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Background: Lung cancer (LUCA) is one of the most prevalent human malignancies, and 
the leading cause of cancer-related deaths worldwide. Previous reports have shown that miR- 
21-5p plays a vital role in development of various tumors. Here, we explored the relationship 
between miR-21-5p/PIK3R1 axis and prognosis of patients with lung adenocarcinoma 
(LUAD).
Methods: MiRNAseq data, deposited in The Cancer Genome Atlas (TCGA) database, was 
downloaded and used to determine patterns of miR-21-5p expression in both LUAD and 
normal lung tissues. Statistical analyses and data visualization were performed using 
dbDEMC v3.0 platform, starBase v3.0 database and packages implemented in R software. 
Next, we employed TargetScan Human, miRDB and DIANA Tools databases to predict miR- 
21-5p target genes, then analyzed their expression patterns as well as prognostic value in 
LUAD.
Findings: Most human cancers overexpressed miR-21-5p. Specifically, miR-21-5p was 
significantly upregulated in LUAD tissues relative to normal lung tissues (P < 0.001), and 
this high expression was significantly correlated with poor patient prognosis (hazard ratio 
[HR]=1.45, P = 0.014). PIK3R1 was predicted as a miR-21-5p target gene, and both were 
negatively correlated (r=−0.218, P < 0.01). Notably, PIK3R1 was significantly downregu-
lated in LUAD, relative to normal lung tissues (P < 0.01), with its overexpression signifi-
cantly associated with poor prognosis of LUAD patients (HR = 0.62, P = 0.0014).
Conclusion: miR-21-5p is a potential prognostic biomarker for LUAD patients. Moreover, 
it might be playing a role in LUAD progression by regulating PIK3R1 expression.
Keywords: lung adenocarcinoma, miR-21-5p, PIK3R1, survival

Introduction
Lung cancer (LUCA) is one of the most frequently occurring human malignant 
cancers, and a leading cause of cancer-related deaths worldwide.1 Histologically, 
LUCA is categorized into two major types, namely small cell lung cancer or non- 
small cell lung cancer (NSCLC). The latter is the most common histological type, 
accounting for approximately 85% of all lung carcinoma cases.2 NSCLC is further 
classified into three specific pathological subtypes, namely LUAD, lung squamous cell 
carcinoma and large-cell lung carcinoma, of which LUAD accounts for about 40% of 
all LUCA cases.3–6 Despite significant progresses in development of diagnostic and 
therapeutic techniques, prognosis of LUAD patients remains poor due to its unappar-
ent symptoms and signs.7,8 Therefore, elucidating the molecular mechanisms 
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underlying LUAD progression is imperative to development 
of more effective prognostic and treatment therapies for this 
group of patients.

MicroRNAs (miRNAs), a type of non-coding small 
RNA molecules encoded by endogenous genes with 
a length of approximately 19 to 22 nucleotides, have 
been shown to inhibit gene translation and promote post- 
transcriptional mRNA degradation by binding to the 3ʹ- 
untranslated region (UTR) of target mRNAs.9–11 

Accumulating evidences have suggested that many 
miRNAs play a vital role, and serve as oncogenic factors 
or tumor suppressors, in initiation and progression of 
cancers.12 For example, miR-21-5p was identified as 
a distinct oncogenic factor, owing to its over-expression 
in numerous human cancers, such as prostate cancer, 
breast cancer (BRCA) and gastric cancer.13–15 Recent 
reports have demonstrated that miR-21-5p is up-regulated 
and exerted oncogenic activity in NSCLC.16–18 

Furthermore, it has been hypothesized that miR-21-5p 
may be regulating numerous target genes, thereby causing 
the unclear biological mechanisms of LUAD. However, 
the underlying mechanism of this phenomenon remains 
unclear, necessitating further explorations.

In the present study, we carried used bioinformatics 
analysis to analyze the correlation between differential 
expression of miR-21-5p with prognosis of LUAD 
patients. Next, we predicted miR-21-5p’s target genes 
and found PIK3R1 to be a key target. Furthermore, we 
explored the relationship between levels of expression and 
prognostic value of PIK3R1 in LUAD, relative to adjacent 
normal lung tissues.

Materials and Methods
Analysis of Differential miR-21-5p 
Expression in Various Human Cancer
Analysis of differential miR-21-5p expression in various 
human cancer types was performed using the ggplot2 
bioconductor package (version 3.3.3) implemented in 
R statistical software (version 3.6.3) and dbDEMC v3.0 
web platform (https://www.biosino.org/dbDEMC/index).

Determination of Differential miR-21-5p 
Expression Between LUAD and Normal 
Tissues
Differential expression of miR-21-5p between LUAD and 
normal lung tissues was conducted using a MiRNAseq 
dataset deposited in the TCGA database (https://portal. 

gdc.cancer.gov/). The data were converted to log2(RPM 
+1) values and analyzed statistically using the Mann– 
Whitney U-test. Statistical analysis and data visualization 
were performed using the starBase v3.0 platform (starbase. 
sysu.edu.cn/index.php) and the ggplot2 package in 
R statistical software, respectively.

Correlation Between miR-21-5p 
Expression and LUAD Prognosis
To investigate the potential relationship between miR-21- 
5p expression and prognosis of LUAD patients, we 
employed the starBase v3.0 database and R software. 
Statistical analyses were conducted the survival package 
(version 3.2–10) in R and visualization were performed 
using the survminer package (version 0.4.9) in R. Overall 
survival (OS) was chosen as the main prognostic para-
meter. Next, we stratified the patients into high or low 
expression groups, based on the median value of their 
levels of miR-21-5p expression, then applied a Cox regres-
sion model for comparisons.

Prediction of Target miR-21-5p Genes in 
LUAD
Target genes of miR-21-5p in LUAD were predicted using 
TargetScan Human (http://www.targetscan.org/), miRDB 
(http://mirdb.org/) and DIANA Tools (http://diana.imis. 
athena-innovation.gr/DianaTools/index.php). To accu-
rately identify and narrow down the range of predicted 
target genes, data from TargetScan Human, miRDB and 
DIANA Tools databases were combined, and a Venn dia-
gram constructed using Venny 2.1 online tool (https:// 
bioinfogp.cnb.csic.es/tools/venny/index.html) to visualize 
the intersection among the three datasets. Several targets, 
including CREBRF, HGF, LIFR, PIK3R1 and XKR6, were 
identified in LUAD tissues, and their relationship with 
miR-21-5p visualized using scatter plots generated using 
starBase v3.0 project. This allowed selection of target 
genes with the strongest correlation. Furthermore, we 
investigated the link between target gene expression levels 
and survival rates in LUAD.

Analysis of Differential PIK3R1 
Expression Between LUAD and Normal 
Tissues
Differential PIK3R1 expression was analyzed in 526 LUAD 
cases alongside 59 normal samples using the starBase v3.0 
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project. Data were visualized using plots generated using the 
GEPIA web platform (http://gepia.cancer-pku.cn/).

Correlation Between Levels of PIK3R1 
Expression and Prognosis of LUAD 
Patients
The relationship between levels of PIK3R1 expression and 
OS rates of LUAD patients was analyzed using Kaplan– 
Meier (K-M) survival curves, generated using the GEPIA 
platform and the survminer and survival packages imple-
mented in R software.

Results
MiR-21-5p is Upregulated in LUAD 
Relative to Normal Lung Tissues
miR-21-5p was significantly up-regulated in most of 
human malignancies (P < 0.001), including BRCA, color-
ectal cancer, and LUCA, among others (Figure 1A and B). 
Interestingly, miR-21-5p has been confirmed as oncogenes 
or tumor suppressors in all these tumors, where it plays 
a regulatory role during initiation and progression of 
tumors. Analysis of differential expression between 
LUAD and normal lung tissues revealed that miR-21-5p 
was significantly upregulated in tumor, relative to adjacent 
normal tissues (P < 0.001) (Figure 2A and B).

miR-21-5p Expression is Correlated with 
Prognosis of LUAD Patients
The potential association between levels of miR-21-5p 
expression and OS rates of 503 LUAD patients was inves-
tigated using K-M survival curves (Figure 3A and B). miR- 
21-5p was significantly upregulated and downregulated in 
251 (49.9%) and 252 (50.1%) cases, respectively. Notably, 
high miR-21-5p expression was significantly correlated with 
poor prognosis of LUAD patients (HR = 1.45, P = 0.014), 
relative to the low miR-21-5p expression group (Figure 3A). 
Samples from the 512 patients were stratified into high and 
low expression groups, based on the median value of miR- 
21-5p expression, with 259 (50.6%) and 253 (49.4%) Cases, 
respectively (Figure 3B). As expected, we found statistically 
significant differences in survival rates in patients between 
both groups, with low miR-21-5p expression significantly 
correlated with better prognosis (HR = 1.42, P = 0.021, 
Figure 3B).

Predicted Target Genes for miR-21-5p in 
LUAD
To identify miR-21-5p target genes in LUAD tissues, we 
extracted hundreds of potential candidates using three dif-
ferent and independent miRNA target prediction platforms, 
namely TargetScan Human, DIANA Tools and miRDB. 
A Venn diagram combining datasets from the three platforms 

Figure 1 Profiles of differential miR-21-5p expression in cancer and normal tissues using a TCGA dataset. (A) A heatmap showing levels of miR-21-5p expression in pan- 
cancer; (B) Boxplots showing miR-21-5p expression in pan-cancer.
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revealed 142 overlapping target genes (Figure 4A). 
A comprehensive analysis of the intersecting target genes 
consequently revealed five targets, namely CREBRF, HGF, 
LIFR, PIK3R1 and XKR6. Further analysis revealed that the 
five targets were negatively correlated with miR-21-5p 
(Figure 4B–F). Among them, PIK3R1 had the strongest 
correlation to miR-21-5p, as evidenced by a correlation 
coefficient of −0.218 (P < 0.05) (Figure 4E). In addition, 
analysis of miRNA-circRNA interactions using Ago CLIP- 

seq data in ENCORI platform (http://starbase.sysu.edu.cn/ 
agoClipRNA.php?source=circRNA) revealed that the miR- 
21-5p sequence was complementary to the 3ʹUTR end of 
PIK3R1 mRNA (Figure 4G).

PIK3R1 is Differentially Expressed in 
LUAD Relative to Normal Lung Tissues
We generated box-and-whisker plots using GEPIA web plat-
form and starBase v3.0 project to depict differential PIK3R1 

Figure 2 (A) Boxplots showing differential miR-21-5p expression between LUAD and normal tissues using starBase v3.0 project; (B) Boxplots of miR-21-5p differential 
expression between LUAD and normal tissues based on R software.

Figure 3 K-M curves showing overall survival of LUAD patients in the high and low miR-21-5p expression group. (A) Survival curves plotted using the starBase v3.0 
database; (B) survival curves plotted by R software.
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expression in LUAD relative to normal lung tissues 
(Figure 5A and B). Notably, PIK3R1 was significantly down-
regulated in LUAD than normal lung tissues (P < 0.01), 

while the numbers of tumors and normal tissues were 483 
and 347, respectively. We performed the same analyses using 
another database and obtained similar results (Figure 5B).

Figure 4 (A) A Venn diagram depicting the intersection among genes across TargetScan Human, miRDB and DIANA Tools databases; (B–F) correlation between miR-21-5p 
with CREBRF, HGF, LIFR, PIK3R1, and XKR6; (G) binding sites on PIK3R1 and miR-21-5p.

Figure 5 Profile of differential PIK3R1 expression between LUAD and normal lung tissues. (A) Boxplots showing differential PIK3R1 expression between LUAD and normal 
tissues based on the GEPIA platform; *Means P < 0.01; (B) Boxplots generated based on the starBase v3.0 project.
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Correlation Between PIK3R1 Expression 
and Prognosis of LUAD Patients
Survival curves revealed that differential PIK3R1 expres-
sion had a significant effect on OS rates of LUAD patients 
(Figure 6A and B). Specifically, high PIK3R1 expression 
was significantly correlated with high OS rates, while the 
opposite was true for low expression (HR = 0.59, P = 
0.00053), indicating that the high PIK3R1 expression con-
tributes to OS of LUAD patients. Similarly, the results 
obtained from Figure 6B were consistent with mentioned 
above information (HR = 0.64, P = 0.003).

Discussion
Until the present time, the incidence and mortality of LUCA 
dominate a leading position in all human cancers around the 
world.1,19 Accumulating evidences have demonstrated that 
many miRNAs play a crucial part in initiation and progression 
of LUCA. Functionally, some miRNAs have been shown to 
promote tumorigenesis and progression by repressing expres-
sion of tumor-suppressor genes. In fact, some of these miRNAs 
are considered biomarkers for diagnosis, prognosis and treat-
ment of the disease owing to their significant differential 
expression in most malignant cancer, relative to adjacent nor-
mal tissues. Numerous studies have shown that miR-21-5p, 
a vital member of miRNA families that is located on human 
chromosome 17q23.1, is differentially expressed between 
malignant tumor and adjacent normal tissues. Therefore, 
miR-21-5p has strongly been associated with proliferation, 

migration, invasion and apoptosis of tumor cells. For example, 
Tao et al16 reported that silencing miR-21-5p repressed pro-
gression of paclitaxel resistance in BRCA via targeting 
PDCD4, indicating that it may serve as a therapeutic target in 
drug-resistant BRCA. In addition, Liu et al20 demonstrated that 
overexpressing miR-21-5p in gastric cancer cells promoted 
glycolysis and progression of the disease by downregulating 
levels of PDHA1 expression. Furthermore, miR-21-5p over-
expression in LUAD was associated with disease occurrence 
and progression through regulation of target genes.21 To date, 
however, the underlying molecular function of miR-21-5p in 
LUAD remains unclear.

In the present study, we analyzed patterns of miR-21-5p 
expression in pan-cancer, by comparing expression levels 
between cancerous and normal tissues and found that it was 
significantly upregulated in most human malignancies, and 
more pronounced in LUAD. Our results further indicated 
that miR-21-5p expression was significantly correlated with 
and prognosis of LUAD patients, with its high expression 
associated with poor survival rates of patients. Furthermore, 
we predicted downstream targets of miR-21-5p across three 
different programs and analyzed the resulting intersection. 
Results revealed five candidate target genes, namely 
CREBRF, HGF, LIFR, PIK3R1 and XKR6, which were 
all negatively correlated with miR-21-5p expression. 
Among them, PIK3R1, a regulatory subunit of the phos-
phoinositide 3-kinase (PI3K) that participates in biological 
processes in numerous human malignancies,22 was the most 
relevant target gene.

Figure 6 Overall survival curves of LUAD patients in the high and low PIK3R1 expression groups. (A) Survival curves plotted by GEPIA platform; (B) survival curves plotted 
by R software.
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Nonetheless, the molecular function and mechanism of 
PIK3R1 in LUAD has not been fully elucidated. Further 
analysis revealed that PIK3R1 is downregulated in LUAD 
patients with this low expression associated with poor OS 
of patients relative to those in the high expression group.

Conclusion
Taken together, our results suggest that miR-21-5p might 
lower OS rates of LUAD patients by down-regulating 
PIK3R1 expression. However, this molecular mechanism 
needs to be validated using laboratory experiments to 
ascertain. We next sought to explore the potential biologi-
cal mechanism of miR-21-5p/PIK3R1 axis in the initiation 
and development of LUAD.

Abbreviation
BRCA, breast cancer; HR, hazard ratio; K-M, Kaplan–Meier; 
LUAD, lung adenocarcinoma; LUCA, lung cancer; miRNAs, 
microRNAs; NSCLC, non-small cell lung cancer; OS, overall 
survival; PI3K, phosphoinositide 3-kinase; TCGA, The 
Cancer Genome Atlas; UTR, untranslated region.
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