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Abstract: Objective: To investigate the roles and mechanisms of miR-195-5p and forkhead box K1 (FOXK1) in rat xe-
nograft models of non-small cell lung cancer (NSCLC). Methods: Rat xenograft models of NSCLC were established. 
Evaluations of morphology of NSCLC cells and levels of Ki67 and P53 were detected by hematoxylin-eosin (HE) 
staining and immunohistochemistry (IHC), respectively. The miR-195-5p level in NSCLC was measured by quantita-
tive real-time RT-PCR (qRT-PCR), and FOXK1, Bax, Caspase-3 and Bal-2 levels were quantified by Western blot. And 
the regulatory relation between miR-195-5p and FOXK1 was determined by dual-luciferase reporter (DLR) assay. 
Results: HE staining and IHC demonstrated successful establishment of NSCLC models in which miR-195-5p was 
downregulated and FOXK1 was upregulated. Pearson correlation showed that miR-195-5p and FOXK1 were inverse-
ly associated (r=0.551, P=0.012). DLR assay confirmed the targeted regulatory relation between miR-195-5p and 
FOXK1, and upregulation of miR-195-5p accelerated apoptosis of tumor cells. Conclusion: miR-195-5p is inversely 
associated with FOXK1 in NSCLC in rats. Upregulation of miR-195-5p suppresses FOXK1 and accelerates apoptosis 
of tumor cells, which may serve as an therapeutic target for the treatment of NSCLC.
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Introduction

Lung cancer (LC) is the primary cause of can-
cer-related deaths worldwide [1], with the high-
est morbidity and mortality of all malignancies 
in China [2]. The global death toll from LC is 
expected to rise to 3 million by 2035 [3]. At 
present, chemotherapy, radiotherapy and radi-
cal resection are preferred treatments for non-
small cell lung cancer (NSCLC) [4]. However, at 
least 30% of patients relapse within 5 years 
after surgical resection [5]. First-line platinum-
based chemotherapy, the standard treatment 
for advanced NSCLC, can only maintain a medi-
an progression-free survival (PFS) of ~6 mo- 
nths and a 30% remission rate [6]. Therefore, 
more effective treatment to improve the prog-
nosis of NSCLC become urgent.

MicroRNAs (miRs) are a class of non-coding 
short-chain RNAs that promote the degradation 

of transcripts by binding to sequences of 3’ 
untranslated region (3’UTR) of target mRNAs, 
which may affect cell proliferation, apoptosis 
and other biological functions [7]. miRs act as 
tumor suppressors or oncogenes to regulate 
their target genes, which becomes a new per-
spective for cancer treatment [8]. There is evi-
dence that miR-195-5p expression is sup-
pressed in renal clear cell carcinoma [9], mela-
noma [10] and breast cancer [11], and partici-
pates in their progression. A domestic study 
reveals the diagnostic and prognostic value of 
serum miR-195-5p in NSCLC [12]. Besides, 
Zheng reports that miR-195-5p is down-regulat-
ed in NSCLC tissues and cell lines, and its up-
regulation inhibits the proliferation of those 
cells [13]. In addition, Ma et al. indicates that 
FOXK1 plays an important role in regulation of 
cell proliferation and invasion of NSCLC [14]. A 
previous study has also shown that miR-195 
acts as a tumor suppressor in NSCLC and its 
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overexpression slows down tumor growth [15]. 
Therefore, we speculate that miR-195-5p may 
function as a potential therapeutic target for 
CLC. However, its specific role and mechanism 
in NSCLC has been poorly dissected.In the 
present study, FOXK1 was found to be a target 
of miR-195-5p via targetscan.

Therefore, we established a xenograft rat mo- 
del of NSCLC to investigate the roles of miR-
195-5p and FOXK1 in NSCLC, so as to provide 
more therapeutic targets for its treatment.

Materials and methods

Materials and treatments

Laboratory animals: Sixty male SD rats [Vital 
River, Shanghai, China], aged 9-11 weeks, 
weighing ~210-255 g, were raised at 23- 
28°C for 7 days. All operations conform to the 
standards of the Laboratory Animal Ethics 
Committee.

Establishment of rat xenograft models of 
NSCLC: Sixty rats were allocated into control 
group (n=20), NSCLC group (n=20) and miR-
195-5p-agomir group (agomir group, n=20). 
Suspensions (1×106/mL) of NSCLC cell line 
HCC827 (Procell Life Science & Technology Co., 
Ltd., Wunhan, China) were prepared with Hank’s 
solution, and a volume of 0.2 mL was injected 
intravenously into the back of rats in NSCLC 
group and agomir group, then they were fed for 
7 consecutive days to establish models of 
NSCLC. Whereas controls were treated by same 
dose of normal saline. After modeling, agomir 
group was treated with 100 μL miR-195-5p-
agomir (100 nmol/ml, normal saline as solvent) 
via tail vein, NSCLC group was injected with 
100 μL miR-NC (100 nmol/mL, normal saline 
as solvent), and control group with same dose 
of normal saline, twice a week for 4 consecu-
tive weeks. All rats were anesthetized in anes-
thesia induction chambers filled with 4% is- 
oflurane (KEW Biotech, Nanjing, China, C002). 
Rats that fell over without attempting to restore 
their prone posture when gently shaking the 
chamber were considered fully anesthetized. 
Afterwards, all anesthetized rats were cervical-
ly dislocated and lung tissues were removed. 
Animal experiments were approved by animal 
experiment ethics committee.

Cell culture and transfection: Cell culture: 
NSCLC cell line HCC827 was cultured in 

Dulbecco’s modified Eagle’s medium (DMEM) 
(Gibco, USA) containing 10% fetal bovine serum 
(FBS) and 1% penicillin-streptomycin at 37°C 
and 5% CO2. When reaching 80% confluence, 
cells were digested with 0.25% trypsin for pas-
sage. Cell transfection: miR-195-5p-mimics 
group, miR-NC group, si-FOXK1 group and si-NC 
group were treated with miR-195-5p-mimics, 
miR-NC, si-FOXK1 and si-NC by LipofectamineTM 
2000 kit (Invitrogen, USA), respectively.

Detection methods

Quantitative real-time RT-PCR (qRT-PCR): Purity 
and concentration of total RNAs extracted with 
Trizol were measured by an ultraviolet spectro-
photometer. Then reverse transcription was 
performed on 5 μg of total RNAs. Reaction 
parameters: 37°C for 15 min, 42°C for 35 min 
and 70°C for 5 min. Amplification: 94°C for 45 
sec, 40 cycles of 94°C for 10 sec and 60°C for 
45 sec. The test was repeated for 3 times. 
Taking U6 as the internal reference, data analy-
ses were performed with 2-ΔΔCT.

Hematoxylin-eosin (HE) staining: The tissues 
were embedded in paraffin and cut into thin 
slices; Afterwards, they were dewaxed with 
xylene, dehydrated with ethanol, stained with 
hematoxylin solution, dehydrated again with 
ethanol, and stained again with eosin, next, 
dehydrated with ethanol, cleared in xylene and 
mounted.

Western blot: The collected tissues and cells 
were lysed with radio immunoprecipitation 
assay (RIPA), and the concentration of total pro-
tein was tested by bicinchoninic acid (BCA) and 
kept at 4 μg/μL. After separation with 10% 
sodium dodecyl sulfate-polyacrylamide gel 
electrophoresis (SDS-PAGE), the proteins were 
transferred to a polyvinylidene fluoride (PVDF) 
membrane, then stained in Ponceau S and 
immersed in phosphate buffered saline with 
Tween 20 (PBST) for 5 min. Afterwards, the 
membrane was washed and blocked with 5% 
non-fat milk powder for 2 h, followed by an over-
night incubation with primary antibodies 
against Bax, Bcl-2, active caspase-3, FOXK1 
and β-Actin (all 1:500) at 4°C. Subsequently, 
the membrane was washed again for the 
removal of primary antibodies, and HRP-
coagulated goat anti-rabbit secondary antibod-
ies (1:1000) were adopted for a 1 h incubation 
at 37°C, followed by three 5-min rinses with 
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PBS. Protein bands were visualized using ECL 
reagent in the dark. 

Immunohistochemistry (IHC): Levels of Ki67 
and P53 were measured by IHC. The primary 
and secondary antibodies and IHC kit were all 
purchased from Roche, Switzerland. Tumor tis-
sues were embedded in paraffin and cut into 
thin slices, and hydrated in a gradient ethanol, 
immersed in 3% hydrogen peroxide for 10 min, 
rinsed with double distilled water, soaked in 
ethylenediamine tetraacetic acid (EDTA) solu-
tion for 2 min, then cooled in tap water for 20 
min. Following three PBS washes, they were 
incubated with primary antibodies at 32°C for 
40 min. PBS was used as negative control, and 
positive sections as positive controls. After 
three 5-min washes with PBS, another incuba-
tion was performed with 50 μL of anti-post pri-
mary block at 32°C for 15 min. Following 
repeating the above steps once, a 3-time PBS 
washing was performed again (5 min/time), 
and diaminobenzidine (DAB) was added for a 
1-min color development. The tissues were re-
stained with hematoxylin for 1 min, then 
washed and mounted for observation under a 
microscope.

Cell proliferation assay: The transfected cells 
prepared into a suspension were grown in a 
96-well plate (100 μL/well). Each sample was 
tested in 3 repeated wells. CCK8 reagents were 

added at 24 h, 48 h, 72 h, 96 h, and cultured at 
37°C and 5% CO2 for 2 h. The absorbance at 
490 wavelength was measured and growth 
curves were plotted.

Cell migration and invasion assays: A total of 
500 μL medium containing 10% FBS was 
added to the basolateral chamber, and 100 μL 
cells (2×105 cells/mL) were added to the apical 
chamber and cultured for 24 h. After removing 
cells in the apical chamber, 4% paraformalde-
hyde and 0.1% crystal violet were employed to 
dye the cells migrating to the basolateral cham-
ber. After drying, the membrane was sealed, 
and the cells were counted under a microscope. 
The invading cells were counted under 5 visual 
fields.

Dual-luciferase reporter (DLR) assay: Target- 
scan7.2 was used to predict downstream tar- 
get genes of miR-195-5p. FOXK1-3’UTR wild 
type (Wt), FOXK1-3’UTR mutant (Mut), miR-
195-5p-mimics and miR-NC were separately 
transferred into HEK293T cells by the Lipofe- 
ctamine™ 2000 kit. A DLR assay kit (Promega, 
USA) evaluated the luciferase activity 48 h after 
transfection.

Statistical analysis

Statistical analyses were carried out with 
SPSS20.0 (IBM, Armonk, NY, USA), and figure 

Figure 1. Microscopic images of lung tissues (×200). A. Lung tissues of normal rats. B. Lung tissues of NSCLC rats. 
C. Levels of Ki67 in lung tissues of normal rats. D. Levels of Ki67 in lung tissues of NSCLC rats. E. Levels of P53 in 
lung tissues of normal rats. F. Levels of P53 in lung tissues of NSCLC rats.
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plotting with GraphPad 7. Inter-group compari-
sons were performed by independent samples 
t test, multi-group comparisons by one-way 
ANOVA, and post-hoc pairwise comparisons by 
LSD-t test. Pearson correlation analyzed the 
correlation between miR-195-5p and FOXK1 in 
tumor tissues. Differences were statistically 
significant at P < 0.05.

Results

Rat models of NSCLC 

Paraffin sections of lung tissues were stained 
with HE. In NSCLC group, a large number of 
tumor foci were formed in the lungs of rats, epi-
thelial cells were damaged, and tumor cells 
were arranged in a flaky or stringy disorder. In 
contrast, in control group, no foci were found in 
the lungs, and lung cells were in normal mor-
phology and orderly arranged. The IHC showed 
that the positive staining for Ki67 and P53 in 
tumor cells in the control group was significant-
ly lower than that in the NSCLC group, indicat-
ing that the lung tumor in the NSCLC group was 
NSCLC indeed (Figure 1).

miR-195-5p and FOXK1 in NSCLC tissues

Compared with control group, NSCLC group 
presented dwonregulated miR-195-5p and up- 
regulated FOXK1 in NSCLC tissues of rats (both 
P < 0.05). And miR-195-5p and FOXK1 were 
revealed to be inversely associated (r=-0.551, 
P=0.012) by Pearson correlation. The scatter 
plot demonstrated that FOXK1 decreased with 
the increase of miR-195-5p (Figure 2).

miR-195-5p-agomir interferes with NSCLC tis-
sues

NSCLC group had lower miR-195-5p and higher 
FOXK1 in NSCLC group than those in agomir 
group (P < 0.05). By detecting apoptosis-relat-
ed proteins, it was found that compared with 
the control group and NSCLC group, Bcl-2 in 
agomir group was downregulated and Bax and 
Caspase-3 were upregulated (P < 0.05) (Figure 
3).

Effects of miR-195-5p and FOXK1 on prolifera-
tion of HCC827 cells

Compared with miR-NC group, miR-195-5p in 
miR-195-5p-mimics group was evidently up-
regulated. And FOXK in si-FOXK1 group was evi-
dently down-regulated than that in si-NC group. 
Transfections of miR-195-5p-mimics and si-
FOXK1 slowed the proliferation of HCC827 cells 
(Figure 4).

Effects of miR-195-5p and FOXK1 on migra-
tion and invasion of HCC827 cells

After transfection, the migration and invasion 
of HCC827 cells in miR-195-5p-mimics group 
were weakened than those in miR-NC group, 
and in si-FOXK1 group were lower than those in 
si-NC group (P < 0.05) (Figure 5).

DLR assay

We used Targetscan to predict miR-195-5p’s 
downstream target genes. Targeted binding loci 
between miR-195-5p and FOXK1 were identi-

Figure 2. miR-195-5p and FOXK1 in NSCLC tissues. A. miR-195-5p in NSCLC tissues. B. FOXK1 in NSCLC tissues. C. 
Correlation between miR-195-5p and FOXK in NSCLC tissues. *P < 0.05.
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fied. Therefore, we carried out a DLR assay and 
found that overexpressing miR-195-5p sup-
pressed FOXK1-3’UTR Wt luciferase activity (P 
< 0.05), while exerted no effects on FOXK1-
3’UTR Mut (P > 0.05). As shown by western 
blot, FOXK1 in cells treated with miR-195-5p-
mimics was reduced (P < 0.05) (Figure 6).

Discussion

Although great progress has been made in the 
development of anti-cancer therapies, LC re- 
mains one of the most deadly malignant tu- 

mors, and patients in advanced stages still 
have a poor prognosis [16]. Only 16% of treat- 
ed NSCLC patients achieved 5-year survival 
[17]. Therefore, it is urgent to understand the 
pathogenesis of NSCLC for the development of 
new therapeutic strategies.

MiRs are considered to be potential targets for 
the development of new anti-cancer drugs due 
to their roles as oncogenes or tumor suppres-
sors [18]. miR-195 plays a pivotal regulatory 
role in multiple cancers including NSCLC [15]. It 
inhibits cell migration and invasion in cervical 

Figure 3. miR-195-5p-agomir interferes with NSCLC tissues. A. Effect of miR-195-5p-agomir intervention on miR-
195-5p in tumor tissues of rats. B. Effect of miR-195-5p-agomir intervention on FOXK1 in tumor tissues of rats. C-E. 
Effect of miR-195-5p-agomir intervention on apoptosis-related proteins in tumor tissues of rats. F, G. WB. *P < 0.05 
vs. control group, #P < 0.05 vs. NSCLC group.
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Figure 4. Effects of miR-195-5p and 
FOXK1 on proliferation of HCC827 
cells. A, B. Relative expression of 
miR-195-5p and FOXK1 in HCC827 
cells. C, D. Effects of miR-195-
5p and FOXK1 on proliferation of 
HCC827 cells. E. WB. 

Figure 5. Effects of miR-195-5p and FOXK1 on migration and invasion of HCC827 cells. A. Effects of miR-NC, miR-
195-5p-mimics, si-NC, and si-FOXK1 on migration of HCC827 cells. *P < 0.05. B. Effects of miR-NC, miR-195-5p-
mimics, si-NC, and si-FOXK1 on invasion of HCC827 cells. *P < 0.05.



miR-195-5p and FOXK1 in non-small cell lung cancer

2534 Am J Transl Res 2021;13(4):2528-2536

cancers by inhibiting ADP ribosylation factor-
like protein 2 (Arl2) [19]. And by sponging miR-
195-5p, circAGFG1 regulates cyclin E1 (CCNE1) 
and participates in triple negative breast can-
cer [9]. FOXK family is a subclass of Forkhead 
transcription factors which are known to regu-
late cell cycle, apoptosis, differentiation, me- 
tabolism, survival, and other cellular biological 
processes [20, 21]. FOXK1 induces epithelial-
mesenchymal transition (EMT) of tumor cells 
and regulates invasion and metastasis of can-
cers [22]. Besides, it accelerates cell prolifera-
tion, migration and invasion in glioma, gastric 
cancer, and LC [23]. As potential binding loci 
between miR-195-5p and FOXK1 were found by 
targetscan, we therefore investigated whether 
miR-195-5p affects FOXK1 in NSCLC. Firstly, 
rat models of NSCLC were established, and low 
level of miR-195-5p and high level of FOXK1 
were shown in NSCLC tissues. Secondly, a neg-
ative correlation between the two was revealed 
by Pearson correlation. Therefore, miR-195-5p 
was closely related to FOXK1 in NSCLC by nega-
tively regulating FOXK1. Wu et al. [24] reports 
that plasmacytoma variant translocation gene 
1 (PVT1) can promote the proliferation of 
NSCLC cells by inhibiting miR-195, and knock-
ing down PVT1 or overexpressing miR-195 
improves the efficacy of in vitro radiotherapy in 
NSCLC. 

To verify how miR-195-5p and FOXK1 partici-
pate in NSCLC, we upregulated miR-195-5p 
expression and found that FOXK1 was evidently 
reduced in NSCLC tissues. Bax and Bcl-2 are 

tion, migration and invasion of HCC827 cells 
treated with miR-195-5p-mimics and si-FOXK1 
demonstrated in this study are also consistent 
to above conclusions. Finally, we used DIR 
assay to detect the regulatory relationship 
between the two indicators. It showed that 
overexpression of miR-195-5p suppressed 
FOXK1-3’UTR Wt luciferase activity, and FOXK1 
in cells was evidently reduced after miR-195- 
5p-mimics intervention. This indicates that 
miR-195-5p participates in NSCLC via regulat-
ing FOXK1. The present study suggests that 
FOXK1 has carcinogenic effect and is the direct 
target of miR-195-5p. Up-regulation of miR-
195-5p suppresses FOXK1, while the absence 
of FOXK1 inhibits the growth and metastasis of 
NSCLC cells, thereby inhibiting the growth of 
the tumor.

To sum up, miR-195-5p promotes apoptosis of 
NSCLC cells in rats via regulating FOXK1, which 
may become potential therapeutic target for 
NSCLC. This manuscript can be improvement. 
Firstly, whether miR-195-5p has other targets 
for NSCLC remains unknown. Secondly, the 
possible downstream mechanism of FOXK1 is 
unclear. We will carry out more research to 
elaborate the mechanism of miR-195-5p in 
NSCLC in the future.
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