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Abstract

Squamous cell carcinoma of the lung (LUSC) is the second most common subtype of lung cancer and lung cancer is responsible
for most cancer-related deaths. It can therefore be assumed that there is still a large gap in reducing a significant proportion of the
global cancer burden. To close this gap, new methods are needed that provide better diagnostic and prognostic approaches for
LUSC. Given the advantages of miRNA biomolecules as potential biomarkers, a systems biology approach was used in this study
to define diagnostic and/or prognostic miRNA biomarker candidates for LUSC. Accordingly, the differentially expressed genes
(DEGS) of LUSC were identified by processing RNA-Seq expression data. After analyzing the DEGs, a reporter feature algorithm
was applied, which yielded reporter miRNAs that have significant potential as biomarker candidates. Using miRNA-Seq data from
LUSC, the potential diagnostic and prognostic performance of reporter miRNAs was investigated. Using this approach, miR-3605
and miR-6788 were found to have diagnostic capabilities in LUSC, while miR-511, which was found in serum, had diagnostic and
prognostic properties. Overall, this study offers precious data for further experimental and clinical efforts to diagnose and predict
LUSC, and the presented diagnostic and/or prognostic miRNAs were associated with LUSC for the first time in this study.
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1. Introduction

Cancer is an unrestrained cellular division process that leads to cell alteration and is responsible for most causes of
death worldwide. Among the various types of cancer, lung cancer accounts for a large proportion of cancer deaths
according to cancer statistics [1]. Histopathologically, lung cancer is divided into 2 main types, small cell lung cancer
(SCLC) and non-small cell lung cancer (NSCL), and among these two types, the incidence of NSLC is much higher
compared to SCLC. In addition, non-small cell lung cancers are categorized into different subtypes, including lung
adenocarcinoma (LUAD) and lung squamous cell carcinoma (LUSC) [2].

The statistics on the incidence and high mortality rate show that we need new strategies for the diagnosis,
prevention and treatment of NSLCs, and as LUSC cases fade into the background, any innovation could open up new
avenues in the clinic. Biomarkers have great potential to fulfil the requirements for a better diagnosis or prognosis of
a disease. According to the BEST glossary, a biomarker is “a characteristic that is measured as an indicator of normal
biological processes, pathogenic processes or responses to an exposure or intervention, including therapeutic
interventions” [3].

Given the great potential of miRNAs as biomarker candidates for disease diagnosis and prognosis [4], a novel
systems biology approach was adopted in the present study to identify miRNA biomarkers that can be used for LUSC
for diagnostic and prognostic purposes. Accordingly, the differentially expressed genes (DEGs) of LUSC were
determined by processing RNA-Seq expression data. The obtained DEGs were integrated into a comprehensive human
miRNA gene-target network and reporter miRNAS representing the major transcriptional changes were identified.
The diagnostic and prognostic potential of reporter miRNAs was evaluated using miRNA-Seq expression data (Figure
1). Consequently, diagnostic and/or prognostic miRNA candidates that could be considered as diagnostic and
prognostic biomarkers in LUSC were presented in this study.
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Fig. 1. The overall methodology used in the study.
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2. Materials and Methods
2.1. RNA-seq and miRNA-seq datasets of squamous cell carcinoma of the lung

The RNA-Seq data and miRNA-Seq data from LUSC were obtained from The Cancer Genome Atlas (TCGA-
LUSC) [5]. The RNA-Seq data included 502 primary solid tumors and 49 normal subjects, while the miRNA-Seq data
included 478 primary solid tumors and 45 normal subjects (Figure 2A). The RNA-Seq data were used for the
identification of reporter miRNAs, and the miRNA-Seq data were used for diagnostic analyzes of reporter miRNASs.

2.2. ldentification of differentially expressed genes

The DESeq2 package [6] in R/Bioconductor (version 4.0.2) [7] was used to determine DEGs between LUSC and
normal phenotypes. DESeq2 fits a generalized linear model from the family of negative binomial models and uses the
Wald test. The Benjamini-Hochberg method was used to control for false discovery rate (FDR). An adjusted p-value
of < 1x1071 was used as the statistical significance threshold. Fold change (FC) was used to assess the expression
pattern of DEGs (i.e., up- or down-regulation), and at least an FC of 2 was considered significant.

2.3. ldentification of reporter miRNAs

Reporter miRNAs were determined using the reporter features algorithm [8], which was previously fitted and used
in several studies [9-12]. The fitted algorithm was performed in MATLAB (R2016) in the present study.

The original algorithm aimed to identify reporter metabolites by integrating differential transcriptional data (in the
form of p-values representing significant changes in gene expression between different phenotypes) with a metabolic
model (consisting of gene-response-metabolite interactions). Subsequently, in this study, the miRNA-target gene
network was integrated with genes that differ significantly between LUSC and normal phenotypes (i.e. DEGS). The
miRNA-target gene network was reconstructed using the experimentally validated miRNA-target gene interactions
[13] and miRTarbase (version 6.0) [14].

By applying the adapted algorithm, the p-values of the genes were converted into z-scores using the inverse
cumulative distribution and considering the interactions between miRNA and target DEGs. Accordingly, each miRNA
was assigned a z-score and then the values that followed a standard normal distribution were converted to p-values.
In this study, statistically significant miRNAs with a p-value < 0.001 were classified as reporter miRNAs.

2.4. Diagnostic validation of reporter miRNAs

The miRNA-Seq expression data from TCGA were used to evaluate the diagnostic performance of reporter
miRNAs. Sensitivity (the proportion of how well the test identifies true positives) and specificity (the proportion of
how well the test identifies true negatives) were used to predict the diagnostic ability of reporter miRNAs based on
the Receiver Operating Characteristic Curve. The area under the Receiver Operating Characteristic curve (AUC) was
computed to assess the diagnostic ability of the reporter miRNAs, and reporters with an AUC value = 0.75 were
considered diagnostic reporter candidates [15].

2.5. Prognostic validation of reporter miRNAs

To evaluate the prognostic capabilities of the reporter miRNAs, the clinical information of the LUSC samples was
extracted from the miRNA-Seq data of TCGA and used for prognostic performance analysis. The prognostic
performance analyses were performed for each reporter. Survival analyses were performed to evaluate the prognostic
capacity of the reporter miRNAs. In the analysis, samples were categorized into two groups (high- and low- risk)
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based on the clinical information of the samples (i.e. prognostic index - PI), where Pl is the linear component of the
Cox model. Survival signatures were assessed using Kaplan-Meier (K-M) plots and log-rank p-values. The hazard
ratio (HR) was computed using the ratio between the relative mortality rates of group 1 and group 2 (HR =
(O1/E1)/(O2/E7), where O refers to the observed number of deaths and E refers to the expected number of deaths).
Reporter miRNAS with a log-rank p-value < 0.05 were assumed to have prognostic abilities.

2.6. Biological interpretation of reporter miRNAs

To gain biological insights into reporter miRNAs, miRBase: the microRNA database the archive for microRNA
sequences and annotations repository [16] was used. As knowledge of extracellular circulating miRNAs is crucial in
the clinic [17], the miRandola (Extracellular Circulating MicroRNAs Database) resource [18] was also used to
determine whether reporter miRNAS are present in extracellular body fluids such as serum, plasma, saliva and urine.

3. Results
3.1. Differentially expressed genes and reporter miRNAs of squamous cell carcinoma of the lung

The obtained RNA-Seq expression data were used to determine DEGs between LUSC and normal samples.
According to the statistical significance considered in this study, a total of 4271 up-regulated and 2787 down-regulated
DEGs were determined (Figure 2B). The DEGs and their adjusted p-values were used as proxies for the determination
of reporter miRNAs. As a result of implementing the reporter features algorithm, a total of 13 reporter miRNAs were
determined with a p value of < 0.001. Among the resulting reporter miRNAs, the most statistically significant reporters
were miR-768 (p-value = 1x10%%) and miR-3605 (p-value = 1.89 x107) (Figure 2C).
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Fig. 2. The number of samples of DEGs and reporter miRNAs. (A) The number of RNA and miRNA sequencing data of primary tumor and
control samples from the TCGA-LUSC. (B) The number of DEGs identified during the analysis. (C) The distribution of p-values of reporter
miRNAs.

3.2. Diagnostic power of reporter miRNAs

In order to investigate the diagnostic capacities of the culminated reporter miRNAs, miRNA-seq expression data
from TCGA-LUSC were used. Of the 13 discovered reporter miRNAs, miRNA-seq expression data are not available
for two miRNAs (miR-486 and miR-768). Therefore, these reporter miRNAs cannot be included in the analysis of
diagnostic performance analyses. In the diagnostic performance analysis, each reporter miRNA was evaluated based
on the AUC values of the Receiver Operating Characteristic curves.

The diagnostic analyzes of the reporter miRNAs showed that the three reporter miRNAs had high diagnostic
capacity (AUC value > 0.75). The differences in miRNA expression values between the cancer samples and the healthy
subjects were represented by box plots for these three diagnostic miRNAs considering their p-values (Figure 3). The
obtained AUC values for the reporters are as follows: for miR-3605, the AUC value is 0.786 (Figure 3A); for miR-
511 (Fig 3B), the AUC value is 0.867; and for miR-6788 (Figure 3C), the AUC value is 0.793.
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Fig. 3. The diagnostic capabilities of reporter miRNAs. Boxplots show the expression levels of reporter miRNAs between primary tumor and
control groups with p-values. The Receiver Operating Characteristic curves show the AUC values of the individual reporters. (A) miR-3605. (B)
miR-511. (C) miR-6788.

3.3. Prognostic power of reporter miRNAs

Survival data from TCGA-LUSC were used to assess the prognostic ability of reporters. The prognostic ability of
the reporter miRNAs was evaluated using K-M plots, taking into account the log-rank p-value and HRs. Accordingly,
miR-511 was found to be statistically significant with a log-rank p-value of 0.04 and a HR of 1.32 according to the
criteria considered (Figure 4). The other two miRNAs that indicated remarkable diagnostic ability (i.e. miR-3605 and
miR-6788) did not show statistical significance in accordance with their log rank p-values (p-value > 0.05).
Considering these results, miR-511 was shown to have both high diagnostic and prognostic capacity in LUSC cases.
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Fig. 4. The prognostic ability of miR-511. K-M diagram to estimate the survival time of LUSC patients as well as log-rank p-value and hazard
ratio were shown. The high- and low-risk groups are shown in red and blue respectively.

3.4. Biological features of reporter miRNAs

To investigate the biological properties of the resulting diagnostic and prognostic reporter miRNAs, the miRBase
database [16] and the miRandola resource [18] were searched. It was found that 5 of the miRNAs have different
biological functions. miR-26a is known for its interaction with genes such as EZH2 and TET1. miR-29a is associated
with the delay of atherosclerosis as well as matrix remodeling and fibrosis. miR-205 plays a role in epithelial—
mesenchymal transition processes. miR-375 is associated with the differentiation of embryonic stem cells into liver
and insulin secretory cells. miR-99b is known for its suppressive effect on signal transduction pathways (i.e. NF-xB
pathways) [16].

In addition, miRNAs in different cell types (i.e. cancer or normal cells) can be secreted outside the cells and then
enter circulating body fluids (i.e. serum, plasma, saliva, etc.). MiRNAs circulating in body fluids offer great potential
in the clinic and are even more advantageous if they are to be used as biomarkers. Accordingly, when screening the
potential of culminated reporter miRNASs in body fluids using the miRandola resource [18], it was revealed that the
diagnostic and prognostic reporter miR-511 could be present in serum.

4, Discussion

The miRNAs are a group of small single-stranded non-coding RNAs that are involved in regulating the expression of
many genes and control remarkable biological processes such as cell division, cell differentiation, cell death, cell
migration, angiogenesis and tumorigenesis [19]. The miRNAs can regulate the expression of about 60% of human
genes, and today the link between miRNA and cancer, namely the decreased or increased expression of miRNAs in
cancer cells, has been proven and recognized by the authorities [20]. Since miRNAs have advantages over other
biomolecules in many respects, miRNAs are considered potential markers for cancer. Accordingly, the fact that
miRNAs have high biological stability, are present in body fluids and are regulated at different stages of
carcinogenesis, brings the use of miRNAs as diagnostic and prognostic biomarkers in the clinic to the forefront [21].
In addition to the potential of miRNAs as biomarkers, miRNAs have also been highlighted for their potential,
especially for their success in diagnosis and prognosis in early stages and various stages of diseases. Indeed, mMiRNAs
have a remarkable impact on the diagnosis of even inconspicuous cancers at an early stage and show different survival
signatures at different stages of the diseases [22, 23].

In this study, a reporter feature algorithm was adapted to identify reporter miRNAs. DEGs that showed significant
changes in expression between LUSC and control conditions were found by analyzing TCGA data and used as input
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for the implementation of the algorithm. The resulting 13 reporter miRNAs were analyzed for their diagnostic and
prognostic capabilities using miRNA-Seq data. It was found that 2 of the miRNAs (miR-3605 and miR-6788) had
statistically significant diagnostic ability. Although there is limited information about miR-3605 and miR-6788 in the
literature, these 2 miRNAs have been associated with 2 different diseases in studies. MiR-3605 has been associated
with celiac disease, an immune-mediated disease. This association was established on the basis of differential
expression between diseased and healthy samples in miRNA sequencing data [24]. In addition, miR-6788 has been
associated with gastric cancer. It has been reported that CNALPTCL is upregulated in patients with gastric cancer and
can promote cell proliferation. MiR-6788, one of the targets of CNALPTC1, mediates the progression of gastric cancer
through miR-6788 and there is a negative correlation between them [25].

A miRNA circulating in serum, miR-511, has both diagnostic and prognostic capabilities in LUSC cases. The miR-
511 has been associated with various types of cancer. For example, miR-511 was found to act as a tumor suppressor
in colorectal cancer and was presented as a prognostic biomarker for this disease [26]. It has also been reported that
miR-511 can inhibit the proliferation and metastasis of breast cancer cells by downregulating FGF4 expression [27].
Like miR-6788, miR-511 has also been associated with gastric cancer in previous studies. It has been shown that miR-
511 can inhibit cell migration, invasion and epithelial-mesenchymal transition in gastric cancer by targeting PAK2
[28, 29]. In 2014, Zhang and coworkers reported that miR-511 promotes apoptosis of radioresistant lung
adenocarcinoma cells by inducing BAX, thus introducing miR-511 as a potential therapeutic molecule especially for
the treatment of patients with radioresistant lung adenocarcinoma [30].

The lack of experimental validation of the potential miRNA biomarkers with associated LUSC tissue samples or
cell lines was the major drawback of the study. Therefore, future clinical studies need to be conducted to evaluate and
examine the diagnostic and prognostic capabilities of the biomarkers found. With this in silico study, which can be
seen as one of the most important steps in the development of biomarkers, an important step has been taken. However,
in order to appeal to a broad medical group, experimental validation is essential.

Overall, the introduced miR-3605 and miR-6788, which have remarkable diagnostic capacity, and circulating miR-
511 in serum, which has both diagnostic and prognostic capacity, were associated with the LUSC cases for the first
time in this study. The need for novel biomarkers associated with life-threatening human cancers, including LUSC,
remains very high. Given this need, this study provides powerful biomarker candidates that merit further experimental
and clinical efforts.
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