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Abstract

Aim: MicroRNAs have been confirmed as vital regulators in gene expression, which could affect multiple cancer cell
biological behaviors. This study aims to elucidate the molecular mechanism of miR-144-3p in lung cancer cellular
proliferation and metastasis.

Methods: MiR-144-3p expression in lung cancer tissues and cell lines was detected by gRT-PCR. HGF was predicted
as the target gene of miR-144-3p using TargetScan and dual luciferase reporter assay. Immunohistochemistry and
gRT-PCR were used to explore the impacts of HCF on lung cancer tissues and cell lines. Impacts of miR-144-3p and
HGF on cancer cellular proliferation, migration and invasion were elucidated by CCK-8, Flow cytometry, Transwell
invasion and Wound-healing assay. Moreover, nude mouse xenograft model was established to evaluate the effects of
miR-144-3p on lung cancer cells.

Results: MiR-144-3p exhibited a reduction in both lung cancer tissues and cell lines. HGF was a direct target of
miR-144-3p. In contrast to the miR-144-3p expression level, HGF showed a higher level in lung cancer tissues and cell
lines. Overexpression miR-144-3p suppressed A549 and NCI-H1299 cell proliferation and metastasis, whereas this was
reversed by HGF. MiR-144-3p exhibited an inhibitory effect on A549 cell-induced tumor growth of nude mice.

Conclusions: This study reveals miR-144-3p/HGF axis may be involved in the suppression of lung cancer cellular pro-
liferation and development, and miR-144-3p may function as a potential therapeutic target in lung cancer treatment

in the future.
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Introduction

MicroRNAs (miRNAs/miRs) are short noncoding RNAs,
which can post-transcriptionally regulate gene expression
via binding with 3’-untranslated region of mRNAs [1, 2].
Mounting evidence indicates that miRNAs function as
endogenous agents of multiple target genes in regulat-
ing molecular and cellular processes, which includes cell
cycle, proliferation, growth and apoptosis [3—-7]. Thus, it
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is not surprising to find miRNAs also widely involved in
carcinomas development. As previously reported, dys-
regulation of miRNAs is closely correlated with cancer
initiation and progression [8, 9]. However, the precise
role of miR-144-3p in lung cancer cells still needs to be
elucidated.

Lung cancer is responsible for a leading cause of death
across the world [10]. Although advances in therapeu-
tic strategies and genomics are encouraging, the lung
cancer-related mortality is still rising. Given that the
precise mechanisms of various types of lung cancer have
not been totally characterized yet, there is an urgent
need to explore the molecular pathogenesis and identify
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an effective bio-marker for lung cancer therapy. Dys-
regulated miRNAs are associated with lung cancer [11].
MiR-145 has been demonstrated to be a potential agent
in suppressing lung cancer growth through targeting the
Wnt/3-catenin signal transduction cascade [12]. MiR-
15a/16 has also been reported to behave as a potential
novel therapeutic target for attenuating radio-resistance
during lung cancer treatment [13]. However, the detailed
role of miR-144-3p and its molecular mechanisms in lung
cancer are not fully understood and revealed.

MiR-144-3p, situated at NC_000017.11, was a newly
identified microRNA and reported to undertake pivotal
roles in the progression of human cancers [14]. Recently,
accumulating research has emphasized a vital and poten-
tial role for miR-144-3p to play in tumorigenesis. MiR-
144-3p exhibited poor expression in various types of
malignant tumor, including osteosarcoma and glioblas-
toma [15, 16]. In addition, miR-144-3p had a correla-
tion with gastric cancer [17]. Furthermore, miR-144-3p
showed an inhibitory effect on liver cancer cellular prolif-
eration and metastasis via targeting E2F3 [18]. A previous
study showed that miR-144-3p could suppress NSCLC
progression via inhibiting CEP55 expression, but much
more complicated mechanism of miR-144-3p is still
unknown [19]. In our study, we investigated the potential
role of miR-144-3p in lung cancer. We also assessed the
implications of dysregulated miR-144-3p expression in
lung cancer cellular processes, and explored the molecu-
lar mechanism involved.

Materials and methods

Clinical tissue specimen

58 patients (42 males and 16 females; aged 58.69+12.71)
with lung cancer were enrolled in this study. The inclu-
sion criteria: (1) The cancer is confirmed by postoperative
pathological examination; (2) all patients have not under-
gone preoperative radiotherapy or chemotherapy. The
exclusion criteria: (1) Patients with other types of tumors;
(2) patients have undergone preoperative radiotherapy
or chemotherapy. After lung tumor tissues and adjacent
normal tissues were obtained and underwent histologi-
cal diagnosis, tissues were frozen in liquid nitrogen for
subsequent assays. This study had received the approval
from the Ethics Committee of Ningde Municipal Hospi-
tal of Ningde Normal University. Written informed con-
sent for tissue usage was signed by patients.

RT-qPCR
Extracting total RNA from clinical specimens and from
various lung cancer cell lines was performed as previously
described [11]. MiRNA expression was determined using
the miRNA-specific TagMan MiRNA Assay Kit (Applied
Biosystems; Thermo Fisher Scientific, Inc., Waltham,
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MA, USA) following the protocol of the manufacturer.
Detailed procedure was in accordance with a previous
study [20]. All samples were evaluated in triplicate. The
primer sequences used were shown as following:
miR-144-3p-F: 5-TCCGATCATGTAGTAGATATT
GACAT-3/,
miR-144-3p-R: 5'-GTGCAGGGTCCGAGGT-3/,
HGEF-F: 5-GTGTGCCACAACTCACAACTA-3/,
HGEF-R: 5-GGTCCTGGGTATTGGAGCA-3/,
U6-F: 5-TCCGATCGTGAAGCGTTC-3/,
U6-R: 5-GTGCAGGGTCCGAGGT-3/,
GAPDH-F: 5-"TGGACATCCGCAAAGACC-3/,
GAPDH-R: 5-GGGACTTCCTGTAACGC-3'.

Cell transfection
Purchasing lung cancer cell lines from the American
Type Culture Collection (ATCC, Manassas, VA, USA),
the cells were maintained in Dulbecco’s Modified Eagle
Medium (DMEM) that contained fetal bovine serum
(10% FBS) and cultured at 37 °C under the conditions of
5% CO, and saturated humidity. An inverted microscope
was adopted to observe the growth of lung cancer cells.
As A549 cells andNCI-H1299 cells reached 70-80% con-
fluence, they were harvested with trypsin and sub-pas-
saged. Lipofectamine 2000 (Invitrogen; Thermo Fisher
Scientific, Inc.) was adopted to proceed transfection
following the protocol of manufacturer. A549 and NCI-
H1299 cell lines were divided into four groups: control
group, miR-144-3p group, miR-144-3p 4 vector group
and miR-144-3p+HGF group. A549 and NCI-H1299
cells were transfected with scrambled control mimics,
miR-144-3p mimic, respectively or co-transfected with
miR-144-3p plus vector or miR-144-3p plus HGF. Used
sequences were shown as below:

miR-NC: 5'-UCACAGUGAACCGGUCUCUUU-3/,

miR-144-3p mimics: 5'-GGAUAUCAUCAUAUACUG
UAAG-3'.

Luciferase reporter assays

Online databases, which included EEIMMO and miRanda-
mirSVR (microRNA.org), were used to predict the
potential target genes of miR-144-3p. Reporter vectors
that contained wild-type (WT) or mutant (Mut) HGF3'-
untranslated region (UTR) were constructed. A549 cells
were co-transfected with miR-144-3p mimics or negative
control miRNA mimics (pMIR-Control), together with
reporter vectors. According to the recommendations of
the manufacturer, Luciferase activity was determined
through the Dual-Luciferase Reporter Assay System
(Promega, Madison, W1, USA).
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Western blot

All of protein coming from transfected cells (about
2 x 10° cell each group) was extracted and subjected
to sodium dodecylsulfate polyacrylamide gel elec-
trophoresis (SDS-PAGE), then transferred on polyvi-
nylidene difluoride membranes. This assay was carried
out as previously described [11] with primary antibod-
ies against HGF (1:500, Sigma-Aldrich; Merck KGaA).
The protein samples were then cultured together with
a secondary antibody (Abcam, Cambridge, MA, USA).
GAPDH was chosen as the internal control.

Cell proliferation assay

The Cell Counting Kit-8 (CCK-8) assay was performed
with an aim of detecting lung cancer cell prolifera-
tion. Briefly, transfected A549 cells (100 pl/well) and
NCI-H1299cells (100 pl/well) were inoculated into
96-well plates with culturing condition maintained at
37 °C and 5% CO,. The proliferation of A549 and NCI-
H1299 cells was measured at 3 days adopting CCK-8,
following the protocol of the manufacturer. The optical
density (OD) value at 490 nm was measured using an
automatic microplate reader. The assay was performed
in triplicate.

Transwell invasion

Detecting invasions of A549 and NCI-H1299 cells was
achieved by Transwell invasion assay. Briefly, trans-
fected A549 and NCI-H1299 cells were harvested
and propagated (about 2 x 10° cells each group), then
inoculated to the top chamber (10° cells/chamber) and
maintained under standard conditions for 24 h. Subse-
quently, transmigrated-cells were fixed and dyed, and
counted using an inverted microscope. The assay was
performed in triplicate; five random visual fields were
selected for each chamber.

Wound-healing assay

Detecting migration of A549 cells and NCI-H1299
cells was achieved by Wound-healing assay. Briefly,
A549 and NCI-H1299cells were seeded into 6-well
plates after transfection (2 x 10°cells/well) and cultured
under standard conditions. A wound was produced by a
200 pl sterile pipette tip to scrape monolayer-cell. Fresh
medium was added and the plate was cultured for 24 h.
Using an inverted microscope to gain the images, the
area covered by cells due to migration into the artificial
wound was observed.

Cell cycle measurement
Flow cytometry was adopted to observe cell cycle dis-
tribution. Transfected cells (2 x 10° cell each group)
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were suspended in PBS and stained with 10 pl Annexin
V-FITC as well as 5 ul PI reagents about 15 min away
from light at room temperature. Adopting FACSCali-
bur flow cytometer (BD Biosciences, Franklin Lakes,
NJ, USA), we measured cell proportion in S-phase, fol-
lowed by analyzing the obtained data with Cell Quest
software (BD Biosciences).

Mouse xenograft model in vivo

Establishing a mouse xenograft model to explore the func-
tional role of miR-144-3p in vivo, A549 cells were allowed
to be plated in six-well plate, then transfected with miR-
144-3p (miR-144-3p group) or control mimics (miR-NC
group). Nude mice accepted the subcutaneous injection of
these treated cells on the left flank (BALB/c, from Experi-
mental Animal Center, Chinese Academy of Sciences). The
above procedures were conducted based on the national
(D.L.n.26, March 4, 2014) and international laws and poli-
cies (Directive 2010/63/EU). This study had received the
approval from the Animal Experimental Ethics Committee,
Ningde Municipal Hospital of Ningde Normal University.
Mice were randomized into two groups with each group
having 8 mice, which included control group (treated with
control mimics) and miR-144-3p group (treated with miR-
144-3p). When measuring tumor volume, the formula was:
V=(LxW?) x0.5, with L and W respectively represent-
ing the length and width. Mouse tumors were dissected
out using a sterile scalpel, separated from skin carefully,
weighed at day 21 post-inoculation, and then preserved in
4% paraformaldehyde for further analysis. The procedures
were in accordance with the Guide for the Care and Use of
Laboratory Animals (The 8th edition, NIH).

Immunohistochemistry

Immunohistochemical (IHC) staining of tumor tissues
was conducted as previously described [21]. An antibody
against HGF protein (1:100, Boster, Hubei, China) was
incubated with the tissue samples, and the stained samples
were examined under a light microscope.

Statistical analysis

Experimental data are presented as the mean = standard
deviation. When making multiple group comparisons, one-
way analysis of variance was performed, while Student’s
t-test was adopted to make a two-group comparison. It was
considered to have statistical significance if P<0.05.

Results

MiR-144-3p expression levels in lung tissue samples

and various cell lines

In order to explore the specific and potential role of
miR-144-3p in lung cancer development, RT-qPCR was
adopted to assess miR-144-3p expression in clinical
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specimens and various cell lines. Lung cancer tissues
displayed attenuated miR-144-3p expression when com-
pared to adjacent normal lung tissues (Fig. la). Addi-
tionally, miR-144-3p levels were markedly reduced in
metastatic tumor tissues when making a comparison with
non-metastatic tumor tissues (Fig. 1b). In lung cancer cell
lines, RT-qPCR results indicated the miR-144-3p expres-
sion in six lung cancer cell lines was obviously and statis-
tically decreased when compared with normal lung cells
(Fig. 1c). Moreover, miR-144-3p levels in tumors>5 cm
in size were decreased in comparison to tumors <5 cm in
size (Fig. 1d). Taken these results together, it is suggested
that miR-144-3p could have a close link with lung cancer
development and its progression.

MiR-144-3p regulates HGF via directly targeting HGF

Using bioinformatics analysis, hepatocyte growth fac-
tor (HGF) was recognized and identified as a putative
target of miR-144-3p (Fig. 2a). In order to further assess
whether miR-144-3p may bind to 3’-UTR of HGF or not,
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a luciferase reporter assay was performed. As indicated
in the results, miR-144-3p strongly alleviated the lucif-
erase activity of a reporter gene with the WT 3’-UTR.
However, miR-144-3p had no impacts on luciferase activ-
ity of the mutant reporter gene, suggesting that miR-
144-3p could directly bind to HGF 3/-UTR (Fig. 2b). To
better understand whether miR-144-3p regulated HGF,
RT-qPCR and western blot assays were performed. As
demonstrated in the results, transfection with miR-
144-3p resulted in markedly declining expression at not
only the mRNA level, but also protein level (Fig. 2c, d).
The transfection results are shown in Fig. 2e. Thus, it was
implied that miR-144-3p could suppress HGF expression
via direct combining with HGF 3’-Untranslated region.

HGF expression in clinical specimens and various cell lines

It has been demonstrated that HGF could significantly
promote Small Cell Lung Cancer (SCLC) cell motility
via the induction of tyrosine phosphorylation of numer-
ous cellular proteins [22]. To try to further understand
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Fig. 1 Expression levels of miR-144-3p in lung cancer tissues and various lung cancer cell lines. a RT-gPCR was used to analyze miR-144-3p
expression in lung cancer tissues and matched normal tissues. b RT-gPCR was used to analyze miR-144-3p expression in metastatic tumor tissues
and non-metastatic tumor tissues. ¢ RT-gPCR was used to analyze the miR-144-3p expression in lung cancer cell lines and normal lung cell line. d
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the role played by HGF in lung cancer, a variety of func-
tional assays were conducted to detect HGF expression.
Immunohistochemical staining demonstrated that HGF
protein in lung carcinoma tissues exhibited elevated
expression as comparing with adjacent normal tissues
(Fig. 3a). Consistent with these results, an RT-qPCR assay
revealed that mRNA levels of HGF in lung cancer tissues
were significantly increased in comparison with non-
tumor tissues from the same organ (Fig. 3b). Moreover,
after detection of HGF expression in various lung cancer
cell lines, it was shown that mRNA levels of HGF were

higher in six lung cancer cell lines compared to normal
lung cells. These results indicated that HGF may play an
essential role in lung cancer initiation and development.

Function of miR-144-3p in the phenotype of A549
andNCI-H1299 cells

Based on the aforementioned results, an additional
aim was to gain an insight about the underlying molec-
ular mechanism by which miR-144-3p regulates lung
cancer growth in vitro. It was indicated that HGF may
serve as a target of miR-144-3p during development
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of lung cancer. Using a CCK-8 assay, it was found
that miR-144-3p overexpression markedly inhibited
A549 cell proliferation, whereas this effect could be
reversed by treatment with HGF (Fig. 4a). In addition,
flow cytometry analysis indicated that miR-144-3p
made the proportion of cells in S-phase statistically
significantly decreased. By contrast, such response
was abrogated by overexpression of HGF (Fig. 4b).
Furthermore, Transwell assay and wound-healing
assay were conducted to evaluate cell migration, with
results indicating that miR-144-3p exhibited an inhibi-
tory impact on A549 cell migration, while transfection
with HGF abrogated this response (Fig. 4c, d). The

aforementioned results were repeated in NCI-H1299
cells, and we found that the results were consistent
with A549 cells; miR-144-3p over-expression markedly
suppressed proliferative ability of NCI-H1299 cells,
while flow cytometry analysis indicated that miR-
144-3p significantly reduced the proportion of cells
in the S-phase. By contrast, these inhibitory effects
were abrogated by HGF (Fig. 5a—d). In summary, these
findings demonstrated that HGF, as a downstream
gene, may be implicated in miR-144-3p regulation of
the development of lung cancer. This suggests a novel
pathway that could inform lung cancer diagnosis as
well as its therapy.
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MiR-144-3p inhibits tumor growth in vivo

Constructing a mouse xenograft tumor model to further
explore miR-144-3p’s function in vivo, the tumor volume
was closely monitored after injection of A549 cells that
were transfected with miR-144-3p mimics or control

mimics. Treatment with miR-144-3p led to tumor weight
and volume being statistically significantly reduced (Fig.
6a, b). In addition, the results of an RT-qPCR assay indi-
cated that miR-144-3p expression at mRNA levels was
higher in mice tumor tissues comparing with the controls
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(Fig. 6¢). IHC analysis indicated that the expression of
PNCA (a marker of cell proliferation) that was essen-
tial for DNA replication was suppressed by treatment
with miR-144-3p (Fig. 6d). The above presented results
indicated miR-144-3p exerted inhibitory effects on lung
cancer.

Discussion

MiRNAs are critical regulators involved in tumorigenesis
[23, 24]. Epithelial-to-mesenchymal transition (EMT)
appears to be crucial process in lung cancer cell invasion
and metastasis, and Hepatocyte growth factor (HGF) is
reported to make contribution to EMT in cancer devel-
opment [25], which includes liver cancer [26], colorectal
carcinoma [27], and prostate cancer [28]. As presented
in this study, we found evidence that miR-144-3p exerts
an inhibitory effect on lung cancer cell metastasis. More
importantly, miR-144-3p/HGF signaling pathway could
be an important regulator in EMT in lung cancer cell
metastasis.

As observed in previous studies, aberrant downregula-
tion of miR-144-3p has appeared in some types of can-
cers. For instance, miR-144-3p exhibited a significant
down-regulation in osteosarcoma tissues and cell lines
[29]. As for rectal cancer, miR-144-3p overexpression
repressed rectal cancer cell viability, migration as well as
proliferation [30]. Based on these results, it is indicated
that miR-144-3p could affect tumor cellular proliferation
and invasion in a variety of pathways and channels [31].
In keeping with this, we collected data from clinical lung
cancer samples, and found that miR-144-3p expression
was significantly reduced in lung tumor tissues compared
to adjacent normal human lung tissues. Moreover, miR-
144-3p expression was negatively associated with tumor
tissues and tumor size. Similarly, in vitro observations
indicated that miR-144-3p displayed a reduced expres-
sion in various lung cancer cell lines when comparing to
normal lung cells, suggesting that miR-144-3p could play
a critical role in lung cancer cellular proliferation.

Although the fact of miR-144-3p down-regulation in
cancers has been demonstrated previously, the under-
lying mechanism of the involvement of miR-144-3p
remains poorly understood. Using bioinformatics anal-
ysis, we found that HGF served as a potential target of
miR-144-3p. As showed in luciferase reporter assay,
miR-144-3p could directly bind to the HGF 3/-UTR.
Moreover, RT-qPCR and western blot assays implied
that miR-144-3p regulated HGF expression not only
at mRNA level but also at protein level. HGF could
activate the c-Met signal transduction cascade, drive
both cancer cell invasion and metastasis and allow/
proliferate/induce tumor cellular survival in blood-
stream due to an absence of anchorage [8, 32-34]. As
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demonstrated in several studies, higher HGF levels in
serum of patients suffering from mammary cancer are
correlated with worse survival and distant metastasis
[35-37]. It is worth noting that HGF levels appeared
statistically significantly higher in patients suffering
from SCLC compared to healthy controls [38]. HGF/c-
met signal transduction appears to have a close relation
with lung cancer occurrence, invasion and metastasis.
Wang et al. [39] found c-Met exhibited a high expres-
sion in SCLC tissues and cells; c-Met knockdown could
result in a reduction in both proliferation and invasive-
ness of lung cancer cells. In agreement with this, our
results indicated that HGF exhibited high expression in
lung cancer tissues and cell lines, suggesting HGF could
be a regulator contributing to lung cancer development.

Growing evidence has indicated that HGF can induce
c-Met activation, which promotes membrane ruffling,
motility, migration and other tumor-related activities in
lung cancer [40—43]. In addition, the molecular mecha-
nism of HGF/c-Met is responsible for enhancing cancer
cell invasion, proliferation, survival and morphogenesis
via signaling pathways, such as PI3k/Akt, Ras/MAPK
and JAK/STAT [44, 45]. In vitro, we observed the phe-
notype changes of A549 cells when transfected with
HGF and miR-144-3p. As reported in a previous study,
miR-144-3p may drive cell proliferation, migration as
well as invasion in nasopharyngeal carcinoma by sup-
pressing phosphatase and tensin homolog (PTEN)
[46]. In response to knockdown of doublecortin and
CaM kinase-like-1(DCAMKL-1), miR-144-3p level
was increased, which in turn repressed pancreatic can-
cer EMT [47]. A549 cells are adenocarcinomic human
alveolar basal epithelial cells, and have been regarded
as testing grounds for brand new drugs—for instance,
paclitaxel, docetaxel, and bevacizumab—both in vitro
and in vivo. As found in this study, miR-144-3p attenu-
ated proliferation and migration ability of A549 cells,
as well as reduced the proportion of S-phase cells. This
was also supported by an in vivo experiment, which
totally complied the the regulations of the Ethics Com-
mittee of Ningde Normal University and the Guide for
the Care and Use of Laboratory Animals. We found
that miR-144-3p suppressed tumor growth and volume,
and also inhibited proliferation in vivo. In contrast,
the inhibitory function of miR-144-3p was reversed
by overexpression of HGF. The shortcomings is that
we have not inhibited the mRNA of HGF (by siRNA/
shRNA) to identify the same phenotype as the over-
expression of miR-144-3p, which might be detected in
our future research. These observations support the
proposal that miR-144-3p takes part in lung cancer
development by targeting HGF. After conducting CCK-
8, flow cytometry, Transwell and wound-healing assays
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in NCI-H1299 cells, we found that the experimental
results were consistent with A549 cells.

Conclusions

In summary, our work provides novel insight into real
role and function of miR-144-3p expression in lung can-
cer cells. MiR-144-3p can function as a potential inhibi-
tor to suppress lung cancer development by binding to
HGE, and miR-144 could serve as an effective biomarker
in lung cancer diagnosis.

Acknowledgements
The data and materials in the current study are available from the correspond-
ing author on reasonable request.

Author contributions

GF and QX drafted the manuscript. CZ and ZP collected the samples. ZL
and MT performed the experiments and data analysis. All authors read and
approved the final manuscript.

Funding
Not applicable.

Availability of data and materials
The data and materials in the current study are available from the correspond-
ing author on reasonable request.

Declarations

Ethics approval and consent to participate

All, the study and Obtained specimens were approved by the Ethics Commit-
tee of Ningde Municipal Hospital of Ningde Normal University. The informed
consent was also signed by patients' family members. The study has been
carried out in accordance with the World Medical Association Declaration of
Helsinki. All methods were carried out in accordance with relevant guidelines
and regulations of the Basel Declaration. All experimental protocols were
approved by the Ethics Committee of Ningde Municipal Hospital of Ningde
Normal University and our study is reported in accordance with ARRIVE
guidelines.

Consent for publication
Not applicable.

Competing interests
All authors declare that they have no competing interests.

Received: 3 December 2021 Accepted: 26 April 2022
Published online: 14 May 2022

References

1. HeL, Hannon GJ. MicroRNAs: small RNAs with a big role in gene regula-
tion. Nat Rev Genet. 2004;5(7):522-31.

2. WuQ Hwang CK, Zheng H, et al. MicroRNA 339 down-regulates p-opioid
receptor at the post-transcriptional level in response to opioid treatment.
FASEB. 2013;27(2):522-35.

3. Uhlmann S, Mannsperger H, Zhang JD, et al. Global microRNA level requ-
lation of EGFR-driven cell-cycle protein network in breast cancer. Mol Syst
Biol. 2014,8(1):570-570.

4. Trionfini B, Benigni A. MicroRNAs as master regulators of glo-
merular function in health and disease. J Am Soc Nephrol JASN.
2017;28(6):ASN.2016101117.

5. Lorenzen JM, Haller H, Thum T. MicroRNAs as mediators and therapeutic
targets in chronic kidney disease. Nat Rev Nephrol. 2011,7(5):286-94.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

Page 11 of 12

LiuT, Shen D, Xing S, et al. Attenuation of exogenous angiotensin |l
stress-induced damage and apoptosis, in human vascular endothelial
cells via microRNA-155 expression. Int J Mol Med. 2013;31(1):188-96.
Rissland OS, Hong SJ, Bartel DP. MicroRNA destabilization enables
dynamic regulation of the miR-16 family in response to cell cycle
changes. Mol Cell. 2011;43(6):993-1004.

Gao D, Vahdat LT, Wong S, et al. Microenvironmental regulation of epi-
thelial-mesenchymal transitions in cancer. Can Res. 2012;72(19):4883.
Hayes J, Peruzzi PP, Lawler S. MicroRNAs in cancer: biomarkers, func-
tions and therapy. Trends Mol Med. 2014;20(8):460-9.

Liloglou T, Maloney P, Xinarianos G, Hulbert M, Walshaw MJ, Gos-

ney JR, Turnbull L, Field JK. Cancer-specific genomic instability in
bronchial lavage: a molecular tool for lung cancer detection. Can Res.
2001,61(4):1624.

. Chen S, Li P Li J, et al. MiR-144 inhibits proliferation and induces

apoptosis and autophagy in lung cancer cells by targeting TIGAR.

Cell Physiol Biochem Int J Exp Cell Physiol Biochem Pharmacol.
2015;35(3):997-1007.

Wang XC, Tian LL, Jiang XY, et al. The expression and function of miRNA-
457 in non-small cell lung cancer. Cancer Lett. 2011;311(2):203-9.

Lan F, Yue X, Ren G, et al. miR-15a/16 enhances radiation sensitivity of
non-small cell lung cancer cells by targeting the TLR1/NF-kB signaling
pathway. Int J Radiat Oncol Biol Phys. 2015;91(1):73-81.

Wu J, Zhao'Y, Li F, Qiao B. MiR-144-3p: a novel tumor suppressor targeting
MAPKG in cervical cancer. J Physiol Biochem. 2019;75(2):143-52.

Namlas HM, Meza-Zepeda LA, Baray T, et al. Modulation of the
osteosarcoma expression phenotype by microRNAs. PLoS ONE.
2016;7(10):e48086.

Chan JA, Krichevsky AM, Kosik KS. MicroRNA-21 is an antiapoptotic factor
in human glioblastoma cells. Can Res. 2005;65(14):6029-33.

Akiyoshi S, Fukagawa T, Ueo H, et al. Clinical significance of miR-144-ZFX
axis in disseminated tumour cells in bone marrow in gastric cancer cases.
BrJ Cancer. 2012;107(8):1345-53.

CaoT, LiH, HuY, et al. miR-144 suppresses the proliferation and metas-
tasis of hepatocellular carcinoma by targeting E2F3. Tumor Biology.
2014,35(11):10759-64.

Li M, LiuY, Jiang X, et al. Inhibition of miR-144-3p exacerbates non-small
cell lung cancer progression by targeting CEP55. Acta Biochim Biophys
Sin (Shanghai). 2021;53(10):1398-407.

Liu M, Gao J, Huang Q, et al. Downregulating microRNA-144 mediates

a metabolic shift in lung cancer cells by regulating GLUT1 expression.
Oncol Lett. 2016;11(6):3772—6.

Ma PC, Jagadeeswaran R, Jagadeesh S, et al. Functional expression

and mutations of c-Met and its therapeutic inhibition with SU11274

and small interfering RNA in non-small cell lung cancer. Can Res.
2005;65(4):1479-88.

Ma PC, Tretiakova MS, Nallasura V, et al. Downstream signalling and
specific inhibition of c-MET|[soll|HGF pathway in small cell lung cancer:
implications for tumour invasion. Br J Cancer. 2007,97(3):368-77.
Chiyomaru T, Yamamura S, Fukuhara S, et al. Genistein up-regulates tumor
suppressor microRNA-574-3p in prostate cancer. PLoS ONE. 2013;8(3):
e58929.

An J,PanY,Yan Z, et al. MiR-23a in amplified 19p13.13 loci targets
metallothionein 2A and promotes growth in gastric cancer cells. J Cell
Biochem. 2013;114(9):2160-9.

Liu F, Song S, Yi Z, Zhang M, et al. HGF induces EMT in non-small-cell lung
cancer through the hBVRpathway. Eur J Pharmacol. 2017;811:180-90.
Huang X, Gan G, Wang X, XuT, Xie W. The HGF-MET axis coordinates liver
cancer metabolism and autophagy for chemotherapeutic resistance.
Autophagy. 2019;15(7):1258-79.

Wanandi SI, Hilbertina N, Siregar NC, Abdullah M, Jeo WS. Cancer-
associated fibroblast (CAF) secretomes-induced epithelial-mesenchymal
transition on HT-29 colorectal carcinoma cells associated with hepato-
cyte growth factor (HGF) signalling. J Pak Med Assoc. 2021;71 Supp
2(2):518-24.

HanY, LuoY,Wang, Chen, Li M, Jiang Y. Hepatocyte growth factor
increases the invasive potential of PC-3 human prostate cancer cells via
an ERK/MAPK and Zeb-1 signaling pathway. Oncol Lett. 2016;11(1):753-9.
Zhao M, Huang J, Gui K; et al. The downregulation of miR-144 is associ-
ated with the growth and invasion of osteosarcoma cells through the
regulation of TAGLN expression. Int J Mol Med. 2014;34(6):1565-72.



Fang et al. Journal of Cardiothoracic Surgery

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

(2022) 17:117

Kalimutho M, Del VBG, Di CS, et al. Differential expression of miR-144* as a
novel fecal-based diagnostic marker for colorectal cancer. J Gastroenterol.
2011;46(12):1391-402.

Guan H, Liang W, Xie Z, et al. Down-regulation of miR-144 promotes
thyroid cancer cell invasion by targeting ZEB1 and ZEB2. Endocrine.
2015;48(2):566-74.

Gentile A, Trusolino L, Comoglio PM. The Met tyrosine kinase receptor in
development and cancer. Cancer Metastasis Rev. 2008;27(1):85.

Kataoka H, Shimomura T, KawaguchiT, et al. Hepatocyte growth factor
activator inhibitor type 1 is a specific cell surface binding protein of
hepatocyte growth factor activator (HGFA) and regulates HGFA activity in
the pericellular microenvironment. J Biol Chem. 2000,275(51):40453.
Husmann K, Ducommun P, Sabile AA, et al. Signal transduction and
downregulation of C-MET in HGF stimulated low and highly meta-

static human osteosarcoma cells. Biochem Biophys Res Commun.
2015;464(4):1222.

Taniguchi T, Toi M, Inada K, et al. Serum concentration of hepatocyte
growth factor in breast cancer patients. Cancer Epidemiol Biomarkers
Prev. 1995;1(9):1031-4.

Feng Y, Minca EC, Lanigan C, et al. High MET receptor expression but not
gene amplification in ALK 2p23 rearrangement positive non-small-cell
lung cancer. J Thorac Oncol. 2014;9(5):646.

Umeguchi H, Sueoka-Aragane N, Kobayashi N, et al. Usefulness of plasma
HGF level for monitoring acquired resistance to EGFR tyrosine kinase
inhibitors in non-small cell lung cancer. Oncol Rep. 2015;33(1):391-6.
Bharti A, Ma PC, Maulik G, et al. Haptoglobin alpha-subunit and hepato-
cyte growth factor can potentially serve as serum tumor biomarkers in
small cell lung cancer. Anticancer Res. 2004;24(2C):1031-8.

Wang ZX, Lu BB, Yang JS, et al. Adenovirus-mediated siRNA targeting
c-Met inhibits proliferation and invasion of small-cell lung cancer (SCLC)
cells. J Surg Res. 2011;171(1):127-35.

Maulik G, Kijima T, Ma PC, et al. Modulation of the c-Met/hepatocyte
growth factor pathway in small cell lung cancer. Clin Cancer Res.
2002;8(2):620-7.

Matsumoto K, Nakamura T. Emerging multipotent aspects of hepatocyte
growth factor. J Biochem. 1996;119(4):591-600.

Siegfried JM, Weissfeld LA, Luketich JD, Weyant RJ, Gubish CT, Landreneau
RJ. The clinical significance of hepatocyte growth factor for non-small cell
lung cancer. Ann Thorac Surg. 1998;66(6):1915.

Olivero M, Rizzo M, Madeddu R, et al. Overexpression and activation of
hepatocyte growth factor/scatter factor in human non-small-cell lung
carcinomas. Br J Cancer. 1996;74(12):1862.

Trusolino L, Comoglio PM. Scatter-factor and semaphorin receptors: cell
signalling for invasive growth. Nat Rev Cancer. 2002;2(4):289-300.
Mariani M, McHugh M, Petrillo M, et al. HGF/c-Met axis drives cancer
aggressiveness in the neo-adjuvant setting of ovarian cancer. Oncotarget.
2014,5:4855-67.

Zhang LY, Hofun LV, Wong AM, et al. MicroRNA-144 promotes cell prolif-
eration, migration and invasion in nasopharyngeal carcinoma through
repression of PTEN. Carcinogenesis. 2013;34(2):454.

Sureban SM, May R, Lightfoot SA, et al. DCAMKL-1 regulates epithelial-
mesenchymal transition in human pancreatic cells through a miR-
200a-dependent mechanism. Can Res. 2011;71(6):2328-38.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 12 of 12

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions




	MiR-144-3p inhibits the proliferation and metastasis of lung cancer A549 cells via targeting HGF
	Abstract 
	Aim: 
	Methods: 
	Results: 
	Conclusions: 

	Introduction
	Materials and methods
	Clinical tissue specimen
	RT-qPCR
	Cell transfection
	Luciferase reporter assays
	Western blot
	Cell proliferation assay
	Transwell invasion
	Wound-healing assay
	Cell cycle measurement
	Mouse xenograft model in vivo
	Immunohistochemistry
	Statistical analysis

	Results
	MiR-144-3p expression levels in lung tissue samples and various cell lines
	MiR-144-3p regulates HGF via directly targeting HGF
	HGF expression in clinical specimens and various cell lines
	Function of miR-144-3p in the phenotype of A549 andNCI-H1299 cells
	MiR-144-3p inhibits tumor growth in vivo

	Discussion
	Conclusions
	Acknowledgements
	References


