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Lung adenocarcinoma currently accounts for the highest cancer-related mortality rate worldwide. MiR-21-5p
has a vital role in various types of cancers. We have analyzed the miR-21-5p expression level, prognosis, and
associated molecular pathways in lung adenocarcinoma with multiple bioinformatics databases.

The Cancer Genome Atlas (TCGA) database was employed to fetch the miR-21-5p expression profile in multiple
tumors. We used the UALCAN platform to assess the differential regulation of the miR-21-5p in healthy tissue
and lung adenocarcinoma. Also, the survival prognosis of the miR-21-5p in each stage of lung adenocarcinoma
was done by the Kaplan-Meier database. The STARBASE and UALCAN databases were employed to predict the
miR-21-5p target genes, and the levels of target genes and their prognostic value were analyzed.

MiR-21-5p was overexpressed in the majority of human cancers. MiR-21-5p demonstrated escalated expression
in the lung adenocarcinoma tissue in contrast to the normal tissue (P<0.05). Poor prognosis was witnessed in the
miR-21-5p high expression group as compared to the low expression group (hazard ratio [HR]= 1.59, P<0.05).
PDZD2 was predicted as a miR-21-5p potential target. We found a negative correlation between PDZD2 and
miR-21-5p (r=—0.255, P<0.05). PDZD2 was downregulated in lung adenocarcinoma (P<0.05). Overexpression of
PDZD2 was associated with a better prognosis of survival in lung adenocarcinoma patients (HR=0.45, P<0.05).
MiR-21-5p exhibits the potential to act as a biomarker for the survival prognosis of lung adenocarcinoma.
It might be responsible for the onset and progression of lung adenocarcinoma through PDZD2 regulation.
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Background

Lung cancer is a very commonly occurring cancer type with
the highest incidence and mortality rate worldwide [1]. Non-
small cell lung cancer (NSCLC) makes a significant contribution
(85%) to the total cases of lung cancer. It is further classified
as adenocarcinoma, squamous cell, and large cell carcinomas.
Among various subtypes of NSCLC, lung adenocarcinoma is
most commonly reported, and around 30% to 35% of NSCLC
cases fall under this category [2,3]. Previous studies have re-
ported a considerably higher 5-year survival rate for ear-
ly postoperative lung cancer as compared to advanced lung
cancer [4-6]. The occult clinical symptoms associated with the
NSCLC stage | and stage Il make its successful diagnosis ex-
ceptionally challenging, and hence the diagnosis of most cas-
es of NSCLC occurs only in much later disease stages [7-9].
Lung screening has witnessed significant advances as far as
the NSCLC diagnosis is concerned, but the traditional diag-
nostic technologies are still struggling with accurate diagno-
sis of NSCLC. Numerous studies have reported that microRNAs
(miRNAs) have a vital role in NSCLC. For instance, miR-504 was
found to restrict the invasion and proliferation of NSCLC cells
via lysyl oxidase-like 2 (LOXL2) [10]. Besides, miR-142-5p was
found to inhibit NSCLC tumorigenesis by targeting PIK3CA ex-
pression [11]. Recent studies have reported miR-21-5p upreg-
ulation in NSCLC cases [12]. However, the miR-21-5p expres-
sion profile in lung adenocarcinoma, survival prognosis, and
mechanism of action remain uninvestigated, which demands
verification from a large cohort of the sample.

In the current study, we focused mainly on the clinical progno-
sis and expression analysis of miR-21-5p in lung adenocarci-
noma by bioinformatics methods. We also predicted its gene
target, i.e., PDZD2, and analyzed its expression level and prog-
nostic significance in lung adenocarcinoma and normal tissue.
It might, thus, potentially act as a target in the clinical therapy
of lung adenocarcinoma.

Material and Methods

MiR-21-5p profile in various human cancers

We retrieved the expression profile of miR-21-5p in several
human cancer and adjacent normal tissues from The Cancer
Genome Atlas (TCGA) database (http://bioinfo.life.hust.edu.cn/
miR_path/index.html) [13].

Expression of miR-21-5p in normal lung tissue and lung
adenocarcinoma

UALCAN is a user-oriented interactive web resource that can
comprehensively analyze cancer OMICS data (http://ualcan.
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path.uab.edu/index.html) [14]. We determined the level of
miR-21-5p expression in normal lung tissue and lung adeno-
carcinoma by employing the miRNA panel, and the RNA se-
quencing data from the TCGA platform. We also categorized
lung adenocarcinoma patients as per clinicopathological param-
eters, i.e., gender, ethnicity, age, smoking status, cancer stages,
nodal metastasis status, and tumor histology. Subsequently,
we analyzed the differences and correlations between the clin-
icopathological parameters aforementioned and miR-21-5p
expression levels.

Differences in miR-21-5p expression and patients’
prognosis with lung adenocarcinoma

We employed the Kaplan-Meier data analysis plotter (http://
www.kmplot.com/analysis/) interlinked with the PAN-CANCER
software to plot the miR-21-5p survival curve in lung adeno-
carcinoma [15]. MiR-21-5p was divided into high and low
expression groups by median. We staged lung adenocarci-
noma patients according to “The IASLC Lung Cancer Staging
Project: Proposals for Revision of the TNM Stage Groupings
in the Forthcoming (Eighth) Edition of the TNM Classification
for Lung Cancer” [16] and analyzed the survival of each stage.

Predicting the gene targets of miR-21-5p in lung
adenocarcinoma

The miR-21-5p gene target prediction in lung adenocarcinoma
was made by employing the miRNA-mRNA module of the
STARBASE database (http://starbase.sysu.edu.cn/panMirDiff-
Exp.php) [17]. To get a more accurate prediction and narrow
down the target gene range, we selected the miRanda and
miRmap modules in the PREDICTED PROGRAM, which resulted
in the identification of a total 1901 target genes. Besides, a to-
tal of 250 downregulated genes in adenocarcinoma of the
lung were screened by the TCGA module on the UALCAN por-
tal. Based on the comprehensive analysis of the 2 platforms,
the target genes (RTKN2, GCOM 1, AKAP2, PALM2-AKAP2, and
PDZD?2) with low miRNA-21-5p expression in lung adenocar-
cinoma were screened. Furthermore, the scatter plot demon-
strated the association among the expressions of miR-21-5p
and target gene, with the best correlation selected for analyz-
ing its expression level and prognosis in lung adenocarcinoma.

Expression of PDZD2 in lung adenocarcinoma and normal
tissues

We also analyzed the expression level of PDZD2 in normal and
lung adenocarcinoma tissue by using the TCGA module on the
UALCAN database platform. The differences and correlations
between clinicopathological parameters and PDZD2 expres-
sion levels were analyzed.
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Figure 1. The miRNA-21-5p expression profile from the TCGA database. MiRNA-21-5p was highly expressed in lung adenocarcinoma
tissue as compared to the healthy, normal tissue.
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Figure 2. Differential expression of miR-21-5p in normal tissue and lung adenocarcinoma. (A) High level of miR-21-5p in lung
adenocarcinoma tissue. (B-F) Lung adenocarcinoma patient grouping by race, gender, age, smoking habits, lymph node
metastasis, and miR-21-5p expression level analysis. There was no significant difference. (G-H) The miR-21-5p expression
level was correlated with TNM stage and tissue types (P<0.05).

Effect of differential expression of target gene PDZD2 on
lung adenocarcinoma patient prognosis

We used the Kaplan-Meier database platform to analyze the
PDZD?2 expression in the 720 cases of lung adenocarcinoma.
PDZD2 was upregulated in 384 cases and downregulated in
336 cases. The correlation between PDZD2 expression and
survival prognosis in lung adenocarcinoma was evaluated by
plotting the survival curve. PDZD2 was divided into high and
low expression groups by median. Additionally, patients with
adenocarcinoma were grouped according to TNM stage, and
the prognosis of each group was analyzed.
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Results

MiR-21-5p profile in various human cancers

As shown in Figure 1, the miRNA-21-5p expression profile
demonstrated that it was overexpressed in the majority of
malignancies, such as cholangiocarcinoma, pancreatic cancer,
and lung adenocarcinoma. Interestingly, in all these cancers,
miRNA-21-5p has been identified as an oncogene, which can
lead to cancer development [18-20].
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Figure 3. The patient’s survival curves with lung adenocarcinoma in high and low miR-21-5p expression groups. (A) Total survival
curve of miR-21-5p in high and low expression groups; (B) survival curve at stage I; (C) survival curve at stage II; (D) survival
curve at stage Ill; (E) survival curve at stage IV. If P<0.05, the difference was statistically significant.
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Figure 4. Correlation analysis and binding sites on miR-21-5p and target genes. (A—E) A negative correlation was found between the
RTKN2, GCOM1, AKAP2, PALM2-AKAP2, PDZD2, and miR-21-5p; (F) miR-21-5p and PDZD2 binding sites.
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Figure 5. Differential expression of PDZD2 target gene in normal tissue and lung adenocarcinoma tissue. (A) Low level of PDZD2
in lung adenocarcinoma tissue. (B-H) Lung adenocarcinoma patient grouping by gender, race, age, smoking habits, TNM
staging, tissue typing, lymph node metastasis, and PDZD2 expression level analysis. There was no significant difference.

Expression of miR-21-5p in normal lung tissue and lung
adenocarcinoma

The UALCAN database analyzed a total of 447 lung adenocar-
cinoma and 44 normal tissue. A significant high expression of
miR-21-5p in lung adenocarcinoma was observed in contrast
to the normal tissue (P<0.05) (Figure 2A). There was no correla-
tion between the miR-21-5p expression level and race, gender,
age, smoking habits, lymph node metastasis in lung adenocar-
cinoma patients(P>0.05, Figure 2B-2F). However, the miR-21-5p
expression level was correlated with TNM stage and tissue
types (P<0.05, Figure 2G, 2H).

Differences in miR-21-5p expression and patient prognosis
with lung adenocarcinoma

We plotted the survival curve by using the Kaplan-Meier plot-
ter for 503 patients with lung adenocarcinoma. Out of the 503
cases, miR-21-5p was repressed in 419 cases and upregulated
in 84 cases. We categorized these cases by TNM stage classifi-
cation as stage | (272 cases), stage Il (119 cases), stage Il (81
cases), stage IV (24 cases), and uncategorized (7 cases). Poor
prognosis was associated with a high miR-21-5p expression
group in comparison to the low expression group (hazard ra-
tio [HR]=1.91, P<0.05, Figure 3A). The survival curve demon-
strated a significant variation in the stage | group (HR=1.98,
P<0.05, Figure 3B); however, the variation reported between
the stages Il Ill, and IV groups was not statistically significant
(P>0.05, Figure 3C-3E).

Predicting miR-21-5p target genes in lung adenocarcinoma

Atotal of 1901 target genes were predicted in the PANCANCER
category with the help of the miRNA-mRNA module of the

STARBASE database. Besides, the UALCAN portal was used to
predict the first 250 downregulated genes in lung adenocar-
cinoma. We carried out a comprehensive analysis of the data
retrieved from these 2 databases and screened 5 target genes
(RTKN2, GCOM1, AKAP2, PALM2-AKAP2, and PDZD2), which
could be suppressed by miRNA-21-5p in lung adenocarcinoma.
Furthermore, we analyzed their correlation with the miR-21-5p
with the help of the scatter plot (Figure 4A-4E). We found
that all these 5 target genes were negatively correlated with
the miR-21-5p, and the correlation coefficient of PDZD2 was
r=—0.255, P<0.05, and it stood out as the most relevant target.
Moreover, miR-21-5p binds to PDZD2 mRNA 3’UTR (Figure 4F).

The target gene PDZD2 expression in lung adenocarcinoma
and normal lung tissues

The TCGA data was used to analyze 515 tissues of lung adeno-
carcinoma and 59 healthy, normal tissues. The level of PDZD2
was low in the lung adenocarcinoma tissue as compared to
the normal tissue with a statistically significant difference
(Figure 5A). There was no correlation between the PDZD2 ex-
pression level and gender, race, age, smoking habits, TNM
stage, tissue typing, or lymph node metastasis in lung adeno-
carcinoma patients (P<0.05, Figures 5B-5H).

Effect of differential expression of target gene PDZD2 on
lung adenocarcinoma patient prognosis

The survival curve of 720 lung adenocarcinoma patients
obtained from the Kaplan-Meier plotter revealed a signifi-
cantly better survival prognosis for the PDZD2 high expres-
sion group in contrast to the low expression group, which
might substantially contribute to the survival time of patients
(HR=1.96, P<0.05, Figure 6A). Also, we categorized the lung
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Figure 6. The effect of PDZD2 expression differences in prognosis of lung adenocarcinoma patients. (A) PDZD2 high expression group
had a better survival prognosis; (B) stage | survival curve; (C) stage Il survival curve; (D) stage Il survival curve. If P<0.05,

the difference was statistically significant.

adenocarcinoma patients by TNM stages: stage | (370 cases),
stage Il (136 cases), stage Il (24 cases), stage IV (4 cases), and
uncategorized (186 cases). The survival curves of stage | and Il
suggested an increased survival prognosis for the PDZD2 high
expression group (P<0.05, Figures 6B, 6C); however, no signif-
icant difference was observed in stage Il (P<0.05, Figure 6D).
We could not draw any statistically significant inference in
stage IV due to the small sample size.

Discussion

MiRNA-21-5p is one of the most important members of the
miRNA family and is located on human chromosome 17qg23.1.

Jiang et al. reported that the miRNA-21-5p functions as an on-
cogene in gastric cancer via the target gene SMAD?7, which
promotes the proliferation of gastric cancer [21]. Liu et al.
showed that miRNA-21-5p inhibited tongue squamous cell
carcinoma cell line apoptosis via the target gene-PDCD4, and
the anti-apoptotic effect was through the regulation of the
PI3K/Akt/FOXO01 signaling pathway [22]. MiRNA-21-5p is over-
expressed in NSCLC tissue and leads to the onset and pro-
gression of NSCLC by target gene regulation [23,24]. So far,
none of the studies have been able to report on the molecu-
lar function of the miRNA-21-5p in NSCLC due to small sam-
ple sizes of NSCLC and normal tissues. In this study, we used
the UALCAN database to analyze a total of 447 lung adenocar-
cinoma and 44 normal tissues to exhaustively investigate the
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difference in miRNA-21-5p expression level in lung adenocar-
cinoma and normal tissue. Additionally, we plotted a survival
curve with the help of the Kaplan-Meier plotter to analyze the
miRNA-21-5p expression effect on lung adenocarcinoma pa-
tients’ survival prognosis. Our analysis was found to be in line
with the study by Liang et al. [18], which reported the signif-
icant overexpression of the miRNA-21-5p in a group having
lung adenocarcinoma compared with a healthy, normal group.
This suggests that miRNA-21-5p expression in lung adenocar-
cinoma tissue could be a potential clinical prognostic indica-
tor. In our study, the high expression group was associated
with poor prognosis as compared to the low expression group,
which significantly reduced the survival time of patients and
suggested that miRNA-21-5p might function as an oncogene
in lung adenocarcinoma.

To unravel the molecular mode of action of miR-21-5p in lung
adenocarcinoma, we performed a molecular investigation of
a total of 1901 target genes with the help of the STARBASE
and UALCAN platforms. We identified 5 target genes (RTKN2,
GCOM1, AKAP2, PALM2-AKAP2, and PDZD2) of miRNA-21-5p
that could be downregulated by miRNA-21-5p in lung adeno-
carcinoma. The correlation analysis between target genes and
miR-21-5p led to the identification of PDZD2 as the miR-21-5p
gene target in lung adenocarcinoma. Previous studies have sug-
gested PDZD2 as an oncogene, which is overexpressed in hu-
man primary prostate tumors and cell lines of prostate tumor.
Recently it was shown that human secreted PDZD2 (sPDZD2)
is anti-tumorigenic; besides, sSPDZD2 induces prostate cancer
cells senescence through mutation or transcriptional activation
of wild type p53, and via genotoxic stress makes cancer cells
more sensitive to apoptosis [25]. Moreover, Tam et al. have
demonstrated that sSPDZD2 exerts anti-proliferative effects in
human cancer cells by influencing S-phase cell cycle arrest [26].
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PDZD2 (PDZ domain-containing 2) is a protein with multi-PDZ
domains, which is expressed in various tissues such as the
brain, spleen, lungs, and kidneys. Previous studies have report-
ed its role in insulinoma proliferation and its overexpression in
prostate cancer [27-29]. However, no attempt has been made
to explore the function of PDZD2 in lung adenocarcinoma.

In this study, we have analyzed a large cohort of tissue sam-
ple data and found that PDZD2 was under expressed in lung
adenocarcinoma tissue, which suggested that PDZD2 might act
as a tumor suppressor in lung adenocarcinoma. As per our sur-
vival curve analysis, the high PDZD2 expression group showed
a better prognosis than the low expression group, which could
effectively prolong patient survival.

Conclusions

We established the significance of miR-21-5p in patient prog-
nostic with lung adenocarcinoma by analyzing bioinformat-
ics databases, namely TCGA, STARBASE, and UALCAN. Also,
miR-21-5p might regulate the onset and progression of lung
adenocarcinoma via its target gene PDZD2, but this analysis
had some limitations. Since we did not perform any laboratory
experiments, we were not able to determine the underlying
molecular mechanism. In future studies, we need to perform
laboratory experiments to examine the molecular mechanism
of PDZD2- mediated action of miR-21-5p in lung adenocarci-
noma development.
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