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Abstract
Background: Although dysfunction of microRNA-103a (miR-103a) has been implicated in various
cancers, its relevance in non-small cell lung cancer (NSCLC) is unsettled. This study was designed with
an aim to examine the molecular mechanism underlying the regulatory role of miR-103a in NSCLC.

Methods: Kaplan-Meier analysis was carried out to study the correlation between overall survival of
NSCLC patients and miR-103a expression. RT-qPCR and Western blot were applied to evaluate the
expression of relevant genes in tissues and cells. Sphere formation, MTS, �ow cytometry as well as
Transwell assays were conducted for characterizing the stemness. Dual-luciferase reporter gene assays
were applied to clarify the binding relationship between miR-103a and ovarian tumor domain-containing
ubiquitin aldehyde binding protein 1 (OTUB1).

Results: miR-103a expression was diminished in NSCLC tissues and cells, whereas OTUB1 expression
was increased. Higher miR-103 expression indicated better prognosis for patients with NSCLC. After
overexpression of miR-103a, the cell viability and stemness were diminished, while the cycle arrest and
apoptosis rate were facilitated, and the expression of p-YAP decreased signi�cantly. The opposite trends
were observed after miR-103a silencing. miR-103a lowered the expression of OTUB1, while
overexpression of OTUB1 blocked the inhibition effects of miR-103a on NSCLC.

Conclusion: miR-103a/OTUB1/Hippo axis plays a possible role in modulating the malignant behavior and
stemness of cells which might function as a possible therapeutic option for the management of NSCLC.

Introduction
Lung cancer, a kind of heterogeneous tumor, could be divided into non-small cell lung carcinoma (NSCLC,
which can be further divided into adenocarcinoma, large cell carcinoma and squamous cell carcinoma)
and small cell lung carcinoma [1, 2]. In the United States, lung cancer is estimated to be responsible for
almost one-quarter of all cancer-related deaths (about 135,720 deaths) in 2020 [3]. In general, lung cancer
patients at early stage are treated with surgery, while patients at advanced stage or with metastases
undergo chemotherapy [4]. The 5-year survival rate for patients with lung cancer in the United States is
15.6%, and even though some enhancements in survival have been achieved during the past few
decades, the advances was not as substantial as that in other malignancies [5]. Cancer stem cells (CSCs)
are de�ned as the reservoir of tumor cells since they display the property of self-renewal and the
competence of reestablishing a heterogeneous cancer cell population [6]. Therefore, further clari�cation
of the molecular mechanisms of CSCs might offer novel insights for the treatments of NSCLC.

MicroRNAs (miRNAs) are noncoding RNAs of about 22 nt in length, and dysfunction of miRNAs may
participate in various events of tumorigenesis by mediating cell cycle, apoptosis and migration [7].
Interestingly, several miRNAs, including miR-124a and miR-181b have been reported to inhibit stemness
of CSCs and to overcome drug resistance in NSCLC [8, 9]. In addition, miR-103a-3p expression was
remarkably reduced in NSCLC tissues and cell lines, which was tightly correlated with dismal survival of
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NSCLC sufferers [10]. Moreover, miR-103a-3p was engaged in the tumor-suppressor role of linc00152
depletion in glioma stem cells [11]. However, its role in CSCs of lung cancer has yet to be clari�ed. As a
consequence, we postulated that miR-103a exerts regulatory functions over CSCs in NSCLC. Located
within locus 11q13.1, ovarian tumor domain-containing ubiquitin aldehyde-binding protein 1 (OTUB1) is
expressed in a great range of human tissues, and OTUB1 knockdown in the A549 cells suppressed soft
agar colony formation and xenograft tumor growth [12]. Besides, OTUB1 was revealed as a biomarker in
the pathogenesis of gliomas and has the potency to be applied as a clinical biomarker for glioma in the
future [13]. In this report, the expression pattern of miR-103a in NSCLC patients was surveyed to
determine the prognostic values of miR-103a in NSCLC. Moreover, we revealed the probable molecular
mechanism of miR-103a in CSCs of NSCLC through regulating OTUB1.

Material And Methods
Collection of tissue samples

NSCLC tissues and adjacent normal lung tissues (at least 5 cm away from tumor tissues) were harvested
from 73 patients diagnosed with primary NSCLC and underwent tumor resection at Jiangxi Tumor
Hospital from December 2013 to June 2015. None patients received radiotherapy or chemotherapy before
surgery. Patients combined with other chronic diseases were excluded. A proportion of obtained tissues
were snap frozen and kept in liquid nitrogen at -80°C to extract RNA. The other portion was �xed in
neutral formalin followed by routine para�n embedding and pathologic observation to determine the
histological type of lung cancer by at least two pathologists. Epidermal growth factor receptor (EGFR)
mutation status in patient tissues was assessed by real-time PCR using the PNA-Clamp™ EGFR Mutation
Detection Kit (PANAGENE, Daejeon, South Korea). The patients were visited every three months to collect
and record the prognostic survival. The detailed information of all patients is listed in Table 1.

Cell treatment and transfection

The cultured two normal lung epithelial cell lines Beas-2B and HBE, NSCLC cell lines 95D, A549, NCI-H520,
NCI-H460 and H1299 as well as human embryonic kidney 293T (HEK293T) cells were from ATCC. No
mycoplasma contamination was con�rmed by the cellosaurus query website. Normal lung epithelial cell
lines Beas-2B and HBE were cultured in LHC-9 medium. 95D, A549, NCI-H520, NCI-H460, H1299 and
HEK293T cells were grown in Dulbecco’s modi�ed Eagle’s medium (DMEM, Invitrogen, Carlsbad, CA) with
1% penicillin/streptomycin (Invitrogen) and 10% fetal bovine serum (HyClone, Logan, UT) in a 5% CO2

incubator at 37°C.

The A549 cells were trypsinized and resuspended into 1 × 103 cells/mL single cell suspension with
serum-free DMEM/F12 culture medium containing epidermal growth factor, basic �broblast growth
factor, insulin, bovine serum albumin, B27 and glucose. The culture �ask was vertically placed in the
incubator and shaken 5 times a day to observe the formation of microspheres. Half of the medium was
renewed once every 2 days, and the cells were passaged every 6 days. The microspheres in logarithmic
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growth phase were collected, detached with Accutase, triturated into single cells and incubated with
Hoechst 33342. Flow cytometry was applied to detect the side population (SP) cells. When the proportion
of the SP cells reached 25%, all spheres were collected and made into a single cell suspension with
phosphate buffered saline (PBS). The cell suspension was incubated with the monoclonal antibody
labeled with �uorescence to sort CD133+ and CD44+ cells as A549 stem cells with a �uorescent activated
cell sorter.

Negative control (NC) mimic, miR-103a mimic, NC inhibitor, miR-103a inhibitor, overexpressed (oe)-NC, oe-
OTUB1 vectors were generated by Life technologies (Grand Island, NY) and delivered into the cells to a
�nal concentration at 20 nM. According to the instructions for FuGENE6 transfection reagent (Promega,
Madison, WI), A549 cells were cultured overnight and transfected once reaching 60% con�uence. Cells
were collected 24 h or 48 h after transfection.

Reverse transcription quantitative polymerase chain reaction (RT-qPCR)

Total RNA was extracted from cells and tissues using Trizol (Invitrogen). Nanodrop spectrophotometer
2000 (1011U, NanoDrop Technologies, Wilmington, DE) was applied to determine the concentration and
purity of total RNA. The reverse transcription was performed according to the TaqMan MicroRNA Assays
Reverse Transcription primer (4427975, Applied Biosystems, Inc., Foster City, CA) instructions to produce
cDNA. The qPCR primers were all commissioned to Sangon Biological Engineering Technology & Services
Co., Ltd. (Shanghai, China) for synthesis (Table 2). ABI 7500 quantitative PCR instrument (7500, ABI,
Oyster Bay, NY) was used for real-time �uorescence quantitative PCR detection. U6 and glyceraldehyde-3-
phosphate dehydrogenase (GAPDH) were used as endogenous controls for detection of miRNA and gene
expression, respectively. Relative quanti�cation (2-ΔΔCt) method was used for fold changes’ calculating.

Bioinformatics analysis

Differences in the expression of miR-103a and OTUB1 between NSCLC tissues and normal control tissues
were detected by The Cancer Genome Atlas (TCGA) database (https://www.cancer.gov/). The target
genes of miR-103a were obtained by TargetScan (http://www.targetscan.org/vert_72/), microT-CDS
(http://snf-515788.vm.okeanos.grnet.gr/index.php) and StarBase (http://starbase.sysu.edu.cn/), followed
by Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway analysis
(https://www.kegg.jp/kegg/pathway.html).

3-(4,5-dimethylthiazol-2-yl)-5-(3-carboxymethoxyphenyl)-2-(4-sulfophenyl)-2H-tetr-azolium (MTS) assay

A549 cells were plated in a 96-well plate (Corning Co, Corning, NY) at a rate of 1 × 103 cells each well and
cultured with 5% CO2 at 37°C. The cell viability was detected in each group using a CellTiter96 Aqueous
One Solution Cell Proliferation Assay Kit (Promega) after 24 h of cell transfection. The cells were grown
for 2 h with MTS reagent at 37°C under 5% CO2. The optical density (OD) value at 490 nm was measured
using a SpectraMax 340PC384 microplate reader to assess cell proliferation.
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Flow cytometry

After 48 h of transfection, the cells at the con�uence of 80%-90% were detached with trypsin and �xed
with 70% ethanol in PBS at -20°C overnight. Cell suspension (1 × 106 cells/mL) was incubated with 50
μg/mL propidium iodide in PBS avoiding light for 10 min. The apoptosis and cycle distribution of the
cells was determined using an Attune NxT �ow cytometer (Thermo Fisher Scienti�c Inc., Waltham, MA).

Determination of cell migration and invasion

Matrigel (Corning) was diluted with Roswell Park Memorial Institute (RPMI)-1640 medium (Solarbio,
Beijing, China) and added into the chamber dropwise. Cells suspended in RPMI-1640 medium (1 × 104

cells/mL) were seeded into 6-well plates, while 500 μL RPMI-1640 medium supplemented with 10% fetal
bovine serum was placed in the basolateral chamber. After an incubation for 24 h at 37°C with 5% CO2,
the cells in the basolateral chamber were washed with PBS, �xed in 4% paraformaldehyde for 30 min at
room temperature and stained with 0.5% crystal violet for 30 min. After being �xed with neutral gum
(Sigma-Aldrich Chemical Company, St Louis, MO, USA), �ve visual �elds were randomly selected under an
inverted microscope (Eclipse Ti, Nikon, Japan) for photograph and calculating the invaded cell number.
Matrigel was not added in the cell migration assay, and the other steps were the same as the invasion
assay.

Sphere formation assay

The pretreated cells were resuspended in DMEM/F12 medium (500-1000 cells/mL) and then cultured for
12 days in 6-well ultra-low attachment petri dishes (Corning). The number and size of tumor spheres were
counted and measured using a contrast microscope (EVOS M7000, Nikon, Japan) at the 12th day to
analyze the growth of tumor spheres.

Western blot

After 48 h of cell transfection, the cells were lysed on ice with radio immunoprecipitation assay solution,
and centrifuged at 20000 × g for 10 min at 4°C to gather the supernatant. Subsequently, 15 μg total
protein was subjected to 12% sodium dodecyl sulfate polyacrylamide gel electrophoresis, and then
electroblotted onto a nitrocellulose membrane. Protein concentrations were determined with a
bicinchoninic acid assay kit (Abcam Inc., Cambridge, UK). The proteins were then incubated with primary
rabbit antibodies against OTUB1 (ab175200), YAP (ab52771) and p-YAP (ab76252) as well as goat anti-
rabbit IgG (ab97051) at 4°C. All antibodies were from Abcam. Immunoreactive bands were measured
using the enhanced chemiluminescence detection Kit (Thermo Fisher Scienti�c).

Dual‐luciferase reporter assay

Oligonucleotides in OTUB1 mRNA 3’untranslated region (3’UTR) containing targeting sequences with
miR-103a (5’-UGGCUCCAGCCCGCUGCUCUG-3’) were synthesized by GenePharma (Shanghai, China).
Meanwhile, miR-103a overexpression vector, inhibitor vector and vector containing miR-103a mutation
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were designed. The targeting sites were mutated to construct miR-103a mutant (5’-
AGCGUGGACCCCGUCACGACG-3’). The pGLO vector was selected to construct the �uorescence reporter
vector pGLO-OTUB1. The vectors were extracted using a plasmid puri�cation kit (Invitrogen). 293T cells
were cultivated in a 24-well plate. The 200 ng pGLO-OTUB1 plasmid and 20 nM miR-103a mimic, inhibitor
or mutant were co-transfected for a total of 24 h before the cell lysates were collected and the luciferase
activity was determined by the dual luciferase reporter system (E1910, Promega). Fire�y luciferase
activity was used as a normalizer.

Statistics

SPSS 22.0 statistical software (IBM Corp. Armonk, N.Y., USA) was applied for all statistical analysis. All
data are displayed as the mean ± standard deviation. Comparisons between two groups were analyzed
by paired t test (between normal tissues and tumor tissues) or unpaired t test (other two groups), while
comparisons among multiple groups were assessed by one-way or two-way analysis of variation
(ANOVA), followed by Tukey’s post hoc test. The survival of patients was evaluated using Kaplan-Meier
analysis. p value < 0.05 was symbolic of a signi�cant difference.

Results
MiR-103a is reduced in NSCLC tissues and cells

 We collected 73 samples of NSCLC tissues and matched normal lung tissues and adopted RT-qPCR to
assess the miR-103a expression in tissues samples. As shown in Figure 1A, miR-103a was decreased in
tumor tissues versus normal tissues. Then, we divided patients into high miR-103a expression and low
miR-103a expression groups according to the median value of miR-103 in 73 patients. Subsequently, the
survival analysis in NSCLC patients was conducted, which manifested that miR-103a expression was
closely correlated to the overall survival rate, and the survival rate of patients harboring high expression
of miR-103a was higher than that of patients with low expression of miR-103a (Figure 1B). Testing the
expression of miR-103a in different subtypes of NSCLC revealed that the expression of miR-103 did not
differ much among the three types of NSCLC (Figure 1C). Multifactorial analysis of the effects of age,
sex, smoking history, TNM stage, subtype, EFGR mutation status and miR-103a expression on the overall
survival of patients showed that only miR-103a was signi�cantly associated with patient survival (Table
3). Detection of miR-103a expression in the lung adenocarcinoma (LUAD)-TCGA database also revealed
that miR-103a was downregulated in cancerous tissues (Figure 1D). Next, we examined the expression of
miR-103a in Beas-2B, HBE, 95D, A549, NCI-H520, NCI-H460, H1299 cell lines. Compared with Beas-2B and
HBE cells, the expression of miR-103a was signi�cantly reduced in NSCLC cell lines (Figure 1E).
Therefore, the expression of miR-103a may link to the occurrence of NSCLC. To further explore the
regulatory relationship between miR-103a and CSCs in NSCLC, we selected A549 cells to screen and
identify SP cells for subsequent experiments (Figure 1F-H).

miR-103a inhibits apoptosis and enhances proliferation of CSCs in NSCLC
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To con�rm whether the expression of miR-103a affects the biological properties of CSCs in NSCLC. We
overexpressed and silenced miR-103a in sorted CSCs. We tested the miR-103a expression in each group
of cells by RT-qPCR, which displayed that miR-103a expression was remarkably increased or decreased
by miR-103a mimic or inhibitor versus their respective controls (Figure 2A). We then assessed the cell
proliferation by MTS. As shown in Figure 2B, cell proliferation was repressed by miR-103a mimic, while
promoted by miR-103a inhibitor. In addition, as shown in Figure 2C-D, relative to the NC mimic treatment,
the cell cycle of miR-103a mimic-treated cells was blocked in the G0/G1 phase, and the apoptosis was
markedly increased. In comparison with the NC inhibitor delivery, the proportion of cells delivered with
miR-103a inhibitor in the G0/G1 phase was signi�cantly decreased, and the cell apoptosis was reduced.

Overexpression of miR-103a inhibits migration and invasion of CSCs in NSCLC via the Hippo pathway

Next, we measured the migration and invasion capacities of CSCs by Transwell assay, which revealed
that ectopic expression of miR-103a diminished the cell migration and invasion, whereas miR-103a
depletion contributed to opposite trends (Figure 3A, B). Later sphere formation assay was conducted for
stemness assessment. Overexpression of miR-103a decreased the sphere size and number of CSCs, yet
miR-103a inhibitor facilitated the formation of spheres in both number and size (Figure 3C). In addition,
cluster analysis of miR-103a-targeted genes showed that the target genes of miR-103a were clustered in
the Hippo pathway and OTUB1 was one of the genes in this pathway. Therefore, we conjectured that miR-
103a mediated the Hippo pathway by targeting OTUB1 (Figure 3D). The impact of the Hippo signaling
pathway on the development of NSCLC has been widely accepted. To explore whether miR-103a could
affect the Hippo signaling pathway, we measured the expression of YAP and the extent of YAP
phosphorylation in cells via western blot assays (Figure 3E). The expression of YAP showed insigni�cant
difference in cells of each group. However, the extent of YAP phosphorylation was signi�cantly
attenuated by miR-103a mimic, while enhanced by miR-103a inhibitor versus their relative controls. These
results illustrated that miR-103a reduces the biological properties of CSCs with the engagement of the
Hippo signaling in NSCLC.

OTUB1 is directly targeted and inhibited by miR-103a in NSCLC cells

Subsequently, we examined OTUB1 mRNA expression in NSCLC and adjacent normal lung tissue
samples by RT-qPCR, and found that OTUB1 expression was increased in NSCLC tissue samples (Figure
4A). We then performed a correlation analysis of the expression of miR-103a and OTUB1 mRNA in NSCLC
tissue samples, and also observed a signi�cant negative correlation (Figure 4B). As predicted by the
bioinformatic website, OTUB1 expression was signi�cantly upregulated in NSCLC in the LUAD-TCGA
database (Figure 4C). To further con�rm the effect of miR-103a on translation of OTUB1 mRNA, a dual-
luciferase reporter assay was performed. Most importantly, compared with NC treatment, miR-103a
mimic reduced the luciferase activity of PGLO-OTUB1 reporter vector, while miR-103a inhibitor increased
its luciferase activity, whereas mutant vector exerted no signi�cant impact on the luciferase activity of
PGLO-OTUB1 reporter vector (Figure 4D). Therefore, we also tested the OTUB1 mRNA and protein
expression in cells after transfection by RT-qPCR (Figure 4E) as well as western blot assays (Figure 4F).
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The expression of OTUB1 was diminished by miR-103a mimic compared to NC mimic, and signi�cantly
increased by miR-103a inhibitor compared with NC inhibitor.

OTUB1 reverses miR-103a-induced repression on growth of CSCs in NSCLC

To further con�rm whether the regulation of OTUB1 by miR-103a affects the growth of CSCs in NSCLC,
we co-transfected A549 cells with NC mimic + oe-NC, miR-103a mimic + oe-NC, NC mimic + oe-OTUB1 or
miR-103a mimic + oe-OTUB1, respectively. We �rst measured the expression of miR-103a and OTUB1 in
cells after co-transfection by RT-qPCR and western blot (Figure 5A-B). From our analysis, we found that
overexpression of miR-103a signi�cantly decreased both mRNA and protein expression of OTUB1, while
overexpression of OTUB1 did not cause changes in the expression of miR-103a. As expected, miR-103a
overexpression signi�cantly decreased cell proliferation, while OTUB1 overexpression alone elevated cell
proliferation, and restored cell proliferation by inhibiting the action of miR-103a (Figure 5C). The cell cycle
distribution (Figure 5D) and apoptosis (Figure 5E) after transfection were examined by �ow cytometry,
and the results showed that the proportion of cells in G0/G1 phase and the apoptosis rate increased
signi�cantly after miR-103a mimic. By contrast, OTUB1 alone accelerated the mitotic process and
decreased apoptotic activity, and partially reversed the effects of miR-103a on the mitotic capacity and
apoptotic activity of the cells.

OTUB1 reverses miR-103a-induced impairment on stemness of CSCs and activation of the Hippo
pathway in NSCLC

The results of the cell invasion and migration assay showed that the ability of cell to invade was
signi�cantly reduced by miR-103a; and OTUB1 induced cell invasion and migration by partially inhibiting
the effect of miR-103a (Figure 6A, B). Sphere formation assays to detect the e�ciency of sphere
formation in each group of cells revealed that miR-103a attenuated the sphere formation ability of cells,
while OTUB1 elevated the sphere formation ability of cells and reversed the effect of miR-103a (Figure
6C). Lastly, we investigated whether miR-103a modulated the Hippo signaling pathway through OTUB1.
Western blot (Figure 6D) results revealed that miR-103a signi�cantly decreased the level of
phosphorylated YAP and OTUB1 signi�cantly increased the level of phosphorylated YAP and reversed the
phosphorylation inhibition caused by miR-103a.

Discussion
The overall survival rate for lung cancer is projected to be one of the lowest (19%) just behind pancreas
cancer (9%) and liver cancer (18%) in 2020 for all stages combined [3]. CSCs, characterized by the
capacities of self-renewal and differentiation, function signi�cantly in the development of different kinds
of cancers, such as melanomas and glioma [14-16]. Thus, thorough comprehension of the mechanisms
of the maintenance of CSC stemness is of great importance for the development of anti-cancer
therapeutic strategies [17]. Besides, the approach developed by Herreros-Pomares et al. allowed the
application of lung CSCs, which provides novel insights into the �eld of CSCs in NSCLC [18]. By now, no
powerful treatment targeting CSCs has been found, it is therefore even more vital to explore various CSC
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targeting measures [15]. Here, we illustrated that miR-103a expression was markedly reduced in NSCLC
tissues and cells. In addition, the downregulation of miR-103a was correlated to the unsatisfactory
survival of NSCLC patients. Furthermore, restoration of miR-103a suppressed CSC viability, migration,
invasion in addition to sphere formation, whereas potentiated apoptosis in NSCLC. OTUB1 was
recognized as a target of miR-103a. Our data further indicated that miR-103a repressed CSC cell self-
renewal and stemness through the Hippo signaling by targeting OTUB1 in NSCLC.

In the current project, we �rstly validated a signi�cant downregulation of miR-103a in NSCLC clinical
samples and cell lines. A previous work found that miR-103a was diminished in both gastric cancer cells
and clinical cancer specimens and was linked to tumor, node, metastases stage of gastric cancer [19].
Besides, miR-103a-3p was poorly expressed in bladder cancer and promoted cell proliferation and
migration via the interaction with CDK6 [20]. Moreover, miR-103a mimic led to reduced CSC viability,
migration, invasion as well as sphere formation in this report, whereas the transfection of miR-103a
inhibitor resulted in opposite trends. In a similar manner, miR-103a-3p repressed growth and metastasis
through regulating the KRAS signaling and epithelial-to-mesenchymal transition in NSCLC cells [21].
While in the current work, we clari�ed the miR-103a mimic lowered the extent of YAP phosphorylation in
NSCLC cells, indicating a correlation between miR-103a and the Hippo signaling pathway. YAP, a related
mammalian homolog of Drosophila yorkie that acts as an effector of the Hippo signaling pathway, is
often induced in malignancies and may exerted tumor-promoting properties by activating CSCs [22].
Moreover, YAP regulates key cellular functions, including proliferation control, suppression of apoptosis,
and enhancement of metastasis in many tissues, and the Hippo signaling works as an important tumor-
suppressor by negatively regulating oncogenic YAP [23]. Based on the above, poorly expressed miR-103a
was associated with the maintenance of CSC stemness through the dysfunction of the Hippo signaling
pathway.

Then, we applied an online software to identify the molecular targets of miR-103a. Interestingly, OTUB1
harbored putative binding sites with miR-103a. Besides, OTUB1 was monitored to be overexpressed in
NSCLC cells and tissues. Consistent with our study, expression of OTUB1 was profoundly higher in colon
cancer tissues than that in the matched normal tissues, which was correlated with tumor size and lymph
node metastasis of patients with colon cancer [24]. Wound-healing and Transwell assays conducted by
Weng et al. revealed that OTUB1 exerted pro-migration and pro-invasive capacities in gastric cancer [25].
In addition, OTUB1 was identi�ed as an oncogene accelerating the progression and correlated with
pathogenesis of hepatocellular carcinoma [26]. In the same vein, NC mimic + oe-OTUB1 treatment in our
study contributed to facilitated cell viability, migration, invasion, cell cycle entry and sphere formation,
whilst suppressed cell apoptosis. Also, upregulation of OTUB1 �attened the inhibition on cell proliferation,
migration and invasion along with enhancement of apoptosis induced by miR-524-3p, implying that miR-
524-3p blocked colorectal cancer cell mobility by directly downregulating OTUB1 [27]. Esophageal cancer
cell migration and invasion repressed by miR-542-3p was also at least partly attenuated by introduction
of recombinant OTUB1 [28]. Our rescue experiments provided forceful evidence supporting that OTUB1
abrogated the carcinostatic role of miR-103a on CSC viability, migration, invasion and sphere formation
in NSCLC. Moreover, we observed that miR-103a held the capacity to activate the Hippo signaling
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pathway by impairing the YAP phosphorylation in an OTUB1-depedent manner. Nevertheless, the detailed
mechanisms through which OTUB1 governs the Hippo signaling need to be discovered in the future work.
Also, this work just accomplishes in vitro assays, additional in vivo experiments are warranted to con�rm
our supposition.

Conclusion
Lastly to generalize our �nding, we recapitulated that overexpression of miR-103a reduces the
proliferation, sphere formation, invasion and migration of CSCs and promotes the apoptosis in NSCLC via
downregulation of OTUB1 and the activation of the Hippo signaling pathway (Figure 7). This paper
proposes that this axis might by amenable to therapeutic intervention of NSCLC.
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Tables
Table 1 Detailed characteristics of the 73 patients

  Group n
Sex Male 48

Female 25
Age ≤ 60 27

> 60 46
TNM stage - 31

- 42
History of smoking Yes 55

No 18
Histology Adenocarcinoma 53

Large cell carcinoma 7
Squamous cell carcinoma 13

Biological characteristics    
  EGFR WT 59
  EGFR mutated 14

Note: TNM, Tumor, Node, Metastases; WT, wild type; EGFR, epidermal growth factor receptor.

 

Table 2 Primer sequence

Targets Sequence (5’-3’)
miR-103a F: AGCAGCATTGTACAGGGCTAT

R: GTGCAGGGTCCGAGGT
OTUB1 F: TCCTACAGGTCTCAGGTCCG

R: GCTCTGACACCAGAGGGTTC
U6 F: CTCGCTTCGGCAGCACA

R: AACGCTTCACGAATTTGCGT
GAPDH F: GAAGGTGAAGGTCGGAGT

R: GAAGATGGTGATGGGATTTC

Note: miR-103a, microRNA-103a; OTUB1, ovarian tumor domain-containing ubiquitin
aldehyde binding protein 1; GAPDH, glyceraldehyde-3-phosphate dehydrogenase.
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Table 3 A Cox proportional hazards model analysis on different factors on NSCLC
prognosis

Factors Regression coefficient SE 95% CI p value
Age 0.015 0.011 0.990 ~ 1.034 0.1063
Sex 0.134 0.438 0.485 ~ 2.699 0.1135

Smoking history 0.185 0.456 0.0639 ~ 2.136 0.624
TNM staging 0.516 0.445 0.658 ~ 3.718 0.042

Histology 0.154 0.513 0.685 ~ 1.952 0.543
Biological characteristics 0.214 0.421 0.849 ~ 2.847 0.245

miR-103a expression 2.305 1.004 1.466 ~ 8.579 0.0006

Note: SE, standard error; CI, confidence interval; TNM, tumor-node metastasis; NSCLC,
non-small cell lung cancer.

Figures

Figure 1

miR-103a is reduced in NSCLC tissues and cells and predicts good prognosis. A, the miR-103a expression
in NSCLC and adjacent normal tissues determined by RT-qPCR; B, Kaplan-Meier analysis of the survival
rate of NSCLC patients with high (blue) or low (red) miR-103a expression; C, the expression of miR-103a
in different histological lung cancers detected by RT-qPCR ; D, the expression of miR-103a in cancerous
and paracancerous tissues of the LUAD-TCGA database; E, the miR-103a expression in Beas-2B, HBE,
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95D, A549, NCI-H520, NCI-H460 and H1299 cells determined by RT-qPCR; F, observation of SP cells and
non-SP cells morphology under a contrast microscope; G, SP and non-SP cells sorted by �ow cytometry;
H, the statistical analysis of panel E. Each reaction was run in triplicate. Unpaired t test (panel H), one-way
(panel C) or two-way ANOVA (panel A and E), followed by Tukey’s post hoc test were applied for data
comparison. *p < 0.05 vs. Beas-2B cells or normal tissues; #p < 0.05 vs. HBE cells.

Figure 2

Ectopic expression of miR-103a attenuates the growth of NSCLC cells. CSCs were delivered with miR-
103a mimic or inhibitor with NC mimic or inhibitor as controls. A, the miR-103a expression in cells after
transfection determined by RT-qPCR; B, OD value of cells at the 0th, 24th, 48th, 72nd, and 96th h
measured by MTS assay; C, cell cycle distribution measured by �ow cytometry; D, cell apoptosis
evaluated by �ow cytometry. One-way (panel A, C and D) or two-way ANOVA (panel B), followed by
Tukey’s post hoc test were applied for data comparison. *p < 0.05 vs. cells treated with NC mimic; #p <
0.05 vs. cells treated with NC inhibitor. Each reaction was run in triplicate.
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Figure 3

Ectopic expression of miR-103a hampers the stemness of NSCLC cells via the Hippo pathway. CSCs were
delivered with miR-103a mimic or inhibitor with NC mimic or inhibitor as controls. A, cell invasion tested
by Matrigel invasion assay; B, cell migration examined by migration assay; C, sphere-formation activities
of cells detected by sphere-formation assay; D, KEGG pathway analysis of miR-103a target gene-
mediated pathways; E, the expression of YAP and the extent of YAP phosphorylation measured by
western blot. One-way (panel A, B and C) or two-way ANOVA (panel E), followed by Tukey’s post hoc test
were applied for data comparison. *p < 0.05 vs. cells treated with NC mimic; #p < 0.05 vs. cells treated
with NC inhibitor. Each reaction was run in triplicate.
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Figure 4

miR-103a targets and negatively controls OTUB1 in NSCLC cells. A, the mRNA expression of OTUB1 in
NSCLC and adjacent normal tissues determined by RT-qPCR; B, the correlation analysis of miR-103a and
OTUB1 mRNA in tissue samples of NSCLC; C, the expression of OTUB1 in cancerous and paracancerous
tissues of the LUAD-TCGA database; D, the analysis of relative luciferase activities of PGLO-OTUB1 in
cells treated with miR-103a mimic, inhibitor or mutant; E, mRNA expression of OTUB1 determined by RT-
qPCR; F, protein expression of OTUB1 determined by western blot assays. One-way (panel D, E and F) or
two-way ANOVA (panel A), followed by Tukey’s post hoc test were applied for data comparison. *p < 0.05
vs. normal tissues, cells treated with NC; #p < 0.05 vs. cells treated with NC mimic; &p < 0.05 vs. cells
treated with NC inhibitor. Each reaction was run in triplicate.



Page 18/20

Figure 5

Overexpression of OTUB1 impairs miR-103a-ekoved inhibition of NSCLC cell growth. Cells were treated
miR-103a mimic and/or oe-OTUB1. A, miR-103a expression and mRNA expression of OTUB1 determined
by RT-qPCR; B, the protein expression of OTUB1 determined by western blot assays; C, OD value of cells at
the 0th, 24th, 48th, 72nd, and 96th h measured by MTS assay; D, cell cycle distribution measured by �ow
cytometry; E, cell apoptosis evaluated by of �ow cytometry. One-way (panel B and E) or two-way ANOVA
(panel A, C and D), followed by Tukey’s post hoc test were applied for data comparison. *p < 0.05 vs. cells
treated with NC mimic + oe-NC; #p < 0.05 vs. cells treated with NC mimic + oe-OTUB1. Each reaction was
run in triplicate.



Page 19/20

Figure 6

Overexpression of OTUB1 impairs miR-103a-ekoved inhibition of NSCLC cell stemness and activation of
the Hippo pathway. Cells were treated miR-103a mimic and/or oe-OTUB1. A, cell invasion tested by
Matrigel invasion assay; B, cell migration examined by migration assay; C, sphere-formation activities of
cells detected by sphere-formation assay; D, the expression of YAP and the extent of YAP phosphorylation
measured by western blot. One-way (panel A, B and C) or two-way ANOVA (panel D), followed by Tukey’s
post hoc test were applied for data comparison. *p < 0.05 vs. cells treated with NC mimic + oe-NC; #p <
0.05 vs. cells treated with NC mimic + oe-OTUB1. Each reaction was run in triplicate.
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Figure 7

The schematic cartoon of the mechanism of miR-103a as a tumor suppressor by modulating the
OTUB1/Hippo signaling pathway in CSCs in NSCLC. After YAP phosphorylation, Hippo signaling pathway
is blunted to promote proliferation, migration, invasion and sphere formation of CSCs and to inhibit their
apoptosis in NSCLC. Overexpression of miR-103a inhibits the expression of OTUB1 and induces the
Hippo signaling pathway, thereby inhibiting the stemness of CSCs in NSCLC.


