broken by the RNase III Dicer, resulting in miRNA with 17 to 24 nucleotides. 

The mature miRNA’s are a double chain of RNA with imperfect complementarity called 

miRNA/miRNA*. This entity bonds to a protein (Argonaut 2) as part of RISC. Trough this 
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complex miRNA’s control the genetic expression post-transcriptionally by hybridization with 

cognate mRNA’s in the non-translated region (3’-UTR). This results in inhibition of genetic 

expression by repressing mRNA translation or through its degradation [Kong et al. (2009)]. 

 

The expression pattern of a particular miRNA, miR-21, was searched in bronchial-

pulmonary carcinomas. 

 

 

Materials and methods 

Materials 

Sections from 7 pulmonary adenocarcinomas and 5 squamous cell carcinomas were selected 

from FFPE blocks together with normal counterpart, concerning pulmonary parenchyma and 

bronchial axes, and lymph node metastasis.  

These cases were collected between 2006-2009 from the Pathology Archives (Hospitais da 

Universidade de Coimbra): 7 adenocarcinomas – 4 women and 3 men with a median age of 

61 years old and 5 squamous cell carcinomas – 5 men with a median age of 69 years old. 

 

Methods 

Microdissection (MD) laser 

We used microcroscope PALM (Carl Zeiss,Jena, Germany) a high precision and contact free 

laser microdissection system with laser catapulting to capture excised samples in 

microcentrifuge tubes. It was used in order to isolate and extract only neoplastic cells from the 

primary tumour and from the lymph node metastasis (8 µm) and normal counterpart lung 

tissue.  
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R�A extraction  

Total RNA has been extracted by using miRNeasy FFPE Kit (Qiagen, Hilden, Germany) 

from FFPE tissue sections. It was made using an on-column DNase digestion step to prepare 

RNA for use with the miScript PCR System (Qiagen, Hilden, Germany), according to the 

manufacturer’s recommendation. 

 

Reverse transcription 

miRNA samples were poly-adenilated, elongated and reverse transcribed using “miScript” 

Reverse Transcription Kit (Qiagen, Hilden, Germany), cDNA was generated from 100 ng of 

total RNA.  

 

Small R�A quantification  

Quantification and quality assessment of small RNA including miRNA fraction was done 

with the 2100 Bioanalyzer with “Small RNA Assay” (Agilent Technologies, Palo Alto, 

California, USA). 

 

Primers 

“miscript” Primer Assay (Qiagen, Hilden Germany) was used for our specific target mir-21 

and for normalization of expression data RU6, as recommended by Qiagen. The primers were 

synthesized and ordered at Qiagen (Qiagen, Hilden Germany). 

 

Quantative PCR 

qPCR for miRNA was done using miScript SYBR® Green PCR Kit (Qiagen, Hilden, 

Germany), the pre amplified cDNA was used as the template for the real-time PCR run on 
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LightCycler ® 480 II (Roche, Basel, Switzerland), according to the manufacturer´s 

recommendations. Negative Control PCR samples were run with no template. 

Fold-changes were calculated using Cq method and normalized to the expression of RU6 

with qBasePlus ® Software (Biogazelle, Ghent, Belgium). Data normalized according to the 

following formula: ∆ Cq = Cq(target gene) – Cq(reference target). 

 

Statistical analysis 

A comparative statistical analysis was made using SPSS, Wilcoxon Signed Test (SPSS,Inc, 

Chicago, IL ,USA) to compare the miRNA expression between normal lung tissue and 

malignant tissue, by histological types (SCC vs ADC). The statistical significance was 

considered p-values<0,05.  

 

 

Results 

Materials 

Twelve pairs of normal lung tissue and tumour were selected from 7 adenocarcinomas and 5 

squamous cell carcinomas. As the samples were collected from surgical specimens, these  

FIGURE 1. A – Adenocarcinoma of the lung – papillary subtype (HE x200), B- Squamous cell carcinoma of the lung 

(HE x200). 
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were selected when presenting lymph node metastasis, which were also included in the study 

(Figures 1A, 1B and 2). 

 

 

Methods 

Laser Microdissection (LMD)  

Areas for LMD were selected by a pathologist using PALM microscope (Figure 3A and 3B). 

All specimens yielded RNA of sufficient quantity and most showed relative integrity. 

We compared miR-21 expression of several group pairs as listed in Table I. 

 

 

 

 

 

 

 

FIGURE 2. Adenocarcinoma: lymph node metastasis 

(HE x200). 

FIGURE 3. PALM images in which extraction of selected lung cells was made from adenocarcinoma of the lung, from 

a 8µm section (x200). 

A B 
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FIGURE 4. An image of Electronic Gel on the small R6A assay from all of our samples. miR6A 

range from 40 to 60 nt 

 

Small R6A quantification  

miRNA quantification using the 2100 Bioanalyser “Small RNA Assay” showed the amount 

of miRNA contained in our Total RNA samples, with miRNA mean concentration of 333,09 

from (127,4 to 705,2) (Figure 4). 

 

Results of miR6A expression analysis  

We analyzed the miRU6 and miR-21 expression in 12 pairs of primary lung tissues and 

corresponding lymphatic metastasis and noncancerous lung tissue. For qRT-PCR analysis an 

endogenous control miRU6 was used for normalization of miR-21 (Figure 5 and 6). 
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FIGURE 5. Amplification curves for RU6.  

These are qPCR results of miRU6 using Cyber Green, with Cq between 20 and 29. 



14/24 

 

 

The results were then analyzed according to the referred statistical tools (Table I). 

 

 

 

 

 

 

 

FIGURE 6. Amplification curves for miR-21.  

These are qPCR results of miR-21 using Cyber Green, with Cq between 15 and 32. 
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TABLE I. Comparison analysis of miR-21 in Adenocarcinoma, Squamous Cell Carcinoma, Metastases and Respective 

6ormal Lung 

 

 

After statistical procedures, we established a correlation between the results (Figure 7). The 

results were significant in relation to the overexpression of miR-21 in the tumour compared to 

the levels in the normal tissue (p<0,05).The overexpression of miR-21 levels in the metastasis 

samples in relation to the normal tissue was almost statistical significant (p=0,051).  

 

 

 

 

 

 

 

Classification (number) Total (n) p value of miR-21 

Comparison 

All tumours (12) vs all normal lung(11) 23 0,05 

All metastases (10) vs all normal lung (11) 21 0,051 

ADC (5) vs normal lung (5) 10 0,225 

ADC metastases (4) vs normal lung (5) 9 0,068 

SCC (7) vs normal lung (6) 13 0,173 

SCC Metastases (6) vs normal lung(6) 12 0,345 

p-value was calculated using Wilcoxon Signed Test. For statistical significance p<0,05. 
ADC – Adenocarcinoma, SCC – Squamous Cell Carcinoma 
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Discussion 

The role of miRNA’s in cancer is being intensively studied. Expression profiling has 

identified several miRNA’s responsible for tumorogenesis processes which correlate with 

diagnosis, staging, progression, prognosis and response to treatment [0onn et al. (2009)]. 

 

It is thought that approximately 30% of human genes may be regulated by miRNA’s and 

that they are involved in several biological processes: cellular proliferation, cell death, 

resistance to lipid metabolism stress through genetic expression regulation. These wide roles 

suggest that miRNA may contribute to several diseases. Indeed many reports of miRNA 

FIGURE 7. Expression profile of miR-21 in 6SCLC (logarithmic scale) 

These results show an overexpression of miR-21 in the tumour (p=0.05) and metastasis (p=0,051) tissue in 

�SCLC. 

When histological comparisons are made we observe the same [Adenocarcinoma: Tumour vs �ormal 

(p=0,225) and Metastasis vs �ormal (p=0,068) and Squamous cell carcinoma: Tumour vs �ormal (p=0,173) 

and (Metastasis vs �ormal (p=0,345)]. 

One Sample of SCC was rejected for lack of statistical data. 
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expression patterns have demonstrated an aberrant expression in diseases such as cancer, heart 

disease, diabetes and neurological diseases [Kong et al. (2009)]. 

 

Most of the times miRNA’s are placed in fragile sites (FRA’s), which are chromosomal loci 

more exposed to loss of heterozigoty by amplification, delections or translocations during 

tumorogenesis. These new informations suggest miRNA may be a new class of genes 

involved malignization of human cell lines. There is even data which suggest miRNA’s may 

act as oncogenes or as tumour suppressor genes [Baffa et al. (2009)]. 

 

The first published report by Ma et al, (2007) described the role of miR-10b in breast cancer 

invasion and metastasis. Following this initial finding, the deregulation of miRNA expression 

in metastatic human cancer has been demonstrated in other instances too. These data may 

suggest a simple profiling method to help identify patients with cancer who are likely to 

develop metastases and/or recurrences. 

 

In lung cancer we also have deregulation of some miRNA’s. For instance, the 

downregulation of let-7a and the overexpression of miR-155 are correlated with worse 

prognosis [Yanaihara et al., (2006)]. 

 

The miRNA’s which are underexpressed in malignant lung tissue when compared to normal 

lung tissue are candidates to tumour suppressor miRNA’s. Some examples are miR-34 which 

plays a role in the inhibition of p53 gene expression. It is also suggested miR-145, miR-142-

5p and miR-34c may have anti-neoplastic effects in lung cancer [Liu et al. (2009)]. 
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In this study we have compared the expression miR-21 levels in the carcinomas and 

respective metastasis with the normal lung and respiratory epithelium. This miRNA is known 

as being an oncogene and it’s overexpressed in several human cancers: breast cancer, 

malignant brain tumours, glioblastomas, Chronic Myelocytic Lymphoma, cervical cancer 

[Gartel and Kandel, (2008)] and lung cancer [Croce, (2008)]. 

 

The global expression of miR-21 was increased in the metastasis and even more in the 

primary carcinoma cells. This evidence reinforces the notion that miR-21 can be considered 

as an oncogene in NSCLC.  

 

Previous studies [Zhu et al., (2008)] have shown that miR-21 down-regulate tumour 

suppressor genes like PTEN, TPM1 (tropomyosin 1) PDCD4 (programmed cell death 4) and 

maspin. As suppressor genes, they are implicated in cell migration and invasion. The 

simultaneous repression of these genes may be the pathway for the biological effects of miR-

21. 

PTEN acts by limiting the activity of phosphoinositide 3-kinase (PI3K) pathway. A decrease 

in PTEN levels causes an overexpression of PI3K pathway products, including Akt, leading to 

tumour progression and metastasis. 

 

TPM1 is an actin-binding protein capable of stabilizing microfilaments and of anchorage-

independent growth. Since the overexpression of TPM1 suppresses cell invasion it is 

suggested that this molecule can have a role in it. 

 

PDCD4 is known to be a potential target for miR-21. PDCD4 protein interacts with EIF4A 

and inhibits protein synthesis. It also suppresses the activation of AP-1-responsive promoters 
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by c-Jun. Moreover phosphorylation of PDCD4 by Akt has been shown to interfere with the 

transactivation of the AP-1-responsive promoter by c-Jun. The downregulation of MAP4K1 

transcription may also be a consequence of PDCD4 action. In addition to that PDCD4 

represses the transcription of the mitosis-promoting factor CDK1/cdc2 trough upregulating 

p21. 

 

Maspin is downregulated possibly through DNA methylation or loss of transcription (by 

miRNA’s for instance). Both PDCD4 and maspin have been implicated in the regulation of 

uPAR which is a cell invasion and metastasis-promoting factor and a potential prognosis 

marker. Therefore, downregulation of PDCD4 and maspin by miR-21 may promote tumour 

invasion and metastasis without affecting cell growth. 

 

Given that a miRNA can target over 100 genes, it’s expected that further miR-21 targets will 

be found. Targeting miR-21 may be a good option to block tumour metastasis. Furthermore, 

there is significant positive correlation between the activated EGFR signaling pathway and 

the aberrant up-regulation of miR-21. This can be a possible therapeutic basis for inhibition of 

miR-21 in lung cancers with EGFR activation (with or without EGFR mutations). Antisense 

inhibition of miR-21 may improve clinical response to EGFR-TKI therapy [Seike et al. 

(2009)]. 

 

Our main goal was achieved by proving that miR-21 was involved in the pathogenesis of 

primary pulmonary carcinomas. The gene of this particular overexpressed molecule 

(TMEM49 in 17q23.2) was identified to be located inside a FRA where genomic imbalance in 

lung cancers has been observed previously with high frequency – FRA17B. As FRA’s are 

preferential sites of translocation, deletion, amplification or integration of exogenous genome, 
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it’s possible that this miRNA may be a target of these genomic alterations [Yanaihara et al., 

(2006)]. 

 

The results obtained show an overexpression of miR-21 in the metastasis (p=0.051) and in 

the tumour (p< 0,05). Although there is no statistical significance in the overexpression of the 

metastasis the p value is very close to the limit, which shows a tendency that must be 

considered. However, this data has no concern to the histological types of the lung tissue.  

 

When we consider the different histological types – adenocarcinoma and squamous cell  

carcinoma –the overexpression persisted and was more pronounced in the adenocarcinomas. 

However, these are preliminary results as there is no statistical significance (p>0,05). We 

recommend the study to go on with more samples. 

 

These results have many implications in the understanding of the tumorogenesis and in a 

clinical perspective. In fact, miR-21 has been proven to be of prognostic significance in 

NSCLC [Markou et al. (2008)]. In relation to treatment, miR-21 has shown a significant 

correlation to higher sensitivity to chemotherapy in NSCLC, ovarian cancer and 

Glioblastoma. However, the increase of sensitivity was low but maybe enough to be of 

clinical significance [Blower et al. (2008)]. 

 

Although miR-21 has not yet been contemplated, several miRNA’s patterns can be used to 

detect human lung cancers from blood cells. Further research with miR-21 in blood cells 

could be an interesting approach [Keller et al., (2009)] as the obtained results show that miR-

21 is involved in bronchial-pulmonary tumorogenesis. 
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Prospective studies 

As the lung cancer is the leading cause of death by cancer worldwide it is important to study 

its pathology. In this research we directly compared miR-21 expression from MDL-collected 

FFPE malignant and normal lung tissue. 

 

The continuation of this study with more samples would achieve statistical significance to 

reinforce other studies related to therapeutics that can be designed so that the influence of 

miR-21 in the outcome of lung cancer could be of clinical significance.  

 

A definite correlation understood between miR-21 overexpression and different histological 

types of bronchial-pulmonary carcinomas and their development and progression will allow 

knowledge that can influence personalized therapeutics together with blood diagnosis.  
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