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Abstract 

 

Lung cancer is a leading cause of cancer deaths worldwide. miRNAs have attracted attention as promising 

biomarkers in lung cancer diagnosis and prognosis. This study investigated the molecular mechanism of 

miR-551b-3p in lung cancer cells. The gene expression level of miR-551b-3p was investigated using qRT-

PCR in healthy and cancerous lung cell lines. The target genes of miR-551b-3p and its function in cancer 

pathogenesis were also determined by in silico analyses. miR-551b-3p expression was higher in cancer cells 

compared to healthy lung cells (p<0.01). The expression level of miR-551b-3p was confirmed in silico in 

cancerous lung tissue. ERBB4 was identified as a target gene of miR-551b-3p and was down-regulated in 

cancer cells in comparison to healthy cells. Overexpression of miR-551b-3p and under expression of the 

ERBB4 gene decreased overall survival in cancer patients. A negative correlation was observed between 

miR-551b-3p and ERBB4 gene. miR-551b-3p expression was found to be closely associated with 

clinicopathological factors such as distant metastasis status, lymph node metastasis status and gender. miR-

551b-3p target genes were enriched in cancer-related cellular processes. In conclusion, miR-551b-3p may 

be a potential alternative in treatment strategies as a therapeutic target in lung cancers.  
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1. Introduction 

Lung cancer is a high mortality cancer and is the first 

cancer diagnosed in men and the second cancer 

diagnosed in women [1]. Lung cancer is histologically 

classified into small cell lung cancer (SCLC) and non-

small cell lung cancer (NSCLC), accounting for 15% and 

85% of patients, respectively. NSCLC is subdivided into 

squamous cell carcinoma of the lung (SCLC), lung 

adenocarcinoma (LAC) and large cell carcinoma (LBC) 

[2-3]. Although surgery, chemotherapy and targeted 

therapies are commonly used to treat the disease, survival 

rates remain critical. The low survival rate may be due to 

conditions such as diagnosis at an advanced stage, 

metastases and high recurrence rates [4]. The lack of 

effective tools and treatment methods is a major problem 

for the early diagnosis and treatment in lung cancer [2]. 

Therefore, there is an urgent need to investigate new 

potential molecular markers and methods to understand 

the molecular mechanisms underlying lung cancer. 

 

miRNAs play an important role in cancer biology. They 

can have oncogenic or tumor suppressor properties by 

affecting physiological processes such as growth, 

development and cell cycle of cancer cells through the 

genes they target [5]. Different miRNA markers are 

defined for different types of cancer, and while a miRNA 

may act as an oncogene in one type of cancer, it may act 

as a tumor suppressor in another [6]. In lung cancer, miR-

138-5p and miR-200c were reported to be highly 

effective in preventing tumor development and 

progression by targeting PD-L1 [7]. miR-142-3p 

promoted invasion and metastasis of NSCLC cells by 

activating MAPK/ERK and NF-κB pathways [8]. miR-

210 may lead to epidermal mesenchymal transition 

(EMT) by targeting the UPF1 gene and inducing the 

PTEN/PI3K/AKT pathway. This promotes migration and 

invasion of NSCLC [9].  

 

mailto:esencakmak@ksu.edu.tr
https://orcid.org/0000-0001-8805-3315
https://orcid.org/0000-0001-6946-4477


 

Celal Bayar University Journal of Science  
Volume 21, Issue 2, 2025, p 125-133 

Doi: 10.18466/cbayarfbe.1582834           E. Çakmak 

 

126 

There are few studies in the literature on the role of miR-

551b-3p in cancer. In breast cancer, miR-551b-3p, which 

is upregulated by microRNA 551b-3p and transported to 

the nucleus by importin-8 (IPO8), activated STAT3 

transcription. miR-551b-3p was associated with poor 

prognosis in breast cancer patients [10]. In lung cancer, 

downstream expression of miR-551b-3p causes 

overexpression lncRNA PVT1 and promotes cell 

viability, proliferation, migration and invasion [11]. 

LncRNA SMARCC2/miR-551b-3p/TMPRSS4 axis and 

miR-551b-3p have been reported to act as a tumor 

suppressor gene in gastric cancer [12]. In head and neck 

squamous cell carcinoma, miR-551a, miR-551b-3p and 

GLIPR2 gene triad partially regulate autophagy and is 

active in tumor growth, development and invasion [13]. 

 

This study aimed to investigate the molecular 

pathogenesis of miR-551b-3p in lung cancer. There are 

limited studies on the potential mechanism of miR-551b-

3p in different types of cancer. Based on this, the gene 

expression levels of miR-551b-3p were investigated in a 

healthy lung cell line (BEAS-2B) and lung cancer cell 

lines (A549 and Calu-1), and its molecular mechanism 

was further investigated by in silico analyses.  

 

2. Materials and Methods 

 

2.1 Cell culture  

 

A healthy human lung cell line (BEAS-2B) and cancer 

cell lines (A549 and Calu-1) were obtained from the 

ÜSKİM Health Laboratory (Kahramanmaraş, Turkey). 

Cells were cultivated at 37°C and 5% CO2 in DMEM 

containing high glucose concentration (Gibco, Thermo 

Fisher Scientific, Waltham, MA, USA) supplemented 

with 10% FBS (Gibco), 1% penicillin (Gibco) and 100 

μg/mL streptomycin (Gibco). 

 

2.2 Transfection 

 

miR-551b-3p mimic, miR-551b-3p inhibitor (anti-miR-

551b-3p), miR-551b-3p mimic negative control and 

miR-551b-3p inhibitor negative control (anti-miR-NC) 

(Invitrogen, San Diego, CA) were purchased. One day 

before transfection, they were grown to 80% confluence 

in a 24-well plate at a density of 5×105 per well. For miR-

551b-3p mimic, inhibitors and negative controls, 

transfection was performed using reagent Lipofectamine 

3000 (Invitrogen, San Diego, CA) according to the 

protocol of the manufacturer. The biological behavior of 

the cells was determined 24 hours after transfection.  

 

2.3 RNA isolations and qRT-PCR 

 

Total RNA was isolated using Trizol reagent 

(Invitrogen). The isolation was performed according to 

the manufacturer's protocols. Total RNA concentration 

and purity were measured by Thermo NanoDrop 2000 

device. Complementary DNA (cDNA) was then 

synthesized using QuantiTect Reverse Transcription Kit. 

qRT-PCR analyses were performed with ABI 7500 Fast 

Real Time PCR (Applied Biosystems, Foster City, CA, 

USA) and SYBR Green PCR kit (Takara, Shiga, Japan). 

miRNA isolation, RNA isolation, cDNA synthesis and 

PCR reaction were performed according to the 

manufacturer's protocol. PCR mixtures were made in a 

10 μL volume consisting of 2 μL SYBR Green real-time 

PCR Master Mix, 1 μL cDNA, 0.5 μL Forward Primer 

(10 pmol), 0.5 μL Reverse Primer (10 pmol) and 6 μL. 

The PCR reaction was performed as pre-denaturation at 

95°C for 10 min, denaturation at 95°C for 10 s, adhesion 

at 60°C for 20 s and amplification at 72°C for 10 s for 40 

cycles. U6 for miRNA was used as endogenous controls. 

Negative controls were added during the experiment to 

control for contamination, and the experiments will be 

repeated 3 times independently. In addition, the 

expression of miR-551b-3p after the reaction was 

calculated by 2-ΔΔCt method. The primers used in this 

study are as follows: miRNA forward 5’-

GCGACCCATACTTGGTTTCAG-3’, miRNA reverse 

5’-TCGTGAGATGAAGCACTGTAG-3’, U6 forward 

5’-CTCGCTTCGGCAGCACA-3’ and U6 reverse 5’-

AACGCTTCACGAATTTGCGT-3’. 

 

2.4  Identification of target genes of miR-551b-3p 

 

The mirWALK (http://mirwalk.umm.uni-heidelberg.de/), 

miRDB (https://mirdb.org/mirdb/index.html) and Target 

Scan HUMAN (https://www.targetscan.org/vert_80/) 

databases were used to predict target genes. A Venn 

diagram was used to show commonalities among target 

genes (https://bioinfogp.cnb.csic.es/tools/venny/index.html). 

 

2.5 Enrichment analysis 

 

The PANTHER server (Protein Analysis Through 

Evolutionary Relationships, v 19.0) was used to identify 

biological processes, protein classes, cellular 

components, signalling pathways and molecular 

functions associated with the target genes of miR-551b-

3p (https://pantherdb.org/). The PANTHER classification 

system is a comprehensive library describing the 

function, pathway and protein properties of genes and 

proteins and consists of a bioinformatics algorithm 

designed to facilitate high-throughput analyses [14]. 

 

2.6 KM-plotter survival analysis 

 

Kaplan-Meier Plotter (http://www.kmplot.com) was 

used to analyze survival curves of miR-551b-3p. Gene 

expression was classified into high and low expression 

according to the median value. P value <0.05 indicates 

significance. 
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2.7  Association of miR-551b-3p with cancer 

pathogenesis 

 

ULCAN (https://ualcan.path.uab.edu/index.html), an 

online platform based on the TCGA datasets, was used to 

determine the expression levels of miR-551b-3p and its 

target gene ERBB4 in lung cancer patients. At the same 

time, the expression level of miR-551b-3p and its cancer-

pathogenic effects such as tumor development, stage, 

grade and survival were investigated using the Oncomir 

database (https://oncomir.org/oncomir/index.html). 

 

2.8 Statistical analysis 

 

Real-time PCR experiments were performed at least 

three times. Prism 8 (GraphPad) software was used for 

statistical data were analyzed by Student's t-test between 

two groups. P<0.05 was considered statistically 

significant. 

 

3. Results  

 

3.1 miR-551b-3p was more highly expressed in lung 

cancer cells compare to healthy lung cells 

 

Expression levels were compared between healthy lung 

cell lines and cancer cell lines to determine the role of 

miR-551b-3p in lung cancer. miR-551b-3p was more 

highly expressed in the lung cancer cell line A549 and 

the Calu-1 healthy cell line BEAS-2B (Fig. 1a,1b,1c). 

According to the results of the analysis, no significant 

increase in miR-551b-3p was observed in healthy lung 

cells. In A549 cell lines, the gene expression level of 

miR-551b-3p mimic increased approximately 6-fold, 

while the gene expression level of miR-551b-3p inhibitor 

did not increase much. The gene expression level of miR-

551b-3p mimic increased approximately 4-fold in Calu-

1 cell lines. Very little increase was observed in the gene 

expression level of miR-551b-3p inhibitor. 

 

The miRNA mimics and miRNA inhibitors were 

statistically compared between healthy and cancerous 

lung cell lines. As shown in Fig. 2a and Fig. 2b, as a result 

of statistical analysis, miR-551b-3p mimic showed a 

significant difference compared to healthy cells (p<0.01). 

The expression levels of the miRNA inhibitors in the cell 

lines did not show a significant increase. 

 

3.2 miR-551b-3p targets the ERBB4 gene 

 

To further investigate the molecular mechanism of miR-

551b-3p, target genes were predicted by three different 

bioinformatics platforms. The number of target genes 

predicted in silico was determined to be 44 genes in total 

(Fig. 3). Among the target genes screened, the ERBB4 

gene was found to be the overlapping gene in all 

platforms. The overlapping gene in miRDB and 

TargetSanHuman databases is GALNTL6, and the 

matching genes in miRDB and miRWalk databases are 

CRB2, PDE4DIP, CDK17, SPATA31D3 and PGAM5. 

CTIF, PDE4C and ANKRD50 are overlapping genes in 

TargetSanHuman and miRWalk databases. 

 

3.3 Enrichment analysis of miR-551b-3p target 

genes 

 

The biological functions, pathway enrichment analyses 

and protein classifications of common genes targeted by 

miR-551b-3p were examined by Panther algorithm. 

According to the results of the analysis, it is seen that 

common target genes are concentrated in cases such as 

‘cellular process’ (GALNTL6, ERBB4, PDE4DIP, 

PDE4C, CDK17, CRB2), ‘biological regulation’ 

(ERBB4, PDE4DIP, PDE4C, CTIF), ‘metabolic 

processes’ (GALNTL6, CDK17). In cellular components 

‘cellular anatomical formations’ (GALNTL6, ERBB4, 

PDE4DIP, CTIF, CDK17, CDK17, CRB2) and in 

molecular properties ‘catalytic activity’ come to the 

forefront in processes in which genes (GALNTL6, 

ERBB4, CDK17, PDE4C) are enriched. In KEGG 

pathway analyses, the ERBB4 gene is concentrated in the 

‘cadherin signalling pathway’ and ‘EGF receptor 

pathway’, and in protein classification, it is concentrated 

in protein subgroups such as ‘metabolic interconversion 

enzymes’, ‘RNA metabolism proteins’, ‘protein 

modifying enzymes’ (ERBB4, GALNTL6, PGAM5, 

PDE4C) (Fig. 4). 

 

3.4 miR-551b-3p expression reduces overall survival 

in lung cancer patients 

 

Kaplan-Meier (KM) plot, KM online tool was used to 

determine the prognostic significance of miR-551b-3p 

gene. The association between the expression levels of 

miR-551b-3p gene and overall survival rate (OS) in a 

total of 513 Lung adenocarcinoma patients was 

calculated by KM curve and log-rank test. The Kaplan-

Meier survival analysis demonstrated that the overall 

survival rate was significantly reduced in lung cancer 

patients exhibiting expression of miR-551b-3p (HR 0.63, 

P: 0.0027) expression (Fig. 5). 

 

3.5 Overexpression of miR-551b-3p and low 

expression of ERBB4 are associated with tumor 

development 

 

The expression level of miR-551b-3p was validated by 

analyzing its association with tumor development, 

correlations with tumor stage, tumor grade and clinical 

characteristics of patients. According to TCGA datasets 

in the ULCAN database, miR-551b-3p was significantly 

more expressed in lung cancer patients compared to 

normal lung tissues (p=9.1e-11). Conversely, the ERBB4 

gene was low expressed (p=1.6e-12) in cancerous tissues 

(Fig. 6). When the correlation of miRNAs with clinical 

parameters is determined, it increases the potential of 

miRNA as a therapeutic target and biomarker. For this 

purpose, the relationship between miR-551b-3p and 

https://oncomir.org/oncomir/index.html
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clinical parameters was determined. The expression of 

miR-551b-3p was exhibited a significant correlation with 

pathological M status (p=4.64e-01), pathological N status 

(p=5.26e-01) and sex (p=2.59e-01) among clinical 

parameters (Table 1). 
 

 

Table 1. Association of miR-551b-3p with clinical parameters in lung adenocarcinoma  

Clinical Parameter 
ANOVA 

P-value 

ANOVA 

FDR 

Multivariate Log Rank 

P-value 

Multivariate Log Rank 

FDR 

Pathologic M Status 4.64e-01 7.79e-01 4.03e-02 3.33e-01 

Pathologic N Status 5.26e-01 9.99e-01 3.71e-02 3.40e-01 

Sex 2.59e-01 5.84e-01 3.74e-02 3.03e-01 

 

 

 
(a)  

(b) 

 
(c) 

Figure 1. Gene expression levels of miR-551b-3p in cell lines. (a): miR-551b-3p expression level in BEAS-2B cell 

lines, (b): miR-551b-3p expression level in A549 cell lines, (c): miR-551b-3p expression level in Calu-1 cell lines. 

miR inh: miR-551-3p inhibitor, miR inh NC: miR-551-3p inhibitor negative control, miR mim: miR-551-3p mimic, 

miR mim NC: miR-551-3p mimic negative control. 

 

 
(a) 

 
(b) 

Figure 2.  Expression levels of miR-551b-3p in healthy and cancerous lung cells in the presence of miRNA mimic 

and miRNA inhibitor 
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Figure 3. Venn diagram of overlapping target genes of miR-551b-3p in three separate in silico databases 

 

 
Figure 4. Grouping of miR-551b-3p target genes in biological function, pathway enrichment analysis and protein 

classification by in silico analysis 
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Figure 5. Survival analysis in lung cancer patients 

 

 
Figure 6. Expression level of miR-551b-3p and ERBB4 genes in lung cancer patients 

 

 

4. Discussion 

 

miRNAs are known to be involved in many physiological 

processes, including cell growth and differentiation, 

apoptosis and tumor progression [15,16]. Dysregulation 

of miRNA gene expression is closely associated with 

pathological conditions of these processes. Many 

miRNAs play a crucial role in carcinoma and have even 

been proposed as biomarkers for diagnosis and treatment 

[17-19].  Whether a miRNA is an oncogene or a tumor 

suppressor, which genes it targets, in which pathways it 

is effective in cellular processes and in which pathways 

it causes dysregulation are important for determining the 

therapeutic role of miRNA. 

 

The aim of this study was to define the biological role of 

miR-551b-3p in lung cancer cells. miR-551b-3p has been 

studied in very few cancer cells. According to the 

available evidence, miR-551b-3p is down-regulated in 

colorectal cancer [20], gastric cancer [21], breast cancer 

[22] and cholangiocarcinoma [23], whereas it is up-

regulated in ovarian cancer [24] and head and neck 

cancer [13]. Bioinformatic analysis identified 

differentially expressed genes in thyroid cancer, and 

miR-551b-3p was found to be upregulated in cancer cells 

[25]. The expression level of miR-551b-3p was 

investigated in colorectal cancer. miR-551b-3p levels 

were significantly downregulated in CRC cell lines 

compared to healthy cell lines [20]. A study by Parashar 

et al. reported that microRNA 551b-3p was up-regulated 

in triple negative breast cancer [10]. miRNAs can be 
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over-expressed in some cancer cells and down-regulated 

in others. These differences in miRNA expression 

suggest that the mechanisms of miRNAs in tumor 

formation and development are different. 
 

In lung cancer, only a few studies on miR-551b-3p are 

available in the literature and these are usually in silico 

analyses. miR-551b-3p has been reported to be 

upregulated in lung cancer in silico [26]. Using the 

TCGA datasets, the expression profiles of microRNA of 

418 patients with lung adenocarcinoma (LUAD) were 

analyzed by bioinformatic analysis. Among the 

differentially expressed miRNAs, mir-551b-3p was 

demonstrated to be a prognostic marker for overall 

survival [27]. Charkiewicz et al. carried out miRNA 

profiling using next-generation sequencing on serum 

samples from patients with NSCLC and patients with 

non-cancerous lung disease. As a result of the analysis, 

they identified 28 upregulated miRNAs, including miR-

551b-3p [28]. miR-551b-3p expression was investigated 

in lung cancer and was downregulated in tumor cell lines 

by comparison with normal cell lines [11]. In this study, 

RT-PCR analyses showed overexpression of the related 

miRNA in two different lung cancer cell lines compared 

to normal lung cell lines, and the results were confirmed 

by bioinformatic analysis. miR-551b-3p expression 

significantly decreased overall survival in lung cancer 

patients.  
 

The majority of lung cancer patients are diagnosed at the 

metastatic stage due to limitations in diagnosis and 

treatment. However, traditional methods such as surgery 

and chemotherapy are not very effective in advanced 

stages of the disease due to disease recurrence and 

significantly reduce the survival rate of the disease [29]. 

Different expression patterns of miRNAs in processes 

such as cell migration, proliferation and metastasis may 

affect the survival rate of the disease. In particular, 

evaluating the clinicopathological conditions of patients 

and developing targeted therapies specific to the 

histological type of patients can provide significant 

advances in treatment [30]. For example, miR-106a has 

been shown to suppress the expression of tumor protein 

53-induced nuclear protein 1 (TP53INP1) and is 

overexpressed in lung adenocarcinoma tissue with bone 

metastases. miR-106a silencing may offer a novel 

treatment for bone metastases in lung adenocarcinoma 

[31]. Expression of miR-551b-3p significantly reduced 

overall survival in lung cancer patients. Furthermore, 

miR-551b-3p expression was closely associated with 

clinicopathological factors such as distant metastasis 

status, lymph node metastasis status and gender. 

Decreasing the expression level of miR-551b-3p or 

silencing the gene may be an alternative treatment 

strategy and a potential molecular marker. 
 

It is important to characterize miRNAs, which can alter 

the ability of cells to develop tumors, progress and 

respond to treatment [32]. In gallbladder cancer, in vivo, 

in vitro and in silico analyses have shown that miR-551b-

3p overexpression inactivates H6PD target gene 

expression and inhibits cell migration, invasion and EMT 

[33]. Overexpression of ERBB4, the target of miR-551b, 

was associated with poor prognosis in patients diagnosed 

with gastric cancer. miR-551b leads to inhibition of EMT 

and metastasis through downregulation of ERBB4 

expression [34]. In patients with hepatocellular 

carcinoma, ERBB4 expression was shown to be 

downregulated and related to cellular differentiation and 

poorer prognosis [35]. In this study, ERBB4 was 

identified as a target gene of miR-551b-3p and found to 

have low levels of expression in lung cancer in 

comparison to normal tissue. ERBB4 belongs to the 

family of the ERBB receptor kinase. In cancer, the 

ERBB4 gene is generally known as a tumor suppressor, 

but there are also studies suggesting that it promotes 

tumor growth [34]. The ERBB4 gene is enriched in 

critical cancer-related processes such as cellular 

processes, translational regulatory activity, the cadherin 

signalling pathway and the EGF receptor signalling 

pathway. 
 

5. Conclusion 
 

In conclusion, the role of miR-551b-3p in lung cancer has 

been defined both in vitro and in silico. According to qRT 

PCR analyses, miR-551b-3p expression was higher in 

tumor cells from healthy cells. The expression level of 

miR-551b-3p was confirmed in silico in cancerous lung 

tissue compared to healthy tissues. The target gene of 

mir-551b-3p was identified as ERBB4 and showed a 

negative correlation with mir-551b-3p. mir-551b-3p 

expression decreased overall survival and was markedly 

related to distant metastasis, lymph node metastasis and 

gender. The results obtained suggest that miR-551b-3p 

may be a potential therapeutic target in lung cancer 

diagnosis and treatment. However, more detailed studies 

are needed to better understand mir-551b-3p tumor 

biology. 
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