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miR-195-5p Suppresses Lung Cancer Cell
Proliferation, Migration, and Invasion
Via FOXK1

Zhiqiang Long, PhD1 and Yadong Wang, PhD2

Abstract
Lung cancer remains one of the leading causes of cancer deaths around the world. Previous studies have shown that microRNAs
have pivotal functions in tumorigenesis including lung cancer. It is reported that microRNA-195-5p acts as a tumor suppressor
role in human cancers. However, the function and molecular mechanism of microRNA-195-5p in lung cancer progression is still
unclear. In the present study, the results showed that the expression of microRNA-195-5p was downregulated both in lung
cancer tissues and in lung cancer cell lines. Enhanced expression of microRNA-195-5p inhibited cell proliferation, migration, and
invasion in lung cancer cells. Furthermore, Forkhead box k1 was identified as the direct target of microRNA-195-5p. Forkhead
box k1 overexpression could restore the repressed cell proliferation and metastasis caused by microRNA-195-5p over-
expression. Our results demonstrated that a functional mechanism of microRNA-195-5p in regulating lung cancer. It indicates
that microRNA-195-5p may regulate lung cancer growth and metastasis through the regulation of Forkhead box k1, highlighting
the potential application for the treatment of lung cancer in the future.
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Background

Lung cancer is one of the most common cancers and one of the

leading causes of cancer deaths in the world.1,2 The dominant

subtype of lung cancer is non-small cell lung cancer (NSCLC),

which includes adenocarcinoma, squamous carcinoma, and large

cell carcinoma accounting for almost 80% of all lung cancers.

Despite treatment for lung cancer such as new drugs and ther-

apeutic regimens has been made great improvement, to date, the

overall 5-year survival rate of patients with NSCLC is still low.3

Thus, it is essential to investigate the underlying molecular

mechanisms of NSCLC growth, development, and progression.

MicroRNAs (miRNAs) are a class of small, noncoding

RNAs with 20 to 24 nucleotides in length, which regulate genes

expression through binding to the 30-untranslated region

(30-UTR) of targeted mRNAs.4-6 MicroRNAs play important

roles in various physiological and developmental conditions.

Some miRNAs are dysregulated in many human cancers, func-

tioning as oncogene or tumor suppressor roles in tumorigen-

esis.7-11 MicroRNA-195-5p (miR-195-5p) has been reported to

be a cancer regulator in multiple cancers such as colon can-

cer,12 gastric cancer,13 and so on, yet the function of miR-195-

5p and the underlying mechanism in regulating lung cancer still

remains to be investigated.
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Forkhead box k1 (FOXK1), a member of the FOX transcrip-

tion factor family,14 has been reported to be involved in tumor-

igenesis,15 including colorectal cancer,16 esophageal cancer,17

and hepatocellular carcinoma.18 However, it is not clear

whether FOXK1 is directly associated with miR-195-5p in

regulating NSCLC development.

In this study, we first examined the expression levels of

miR-195-5p in both lung cancer tissues and lung cancer cell

lines H1299 and A549. Then, the effects of miR-195-5p on

lung cancer growth and metastasis were determined. Moreover,

we explored whether FOXK1 was a direct target of miR-195-

5p and performed restoration experiments. In sum, our results

highlight the underlying mechanisms of miR-195-5p/FOXK1

regulation in lung cancer.

Materials and Methods

Clinical Samples and Cell Lines

Tissue samples of lung cancer and paired normal tissues

were obtained from patients who received surgical treatment at

the First Affiliated Hospital of Peking University. This study was

approved by the Human Research Ethics Committee from the

First Affiliated Hospital of Peking University

(PKDYFS201706206). Informed consent was obtained from all

patients. The human lung cell line BEAS-2B and lung cancer

cell lines (H1299, A549) were obtained from Shanghai Institute

of Cell Biology, China Academy of Sciences (Shanghai, China).

Cell Culture and Cell Transfection

All cells were cultured in Dulbecco’s Modified Eagle’s

Medium (DMEM; Sigma, MO, USA) supplemented with

10% fetal bovine serum (Sigma, MO, USA), 100 U/mL peni-

cillin, and 100 mg/mL streptomycin (Pen/Strep; Sigma, MO,

USA). Cells were incubated at 37�C in an atmosphere of 5%
CO2. Cells were transfected with FOXK1 (Addgene), miR-

195-5p mimic (Ribobio) or miR-NC using Lipofectamine

3000 reagent (Invitrogen).

Reverse Transcription and Quantitative Real-Time PCR

Total RNA was extracted from tissues or cultured cells with

Trizol reagent according to the manufacture’s protocol (Invitro-

gen, USA). The quantitative real-time polymerase chain reaction

(qRT-PCR) was performed on the ABI7300 system (Applied

Biosystems, CA, USA), according to the manufacturer’s instruc-

tions. The mRNA levels were detected by using the SYBR

Green PCR Master Mix and miR-195-5p levels were detected

by using the TaqMan microRNA assay kit (Applied Biosystems,

CA, USA). The relative expression of FOXK1 and miR-195-5p

was normalized to the internal control glyceraldehyde-3-phos-

phate dehydrogenase (GAPDH) and U6, respectively. The rela-

tive expression was calculated using the 2�DDCt method.

The sequences of PCR primers were as follows: FOXK1 for-

ward, 50-ACACGTCTGGAGGAGACAGC-30 and reverse,

50-GAGAGGTTGTGCCGGATAGA-30; miR-195-5p, forward

50-GAATTCGCCTCAAGAGAACAAAGTGGAG-30 and

reverse 50-AGATCTCCCATGGGGGCTCAGCCCCT-30;
U6, forward 50-GCTTCGGCAGCACATATACTAAAAT-30

and reverse 50-CGCTTCACGAATTTGCGTGTCAT-30; and

GAPDH, forward 50-TGTTCGTCATGGGTGTGAAC-30 and

reverse 50-ATGGCATGGACTGTGGTCAT-30.

Cell Proliferation Assay

Cell proliferation was performed by using Cell Counting Kit-8

(CCK-8; Dojindo, Japan), according to the manufacturer’s pro-

tocols. H1299 and A549 cells were transfected with miR-NC,

miR-195-5p then seeded in 96-well plates and cultured for 24,

48, 72 and 96 hours, respectively. Then, 10 mL CCK-8 reagent

was added to each well and incubated for another 1 to 2 hours.

The absorbance at OD450 was measured with the microplate

reader. This experiment was performed in triplicate.

Transwell Migration and Invasion Assay

Cell migration assay was performed with migration chambers

(BD Biosciences, CA, USA). Transfected cells (5 � 104 cells/

well) suspended in serum-free DMEM were seeded into the

upper chamber. The completed DMEM medium was placed into

the lower chamber. After 24 hours, any unmigrated cells were

removed and indicated cells were fixed and stained with 0.5%
crystal violet (Sigma, MO, USA), followed by photographed and

counted under the microscopy. Cell invasion assay was evalu-

ated using Matrigel invasion chambers (BD Biosciences, CA,

USA). The cells were treated referring to the migratory assay.

After 24 hours of incubation, cells remaining on the upper mem-

brane were removed carefully. The adherent to the bottom of the

membrane was fixed and stained with crystal violet (Sigma, MO,

USA). Then, they were measured under the microscopy.

Luciferase Reporter Assay

The wild type (WT) and mutant (MUT) 30-UTR of FOXK1

containing the miR-195-5p binding site was amplified from

human genomic DNA and validated by DNA sequencing. Indi-

cated plasmids with miR-195-5p or miR-NC were transfected

into H1299 or A549 cells in 24-well plates. After 48 hours,

luciferase assays were detected by using the Dual Luciferase

Reporter Assay System (Promega, Wisconsin) following the

manufacturer’s protocol. Firefly luciferase was normalized to

Renilla luciferase.

Western Blot

Total proteins from tissues and cultured cells were extracted

with the RIPA lysis buffer with 3% proteinase inhibitor cock-

tail (Sigma, MO, USA), according to the manufacturer’s

instruction. Cell lysates were separated by 10% sodium dode-

cyl sulfate polyacrylamide gel electrophoresis and transferred

to polyvinylidene fluoride (PVDF) membranes (Invitrogen,

USA). After blocking with nonfat milk in TBST at room tem-

perature for 1 hour, membranes were incubated with primary
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antibody against FOXK1 (1:1000, Abcam, Cambridge, Massa-

chusetts) at 4�C overnight. Membranes were washed 3 times

and incubated with horseradish peroxidase–conjugated second-

ary antibody for 2 hours at room temperature. Signals were

detected by an enhanced chemiluminescence system (Amer-

sham Biosciences).

Statistical Analysis

All data are shown as mean + standard deviation. Student t test

and 1-way analysis of variance analysis were used to estimate

significant difference in different groups. P < .05 represented

the difference was statistically significant.

Results

MicroRNA-195-5p Is Downregulated in Lung Cancer
Tissues and Cell Lines

To investigate the role of miR-195-5p in lung adenocarcinoma,

we first detected miR-195-5p expression in 20 pairs of lung can-

cer samples using qRT-PCR. The results showed that miR-195-5p

expression was markedly downregulated in lung cancer tissues

compared to adjacent normal tissues (Figure 1A). Consistently,

miR-195-5p expression was also decreased in lung cancer cell

lines (H1299, A549) than in the human lung epithelia cell line

BEAS-2B (Figure 1B). These findings implied that miR-195-5p

was downregulated in lung cancer tissues and cell lines.

MicroRNA-195-5p Overexpression Suppresses Lung
Cancer Cell Proliferation, Migration, and Invasion

Since miR-195-5p expression was significantly lower in

tumor tissues and A549 and H1299 cells than adjacent normal

tissues and the normal cell line BEAS-2B, respectively, firstly

we investigated these 3 tumorigenic activities between

BEAS-2B normal cell line and A549/H1299 tumor cell lines.

These results showed that the proliferative abilities, the

migration and invasion activities of A549 and H1299 were

obviously higher than that of BEAS-2B (Supplementary 1),

indicating that miR-195-5p expression was inversely corre-

lated with tumorigenic activities. To explore the function of

miR-195-5p in lung cancer, we overexpressed miR-195-5p in

H1299 and A549 cells by transfection with miR-195-5p

mimic or negative control. The result showed that the miR-

195-5p expression was significantly increased in H1299 and

A549 cells after transfection determined by qRT-PCR (Figure

2A). We then used CCK-8 and transwell assays to analyze

whether the miR-195-5p overexpression affected lung cancer

cell proliferation and metastasis. Cell Counting Kit-8 assay

showed that forced expression of miR-195-5p remarkably

suppressed cell proliferation in both H1299 and A549 cells

(Figure 2B and C). What’s more, transwell migration assay

indicated that miR-195-5p overexpression significantly

repressed H1299 and A549 cells migration (Figure 2D).

Moreover, the transwell invasion assay was in accordance

with the migration result, that was, increased miR-195-5p

expression strikingly inhibited H1299 and A549 cells inva-

sion (Figure 2E). Taken together, the above results suggested

that the overexpression of miR-195-5p suppressed the prolif-

eration, migration, and invasion of lung cancer cells.

Forkhead Box k1 Is a Direct Target of miR-195-5p

We then explored the underlying molecular mechanism of

miR-195-5p by bioinformatics analysis using TargetScan

(www.targetscan.org). Figure 3A showed that the 30-UTR

regions of FOXK1 contained binding site for the miR-195-

5p seed region, indicating FOXK1 was the potential target. To

Figure 1. Micro-195-5p is downregulated in lung cancer tissues. A, Relative miR-195-5p expression levels were measured by quantitative

reverse transcription-polymerase chain reaction (qRT-PCR) in 20 pairs of human lung cancer tissues and adjacent normal tissues. U6 RNA level

was used as an internal control. B, Relative miR-195-5p expression was analyzed by qRT-PCR in human lung cancer cell lines. Each experiment

was repeated at least 3 times. *P < .05, **P < .01.
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confirm whether miR-195-5p directly binds to miR-195-5p,

we performed luciferase reporter assay. The results displayed

that the luciferase activity was inhibited in H1299 and A549

cells cotransfected with WT FOXK1 30-UTR and miR-195-5p

mimics whereas restored in cells cotransfected with MUT

FOXK1 30-UTR and miR-195-5p mimics (Figure 3B and

3C). Furthermore, Pearson rank correlation analysis showed

that FOXK1 and miR-195-5p in lung cancer samples were

Figure 2. Overexpression of miR-195-5p inhibits lung cancer cell proliferation, migration, and invasion. A, The expression level of miR-195-5p

in lung cancer cells H1299 and A549 transfected with miR-195-5p mimic or negative control was determined by quantitative reverse

transcription-polymerase chain reaction (qRT-PCR). B and C, Cell Counting Kit-8 (CCK-8) assay was used to examine cell viability in H1299

and A549 cells transfected with miR-195-5p mimic and negative control, respectively, for 48 hours. D, Transwell migration assay was used to

measure the migratory ability in H1299 and A549 cells transfected with miR-195-5p mimic and negative control, respectively, for 48 hours. E,

Transwell-matrigel assay was used to measure the potential of invasion of H1299 and A549 cells transfected with miR-195-5p mimic and

negative control, respectively, for 48 hours. Each experiment was repeated at least 3 times. *P < .05, **P < .01.
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inversely correlated (Figure 3D, Pearson correlation

r ¼ �0.133). In addition, the mRNA and protein level of

FOXK1 was also decreased with the overexpression of

miR-195-5p (Figure 3E and F). These data indicated that

FOXK1 was a direct target of miR-195-5p in lung cancer

cells.

Loss of FOXK1 Suppressed Lung Cancer Cell Growth
and Metastasis

Next, we explored the cell function of FOXK1 in lung cancer

cells, the relative expression of FOXK1 at protein level and

mRNA level in lung cancer tissues was significantly higher

Figure 3. Forkhead box k1 (FOXK1) is a direct target of miR-195-5p. A, The schematic diagram showed the sequences of the miR-195-5p

binding site within the human FOXK1 30-untranslated region (30-UTR), wild type FOXK1 30-UTR and the mutant FOXK1 30-UTR. The mutant

nucleotides of the FOXK1 30-UTR are labeled in red. B and C, Luciferase reporter assay on H1299 and A549 transfected with miR-195-5p or

miR-NC together with wt FOXK1 30-UTR or mut FOXK1 30-UTR was measured 24 hours post-transfection. D, The correlation between relative

FOXK1 mRNA levels and relative miR-195-5p expression in 512 lung cancer tissue samples was analyzed with Pearson rank correlation

(r ¼ �0.113, P ¼ .0102). E, FOXK1 expression at mRNA level in transfected H1299 and A549 cells was measured by quantitative reverse

transcription-polymerase chain reaction (qRT-PCR). F, FOXK1 expression at protein level in transfected H1299 and A549 cells was examined

by Western blot. Each experiment was repeated at least 3 times. *P < .05, **P < .01.
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Figure 4. Knockdown of Forkhead box k1 (FOXK1) suppressed lung cancer cell proliferation, migration, and invasion. A, Representative

images of FOXK1 protein expression in lung cancer tissues (C) and normal tissues (N) were detected by Western blot. B, The mRNA levels of

FOXK1 in lung cancer tissues and normal tissues were determined by quantitative reverse transcription-polymerase chain reaction (qRT-PCR).

C, The knockdown efficiency of si-FOXK1 was measured by qRT-PCR. D and E, Cell Counting Kit-8 (CCK-8) assay was used to measure cell

proliferation in H1299 and A549 transfected with si-NC and si-FOXK1, respectively, for 48 hours. Each experiment was repeated at least 3

times. *P < .05, **P < .01. F and G, Transwell migratory assay and transwell invasion assay were performed to measure cell migratory ability

and invasive capacity in H1299 and A549 cells transfected with si-NC and si-FOXK1, respectively, for 48 hours. Each experiment was repeated

at least 3 times. *P < .05, **P < .01.
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compared to adjacent normal tissues as shown in Figure 4A and

B. Given that FOXK1 was upregulated in lung cancer, we

investigated the effects of FOXK1 on lung cancer cell prolif-

eration, migration, and invasion with specific si-FOXK1. The

knockdown efficiency of si-FOXK1 was validated by Western

blot (Figure 4C). Cell Counting Kit-8 assay showed that

FOXK1 depletion suppressed cell proliferation both in H1299

and in A549 cells (Figure 4D and E). Results of transwell

assays showed that the migratory ability and invasive capabil-

ity were significantly inhibited following FOXK1 knockdown

Figure 5. Forkhead box k1 (FOXK1) overexpression abolished the suppressive effect of miR-195-5p in lung cancer. A and B, Quantitative

reverse transcription-polymerase chain reaction (qRT-PCR) and Western blot assays were used to analyze FOXK1 expression in H1299 and

A549 cells transfected with miR-195-5p mimic and negative control RNA oligos, respectively, for 48 hours. The expression of FOXK1 was

normalized to Glyceraldehyde-3-phosphate dehydrogenase (GAPDH) expression. C and D, Cell Counting Kit-8 (CCK-8) assay was sued to

measure cell viability in H1299 and A549 cells transfected with miR-195-5p mimics or negative control together with FOXK1 overexpression,

respectively, for 48 hours. E and F, Transwell migratory assay and invasion assay were used to determine the migratory ability and invasive

capability of H1299 and A549 cells transfected with miR-195-5p mimic or negative control together with FOXK1 overexpression, respectively,

for 48 hours. Each experiment was repeated at least 3 times. *P < .05, **P < .01.
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(Figure 4F and G). In conclusion, the results suggested that

FOXK1 knockdown suppressed lung cancer cell proliferation,

migration, and invasion.

MicroR-195-5p Exerts Its Role by Regulation of FOXK1
Expression in Lung Cancer

Based on the above results, we speculated that miR-195-5p

might exert its effects by repressing FOXK1 expression. The

expression of FOXK1 was reduced at mRNA level and protein

level with miR-195-5p overexpression by qRT-PCR and West-

ern blot (Figure 5A and B) while restored following FOXK1

overexpression (Figure 5A and B). Cell Counting Kit-8 results

showed that the overexpression of FOXK1 could reverse the

repressed cell proliferation induced by miR-195-5p overexpres-

sion in both H1299 and A549 cells (Figure 5C and D). Transwell

migration assay and transwell invasion assay displayed that

FOXK1 overexpression could abolished miR-195-5p-caused

cell migratory ability and invasive capability suppression in both

H1299 and A549 cells (Figure 5E and F). Taken together, these

data demonstrated that miR-195-5p acted as a tumor suppressor

role via the regulation of FOXK1 in lung cancer.

Discussion

MicroRNAs play vital roles in tumorigenesis under a series of

mechanisms in recent studies, which have been shown to be

associated with clinical characteristics of multiple cancers and

outcomes. The roles of miRNAs in lung cancer have also been

studied. Such as, Yang et al reported that microRNA-218 func-

tioned as a tumor suppressor in lung cancer by targeting IL-6/

STAT3 and negatively correlated with poor prognosis.19 Liu et

al showed that miR-330-3p controlled cell proliferation by

targeting early growth response 2 in NSCLC.20 Liu et al stud-

ied that microRNA-4458 suppressed the proliferation of human

lung cancer cells in vitro by directly targeting Lin28B,21 while

Sun et al found that microRNA-346 facilitated cell growth and

metastasis and suppresses cell apoptosis in human NSCLC by

regulation of XPC/extracellular-signal regulated kinase (ERK)/

Snail/E-cadherin pathway.10

Previous studies shown that miR-195-5p might act as a

tumor suppressor role in several cancers. For example, it was

reported that miR-195-5p suppressed the proliferation, migra-

tion, and invasion of oral squamous cell carcinoma by targeting

TRIM14.22 It was shown that miR-497-5p, miR-195-5p, and

miR-455-3p functioned as tumor suppressors by targeting

human telomerase reverse transcriptase (hTERT) in melanoma

A375 cells.23 We found in this study that miR-195-5p expres-

sion was low in lung cancer samples compared with normal

control. The result was consistent in the lung cancer cell lines.

Furthermore, miR-195-5p overexpression inhibited lung cancer

cells proliferation, migration, and invasion. Thus, we demon-

strated that miR-195-5p suppressed lung cancer growth and

metastasis.

Forkhead box k1 has been identified to play an oncogenic

role in the development of cancer. In the present research,

FOXK1 was identified as the target of miR-195-5p. First,

miR-195-5p repressed FOXK1 expression by binding to the

30-UTR of FOXK1 by luciferase reporter assay. Second, the

expression of FOXK1 in lung cancer cell lines was remarkably

decreased with miR-195-5p expression. Third, FOXK1 was

upregulated in lung cancer tissues compared to the adjacent

normal tissues. What’s more, FOXK1 restoration treatment

could abolish the suppressed effects caused by miR-195-5p

overexpression. These results suggested that FOXK1 acted as

an oncogene role in lung cancer development and miR-195-5p

repressed lung cancer growth by targeting FOXK1.

In conclusion, this study revealed that miR-195-5p played

an important role in lung cancer through regulation of FOXK1.

Despite we identified that miR-195-5p could suppress progres-

sion of lung cancer by targeting FOXK1, there might be many

other targets of miR-195-5p affecting carcinogenesis of lung

cancer. Nevertheless, in our study, we confirmed that miR-195-

5p functioned as a tumor suppressor through suppression of

FOXK1. Further studies are required to investigate more mole-

cular mechanisms of miR-195-5p and signaling pathway in

lung cancer.

Conclusions

In summary, our study presents the regulatory mechanism of

miR-195-5p in lung cancer cell growth directly through the

target FOXK1 and implicates miR-195-5p as a potential target

for lung cancer therapies and FOXK1 as a prospective prog-

nosis factor.
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