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ABSTRACT: Non-small cell lung cancer (NSCLC) is the leading cause of cancer-related mortality, primarily attributed to 
NSCLC's early detection rate of approximately 19%. The circRNA-miRNA-mRNA pathway contributes to NSCLC and could 
be an optimal biomarker/target; its identification can significantly increase survival. From CircNET, CircFNDC3B was found 
to affect NSCLC development, miR-885-3p had a confidence rating of 3/3, and its target genes showed a significant impact 
on lung cancer patients' survival (p=0.011) on GEPIA 2 using LUAD and LUSC data sets. The TCGA lung data set was then 
downloaded into R, and using GSVA, the expression of miR-885-3p and specific genes was calculated. Using GEPIA 2, target 
gene MCM5 negatively correlated with miRNA expression in lung cancer patients (r = -0.281) and impacted NSCLC survival 
(p=0.0018). A gene ontology analysis on circFNDC3B and literature was then used to find GSEA gene sets. Enrichment scores 
were found using GSVA in R Studio with the TCGA lung data set. MCM5 expression was divided into high and low and was 
correlated with the GSEA gene set enrichment scores to identify differential expression within lung cancer. CircFNDC3B-miR-
885-3p-MCM5 axis significantly regulates Ras protein signal transduction and IGF transport and uptake by IGFBP in NSCLC.  
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�   Introduction
Non-small cell Lung Cancer:
Lung cancer is the second most commonly diagnosed cancer 

and the leading cause of cancer-related death. Non-small cell 
lung cancer (NSCLC) is the most common form of lung can-
cer, being about 85% of all diagnosed types, as stated by Huang 
et al.1-3 Early diagnosis of NSCLC is vital for survival, drasti-
cally changing survival rates from approximately 75% in early 
diagnosed (stages zero, one, and two) NSCLC to less than 10% 
(stages three and four). However, early detection rates (detec-
tion of NSCLC in stages zero, one, and two) are drastically 
low at approximately 19%.4,5 Recently, early detection has been 
improved by improvements in molecular-driven detection, pri-
marily through regulatory RNAs acting as biomarkers.6

Current Biomarkers and Potential NSCLC Biomarkers:
Biomarkers play crucial roles in diagnosis, prognosis, and se-

lection of treatment options. Identifying biomarkers can lead 
to an increase in early detection by faster diagnosis, and is also 
necessary for identifying the effectiveness of treatments and 
specific subtypes of cancers.7 Circulating biomarkers are easy to 
measure and primarily consist of non-coding RNA (ncRNA), 
which are very sensitive and highly stable.7 There are two main 
subtypes of ncRNA: long ncRNA and short ncRNA. MicroR-
NA (miRNA) is a form of short ncRNA and has a significant 
role in gene regulation through messenger RNA (mRNA) deg-
radation.8 Numerous research studies have found deregulated 
miRNAs within the plasma and serum of cancer patients, and 
over 2500 miRNAs have been identified as being involved in 
aspects of cancer development within humans.9 miRNAs often 

show significant diagnostic value due to their strong specificity, 
high stability, and availability. This is due to miRNAs' presence 
in body fluids and regulation of many stages of cancer devel-
opment.10 Two miRNA signatures with the potential to be 
biomarkers for early diagnosis of lung cancer, miR-33a-5p and 
miR-128-3p, were identified. They found miR-33a-5p (AUC 
= 0.8644, 95% confidence interval (CI) = 0.8016 to 0.9271, 
sensitivity = 84.62% and specificity = 76.92%) and miR-128-
3p (AUC = 0.9391, 95% CI = 0.9199 to 0.9835, sensitivity = 
92.31% and specificity = 83.08%) to have a higher diagnostic 
value than traditional tumor markers. Traditional tumor mark-
ers within lung cancer showed lower diagnostic values such as 
cytokeratin-19-fragment (CYFR21-1) (AUC = 0.5856, 95% 
CI = 0.4387 to 0.7324, sensitivity = 63.33% and specificity = 
63.33%), neuron-specific enolase (NSE) (AUC = 0.6189, 95% 
CI = 0.4748 to 0.763, sensitivity = 73.33% and specificity = 
56.67%), and cancer antigen 72-4 (CA72-4) (AUC = 0.5206 
95% CI = 0.3684 to 0.6727, sensitivity = 86.67% and specificity 
= 36.67%).11 This suggests that miRNAs could potentially be 
used as biomarkers in lung cancer due to their greater ability to 
identify lung cancer than previously used biomarkers.8 Further 
investigation found dysregulated miRNAs within NSCLC. 
Three miRNAs were specifically deregulated only in Lung 
Adenocarcinoma (LUAD); miR-6785-3p was upregulated, 
and miR-101-3p and miR-139-5p were downregulated. Five 
miRNAs were specifically deregulated in Lung Squamous Cell 
Carcinoma (LUSC); miRNA-21-3p and miRNA-650 were 
upregulated, and miRNA-95-5p, miRNA-4639-3p, and miR-
744-3p were downregulated. Five miRNAs were commonly 
deregulated in both LUAD and LUSC; miR-7-5p was up-
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regulated, miR-140-3p, miR-144-3p, and miR-195-5p were 
downregulated, and miR-375 was seen to be upregulated in 
LUAD and downregulated in LUSC samples. This shows 
how different miRNAs can impact and affect specific tissues 
and cancer types, making them ideal for use as a cancer bio-
marker.12 Circular RNA (circRNA) has been associated with 
interacting with miRNA in NSCLC through miRNA spong-
ing. CircRNA has the potential to be an optimal biomarker/
target due to its high stability and tissue specificity, showing 
potential for further investigation.13,14

CircRNAs’ effect on NSCLC:
CircRNAs’ properties of high resistance to exonuclease 

degradation lead to much greater stability compared to linear 
RNAs. CircRNAs are also highly specific in tissues and dis-
eases, which can lead to increased concentrations in specific 
areas. CircRNA is often distinctly expressed in cancerous and 
noncancerous cells.15 These traits lead circRNA to have the 
potential to be an optimal biomarker/target.

CircRNAs’ functions within the cell are microRNA spong-
ing, transcriptional regulation, acting as a protein template, 
and a few directly translating proteins.16,17 CircRNAs’ primary 
function is miRNA sponging; circRNA sponges the miR-
NA by having complementary binding sites. This then forms 
complexes through hybridization, forming a double-stranded 
molecule of two complementary single-stranded DNA/RNA 
molecules. Through circRNA sponging miRNA, the circRNA 
takes the miRNA away from its primary function of mRNA 
regulation. This process is often dysregulated due to the de-
regulation of circRNA, often by altered RNA back-splicing 
(upstream exon covalently links to the acceptor sequence of 
a downstream exon) and histone modifications. When this 
dysregulation occurs, the miRNA is up/downregulated, lead-
ing to down/upregulated mRNA; this affects gene expression 
regulation and causes adverse interactions with RNA-binding 
proteins (RBP), transcriptional factors, and other proteins, im-
pacting other oncogenic pathways.18 The dysregulation of the 
circRNA-miRNA-mRNA has been associated with cancer 
development through influencing proliferation, tumorigenesis, 
epithelial-to-mesenchymal transition (EMT), and metasta-
sis.19-21 Through identifying the circRNA-miRNA-mRNA 
pathway, knowledge is gained on the effects of particular mol-
ecules and the ability to use those molecules for early diagnosis 
and specific treatments. Due to the limited studies about the 
circRNA-miRNA-mRNA pathway and its known impacts on 
oncogenic traits, further investigation is needed.

CircRNA-miRNA-mRNA Pathways in NSCLC:
The dysregulation of the circRNA-miRNA-mRNA 

pathway leads to various oncogenic traits.22 Many cir-
cRNA-miRNA-mRNA pathways have been found to 
influence NSCLC. The circ_HIPK3/miR149/Mammali-
an forkhead box transcription factor (FOXM1) pathway has 
been found to influence proliferation, migration, invasion, and 
apoptosis within lung cancer cells. Circ_HIPK3 was found to 
sponge miR-149, and miR-149 interacts with FOXM1, bind-
ing to the 3’UTR site. FOXM1 is a master regulator of tumor 

metastasis, giving miR-149 a tumor-suppressive role in lung 
cancer. Circ_HIPK3 has also been associated with regulating 
miR-124, which impacts target genes SphK1, STAT3, and 
CDK4 in other cancers.19,20 Both the circP4HB/miR-113a-
5p/vimentin axis and the circPTPRA/miR-96-5p/RASSF8 
axis have been shown to lead to an increase in EMT and 
metastasis within NSCLC. Circ_0067934 regulates the miR-
1182/KLF8 axis, influences the Wnt/beta-catenin pathway, 
and is associated with NSCLC development. Circ_000567/
miR-421/TMEM100 axis is involved in the migration and 
invasion of lung adenocarcinoma.21 F-circEA1 regulates its 
parental gene EML4-ALK, which is a fusion protein that 
impacts downstream signaling pathways such as RAS-RAF-
MEK-ERK, P13K-AKT-mTOR, and JAK3-STAT3; the 
F-circEA1/EML4-ALK axis is involved in proliferation, 
migration, invasion, and tumor progression.22 Circ-Foxo3 
regulates its parent gene, Foxo3. The Circ-Foxo3/miR-155/
Foxo3 axis has been found to influence cell proliferation, mi-
gration, and invasion with NSCLC cells.23

Circ_0020714/miR-30a-5p/SOX4 has been seen to be 
involved in immune evasion and resistance to antiPD-1 and 
showed potential use as an immunotherapeutic target in NS-
CLC.24 The dysregulation of the circRNA-miRNA-mRNA 
pathway often affects multiple oncogenic pathways and traits. 
Many signaling protein pathways influence NSCLC develop-
ment, but often, how these pathways are deregulated, such as 
by circRNA-miRNA-mRNA pathways, and ways to inhibit 
these pathways are limited. Rat Sarcoma (Ras) pathway and 
upregulation of the P13k/AKT/mTOR pathway have been 
involved in proliferation within NSCLC; the inhibition 
of these pathways has been seen to reduce proliferation.25,26 
Histone deacetylase 1 (HDAC1) has been observed to affect 
EMT-dependent malignant progression of NSCLC through 
the influence of MCM5. Abnormal interactions of MCM5 
and HDAC1 lead to the downregulation of E-cadherin and 
upregulation of Vimentin and MMPs; this causes EMT-relat-
ed tumor metastasis, as seen in Figure 1.27 Insulin-like growth 
factor binding protein 3 (IGFBP3) acts as a tumor suppressor 
by performing its primary function of binding to insulin-like 
growth factor 1 (IGF1). IGF1 binds to insulin-like growth 
factor receptor 1 (IGFR1), activating the P13k/AKT/mTOR 
pathway, stimulating cell growth, and blocking apoptosis. In-
creases in IGF1 concentrations are associated with increased 
metastasis and tumorigenesis. This means that downregulated 
IGFBP3 is associated with an increase in metastasis and tum-
origenesis, as illustrated in Figure 1.28
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The circRNA-miRNA-mRNA pathways have been as-
sociated with regulating signaling pathways that influence 
oncogenic development. Investigating circRNA-miRNA-mR-
NA pathways can expand our understanding of cancer 
development and potentially lead to biomarkers or therapeutic 
targets in the future.

Objectives:
CircRNA has been recently associated with influencing 

NSCLC development primarily through the circRNA-miR-
NA-mRNA pathway. Diagnosis in the late stages of NSCLC 
has been associated with increased mortality; fully elucidat-
ing an influential circRNA-miRNA-mRNA pathway within 
NSCLC can give rise to biomarkers/therapeutic targets, in-
creasing early detection rates and survival. The first objective is 
to identify a circRNA with high expression in NSCLC and a 
high-confidence miRNA target, which impacts the survival of 
NSCLC patients. This establishes a circRNA-miRNA path-
way involved in NSCLC. The second objective is to identify 
the miRNA-mRNA interactions that are involved in NSCLC 
survival. The third and last objective is to find the mRNA's 
biological functions and determine the mRNA’s impact on 
NSCLC. These objectives contribute to the elucidation of a 
circRNA-miRNA-mRNA pathway involved in NSCLC.

�   Methods
Identifying the circRNA-miRNA axis with influence on NS-

CLC survival:
CircNET, a database that analyzes circRNA regulatory net-

works in cancers, was used to find the most highly expressed 
circRNA (n=50) in lung cancer.29 With this, a Gene Ontology 
(GO) Analysis was run to identify the circRNA's functionality 
in lung cancer. For each circRNA, the miRNAs it influenc-
es were analyzed to find a three-tool (PITA, miRanda, and 
TargetScan) confidence-level miRNA (n=14). This establish-
es a circRNA-miRNA regulatory network with confidence 

in three out of three tool types. Using the three tools, con-
fidence miRNA, and its target genes were loaded into Gene 
Expression Profiling Interactive Network 2 (GEPIA 2), a da-
tabase that uses The Cancer Genome Analysis (TCGA) and 
Genotype-Tissue Expression (GTEx) data to analyze genes 
in cancers.30 Using the Lung Adenocarcinoma (LUAD) and 
Lung Squamous cell carcinoma (LUSC) data sets, which con-
stitute >85% of NSCLC, a Kaplan-Meier graph (log-rank 
test) was created of the target genes of the miRNA.3 This was 
done to determine the miRNAs’ effect on NSCLC survival 
rates. To determine the circRNA-miRNA axis with a signif-
icant impact on NSCLC, an evaluation of the Kaplan-Meier 
graphs was performed to identify p-values less than the alpha 
value of 0.05. The selection was based on circRNA abundance, 
miRNA confidence, and miRNA impact/significance on NS-
CLC.

Identifying the target miRNA-mRNA pathway with signif-
icant influence in NSCLC:

First, CircNET was used to identify the mRNA targets of 
the miRNA. A detailed literature review was then conducted 
to identify potential mRNAs influenced by the miRNA that 
have an impact on cancers. GEPIA 2 was then used to identify 
the mRNA expression in lung cancer compared to normal lung 
cells; 0.5 was the Log2FC Cutoff, and the p-value was set to 
0.05. Then, TCGAs’ lung datasets (n = 1129) were loaded into 
R Studio, and the Gene Set Variation Analysis (GSVA) pack-
age was used to calculate the enrichment of gene signatures 
within the dataset.31 Using GSVA, the enrichment of miRNA 
target genes and specific genes in NSCLC was found. After 
obtaining the enrichment values of the miRNA target genes 
and specific genes, they were loaded into an Excel sheet. The 
miRNA target genes enrichment values were then multiplied 
by -1. This is because GSVA found the enrichment of the tar-
gets of the miRNA by multiplying by -1, the proxy for miRNA 
expression is found; this is due to miRNA regulating its target 
gene, so as one increases, the other must decrease. A Pearson 
correlation coefficient was then found using the proxy miRNA 
enrichment and specific gene enrichment value in Excel. The 
mRNA with a significant negative correlation was identified 
using the correlation coefficient. Then, I ran GEPIA 2 and 
created a Kaplan-Meier graph to identify a specific mRNA in-
fluencing NSCLC with a p-value of <0.05. The mRNA with 
increased expression in lung cancer versus normal lung cells 
had a significant negative correlation with the given miRNA 
and was seen to influence NSCLC survival significantly. It was 
then picked for further analysis.

Identifying the functionality of the circRNA-miRNA-mRNA 
pathway in NSCLC:

Using the GO analysis of the circRNA function and previ-
ous literature, Gene Set Enrichment Analysis (GSEA) gene 
sets (n=22) were found based on functions within cancerous 
cells that align with the individual circRNA, miRNA, and 
mRNA functions previously established in the literature. Using 
the GSEA gene set, all genes in the sets were composed in an 
Excel sheet, and a GSVA was run in R Studio to find enrich-

DOI: 10.36838/IJHSR810.1

Figure 1: Dysregulated circRNA-miRNA-mRNA pathway. The effects 
of a dysregulated circRNA-miRNA-mRNA pathway potentially have in 
NSCLC development through the Ras, HDAC1, and IGFBP3 pathways. 
The dysregulated circRNA abnormally increases sponging of the miRNA, 
taking away the miRNAs’ ability to suppress the mRNA, leading to a cascade 
of different gene pathways.
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axis has on NSCLC survival rate. CircFNDC3B-miR-8853p 
was seen to affect NSCLC survival significantly (p=0.011). 
Figure 3 shows that dysregulated expression of miR-885-3p 
led to decreased patient survival.

ment values of the gene sets in NSCLC.32,33 These enrichment 
values and mRNA enrichment values were then placed into 
an Excel sheet, and the top 50% highest mRNA expression 
in each gene set was found. After finding the values, PRISM 
was used to place the enriched genes of the gene set that are 
in the top 50% of mRNA expression under high expression 
and the bottom 50% under low expression to create scatter 
dot plots and run t-tests to obtain p-values. These graphs were 
then used to assess the mRNAs’ function in NSCLC. Identi-
fying significant differential expression between low and high 
expression of mRNA showed that the circRNA-miRNA-mR-
NA axis influenced the particular function within NSCLC.

Justif ication of Methods:
Databases and Datasets were used due to their validity, re-

liability, feasibility, and sample size. The use of databases and 
datasets allowed for the analysis of data with a far greater 
sample size than in vitro/vivo experimentation would have al-
lowed. The TCGA lung data set allowed for the use of 1129 
patient data; if done in vitro/vivo, it would have taken many 
years for this study to occur due to permissions needed and 
costly tests required.

A study by Lin-lin Zhang and colleagues used a meth-
odology similar to my research regarding the analysis of an 
mRNA, Minichromosome maintenance complex compo-
nent 5 (MCM5), and its effects on Lung cancer.27 Lin-Lin 
Zhang and colleagues aimed to identify MCM5 interaction 
with HDAC1 and the effects of this interaction on EMT-de-
pendent malignant progression in Lung cancer. Using TCGA 
data, they compared MCM5 expression in Lung adenocarci-
noma and Lung squamous cell carcinoma to normal and found 
the effects of MCM5 on lung adenocarcinoma survival. My 
study used a similar methodology, using Kaplan-Meier survival 
graphs and comparing cancer versus normal cells. My research 
differed, however, by using TCGA and GTEx data and com-
paring RNAs to NSCLC, increasing validity by increasing 
sample size and comparing RNAs to NSCLC, not just lung 
adenocarcinoma. My study also uses this data in a different 
context, using it in regard to the circRNA-miRNA-mRNA 
pathway rather than mRNA-mRNA interactions.

�   Results and Discussion 
CircFNDC3B-miR-885-3p is highly expressed in NSCLC 

and is associated with decreased survival:
According to circNET, CircFNDC3B was found to be the 

highest expressed circRNA in lung cancer cells, as documented 
in Table 1. Using circNET, a Gene Ontology analysis was run 
on CircFNDC3B to identify its functionality in lung cancer. 
CircFNDC3B was seen to primarily contribute to the regu-
lation of cell morphogenesis, Ras protein signal transduction, 
gland development, histone modification, and endomembrane 
system organization, as presented in Figure 2. CircFNDC3B 
was seen to show 3/3 tool confidence with miRNA-885-3p, 
meaning that miRNA-885-3p was predicted to be sponged by 
CircFNDC3B through all three tools (PITA, miRanda, Target-
Scan). Using GEPIA 2, miR-885-3p’s target genes were then 
used to identify the impact the circFNDC3B-miR-885-3p 
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Table 1: Top 10 highest circRNAs expressed in lung cancer. CircFNDC3B 
showed the highest amount of expression compared to other circRNAs within 
lung cancer.

Figure 2: Functions of CircFNDC3B. Gene Ontology Analysis through 
CircNET to find the functionality of the circRNA-miRNA axis. The gene 
ratio indicates that circFNDC3B influenced enriched genes over total genes 
in the given pathway. As the count/size of the point increases, the amount 
of CircFNDC3B is seen to increase. Regulation of cell morphogenesis 
and Ras protein signal transduction showed the strongest influence from 
CircFNDC3B.
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To estimate miRNA activity, a proxy for miR-885-3p was gen-
erated by multiplying the target gene enrichment score by -1. 
Importantly, this proxy does not represent physical concentra-
tions of miR-885-3p, but the inferred collective suppressive 
activity of its target gene set, reflecting functional miRNA 
activity at the transcriptional level. Figure 5 shows MCM5 to 
have a significant negative correlation with miRNA-885-3p, 
with a correlation of -0.281. Although statistically significant, 
this correlation is modest in strength, reflecting the biological 
complexity of MCM5 regulation and the fact that miR-885-
3p contributes only partially to MCM5 expression variability. 
To find MCM5’s impact on NSCLC, TCGA data were used 
to find the dysregulation of MCM5 to significantly decrease 
NSCLC survival, as exemplified in Figure 6 (p=0.0018).

CircRNA-miRNA interactions through circRNA sponging 
of miRNA have been seen to correlate with cancer development, 
from the upregulation of circRNA causing downregulation of 
the miRNA, leading to abnormal expression of mRNA.34,35 
CircFNDC3B has previously been correlated with being in-
volved in cancer and disease progression.36 CircFNDC3B is 
seen to exhibit characteristics of more stability, conservatism, 
and tissue/developmental specificity compared to linear FND-
C3B.37 In this study, CircFNDC3B was the highest expressed 
circRNA in lung cancer. CircFNDC3B was found to possess 
many functions within lung cancer, including the regulation of 
cell morphogenesis, Ras protein signal transduction, gland de-
velopment, histone modification, and endomembrane system 
organization, showing the highest involvement of circFND-
C3B. CircFNDC3B showed three out of three tool confidence 
with miR-885-3p; this correlates circFNDC3B activity 
with miR-885-3p, making the circFNDC3B-miR-885-3p 
axis. miR-885-3p has been associated with tumorigenesis 
within LUAD and targets the Wnt10b/βcatenin signaling 
pathway by regulation from circRNAs.38 In this study, when 
miR-885-3p target genes were found to be increased in ex-
pression, the NSCLC survival rate decreased. This shows that 
circFNDC3BmiR-885-3p has a potential influence on NS-
CLC survival.

mRNA-MCM5 shows high expression in NSCLC and is as-
sociated with decreased survival:

MCM5 was found to be an important target of miRNA-
885-3p. Previous literature showed MCM5 to have a major 
impact on EMT and metastasis in NSCLC, as documented in 
Table 2. Gepia 2, a database that uses TCGA and GTEx data, 
was used to find MCM5’s expression in NSCLC. MCM5 was 
found to be significantly upregulated in LUAD and LUSC 
cells compared to normal lung tissue, as indicated in Figure 4. 
Using GSVA and TCGA lung cancer datasets (n=1129), en-
richment scores were calculated for miR-885-3p target genes. 
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Table 2: miRNA targets genes. The genes listed showed potential for 
research in NSCLC. Further investigation was conducted with each miRNA 
target gene; MCM5 showed the best results.

Figure 4: MCM5 expression in TCGA and GTEx NSCLC. MCM5 is 
significantly expressed in NSCLC compared to normal lung cells (*=<0.05). 
Red = Tumor lung cell; Grey = Normal lung cell.

Figure 2: Overall median Kaplan-Meier graph of miR-885-3p target genes 
in NSCLC. Using TCGA data (LUAD and LUSC), the miR-885-3p effect 
in NSCLC survival was analyzed. Within LUAD and LUSC, miR-885-3p 
showed influence with high expression, leading to a significant increase in 
mortality.
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A literature review of miR-885-3p’s target genes was per-
formed, and MCM5 was found to show a potential influence 
on cancer progression. MCM5 was seen to have a significant 
role in metastasis and EMT by epigenetic regulation.27, 44 
MCM5 expression in LUAD and LUSC using both TCGA 
and GTEx datasets showed that MCM5 is more highly ex-
pressed in LUAD and LUSC compared to normal lung tissue. 
MCM5 was also previously found to be more highly expressed 
in both LUAD and LUSC compared to normal lung tissue, 
although only using TCGA data.27 MCM5 is seen to be neg-
atively correlated with miR-885-3p; this means that as there 
is an increase in miR-885-3p, there is a decrease in MCM5 
expression. MCM5 was then found to impact lung cancer 
survival when dysregulated. This means that miR-885-3p’s 

regulation of MCM5 causes an increase in survival, but when 
circFNDC3B sponges miR-885-3p, it causes a decrease in ex-
pression, leading to a decrease in the regulation of MCM5 and 
increased expression of MCM5, causing oncogenic properties.

MCM5 shows involvement in potential oncogenic pathways:
MCM5 functionality is vital to understanding the 

circFNDC3B-miR-885-3p-MCM5s’ impact on NSCLC. 
GSEA datasets were obtained using circFNDC3B’s GO 
analysis and literature; the GSEA datasets correlate with circF-
NDC3B, miR-885-3p, and MCM5s’ previously established 
functions. GSVA scores were produced to show MCM5s’ high 
and low expression in pathways associated with circFND-
C3B and NSCLC development. MCM5 showed significant 
differential expression between high and low expression in 
Ras protein signal transduction and regulation of Insulin-like 
growth factor (IGF) transport and uptake by Insulin-like 
growth factor binding proteins (IGFBP), as seen in Figures 7 
and 8, respectively.
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Figure 5: Correlation scatter plot. Correlation of -0.281 between miRNA 
target genes and MCM5 gene influence in NSCLC using TCGA data 
(n=1129). As miRNA-885-3p concentration increases, MCM5 concentration 
decreases and vice versa, indicating an inverse relationship and potentially 
confirming an influence on each other’s expression.

Figure 6: Overall median Kaplan-Meier graph of MCM5 on NSCLC. 
Using TCGA data (LUAD and LUSC), the effect of mRNA MCM5s on 
survival was analyzed. High expression of MCM5 was seen to significantly 
increase mortality rates.

Figure 7: MCM5 expression in Ras protein signal transduction within 
NSCLC. MCM5 showed significant differential expression when compared 
to enriched genes involved in Ras protein signal transduction in NSCLC.

Figure 8: MCM5 expression in the regulation of insulin-like growth factor 
(IGF) transport and uptake by insulin-like growth factor binding proteins 
(IGFBP). MCM5 showed significant differential expression when compared 
to the enriched genes involved in IGF transport and uptake by IGFBPs in 
NSCLC.
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The influence of MCM5 in pathways within NSCLC was 
then found. MCM5 was seen to significantly influence Ras 
protein signal transduction and regulation of IGF transport 
and uptake by IGFBPs. The dysregulation of Ras protein signal 
transduction has been associated with aggression and cellular 
proliferation.47 Dysregulation of IGF transport and uptake by 
IGFBPs has been associated with EMT and metastasis.48,49

�   Conclusion 
Overall, it was found that the CircFNDC3B/miR-885-

3p/MCM5 pathway is potentially associated with NSCLC 
survival through significant regulation of Ras protein sig-
nal transduction and IGF transport and uptake by IGFBPs. 
Through the identification of the circFNDC3B/miR-885-3p/
MCM5 pathway within NSCLC, knowledge has been gained 
of the newly emerged circRNA/miRNA/mRNA regulatory 
pathways, helping us understand the roles of specific RNA in-
teractions within lung cancer.50

Limitations:
A potential limitation of this research is the use of datasets 

and databases; this is due to only using precomposed data from 
other scientists, which could lead to flawed results. To attempt 
to combat this, only highly credible and widely used datasets 
and databases that had the support of many studies and re-
search from the past were chosen. The use of these datasets and 
databases was necessary for time, money, resources, and validity 
purposes. Obtaining patient lung cancer data with a large sam-
ple size would have been a complex and tedious process, taking 
many years to complete.

Further Research
There are many ways in which this research could be con-

tinued. Further identifying the positive correlations within the 
CircFNDC3B-miR-885-3p-MCM5 pathways can lead to 
potential biomarkers/therapeutic targets in the future to help 
increase NSCLC early detection rates, therefore increasing 
survival.

Further investigation should be done on excluded circRNAs, 
miRNAs, and mRNAs from NSCLC. Identifying the connec-
tions between them and the potential for pathways influencing 
oncogenic factors is vital for the growth of knowledge and 
understanding of how different pathways and RNAs interact 
with each other in cancers.

Further investigations should be done with the MCM5-Ras 
and MCM5-IGFBP interactions to determine further medical 
applications. This would help further correlate the interactions 
between the circFNDC3B-miR-885-3p-MCM5 pathway and 
its functions within NSCLC.

As well as the testing of potential inhibitors of this pathway 
for use as a biological target in the future. Astragaloside IV is 
a chemical compound often seen as having a protective effect 
on the lung; it has been found that Astragaloside IV can block 
interactions between HDAC1 and MCM5, inhibiting the pro-
gression of malignant lung cancer.27

Applications:
A potential application for this research would be the ear-

ly detection of NSCLC through liquid biopsies. CircRNAs 
are highly abundant due to their resistance to exonuclease 
degradation, stability, and specificity. Due to this, they are con-
sidered novel biomarkers for liquid biopsies.51 The presence of 
circRNAs in biofluids has been associated with cancer progres-
sion. This can make testing more common, helping people get 
diagnosed at early stages due to non-invasive and safe testing. 
Microarray testing is also a promising way to test for cancer 
development; knowledge of the circRNA axis developed in this 
study is beneficial, as microarray testing can only investigate 
known circRNAs.

Another potential application of this research is the devel-
opment of therapeutic targets for NSCLC. Due to circRNAs' 
high resistance to exonuclease degradation and high specificity, 
it is seen as an optimal target.

Another application is the use of this potential axis in future 
research to develop further pathways and expand our knowl-
edge of how RNAs and RNA pathways interact to cause cancer 
metastasis, tumorigenesis, proliferation, and more.
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