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miR-107 inhibited malignant biological behavior of non-small cell 
lung cancer cells by regulating the STK33/ERK signaling pathway 
in vivo and vitro
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Background: The role of miRNAs in non-small cell lung cancer (NSCLC) has been broadly studied and 
confirmed, and miR-107 has attracted an ever-growing level of attention. This study set out to research the 
mechanism of the effect of miR-107 on the malignant biological behavior of NSCLC in vivo and vitro.
Methods: The expression of miRNAs related to the development of NSCLC was detected by RT-
qPCR. Western blotting was carried out to detect expression levels of serine/threonine kinase 33 (STK33) 
and proteins related to the extracellular regulated protein kinases (ERK) signaling pathway, while cell 
proliferation was detected using cell counting kit-8 (CCK-8). The cell apoptosis rate was measured using 
flow cytometry. The invasion ability was detected by Transwell assay. In vivo tumor growth assays were 
performed on mice. The expression ERK signaling pathway-related proteins in vivo was evaluated by 
immunohistochemistry staining. The targeted relationship between miR-107 and STK33 was confirmed by 
the dual luciferase reporter gene.
Results: In NSCLC cell lines and tissues, miR-107 was downregulated. Overexpression of miR-107 
inhibited malignant biological behavior of NSCLC cell lines, and suppressed tumor growth in vivo. In 
addition, STK33 is one of the target genes of miR-107. Therefore, miR-107 suppressed cell proliferation 
and invasion and promoted tumor growth in vivo and cell apoptosis of NSCLC in vitro. The mechanism was 
found to be miR-107 targeting STK33, and a lack of STK33 led to the activation of ERK signaling pathway.
Conclusions: miR-107 inhibited malignant biological behavior of NSCLC through regulation of the 
STK33/ERK signaling pathway.
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Introduction

Non-small cell lung cancer (NSCLC), a kind of lung 
cancer, is one of the most prominent contributors to global 
cancer-related mortality rates due to its high prevalence, 
late diagnosis, aggressiveness, lack of effective treatment, 
and poor prognosis (1). The malignancy of NSCLC means 
there is an urgent need for new Biomarker strategies which 
enable early detection and treatment of NSCLC to be 
discovered.
 Extensive cancer research studies have explored the 
relationship between miRNAs as small non-coding RNAs 
and proliferation, migration, invasion, and drug resistance 
in many varieties of cancer (2). A number of NSCLC-
focused studies have found that miRNAs could also regulate 
the biological behavior of NSCLC (3). One study, for 
example, reported that miR-221 serves an oncogenic role 
in NSCLC (4). In addition, miR-608 has been found to 
promote apoptosis in NSCLC (5). Moreover, miR-330-
3p promotes epithelial-mesenchymal transition and brain 
metastasis in NSCLC (6). Among all the miRNAs related 
to NSCLC development, miR-107 plays an important role. 
For example, one study reported that miR-107 suppressed 
the growth of NSCLC cell lines by inducing cell cycle 
arrest (7). In addition, miR-107 inhibits tumor growth and 
metastasis in NSCLC (8). Nevertheless, the mechanism of 
the effect of miR-107 in NSCLC is worthy of further study.
 Of all protein-coding RNAs, more than half are thought 
to be subordinated to miRNA-mediated control (9). 
In our previous studies, miRNAs were seen to regulate 
the biological behavior of cancer by targeting mRNAs. 
In addition, with the aid of bioinformatics tools, we 
established that STK33 is one of the target genes of miR-
107. Moreover, another study reported that STK33 was 
related to the development of NSCLC (10). Furthermore, 
extracellular signal-regulated kinase 2 (ERK2) was 
established as a substrate of STK33 (11), while the relation 
between the ERK signaling pathway and the development 
of NSCLC have been proved (12). In this study, we 
examined the expression level of miR-107 in NSCLC cell 
lines and tissues, then verified the effect miR-107 had on the 
malignant biological behavior of NSCLC in two NSCLC 
cell lines in mice. Finally we researched the mechanism of 
miR-107 regulated cell proliferation, apoptosis, invasion, 
and tumor growth of NSCLC. This study aimed to provide 
a reliable theory for NSCLC gene therapy.

Methods

Tissue samples

We collected NSCLC tissues from 20 patients treated in the 
Department of Thoracic Surgery I at The Third Affiliated 
Hospital of Kunming Medical University. None had 
received radiotherapy or chemotherapy prior to surgery. All 
the patients signed informed consent.

Cell culture and transfection

Normal lung epithelial cells (Beas-2B, #XK-XB-2140) 
and NSCLC cells (A549, #XK-XB-1148; H1299, #XK-
XB-1296; H520, #XK-XB-1313; and H1975, #XK-
XB-1983)  were  obta ined from Shanghai  Xuanke 
Biotechnology Co., Ltd. (Shanghai, China). Cell lines 
were cultured using Dulbecco’s Modified Eagle Medium 
(DMEM) (#CM0324, LEAGEN, Shanghai, China) with 
10% FBS (#01-0136-00, merck-millipore, USA) in an 
incubator at standard culture conditions, 37 ℃ and 5% 
CO2. miR-107 mimics, miR-107 inhibitor, and si-STK33 
were synthesized by Guangzhou Ribo Biotechnology Co., 
Ltd. (China) and transfected into A549 and H1975 using 
Lipofectamine 2000 (#DXT-11668019, Gibco, USA) in 
adherence with the manufacturer’s instructions.

RT-qPCR 

The expression levels of RNA were determined by RT-
qPCR. TRIZOL reagent (#DXT-15596018, Gibco, USA) 
was used to extract total RNA from all of the cell lines 
and tissues named above, before it was transcribed into 
cDNA with PrimeScript™ RT reagent Kit (#RR037A, 
Takara Bio, Shiga, Japan). Polymerase chain reaction 
was carried out using the TB Green Premix Ex Taq 
II. The thermocycling profiles were as follows: 95 ℃ 
for 3 min, followed by 40 cycles of 95 ℃ for 12 s, and 
then 62 ℃ for 40 s. Relative gene expressions were 
calculated by 2−△△CT method relative to U6. The primer 
sequences were as follows: miR-107 forward primer: 
5'-ATGATGAGCAGCATTGTACAGG-3', and reverse 
primer: 5'-GCAGGGTCCGAGGTATTC-3'. STK33 
forward primer: 5'-GTGCGTATTTGTCGGAGA 
TTC-3', and reverse primer: 5'-TACCATAACAACGAC 
CTAACCG-3'. U6 forward primer: 5'-CTCGCTTCGG 
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CAGCACA-3', and reverse primer: 5'-AACGCTTC 
ACGAATTTGCGT-3.

Western blotting

Protein expression was detected using Western blotting. 
Harvesting of the cell lines took place 48 h after they were 
transfected. The extraction of total proteins was performed 
with RIPA assay lysis buffer (#2114-100, BioVision, USA). 
Total protein concentration was measured with a BCA 
Protein Assay kit (#orb-EHJ033662, BIOHJSW, USA). 
SDS-PAGE was used for the separation of proteins and 
then transferral onto a PVDF membrane, which was 
then subjected to blocking with 5% non-fat milk at room 
temperature for 1 h, before incubation with the primary 
antibody STK33 (1:1,000 dilution, #FNab08334, FineTest, 
Wuhan, China), ERK2 (1:1,000 dilution, #abx010745, 
Abbexa, UK), p-ERK2 (1:1,000 dilution, #p42 MAP Kinase 
(Erk2) Antibody, CST, USA) and c-Fos (1:1,000 dilution, 
#GTX50848, GeneTex, USA) at 4 ℃ for 12 h. The next 
day, the membranes underwent a period of incubation 
with horseradish peroxidase-conjugated secondary 
antibody (1:1,000 dilution, #31001, PIERCE, USA) for 
2 h at room temperature. Enhanced chemiluminescence 
reagent (#131023-60-4, BOC Sciences, USA) enabled the 
visualization of the bands, and analysis was conducted using 
ImageJ software.

CCK-8

Cell proliferation was determined with cell counting kit-8 
(CCK-8, #E1CK-00208, Enogene, Nanjing, China) assay. 
Cells were first seeded in 96-well plates before the addition 
of CCK-8 to each well at 0, 24, 48, 72, and 96 h. After being 
incubated over a period of 4 h, the culture media containing 
the CCK-8 was removed. A microplate reader was used to 
measure the absorbance (OD) at 450 nm wavelength.

Transwell assay

Cell invasive ability was evaluated by Transwell assay. 
The cells were seeded in the Matrigel (#M8370, Solarbio, 
Shanghai, China)-coated upper chamber, and the lower 
chambers were loaded with normal medium. After 
incubation lasting 48 h, a swab was used for the removal 
of the cells which had not invaded, and the cells which 
had invaded through to the lower surface were fixed 
with 4% methanol (#JKLN042113, Jingke, Shanghai, 

China), followed by staining with 0.1% crystal violet 
(#JKLN016612, Jingke, Shanghai, China). Five fields 
were randomly selected for cell count, observation, and 
photography.

Flow cytometry

Cell apoptosis levels were determined by flow cytometry 
for all of the groups. Cells were first seeded on 6-well 
plates, before being incubated for 24 h along with Annexin 
V-FITC/PI Apoptosis Kit (#KA3805, abnova, Shanghai, 
China), and Analysis using flow cytometry. The apoptotic 
cells showed a positive Annexin V-FITC signal and a 
negative PI signal. FlowJo software version determined the 
number of cells at each phase.

Dual-Luciferase reporter gene

The miR-107 and STK33 3'UTR binding sites were 
predicted using starBase. pGL3-STK33 WT or pGL3-
STK33 Mut synthesized by Wuhan Yipu Biotechnology 
Co., Ltd. (China) was transfected along with NC or miR-
107 mimics into 293T cells. After transfection for 48 h, the 
luciferase activity of all the groups was measured by Dual-
Luciferase Assay System.

In vivo tumor growth assay

To investigate the effects of miR107, STK33, and the 
ERK signaling pathway on tumorigenicity of NSCLC, 
the indicated cells, A549 and H1975, were infected with 
lentivirus. After infection for 48 h, the A549 and H1975 
were collected and implanted subcutaneously into nude 
mice. The tumor volume was calculated with the following 
formula: length × width2 × 0.5, and was measured at day 
4, 7, 11, 15, 19, 23, and 27 after implantation. The mice 
were sacrificed on 28 days after injection, the tumors were 
removed and their weights measured. All experiments 
involving animals in this study received approval from the 
Experimental Animal Ethical Committee of the Department 
of Thoracic Surgery I at The Third Affiliated Hospital of 
Kunming Medical University.

Immunohistochemistry staining

The tumors removed from the mice were embedded with 
paraffin and fixed with formalin. Primary antibodies STK33 
(#PAab08334, LSM Bio, Wuhan, China) and p-ERK2 
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Figure 1 miR-107 was upregulated in NSCLC tissues and cells. (A) Differentially expressed miR-107 in NSCLC tumor tissues and adjacent 
tissues were measured by RT-qPCR assay. **, P<0.01 vs. tumor. (B) Relative expression of miR-107 in normal epithelial cells (Beas-2B) and 
NSCLC cells (A549, H1299, H520, and H1975) were measured by RT-qPCR assay. *, P<0.05; **, P<0.01 vs. Beas-2B. NSCLC, non-small 
cell lung cancer.
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(#LFMA0179, Pierce, Shanghai, China) were used for 
staining. Then, HRP-conjugated secondary antibodies 
(#EB 1, Detroit R&D, USA) were used, and the signal was 
visualized using 3,3'-Diaminobenzidine (DAB, #40470006-
3, Bio-world, USA).

Statistical analyses

All experiments in this study were performed in triplicate. 
All the data were presented as the mean ± SD deviation 
of the three repeated experiments. Depending on the 
comparison being made, either t-test or one-way ANOVA 
was performed to assess statistical significance between 
two groups. SPSS 22.0 calculated the data, and figures 
were constructed with Graphpad Prism 5.0. A statistically 
significant difference was indicated when P<0.05.

Results

miR-107 was downregulated in NSCLC cell lines and 
tissues

Dysregulation of miRNAs is a common mechanism in the 
development of lung cancer, thus we measured the levels 
of miR-107 expression in NSCLC tissues and cell lines. 
The RT-qPCR results revealed miR-107 to be remarkably 
lower in NSCLC tissues compared with adjacent tissues  
(Figure 1A). Furthermore, compared with normal lung 
epithelial cell lines, NSCLC cell lines had significantly 
downregulated miR-107 expression, especially A549 and 
H1975 (Figure 1B). Therefore, miR-107 was downregulated 

in NSCLC tissues and cell lines. Based on our results, two 
NSCLC cell lines, A549 and H1975, were selected for 
additional experiments.

miR-107 overexpression inhibited the malignant biological 
behavior of NSCLC in vivo and vitro

Bearing the analysis above in mind, we needed to further 
explore the effect of miR-107 on the biological behavior of 
A549 and H1975. We measured changes in proliferation, 
apoptosis and invasion of A549 and H1975 cells in 
transfected miR-107 mimics. Firstly, the transfection 
efficiency of the miR-107 mimics in A549 and H1975 was 
verified by RT-qPCR (Figure 2A). CCK-8 showed that 
overexpression of miR-107 inhibited the cell proliferation of 
A549 and H1975 (Figure 2B). Moreover, the flow cytometry 
results showed that transfection of miR-107 mimics 
promoted cell apoptosis of A549 and H1975 (Figure 2C).  
Furthermore, the results of Transwell assay showed that 
when miR-107 was overexpressed, the invasion of A549 
and H1975 was suppressed (Figure 2D). In addition, tumor 
volume and weight in the miR-107 mimics group were 
significantly lower in comparison with the NC group  
in vivo (Figure 2E,F,G). Therefore, overexpression of miR-
107 inhibited the malignant biological behavior of NSCLC 
in vivo and vitro.

miR-107 targeting STK33

miRNAs regulate gene expression by changing the stability 
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Figure 2 Overexpression of miR-107 inhibited the malignant biological behavior of NSCLC in vivo and vitro. (A) Relative expression of 
miR-107 in A549 and H1975 was measured by RT-qPCR assay. *, P<0.05 vs. NC group. (B) Proliferation of A549 and H1975 cells was 
measured by CCK-8 assay. *, P<0.05 vs. NC group. (C) Apoptosis of A549 and H1975 cells was measured by flow cytometry assay. **, P<0.01 
vs. NC group. (D) Cell invasion of A549 and H1975 cells was measured by Transwell assay (×40). **, P<0.01 vs. NC group. (E) Representative 
images of tumors from the implanted mice are shown. (F) The time course of tumor volume of the implanted mice. *, P<0.05 vs. NC group. (G) 
The tumor weight of the implanted mice. *, P<0.05 vs. NC group. NSCLC, non-small cell lung cancer.

or translation efficiency of targeted mRNAs. The miR-
107 and STK33 binding sites were discovered with 
bioinformatics databases (Figure 3A). The Dual-Luciferase 
reporter gene results showed that overexpression of miR-
107 decreased the luciferase activity of STK33 WT reporter 
but had no effect on the STK33 MUT reporter in 293T 
cells (Figure 3B). Moreover, Western blotting revealed 
overexpression of miR-107 to have a reducing effect on 
the expression levels of STK33 in both A549 and H1975  
(Figure 3C). Thus, it can be seen that miR-107 targeted 

STK33 and downregulated its expression in A549 and 
H1975.

The proliferation, invasion and promoted apoptosis of 
NSCLC cells was inhibited by miR-107 through regulated 
STK33/ERK signaling pathway in vitro

To further examine the mechanism behind the effect of 
miR-107 on cell proliferation, apoptosis, and invasion 
in NSCLC through the regulation of the STK33/ERK 

Figure 3 miR-107 targeting STK33. (A) The binding site of miR-107 and STK33 was predicted by starBase. (B) The interaction of STK33 
and miR-107 was determined by Luciferase reporter assay in 293T cells. (C) Expression of STK33 in A549 and H1975 cells was measured 
by Western blotting. *, P<0.05 vs. NC group.
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signaling pathway in vitro, we first measured the expression 
of STK33 in si-STK33, si-STK33 + miR-107 inhibitor 
and si-STK33 + ceramide C6 transfected A549 and H1975 
cells (Figure 4A). Notably, ceramide C6 is an activator 
of the ERK signaling pathway. CCK-8 showed that si-
STK33 significantly inhibited cell proliferation in A549 
and H1975 compared with the NC, si-STK33+miR-107 
inhibitor, and si-STK33 + Ceramide C6 groups (Figure 4B).  
In addition, the flow cytometry results showed that si-
STK33 promoted cell apoptosis, but the results of the si-
STK33 + miR-107 inhibitor and si-STK33 + Ceramide C6 
groups showed no significant difference from the NC group 
(Figure 4C). Moreover, the Transwell results showed that si-
STK33 suppressed cell invasion in A549 and H1975, while 
si-STK33 + miR-107 inhibitor and si-STK33 + Ceramide 
C6 enhanced cell invasion (Figure 4D). Therefore, miR-
107 inhibited cell proliferation, invasion and promoted 
apoptosis of NSCLC by regulating the STK33/ERK 
signaling pathway in vitro.

miR-107 suppressed tumor growth of NSCLC via STK33/
ERK signaling pathway in vivo

To verify that miR-107 impacts NSCLC tumor growth 
via the STK33/ERK signaling pathway in vivo, firstly, the 
expression level of STK33 in each group was measured by 
Western blotting (Figure 5A). As the results showed, both 
the tumor volume and weight were remarkably decreased in 
the si-STK33 group, but the si-STK33 + miR-107 inhibitor 
and si-STK33 + Ceramide C6 groups showed no significant 
difference to the NC group (Figure 5B,C,D). Furthermore, 
the immunohistochemistry staining results showed that 
the expressions of STK33 and p-ERK2 were lower in the 
si-STK33 group than in the NC, si-STK33+miR-107 
inhibitor, or si-STK33 + Ceramide C6 groups (Figure 5E).  
Consequently, miR-107 suppressed tumor growth in 
NSCLC via the STK33/ERK signaling pathway in vivo.

Discussion

Due to its high levels of recurrence, metastasis, and drug 
resistance, the idea of targeted gene therapies for NSCLC 
has been put forward by recent treatment developments (13). 
miRNAs may play a role as oncogenes or tumor suppressor 
genes in cancer, thus miRNA-based therapy ushers in a new 
era in cancer management (14). In our study, we expounded 
that miR-107 acted as a tumor suppressor gene in NSCLC, 
inhibiting malignant biological behavior of NSCLC via 
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regulation of the STK33/ERK signaling pathway in vivo 
and vitro.
Abnormal expression of miR-107 is related to many 
cancers. miR-107, for example, regulates tumor progression 
in gastric cancer (15) and acts as a tumor suppressor in 
ovarian cancer by blocking cell cycle (16). Moreover, miR-
107 inhibits the proliferation of prostate cancer cells (17). 
In NSCLC, miR-107 expression has been reported to be 
reduced, and lower expression of miR-107 has been closely 
associated with NSCLC tumor progression and reduced 
survival rate in patients (18). Our results also reported that 
miR-107 was downregulated in cell lines and tissues of 
NSCLC patients. Furthermore, overexpression of miR-
107 inhibited the malignant biological behavior of NSCLC 
cell lines. Beyond this, other studies have found miR-107 
to be related to drug resistance in NSCLC. For example, 
in one study, miR-107 developed a critical role in drug 
resistance to cisplatin by means of targeting the CDK8 
protein in NSCLC cell lines (19). Additionally, miR-107 
strengthens the chemotherapy activity of paclitaxel by 
means of targeting apoptosis factor Bcl-w in NSCLC (20). 
Thus, the direction of our future research may be to explore 
the extent to which miR-107 regulates drug resistance in 
NSCLC by regulating STK33. 
This study found that miR-107 influenced the malignant 
biological behavior of NSCLC by regulating STK33 
expression, focusing on the role of STK33 in tumorigenesis, 
which is a new protein that has attracted much attention in 
research in recent years (21). It has been proved that STK33 
increases the viability of cancer cells in a kinase activity-
dependent way by inhibiting mitochondrial apoptosis (22).  
Therefore, a lot of research has proved that STK33 is 
involved in the development of cancer, an example of 
this being it behaving as a critical downstream mediator 
of HIF1α, promoting the growth and progression of 
pancreatic cancer (23). Moreover, STK33 plays crucial part 
in the growth and progression of pancreatic neuroendocrine 
tumors through its activation of the PI3K/AKT/mTOR 
pathway (24). Additionally, the expression levels of mRNA 
and STK33 were obviously decreased in lung cancer, which 
is related to the pathology and prognosis of lung cancer (25).  
More importantly, STKK33 also plays an important role in 
NSCLC. The potency of the STK33 gene as a therapeutic 
target for preventing NSCLC has previously been  
shown (26), and the results of this study support the above 
view. We found that the knockdown of STK33 results in 
the inhibition of cell proliferation and invasion, and the 
development of cell apoptosis in NSCLC.

Recently,  STK33 has been proved to promote the 
tumorigenesis of colorectal cancer through binding 
with ERKs and taking part in the regulation of the ERK 
signaling pathway. Specifically, STK33 can phosphorylate 
ERK2, increasing the activity of ERK2, and activating 
the ERK signaling pathway to promote the tumorigenesis 
of colorectal cancer (11). A recent study found that the 
expression of p-ERK increased in NSCLC and is related 
to cell proliferation and migration of NSCLC (27). 
Furthermore, regulation of the ERK pathway through 
inhibited ERK phosphorylation has also been reported to 
lead to suppressed autophagy and augmented cell death 
in NSCLC (28). This study found the activation of the 
STK33/ERK signaling pathway led to the promotion of 
malignant biological behavior of NSCLC in vivo and vitro.

Conclusions

In conclusion, we found that there was a low expression 
of miR-107 in NSCLC tissues and cell lines. Moreover, 
overexpression of miR-107 inhibited malignant behavior 
of NSCLC and targeted STK33, downregulating its 
expression. The relative lack of STK33 contributed to 
the inhibition of cell proliferation and invasion and the 
promotion of cell apoptosis in NSCLC. Our study might 
provide a theoretical basis for NSCLC therapy.
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