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Abstract: Objective: Our study aimed to explore the potential mechanism of mircroRNA-30a-5p (miR-30a-5p) in
colorectal cancer (CRC) development using The Cancer Genome Atlas (TCGA) and a bioinformatics analysis. Meth-
ods: The miR-30a-5p expression profiles and related clinical data were retrieved from publicly available TCGA data.
Kaplan-Meier survival curves were created using the SPSS software. The original microarray data were then ob-
tained from the NCBI Gene Expression Omnibus (GEO) database. Eleven types of online software were applied
to predict the genes of miR-30a-5p, and literature screening was performed for the validated collected genes.
Additionally, functional annotation was then conducted with DAVID and BiNGO. A protein-protein interaction (PPI)
network was also constructed with STRING10.0. Results: Among the CRC patients, there was a trend toward the high
expression group surviving longer than low expression group, whereas the Kaplan-Meier curves exhibited no statisti-
cally significant difference (P=0.0802, P=0.409, and P>0.05). Regarding gene collection, we eventually gathered
92 potential target genes of miR-30a-5p. The bioinformatics analysis revealed the primarily enriched gene ontology
(GO) terms and the top two pathways, which included amyotrophic lateral sclerosis (ALS) and basal cell carcinoma.
In the PPI network, TP53, BCL2L1, HEPD and LDHA were identified as the “hub” genes. Conclusion: In conclusion,
this study suggests that miR-30a-5p might exert its critical function in colorectal cancer development through pro-
spective targets and relevant pathways. However, additional large samples are still needed to explore the prognostic
role of miR-30a-5p in colorectal cancer.

Keywords: miR-30a-5p, colorectal cancer, targets, gene prediction, gene ontology, pathway analysis

Introduction the main purpose of conducting the present

) o study.
According to the latest cancer statistics in the

US, colorectal cancer (CRC) has become the
third deadliest disease and the most common
cause of cancer death among Americans [1]. In
contrast to America, the estimated incidence
rate for CRC is relatively low in China, but there
is a trend toward an increase in this rate each
year [2]. Currently, the therapeutic methods for
CRC prioritize surgery, and the others are adju-
vant therapies including chemotherapy, radio-
therapy and immunotherapy. Among the 70% of
CRC patients with stages Il and Ill disease, the
recurrence and metastatic rates remain high
despite mainstay surgery [3]. At present, the
mechanisms of the occurrence and develop-
ment of colon cancer remain unclear, which is

MicroRNAs (miRNAs) are small (20~25 nucleo-
tides), highly conserved, non-coding RNAs that
play a key role in gene regulation. MiRNAs are
thought to inhibit protein expression by binding
to complementary sequences of a mRNA and
preventing its translation or targeting it for
degradation [4]. Since miRNAs were initially
described in 1933 [5], the roles of miRNAs
have been revealed and include cellular differ-
entiation, growth, apoptosis and cell cycle mod-
ulation [6]. Recently, profiling studies have
demonstrated alterations of miRNAs in various
types of tumors [7, 8] and their close correla-
tion with oncogenesis and tumor suppression
[9, 10]. Specifically, in CRC, some miRNAs have
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been demonstrated to be silenced or overex-
pressed [11-13]. Among these miRNAs, miR-
30a-5p, a member of the microRNA-30 family,
has been clarified to be significantly under-
expressed in CRC and closely linked to colon
cancer cell growth [14, 15].

Accumulating evidence has revealed that miR-
30a-5p is implicated in multiple tumors [16-
18]. However, there are relatively few studies
clarifying the regulatory mechanisms of miR-
30a-5p in CRC progression; for example,
Baraniskin A et al confirmed that restoring miR-
30a-5p modulates denticleless protein homo-
log (DTL) expression, which inhibits cellular
growth in CRC [19]. The results from another
study indicated that miR-30a-5p targets insulin
receptor substrate 2 (IRS2) to suppress CRC
cell migration [15]. Additionally, miR-30a-5p
has been found to negatively regulate PIK3CD,
which suppresses CRC cell invasion and migra-
tion [20]. Collectively, these strongly evidenced
findings suggest that miR-30a-5p may serve as
a tumor suppressor in CRC by negatively regu-
lating target genes. Nonetheless, the prognos-
tic value of miR-30a-5p in CRC requires for fur-
ther elucidation, and the detailed regulatory
mechanism is also far from clear; which cre-
ates a strong need for studies revealing the
prognostic role and mechanism of miR-30a-5p
in CRC.

In this study, we conducted an investigation of
miR-30a-5p expression patterns and survival
outcomes in a cohort of CRC patients from the
Cancer Genome Atlas (TCGA) to explore wheth-
er miR-30a-5p expression profiles could serve
as predictors of survival outcomes in patients
with CRC. Additionally, to ascertain the poten-
tial regulation mechanism of miR-30a-5p in
CRC, we performed target prediction and bioin-
formatics analyses.

Materials and methods
Patient datasets

The miR-30a-5p expression profiles and relat-
ed clinical data were publicly available from the
TCGA. The inclusion criteria were the following:
patients with intact overall survival (OS) times
and well-characterized tumors in combination
with no pretreatment.
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Statistical analysis

Among these datasets, the patients were
grouped into low expression and high expres-
sion groups using the median miR-30a-5p
expression as the cut-off point. The overall sur-
vival was considered to be the period from sur-
gical operation to death from any causes, and
survival data between two groups were mean *
standard deviation for statistical description.
Kaplan-Meier survival curves were constructed
to assess the overall survival of the patients,
which were then further analyzed with the log-
rank test to assess the survival difference
between the two groups. The above statistical
analyses were performed by SPSS software
22.0.

Acquisition of microarray datasets

GSE29921 was available from the NCBI Gene
Expression Omnibus (GEO) database (http://
www.ncb i.nim.nih.gov/geo/). The total mMRNA
expression profiles derived from six HCT116
colon cancer cells were equally divided into two
groups: the experimental and the control group.
In the experimental group, miR-30a-5p was
transfected with HCT116 cells in vitro using a
sh30a-5p vector overexpressing human mir-
30a-5p and a sponge vector contributed to the
exclusion of miRNAs from the anti-guide strand
of the sh30a-5p vector. Regarding the control
group, the HCT116 cells expressed the control
vector and the sponge vector referred to above.
The mRNA expression profiles were measured
and collected using the Agilent human whole
genome array platform (G4845A AMADID
026652, cRNA 4 x 44 kK V2)[19].

Microarray profiling of mRNAs

The mRNA extraction from the HCT116 cell
lines was conducted through a standard acid
guanidinium thiocyanate-phenol-chloroform ex-
traction procedure. As stated by the manufac-
turer’s instructions, the QuickAmp Labeling Kit
(Agilent Technologies, Palo Alto, CA, USA) was
used to label the total mMRNA. T7 priming and
MMLV-RT were used to generate the cDNA, and
the cDNA was then prepared with T7 RNA poly-
merase. The hybridization was performed using
Agilent 10 x blocking agent, 25 x fragmenta-
tion buffer and 2 x GEx hybridization buffer
Moreover, the slides were scanned following
washing on the Agilent DNA Microarray Scan-
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Figure 1. Influence of miR-30a-5p expression pro-
filing on overall survival of CRC patients by Kaplan-
Meier analyses. Note: A: COAD: P=0.0802; B: READ:
P=0.409. Abbreviation: CRC, colorectal cancer;
COAD, colon adenocarcinoma; READ, rectum adeno-
carcinoma.

ner (G2505B) with standard settings. Finally,
the scanned images were evaluated employ-
ing the Feature Extraction Software 10.7.3.1
(Agilent) with default parameters.

Target prediction and literature screening

The predicted target genes of miR-30a-5p were
retrieved with the following 11 bioinformatics
tools: TargetScan, miRDB, MirTarBase, PicTar,
PITA, miRanda, RNA22, TargetMiner, PolymiRTS,
TarBase, and mirRNAMap. The genes that
appeared in at least three types of software
were chosen as the targets of miR-30a-5p for
further functional annotation. Additionally, to
avoid the omission of miR30a-target, the genes
of miR-30a-5p that were validated by experi-
ment were gathered from a literature screening
in PubMed and two additional databases (mir-
TarBase and TarBase).

Functional analysis and the KEGG pathway of
miR-30a-5p-target

The target genes of miR-30a-5p were function-
ally annotated with the Database of for Anno-
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tation, Visualization, and Integrated Discovery
(DAVID) v6.7 (https://david.ncifcrf.gov/), which
provides online functional annotation and other
tools, including gene conversion, functional
gene classification and a gene batch viewer.
After uploading the list of target gene symbols
and specifying the species as homo sapiens,
we chose the gene ontology and KEGG pathway
as the functional analysis categories. In the
functional analysis, P<0.05 was defined as the
selection criterion for statistical significance.
Additionally, to produce a visual and intuitive
representation of the results, the Biological
Networks Gene Ontology tool (BINGO, http://
www.psb.ugent.be/cbd/papers/BiNGO/) was
installed for further biological network analysis.
As a cytoscape application, BINGO is an open-
source Java package that is employed to ana-
lyze GO terms that are overrepresented in bio-
logical networks and visualized in Cytoscape,
and the threshold of P<0.05, indicating statisti-
cally significant differences, was based on
hypergeometric distribution in BiNGO.

Construction and visualization of protein-pro-
tein interaction (PPIl) network

The Search Tool for the Retrieval of Interacting
Genes (STRING10.0; http://string-db.org/) da-
tabase is a tool designed to evaluate and repre-
sent protein-protein association information by
scoring and integrating validated and predict-
ed associations to produce comprehensive
protein networks [21]. To determine the interac-
tive associations, 92 targets of miR-30a-5p
were input into STRING, and PPI networks were
then constructed for the proteins encoded by
the targets. Additionally, the Cytoscape (ver-
sion 3.3; http://cytoscape.org/) software was
applied to visualize the association between
protein products based on a confidence score
of >0.4.

Results

Prognostic value of miR-30a-5p in the TCGA
cohort

After the dataset search in TCGA, a cohort of
570 patients who met the inclusion criteria was
achieved. These patients were composed of
426 patients with colon adenocarcinomas
(COADs) and 144 patients with rectum adeno-
carcinomas (READs). The two sets of patients
(n=426 and n=144) were both equally stratified
into low-expression and high-expression groups
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Figure 2. Flow diagram of the
assemblage of miR-30a-5p _
target genes.

(n=213 and n=77) according to the cut-off
value. In the COAD set, the mean survival time
of the patients with low and high miR-30a-5p
levels was 2.5+2.4 years and 2.4+1.9 years,
respectively. For the patients with READ, the
survival time of the low expression group was
2.3+1.9 years, and that of the high expression
group was 2.2+1.7 years. Based on the above,
there is a downward trend in the survival time
of the high expression group of CRC patients.
Regarding the Kaplan-Meier curves for the
COAD and READ groups (Figure 1), the analysis
revealed no noteworthy difference in the overall
survival between the low expression and high
expression groups (P=0.0802, P=0.409, and
P>0.05).

Genes from microarray data with miR-30a-5p
transfection

Finally, a total of 852 down-regulated genes
were obtained from the experimental group
relative to the control group according to the
following threshold: (|logFC| >1.5 and P value
<0.05).

Target gene assemblage of miR-30a-5p

It revealed that 64 genes were verified as the
target genes of miR-30a-5p in literature screen-
ing. Moreover, 30 genes were also found to be
experimentally validated in the TarBase and
mirTarBase databases with the inclusion crite-
ria of Western blotting, qPCR or luciferase
assays. After the exclusion of 17 genes (AVEN,
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DTL) that were both in the lit-
erature and the TarBase/mir-
TarBase database, there was
ultimately a non-overlapping
group of 77 genes that served
as the “validated set” of miR-
30a-bp target genes. Addi-
tionally, a target prediction
was performed with 11 online
software programs, yielding a
collection of 9132 predicted
genes of miR-30a-5p. Lastly,
a set of 2659 genes present
in more than three software
programs was eventually con-
sidered as the “predicted set”
of miR-30a-5p targets. Based on the above, the
disjoint union of these 77 genes (validated set)
and 2659 genes (predicted set) was acquired
and summed to 2694. Moreover, 41 overlap-
ping genes (VIM, MTDH, SMAD1, Snail, PIK-
3CD, PRDM1, SEPT7, AVEN, FOXD1, NEUROD1,
ABL1, BDNF, NOTCH1, BECN1, TNRCG6A,
RUNX2, ERG, ESR2, BCL11A, BCL9, HSPA5,
EYA2,SOX4,TP53, CD99, SH2B3, ITGB3, TAB3,
NFATc3, Irs2, IGF1R, ATGb5, Sox11, Smarcd2,
Six1, NAP1L1, TMED3, CAT, DIl4, TFDP1, and
IDH1) between these two sets were screened
out. For convenience, the union of 2694 genes
was defined as the “union set” of miR-30a-5p
targets. Additionally, to identify the aberrantly
expressed genes of miR-30a-5p in the CRC
cells, dataset GSE29921 was downloaded to
obtain 852 down-regulated genes after miR-
30a-5p was up-regulated as mentioned above.
These genes gathered from the genechip were
further designated as the “down-regulated set”
of miR-30a-5p targets. The intersection of the
“union set” and the “down-regulated set” was
what we needed, and ultimately, the intersec-
tion of 92 target genes of miR-30a-5p in the
CRC cells was ready for the following bioinfor-
matics analyses (Figure 2).

Function and pathway annotation of the miR-
30a-5p targets

To identify the 92 targets of miR-30a-5p at the
gene level, GO term description, GO enrichment
analysis and visualized network of functional
annotation were performed. These GO terms of
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Table 1. The GO biological process terms enriched with potential miR-30a-5p targets by DAVID

GO ID GO Term No.* P value Gene Symbol

0021954 Central nervous system neuron development 4 0.000590989 NDEL1, GNAQ, LHXS8, GLI2
0060052 Neurofilament cytoskeleton organization 3 0.000724319 NDEL1, CLN8, NEFM

0021953 Central nervous system neuron differentiation 4 0.001142888 NDEL1, GNAQ, LHX8, GLI2
0043009 Chordate embryonic development 8 0.001576069 TP53, PTCH1, BCL2L1, GLI2, etc.
0009792 Embryonic development ending in birth or egg hatching 8 0.001659397 TP53, PTCH1, BCL2L1, GLI2, etc.
0007611 Learning or memory 5 0.002596621 ATXN1, ITGA5, ESR2, LHXS, etc.
0006928 Cell motion 9  0.003047345 NDEL1, UNC5C, ESR2, GLI2, etc.
0045104 Cytoskeleton Organization 3 0.004721755 NDEL1, CLN8, NEFM

0048598 Embryonic morphogenesis 7 0.005048477 GNAQ, TP53, PTCH1, GLI2, etc.
0007507 Heart development 6 0.005071914 GNAQ, PTCH1, GLI2, etc.

*: No. means the total number of targets involved in each term.

Table 2. The GO cellular component terms enriched with potential miR-30a-5p targets by DAVID

GO ID GO Term No.* P value Gene Symbol
0005856 Cytoskeleton 13 0.043826471 PKNOX2, DNM3, FGD5, etc.
0060053 Neurofilament cytoskeleton 2 0.04972181 NDEL1, NEFM

*: No. means the total number of targets involved in each term.

Table 3. The GO molecular function terms enriched with potential miR-30a-5p targets by DAVID

GO ID GO Term No.* P value Gene Symbol

0003727 Single-stranded RNA binding 3 0.008719148  ATXN1, A1CF, MSI2
0000166 Nucleotide binding 20 0.01930989 TP53, RAB27B, RBM26, etc.
0030528 Transcription regulator activity 15 0.023218175  TP53, ARID3A, GLI2, etc.
0008266 Poly(U) RNA binding 2 0.031022979  ATXN1, MSI2, etc.

0003723 RNA binding 9 0.03329995 ATXN1, MOV10, A1CF, etc.
0008187 Poly-pyrimidine tract binding 2 0.041151719  ATXN1, MSI2

*: No. means the total number of targets involved in each term.

the 92 genes were projected to the three types
of gene ontologies in DAVID, and we finally
observed that the target genes of miR-30a-5p
were primarily accumulated in the following
biological processes: cytoskeleton organiza-
tion, chordate embryonic development, learn-
ing or memory, cell motion, embryonic morpho-
genesis, heart development, central nervous
system neuron development and differentia-
tion (P<0.05, Table 1). Additionally, the overrep-
resented pathways related to cellular compo-
nents were the cytoskeleton and neurofilament
cytoskeleton (P<0.05, Table 2). Regarding the
molecular functions, the genes that were prom-
inently enriched in the pathways displayed as
follows: single-stranded RNA binding, nucleo-
tide binding, transcription regulator activity,
poly(U) RNA binding, RNA binding, and poly-
pyrimidine tract binding (P<0.05, Table 3).
Through performing the BinGO analysis, we
assessed the statistical overrepresentation of
GO categories in the set of 92 genes as visual-
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ized in Cytoscape (Figures 3-5). The KEGG
pathway analysis revealed that there were two
main KEGG pathways according to the adjusted
P<0.05, i.e., the amyotrophic lateral sclerosis
(ALS) and basal cell carcinoma pathways (Table
4). Additionally, according to the above results,
a column chart was created to illustrate the
main GO terms and pathways (Figure 6). Based
on the above, we finally selected these genes
that were significantly involved in the top two
KEGG pathways, which were expected to be the
promising genes of miR-30a-5p that are linked
with CRC. These genes were tumor protein p53
(TP53), Bcl-2-like protein 1 (BCL2L1), neurofila-
ment (NEFM), protein patched homolog 1
(PTCH1) and GLI family zinc finger 2 (GLI2).

Construction of the miR-30a-5p target network

A total of 92 potential genes of miR-30a-5p
were mapped into the STRING database, and a
network containing 92 proteins (nodes) and 35
interactions (edges) was produced (Figure 7).
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The “degree” of a node refers to the number of and LDHA. The interactions were also exhibited
interactions with other nodes. The most highly in the network that was subsequently visual-
linked nodes (high degree) were regarded as ized with Cytoscape (Figure 8).

“hubs” in the network. In this network, we

chose the genes with at least two lines as the Discussion

“hubs”. As illustrated in Figure 4, TP53 has a

high degree of 13 in the network, followed by Colorectal cancer has become one of the major
genes with degrees of >2, i.e., BCL2L1, H6PD causes of cancer death worldwide. As a promis-
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Table 4. The KEGG pathway terms enriched with potential miR-30a-5p

targets by DAVID

NEFM and TP53, PTCH1,
and GLI2. In the PPI net-

KEGG Pathway No.* P value

Gene Symbol

work, TP53, BCL2L1, and

Amyotrophic lateral sclerosis (ALS)
Basal cell carcinoma

3 0.040883758 TP53, BCL2L1, NEFM
3 0.043729773 TP53, PTCH1, GLI2

HG6PD together with LDHA
were identified as the key

*: No. means the total number of targets involved in each term.

ing biomarker, miR-30a-5p has been found to
be implicated in the development of multiple
cancers, including CRC. In the present study,
we explored the prognostic role and underlying
regulation mechanisms of miR-30a-5p in CRC.
In the analysis of datasets in TCGA, a relative
decrease in the survival time of the patients
with high expression was present. However, the
Kaplan-Meier curves revealed no statistical sig-
nificance by virtue of the small sample size.
Therefore, to identify the prognostic value
of miR-30a-5p in CRC, additional prospective
research with larger capacities of samples is
required. Furthermore, to gain a comprehen-
sive understanding of the underlying regulation
mechanisms of miR-30a-5p in CRC, a function
enrichment analysis was performed for 92
potential genes of miR-30a-5p and followed by
PPl network construction. The KEGG pathway
revealed the top two pathways, i.e., the amyo-
trophic lateral sclerosis (ALS) pathway and the
basal cell carcinoma pathway, and their respec-
tively involved genes, i.e., TP53, BCL2L1, and
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genes of miR-30a-5p. Ba-
sed on the above results,
TP53, BCL2L1, NEFM, PT-
CH1, GLI2, and H6PD together with LDHA are
the specific genes that we intend to discuss
and are closely related to the development of
colon cancer.

According to the KEGG pathway analysis, there
were two significant pathways, i.e., the ALS
pathway and the basal cell carcinoma pathway.
Thus, we speculate that miR-30a-5p likely mod-
ulates the carcinogenesis and progression of
CRC via those associated pathways. However,
our speculation has not been fully supported by
the presently available research in which it is
merely mentioned that ALS and colon cancer
share the same MAPK signaling in their respec-
tive occurrence and development [22, 23]. That
is, this issue still needs further investigation of
the possibility that miR-30a-5p regulates colon
cancer development by the ALS pathway and
the basal cell carcinoma pathway.

Among the identified targets (TP53, BCL2L1,
NEFM, PTCH1, GLI2, HGPD, and LDHA), TP53, a
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directly to its promoter [27]. In
another study, activated p53
was verified to downregulate
HMGB2 transcription and
thereby make the cells more
sensitive to radiation in CRC
[28]. Additionally, TP53 muta-
tions are the most common
mutations in human cancers
[29], and research has dem-
onstrated that CRC patients
with mutant TP53 exhibit
more chemo-resistance and
shorter survival compared
with those with wide-type
TP53 [30]. In contrast, Lee et
al observed that the activa-
tion of the TP53 pathway
induces apoptosis and au-
tophagy in CRC cells pro-

T 1
20 25

cessed with the specific acti-

Number of gene

Figure 6. The column chart of significant GO terms and pathways for un-
derlying miR-30a-5p targets related to CRC. Note: The y-axis corresponds to
the main GO terms and pathways terms. The x-axis indicates the number of
genes. Length of each bar refers to the specific number of genes involved in
each term/pathway. Abbreviations: GO, gene ontology; CRC, colorectal can-

cer.

key tumor suppressor encoding tumor protein,
has been reported to be implicated in the
pathogenesis and development of multiple can-
cers, including colon cancer [24]. As an experi-
mentally verified target of miR-30a-5p, TP53
has been suggested to link with miR-30a and
CAGE to confer resistance to anti-cancer drugs
in CRC. Park et al evidenced that TP53 forms
the feedback loop by binding to the promoter of
miR-30a and CAGE [25]. Furthermore, in colon
cancer cells, it was found that the p53-CDKN1A
signaling pathway played a key role in modulat-
ing cell cycle via targeting DTL [19]. These find-
ings indicate that TP53 is an important target
gene of miR-30a-5p that contributes to tumor
development and may be regarded as a poten-
tial target for colon carcinoma therapy.
Additionally, abundant evidence has confirmed
that TP53 exerts its functions in cell-cycle
arrest, DNA repair and apoptosis through the
product p53-regulating target genes [26]. For
example, Ohash et al reported that p53 partici-
pates in apoptosis and the inhibition of tumor
cell proliferation in colorectal cancer by trans-
activating the gene AKR1B10 and binding
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vators ilimaquinone and eth-
ylsmenoquinone [31]. Taken
together, these findings indi-
cate that TP53 suppresses
tumorigenesis and has a criti-
cal role in the pathological
process of CRC.

BCL2L1, also known as Bcl-xL, has been char-
acterized as a specific gene that is implicated
in apoptosis regulation across various cancers,
and the encoded protein belongs to the Bcl-2
anti-apoptosis protein family [32]. Increasing
data suggests an over-expression of Bcl-xL in
colon cancer as well as a close association with
the invasion and development of cancer cells
[33]. Moreover, it has been clearly indicated
that Bcl-xL, to a lower extent, is a key anti-apop-
totic factor in CRC [34], which actually provides
an insight into therapeutic agents for CRC. As
expected, one study observed that phosphory-
lating Bcl-xL at serine 62 reduces the anti-
apoptotic activity of colon cancer cells, which is
induced by mapatumumab and oxaliplatin in
combination with hyperthermia [35]. Addi-
tionally, the phosphorylation of Bcl-xL has been
observed to function in the G2 checkpoint in
another study [36]. Recently, Eichhorn et al
found that Bcl-xL is capable of compensating
for the loss of Mcl-1 in colon cancer cell lines to
overcome the anti-cancer drug ABT-263 [37].
Together, the close relationship of BCL2L1 with
colorectal cancer was strongly evidenced by
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genes. Abbreviation: PPI, protein-protein interaction.

these studies, which indicates that BCL2L1 is
likely a target gene upregulated by miR-30a-5p
during ectopic expression in CRC to promote
the carcinogenesis and development of CRC.

NEFM is known to be a marker of early neuronal
differentiation. NEFM plays an essential role in
nerve fiber growth [38]. In some cancers, NEFM
has been revealed to be linked with risk vari-
ants and prognosis [39, 40]. However, the rela-
tionship between NEFM and colorectal cancer
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has not yet been explored.
There is only one study that
speculates that DNA methyla-
tion-mediated inactivation of
NEFM cells could possibly
enhance cell proliferation in
CRC [41]. Therefore, the role
of NEFM in CRC still requires
investigation.

PTCH1 and GLI2 are identifi-
ed to be involved in the
Hedgehog (Hh) signaling path-
way, which is activated and
has been reported to drive
cell survival in human CRC
[42-44]. Indeed, activating
the Hh signaling pathway
requires the final activation of
GLI2, which is regulated by
PTCH1 binding to the Hh
ligand [45]. Therefore, to elu-
cidate the underlying roles of
PTCH1 and GLI2 in CRC, Peng
et al revealed that the aber-
rant methylation of PTCH1 is
likely an early event in colon
tumorigenesis because the methylation refle-
cts an association with the down-regulated
PTCH1 expression [46]. Moreover, Chung et al
demonstrated that the presence of the PTCH1
mutation in CRC activates the Hh signaling
pathway, which results in the promotion of
colorectal carcinogenesis [47]. Regarding GLI2,
it has been reported that this gene is highly
expressed in colorectal carcinoma and may act
as a predictor of poor survival [48]. Recent
studies [49, 50] have demonstrated the block-
age of Hedgehog survival signaling-induced
DNA damage and cell death by decreasing GLI2
expression in CRC cells. Collectively, these find-
ings suggest that the genes PTCH1 and GLI2
have opposite effects on the modulation of the
pathogenesis of CRC via the common Hh sig-
naling pathway.

N
__NLRP3
b

In our study, TP53, BCL2L1, H6PD and LDHA
were identified as the “hub” genes in the PPI
network. Among these promising genes, the
gene H6PD encodes the enzymes that mainly
control the pentose phosphate pathway (PPP)
in the oxidative branch, which has been report-
ed to be a crucial regulator of tumor progres-
sion [51-53]. However, the studies that have
investigated the potential association of HGPD
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with CRC are rare. Vizan et al reported that
HG6PD promotes cell cycle progression in human
CRC by increasing enzyme activities at late G1
and S phases [54]. Additionally, this study
revealed that over-expressed H6PD is correlat-
ed with metastases in CRC by virtue of STAT3-
mediated epithelial-mesenchymal transition
(EMT) induction [55]. Moreover, the gene lac-
tate dehydrogenase A (LDHA) has been report-
ed to exert an indispensable effect on the
metabolism of tumor cells [56-59]. Previous
studies have revealed high levels of LDHA in
CRC cells, but the potential mechanism of this
action remains largely unclear. Delightedly, the
fact that LDHA participates in CRC cell growth
through aerobic glycolysis was strongly sup-
ported by Billiard et al, who demonstrated that
inhibiting LDHA with the inhibitor quinoline
3-sulfonamides reverses aerobic glycolysis and
thus leads to the impairment of cell survival
[60]. Subsequently, the research of Wang et al
clarified the role of LDHA in CRC via the knock-
down of LDHA; these authors found that LDHA
knockdown inhibits cell proliferation by de-
creasing lactate production as well as glucose
uptake [61]. Taken together these limited find-
ings provide us with powerful evidence of the
functioning of H6PD and LDHA in CRC; however,
further investigations are still desirable to
establish the roles of these genes.

In summary, the identified genes, including
TP53, BCL2L1, PTCH1, GLI2, HGPD and LDHA,
were found to be closely correlated with CRC
tumorigenesis and progression, with the excep-
tion of the unexplored gene NEFM. These find-
ings demonstrate that miR-30a-5p most likely
modulates the pathogenesis of colorectal can-
cer through the above well-studied genes.
However, the relationships of the two signifi-
cant KEGG pathways of miR-30a-5p with CRC
remain to be explored. Moreover, whether miR-
30a-5p might act as a prognostic signature of
survival in patients with CRC remains to be
investigated by additional research with large
sample sizes. Overall, the bioinformatics analy-
sis present in our study provides a comprehen-
sive understanding of the underlying mecha-
nism of the function of miR-30a-5p in CRC via
its relevant target genes, which, to some extent,
helps to support further research exploring the
detailed function of miR-30a-5p in colorectal
cancer.
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