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Abstract

Background: miR-301b-3p is reported in various human cancers for its abnormal expression, while the role and molecular
mechanisms in lung adenocarcinoma (LUAD) remain unclear, and this is the focus of the present study. Materials and Methods:
TCGA database was consulted to know gene expression in LUAD tissue. CCK-8, colony formation assay and Transwell assay
were applied to identify the role of target genes in regulating LUAD cell biological properties. Bioinformatics analysis plus dual-
luciferase assay were performed to validate the potential connection between genes. Results: miR-301b-3p and DLCI were the
target genes of this study and respectively differentially up-regulated and down-regulated in LUAD. Functional experiments
indicated that miR-301b-3p contributed to cancer cell proliferation, migration and invasion, while this effect was reversed
with overexpressed DLCI which was identified as a direct target of and regulated by miR-301b-3p. Conclusions: Collec-
tively, miR-301b-3p was identified to actively function on LUAD malignant progression by suppressing DLCI expression. This
discovery provides a novel therapeutic strategy for LUAD patients, which helps improve the survival of patients.
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improving survival of LUAD patients to some extent.
Recently, non-coding RNA has been revealed to be involved
in regulating the progression of human cancers. LINC00301, a
long non-coding RNA (IncRNA), for example, is mediated by
FOXCI in non-small cell lung cancer (NSCLC) and then facil-
itates tumor progression and triggers an immune-suppressing
microenvironment by regulating HIF1o pathway.” PDIA3P
another IncRNA is identified to play a part in oral squamous

2. DLCI1 was targeted and regulated by miR-301b-3p in
lung adenocarcinoma cells;

3. DLClwas involved in regulation of miR-301b-3p on
the malignant progression of lung adenocarcinoma.

Introduction

As a heterogeneous disease, lung cancer is regarded as the most
common cause of cancer-related deaths predicted to take up
18.4%."% 1t is estimated that approximately 1.8 million lung
cancers are newly diagnosed worldwide per year.® Lung ade-
nocarcinoma (LUAD) serves as the most prevalent type of lung
cancer having severely jeopardized human life and health due
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to a high rate of incidence and mortality.* As data revealed,
more than 60% of LUAD patients were diagnosed at stage III or
IV, making the treatment efficacy of surgical resection and
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cell carcinoma progression via targeting Cyclin D2 by inter-
acting with miR-185-5p.® In addition, microRNAs (miRNAs)
have also received a great deal of attention as a cancer promoter
or a tumor suppressor in cancer. A study reported that miR-
629-3p in LUAD can induce cell proliferation and inhibit cell
apoptosis via down-regulating surfactant protein C (SETPC).’
Reversely, miR-450b-5p in LUAD serves as an anti-tumor
molecule by interacting with EZH2.'® Currently, in the field
of tumor treatment, miRNAs are emerging as promising ther-
apeutic targets and there have been 2 major applications that
work: (1) miRNA antagonists for inhibition of oncomiRs, such
as antisense oligonucleotides, antagomirs and miRNA sponges;
(2) miRNA mimics for amplifying expression of tumor sup-
pressor miRNAs, such as double-stranded synthetic miRNAs
and miRNA expression vectors.'' Given the above findings and
achievements, miRNAs can be linked to malignant progression
of LUAD with their roles as oncogenes or tumor suppressors,
the way of which is likely to be beneficial for survival improve-
ment. As reported, miR-301b-3p can be an oncogene in diverse
human cancers. Fan H ef al. showed that miR-301b-3p is highly
expressed in gastric cancer (GC), and knockdown of miR-
301b-3p can significantly inhibit GC cell proliferation, induce
cell cycle arrest in G1 phase and potentiate cell apoptosis.'? As
well, miR-301b-3p can facilitate tumor growth of hepatocellu-
lar carcinoma (HCC), and it is closely associated with tumor
size and advanced tumor-node metastasis when being overex-
pressed.’® While in NSCLC, miR-301b-3p is seen to present
with elevated expression.'* Considering the achievements
abovementioned, miR-301b-3p may have a promoting effect
on occurrence and development of LUAD.

Materials and Methods

Bioinformatics Analysis

TCGA database (https://portal.gdc.cancer.gov/) was consulted
to obtain expression profiles regarding mature miRNA (nor-
mal: n = 46, tumor: n = 521) and mRNA (normal: n = 59,
tumor: n = 535) of LUAD. Differential mRNAs (DEmRNAs)
were acquired from differential analysis with the aid of the
“edgeR” package (JlogFC| > 2, padj < 0.01). Potential targets
of miR-301b-3p were searched on TargetScan (http://www.tar
getscan.org/vert_72/) and miRDB (http://mirdb.org/) data-
bases, and candidate targets were identified from the predicted
results and the differentially down-regulated mRNAs in
TCGA. Pearson correlation analysis was performed to identify
the mRNA of the highest correlation coefficient.

Cell Lines and Cell Transfection

The cell lines used in this were as below: human lung epithelial cell
line BEAS-2B (BNCC254518) and 16HBE (BNCC338044),
human LUAD cell lines H1975 (BNCC100301), HCC78
(BNCC338064), PC9 (BNCC340767) and SPCAl
(BNCC101697). All the cell lines were ordered from BeNa Culture
Collection (Beijing, China), and maintained under the following

condition: Dulbecco’s Modified Eagle Medium-H (DMEM-H;
11965092; Gibco, Shanghai, China) with an addition of 10% fetal
bovine serum (FBS), 37 °C, 5% CO,.

miR-301b-3p mimic and its negative control (NC mimic)
were accessed from Guangzhou Ribo Bio Co., LTD and
transiently transfected into human LUAD cell line PC9 by
Lipofectamine RNAiIMAX Reagent (Life Technologies,
Grand Island, NY). The cells following transfection were
harvested and subjected to expression analysis and functional
experiments. Plasmids with DLC1 sequence (oe-DLC1) were
constructed using lentiviral vector pPLVX-IRES-neo (Clontech,
USA), and then dripped into PC9 cells for infection.

qRT-PCR

Total RNA was extracted from selected cells using the TRIzol Kit
(10296010, Invitrogen, Carlsbad, CA, USA) according to instruc-
tions, and then reversely transcribed into cDNA on M-MLV
(Takara, Otsu, Japan). Subsequently, the cDNA was amplified
using the SYBR Green Master Mix kit (Takara). The expression
levels of miR-301b-3p and DLC1 mRNA were analyzed on the
Applied Biosystems 7300 Real-Time PCR System (Applied Bio-
systems, USA) and assessed with U6 and B-actin as an internal
reference, respectively. Relative expression was compared by
2-AAC ALl primers used in gRT-PCR were synthesized by BGI
Co., Ltd (Shenzhen, China), and sequenced as follows: miR-
301b-3p Forward: 5’-CAGTGCTCTGACGAGGTTG-3’,
Reverse: 5’-TGTCCCAGATGCTTTGACA-3’; DLC1 Forward:
5’-CCGCCTCATACGA-3’, Reverse: 5’-TTCTCCCCCATA-
TACTA-3’; U6 Forward: 5’-CTCGCTTCGGCAGCATA-3’,
Reverse: 5’-AACGATTCACGAATTTGCGT-3’; B-actin For-
ward: 5’-CCTGGCACATAAT-3’, Reverse: 5’-GCTGATC-
CACTGCTGCTGCAGAA-3’. The experiment was
independently conducted in triplicate.

Western Blot

Total proteins from cells were respectively obtained and con-
centrated by RIPA lysis buffer added with phenylmethylsulfo-
nyl fluoride (PMSF; R0010; Solarbio Science & Technology,
Beijing, China) and the BCA protein assay kit (20201ES76;
Yeasen Company, Shanghai, China). The protein samples were
separated by sodium dodecyl sulfate-polyacrylamide gel elec-
trophoresis (SDS-PAGE) and transferred onto the polyvinyli-
dene fluoride (PVDF) membranes (FFP 36; Beyotime,
Shanghai, China). 5% bovine serum albumin (BSA) was used
to block the membranes for 2 h at 37 °C. Primary rabbit poly-
clonal antibodies composed of DLC1 (ab126257, 1:1000),
MMP2 (ab92536, 1:3000), MMP7 (ab207299, 1:1000), MMP9
(ab76003, 1:10000) and GAPDH (ab22555, 1:2000) were
added onto the membranes for incubation overnight at 4°C.
PBST (phosphate buffered saline buffer + 0.1% Tween-20)
was used to wash the membranes 3 times with 10 min each
time. Following that, horseradish peroxidase (HRP)-labeled
secondary antibody goat anti-rabbit IgG H&L (ab6721,
1:3000) was added onto the membranes for 1 h of incubation
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at room temperature and then the membranes were washed
with PBST 3 times. Images of protein bands were observed
and captured under the optical luminometer (GE, USA). All
antibodies used in this assay were from Abcam, Cambridge,
UK.

CCK-8

The viability of PC9 cells was assayed by the CCK-8 kit
(Dojindo Molecular Technologies, Kumamoto, Japan). Trans-
fected PC9 cells were seeded into 96-well plates at a density of
3 x 10% cells/well. According to the protocol, 10 pmol/L of
CCK-8 solution was added at 0, 24, 48, 72 and 96 h, respec-
tively. After 2 h of incubation at 37°C, the absorbance of cells
was read at 450 nm in wavelength by a microplate reader. Each
experiment was conducted at least 3 times.

Colony Formation Assay

Transfected PC9 cells in different groups were digested with
0.25% trypsin and seeded into 6-well plates at a density of
4 x 10% cells/well. Then, the cells were grown in DMEM
containing 10% FBS and 5% CO, for 2 weeks at room tem-
perature. The mediums were discarded when colonies were
visible to the naked eyes. The colonies were fixed in 95%
methanol, stained with 0.1% crystal violet for 10 min, and then
rinsed with PBS. Cell colonies (more than 50 cells in a colony)
were counted at the end.

Transwell Assay

For examining cell migration and invasion, a 24-well Trans-
well chamber (8 mm in aperture, BD Biosciences, NJ, USA)
was used. For migration assay, 5 x 10* PC9 cells (after 48 h
of transfection) re-suspended by 100 pl serum-free mediums
were planted into the upper chamber, whereas 500 pl of
DMEM containing 20% FBS was added into the lower
chamber as a chemotactic agent. The non-migrated cells
were softly wiped off using a cotton swab after 24 h of
incubation at 37°C, while the cells in the lower chamber
were fixed in 95% methanol for 15 min and stained with
0.1% crystal violet for 15 min at room temperature. The
migrated cells were counted and images were captured
using the IX 71 inverted microscope (Olympus Corporation,
Tokyo, Japan). Five fields in the view of each chamber were
randomly selected for cell count. Procedures for cell inva-
sion assay were similar to those of migration assay, except
that the Transwell chamber was coated with Matrigel (BD
Biosciences) before examination.

Dual-Luciferase Reporter Gene Assay

Amplified wild type (WT) and mutant (MUT) DLC1 3’UTR
were inserted into downstream polyclonal sites of the luciferase
reporter gene on pmirGLO vector to construct luciferase repor-
ter vectors DLC1-3’UTR-WT and DLC1-3’UTR-MUT.
Renilla luciferase expression vector pRL-TK (TaKaRa, Dalian,

China) was taken as an internal reference. miR-301b-3p mimic
and NC mimic were co-transfected with DLC1-3’UTR-WT or
DLCI1-3’UTR-MUT into 293 T cells (BNCC100530). The
activity of luciferase was detected by Dual-Luciferase Reporter
Assay System (Promega, Madison, W1, USA).

Statistical Analysis

All data were processed by GraphPad Prism 8.0 software
(GraphPad Software, Inc., La Jolla, CA). Measurement data
were expressed in Mean + standard deviation (SD). Difference
between 2 groups was analyzed in ¢ test. P < 0.05 was consid-
ered statistically significant.

Results
miR-301b-3p Is Up-Regulated in LUAD

miR-301b-3p is recognized as an oncogene in several
studies.'*!'>'® This study sought to make an attempt to
explore the mechanism of miR-301b-3p affecting the
progression of LUAD. We firstly used TCGA-LUAD data to
analyze miR-301b-3p expression, finding that miR-301b-3p in
LUAD tissue was remarkably up-regulated than that in normal
tissue (Figure 1A). Thereafter, we verified miR-301b-3p
expression at the cellular level. As revealed by qRT-PCR,
miR-301b-3p was significantly up-regulated in LUAD cell
lines (H1975, HCC78, PC9, SPCA1) compared to that in
normal lung epithelial cell lines (BEAS-2B, 16HBE)
(Figure 1B), among which the highest miR-301b-3p
expression level was observed in PC9 cell line. Therefore,
PC9 cell line was selected for subsequent experiments.
Collectively, these findings validated that miR-301b-3p was
differentially up-regulated in LUAD tissue and cells.

miR-301b-3p Promotes LUAD Cell Proliferation,
Migration and Invasion

To investigate the effect of miR-301b-3p on the malignant
progression of LUAD, miR-301b-3p mimic or NC mimic was
transfected into PC9 cells. qRT-PCR was conducted for detec-
tion of transfection efficiency, and it was found that miR-301b-
3p expression was increased in PC9 cells transfected with
miR-301b-3p mimic (Figure 2A). We then performed a series
of in vitro experiments. As revealed by CCK-8 assay, up-reg-
ulation of miR-301b-3p facilitated PC9 cell viability
(Figure 2B). Colony formation assay showed that the colony
formation ability was evidently higher in the miR-301b-3p
mimic group than that in the NC mimic group (Figure 2C).
Transwell assay found that overexpressing miR-301b-3p sig-
nificantly promoted PC9 cell migratory and invasive abilities
(Figure 2D). Taken together, these findings illustrated that
miR-301b-3p could markedly promote LUAD cell prolifera-
tion, migration and invasion.
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Figure 1. miR-301b-3p is up-regulated in LUAD tissue and cells (A) Box plots of miR-301b-3p expression in normal group and tumor group in
TCGA-LUAD dataset (the green box represents the normal group and the red box represents the tumor group); (B) The expression of miR-301b-
3p in human normal lung epithelial cell lines (BEAS-2B, 16HBE) and LUAD cell lines H1975, HCC78, PC9, SPCA1; *p < 0.05.

miR-301b-3p Targets and Down-Regulates DLCI
Expression

From the above experiments, we had found that miR-301b-
3p promoted LUAD cell proliferation, migration and inva-
sion. To further explore the mechanism of miR-301b-3p in
LUAD, we combined gene expression analysis with target
prediction method to obtain the target gene of miR-301b-3p.
From the differential analysis on mRNA expression data of
TCGA-LUAD using “edgeR” package, a total of 2,501
DEmRNAs were obtained, among which 1,973 mRNAs
were up-regulated, and 528 mRNAs were down-regulated
(Figure 3A). TargetScan and miRDB databases were used
for target gene prediction for miR-301b-3p, and 9 candidate
genes were obtained from the intersection between the pre-
dicted target genes of miR-301b-3p and the down-regulated
DEmRNAs (Figure 3B). Pearson correlation analysis was
carried out on the 9 candidate genes and miR-301b-3p,
finding that DLC1 was extraordinarily negatively correlated
with miR-301b-3p with the highest Pearson correlation
coefficient (Figure 3C). Besides, gene expression analysis
elucidated that DLC1 was remarkably lowly expressed in
LUAD tumor tissue (Figure 3D), and similar trend could
be observed in LUAD cell lines as revealed by cell experi-
ments (Figure 3E). To further verify whether DLCI1 is a
direct target of miR-301b-3p in LUAD, TargetScan database
was used to predict the binding sites of miR-301b-3p on
DLCI1, while dual-luciferase assay was carried out for ver-
ification (Figure 3F). The results showed that the luciferase
activity was significantly inhibited in the DLC1-3’UTR-WT
group with overexpression of miR-301b-3p, while no obvi-
ous change was observed in the DLC1-3’UTR-MUT group.
We could conclude that there was a binding relationship
between miR-301b-3p and DLCI1. Besides, qRT-PCR and
western blot uncovered that overexpressing miR-301b-3p
evidently suppressed mRNA and protein expression of

DLCI1 (Figure 3G-H). Taken together, these findings vali-
dated that miR-301b-3p targeted and inhibited DLCI1
expression in LUAD cells.

miR-301b-3p Regulates LUAD Cell Proliferation,
Migration and Invasion by Targeting DLCI

To further investigate the mechanism of miR-301b-3p/DLC1
related to the malignant progression of LUAD cells, we divided
PC9 cells into 3 groups for transfection: NC mimic + oe-NC
group, miR-301b-3p mimic + oe-NC group and miR-301b-3p
mimic + oe-DLCI1 group. qRT-PCR was firstly conducted to
examine the expression level of miR-301b-3p/DLCI1 in differ-
ent groups, showing that overexpressing miR-301b-3p signifi-
cantly decreased DLC1 mRNA and protein expression in the
miR-301b-3p mimic + oe-NC group relative to the NC mimic
+ 0e-NC group. Besides, DLC1 mRNA and protein expression
exhibited significant elevated expression in the miR-301b-3p
mimic + oe-DLCI1 group relative to those in the miR-301b-3p
mimic + oe-NC group, while miR-301b-3p expression showed
no marked changes (Figure 4A-C). A series of in vitro experi-
ments were then performed to explore the effect of the miR-
301b-3p/DLCI regulatory axis on the biological function of
LUAD cells. As indicated by CCK-8 assay and colony forma-
tion assay, the viability and colony formation ability were con-
siderably increased in the miR-301b-3p mimic + oe-NC group
than those in the NC mimic + oe-NC group, while restored
when miR-301b-3p and DLC1 were simultaneously overex-
pressed (Figure 4D-E). We also detected cell invasive and
migratory abilities in different groups. Transwell assay found
that overexpressing miR-301b-3p significantly promoted
LUAD cell migration and invasion, while overexpressing
DLC1 simultaneously remarkably decreased their abilities
(Figure 4F). In addition, overexpression of miR-301b-3p
remarkably increased the protein levels of metastasis markers
MMP2, MMP7 and MMP9, while overexpression of DLC1
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Figure 2. Overexpressing miR-301b-3p promotes LUAD cell proliferation, migration and invasion (A) The transfection efficiency of miR-
301b-3p mimic in PC9 cells was detected by qRT-PCR; (B) Cell viability, (C) colony formation ability, (D) cell migratory and invasive abilities
(100x) in 2 groups were examined by CCK-8 assay, colony formation assay and Transwell assay, respectively; *p < 0.05.

restored the levels of these 3 proteins, which once again con-
firmed the conclusion of the Transwell assay (Figure 4G).
Taken together, these findings suggested that miR-301b-3p
could target and inhibit DLCI1 to affect the malignant progres-
sion of LUAD cells.

Discussion

In recent years, the promoting effect of miR-301b-3p on the
malignant progression of various human cancers including gas-
tric cancer,'? liver cancer'’ and high grade ovarian serous car-
cinoma'® has been reported in many studies. Here, we found
that miR-301b-3p expression was significantly increased in
tumor tissue than that in normal tissue according to TCGA-

LUAD dataset, and similar trend was observed in LUAD cell
lines. Functional analysis demonstrated that overexpressing
miR-301b-3p could promote LUAD cell proliferation, migra-
tion and invasion. These findings are consistent with the
expression pattern and functional role of miR-301b-3p in can-
cers in current existing studies.

Prior to our study, previous studies also elucidated the mole-
cular mechanism of miR-301b-3p in cancers. Zheng H et al.
reported that hypoxia-induced up-regulation of miR-301b-3p
can promote cell proliferation, migration and invasion of pros-
tate cancer cells by targeting lipoprotein receptor-related pro-
tein 1B (LRP1B)."> Man X et al. revealed that USP13 is a
target of miR-301b-3p, and overexpressing miR-301b-3p
decreases USP13 expression, resulting in the down-regulation
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SPCA1) was detected by qRT-PCR; (F) The binding site sequence of miR-301b-3p on DLC1 3’UTR was predicted by TargetScan database and
was verified by dual-luciferase assay; Relative expression of (G) DLC1 mRNA and (H) DLC1 protein after overexpressing miR-301b-3p were
assessed by qRT-PCR and Western blot, respectively; *p < 0.05.

of PTEN protein expression, ultimately promoting the occur-
rence of bladder cancer.'® These results suggest that miR-301b-
3p may promote the malignant progression of LUAD by
regulating the expression of its target genes. In this study, we
scientifically combined gene expression analysis with target
prediction method and found that DLCI1 was a target gene of
miR-301b-3p. DLCI1 was initially found to be a deleted or

downregulated gene in primary HCC, and to exert its tumor
suppressor role mainly through the Rho-GTPase activating pro-
tein (RhoGAP) domain.'®** Accumulating studies have eluci-
dated that DLC1 acts as a metastasis suppressor gene and is
associated with the occurrence and development of various
cancers including lung cancer,?’ breast cancer*? and kidney
cancer.”® Yang X et al. discovered that DLCI plays an
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inhibitory role in cell migration, invasion, colony formation
and anchorage-independent growth of aggressive lung cancer
cells in vitro.** Besides, it is reported that DLC1 expression is
significantly correlated with the prognosis of LUAD patients.>
The abovementioned studies collectively demonstrate that
DLCI1 may function as a tumor suppressor in the malignant
progression of LUAD. Our study showed that DLC1 was dif-
ferentially down-regulated in LUAD tissue and cells. Besides,
DLCI1 had a high negative correlation and a targeting relation-
ship with miR-301b-3p. Rescue experiments illustrated that
miR-301b-3p promoted cell proliferation, migration and inva-
sion of LUAD cells by targeting to down-regulate DLC1
expression.

In summary, we first reported that miR-301b-3p functions
as an oncogene in LUAD cells, and there is a targeting rela-
tionship between miR-301b-3p and DLCI1. Besides, we eluci-
dated the mechanism by which miR-301b-3p facilitates the
malignant progression of LUAD by targeting DLC1, which is
crucial for the development of targeted therapies for LUAD
and provides reference and data support for the target selection.
However, the limitation of the study is that there is no in-depth
research on the downstream signaling pathways associated
with DLCI1 in the malignant progression of LUAD. In the
following studies, we will continue to work at this direction
so as to improve the survival of LUAD patients.

Authors’ Contributions

Haitao Liu contributed to the study design. Xingjie Ma conducted the
literature search. Niu Niu acquired the data. Haitao Liu wrote the
article. Junjie Zhao performed data analysis and drafted. Chao Lu
reviewed the article. Fan Yang and Weibo Qi gave the final approval
of the version to submitted.

Availability of Data and Material

The data and materials in the current study are available from the
corresponding author on reasonable request.

Declaration of Conflicting Interests

The author(s) declared no potential conflicts of interest with respect to
the research, authorship, and/or publication of this article.

Ethical Statement

Our study did not require an ethical board approval because it did not
contain human or animal trials.

Funding

The author(s) disclosed receipt of the following financial support for

the research, authorship, and/or publication of this article:

1. Program of Zhejiang province medical and health technology
2021429885

2. 2019 jicipiline of medicine-thracic Surgery (Supporting Subject)
2019-ZC-10

3. Jiaxing Key Laboratory of Precision Treatment for Lung Cancer

ORCID iD
Weibo Qi https://orcid.org/0000-0002-6101-4938

References

1. Bray F, Ferlay J, Soerjomataram I, Siegel RL, Torre LA, Jemal A.
Global cancer statistics 2018: GLOBOCAN estimates of inci-
dence and mortality worldwide for 36 cancers in 185 countries.
CA Cancer J Clin. 2018;68(6):394-424. doi:10.3322/caac.21492

2. Torre LA, Siegel RL, Jemal A. Lung cancer statistics. Adv Exp
Med Biol. 2016;893:1-19. doi:10.1007/978-3-319-24223-1_1

3. Torre LA, Siegel RL, Ward EM, Jemal A. Global cancer inci-
dence and mortality rates and trends—an update. Cancer
Epidemiol Biomarkers Prev. 2016;25(1):16-27. doi:10.1158/
1055-9965.EPI-15-0578

4. Herbst RS, Morgensztern D, Boshoff C. The biology and man-
agement of non-small cell lung cancer. Nature. 2018;553(7689):
446-454. doi:10.1038/nature25183

5. Tan WL, Jain A, Takano A, et al. Novel therapeutic targets on the
horizon for lung cancer. Lancet Oncol. 2016;17(8):e347-e362.
doi:10.1016/S1470-2045(16)30123 -1

6. Zappa C, Mousa SA. Non-small cell lung cancer: current
treatment and future advances. Trans! Lung Cancer Res. 2016;
5(3):288-300. doi:10.21037/tlcr.2016.06.07

7. Sun CC, Zhu W, Li SJ, et al. FOXC1-mediated LINC00301
facilitates tumor progression and triggers an immune-
suppressing microenvironment in non-small cell lung cancer by
regulating the HIF1alpha pathway. Genome Med. 2020;12(1):77.
doi:10.1186/s13073-020-00773-y

8. Sun CC, Zhang L, Li G, et al. The IncRNA PDIA3P Interacts with
miR-185-5p to Modulate Oral Squamous Cell Carcinoma Pro-
gression by Targeting Cyclin D2. Mol Ther Nucleic Acids.
2017;9:100-110. doi:10.1016/j.omtn.2017.08.015

9. Li B, Meng YQ, Li Z, et al. MiR-629-3p-induced downregulation
of SFTPC promotes cell proliferation and predicts poor survival in
lung adenocarcinoma. Artif' Cells Nanomed Biotechnol. 2019;
47(1):3286-3296. doi:10.1080/21691401.2019.1648283

10. Zhang ZW, Chen JJ, Xia SH, et al. Long intergenic non-protein
coding RNA 319 aggravates lung adenocarcinoma carcinogenesis
by modulating miR-450b-5p/EZH2. Gene. 2018;650:60-67. doi:
10.1016/j.gene.2018.01.096

11. Lai X, Eberhardt M, Schmitz U, Vera J. Systems biology-based
investigation of cooperating microRNAs as monotherapy or adju-
vant therapy in cancer. Nucleic Acids Res. 2019;47(15):
7753-7766. doi:10.1093/nar/gkz638

12. Fan H, Jin X, Liao C, Qiao L, Zhao W. MicroRNA-301b-3p
accelerates the growth of gastric cancer cells by targeting zinc
finger and BTB domain containing 4. Pathol Res Pract. 2019;
215(7):152667. doi:10.1016/j.prp.2019.152667

13. Guo Y, Yao B, Zhu Q, et al. MicroRNA-301b-3p contributes to
tumour growth of human hepatocellular carcinoma by repressing
vestigial like family member 4. J Cell Mol Med. 2019;23(8):
5037-5047. doi:10.1111/jcmm.14361

14. Li P, Xing W, Xu J, et al. microRNA-301b-3p downregulation
underlies a novel inhibitory role of long non-coding RNA
MBNLI1-AS1 in non-small cell lung cancer. Stem Cell Res Ther.
2019;10(1):144. doi:10.1186/s13287-019-1235-8

15. Zheng H, Bai L. Hypoxia induced microRNA-301b-3p overex-
pression promotes proliferation, migration and invasion of


https://orcid.org/0000-0002-6101-4938
https://orcid.org/0000-0002-6101-4938
https://orcid.org/0000-0002-6101-4938

Liu

et al

16.

17.

18.

19.

20.

prostate cancer cells by targeting LRP1B. Exp Mol Pathol. 2019;
111:104301. doi:10.1016/j.yexmp.2019.104301

LiuF, Zhang G, Lv S, Wen X, Liu P. miRNA-301b-3p accelerates
migration and invasion of high-grade ovarian serous tumor via
targeting CPEB3/EGFR axis. J Cell Biochem. 2019;120(8);
12618-12627. doi:10.1002/jcb.28528

Zhou SL, Yin D, Yin D, et al. A positive feedback loop between
cancer stem-like cells and tumor-associated neutrophils controls
hepatocellular carcinoma progression. Hepatology. 2019;70(4):
1214-1230. doi:10.1002/hep.30630

Man X, Piao C, Lin X, Kong C, Cui X, Jiang Y. USP13 functions
as a tumor suppressor by blocking the NF-kB-mediated PTEN
downregulation in human bladder cancer. J Exp Clin Cancer Res.
2019;38(1):259. doi:10.1186/s13046-019-1262-4

Yuan BZ, Miller MJ, Keck CL, Zimonjic DB, Thorgeirsson SS,
Popescu NC. Cloning, characterization, and chromosomal localiza-
tion of a gene frequently deleted in human liver cancer (DLC-1)
homologous to rat RhoGAP. Cancer Res. 1998;58(10):2196-2199.
Joshi R, Qin L, Cao X, et al. DLC1 SAM domain-binding peptides
inhibit cancer cell growth and migration by inactivating RhoA. J
Biol Chem. 2020;295(2):645-656. doi:10.1074/jbc.RA119.
011929

21.

22.

23.

24.

25.

Kim TY, Jackson S, Xiong Y, et al. CRL4A-FBXW5-mediated
degradation of DLC1 Rho GTPase-activating protein tumor
suppressor promotes non-small cell lung cancer cell growth. Proc
Natl Acad Sci U S A. 2013;110(42):16868-16873. doi:10.1073/
pnas.1306358110

Gokmen-Polar Y, True JD, Vieth E, et al. Quantitative phospho-
proteomic analysis identifies novel functional pathways of tumor
suppressor DLC1 in estrogen receptor positive breast cancer.
PLoS One. 2018;13(10):¢0204658. doi:10.1371/journal.pone.
0204658

Zhang T, Zheng J, Liu C, Lu Y. Expression of DLC-1 in clear cell
renal cell carcinoma: prognostic significance for progression and
metastasis. Urol Int. 2009;82(4):380-387. doi:10.1159/000218524
Yang X, Popescu NC, Zimonjic DB. DLC1 interaction with
S100A10 mediates inhibition of in vitro cell invasion and tumor-
igenicity of lung cancer cells through a RhoGAP-independent
mechanism. Cancer Res. 2011;71(8):2916-2925. doi:10.1158/
0008-5472.CAN-10-2158

Akagi I, Okayama H, Schetter AJ, et al. Combination of protein
coding and noncoding gene expression as a robust prognostic
classifier in stage I lung adenocarcinoma. Cancer Res. 2013;
73(13):3821-3832. doi:10.1158/0008-5472.CAN-13-0031




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 175
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /Description <<
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice


