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MiR-1286 inhibits lung cancer growth through aerobic 
glycolysis by targeting PKM2
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A b s t r a c t

Introduction: This study aims to explore the effects of microRNA-1286 (miR-
1286) on the development of non-small cell lung cancer (NSCLC) via the 
aerobic glycolysis pathway by targeting pyruvate kinase muscle isozyme M2 
(PKM2).
Material and methods: The mRNA levels of miR-1286 in NSCLC tissues and 
mouse tumor tissues were detected by q-PCR. MiR-1286 was knocked down 
and overexpressed separately in A549 cells. The effect of miR-1286 on cell 
proliferation was determined by CCK8 assay. Western blotting was used 
to measure the expression of PKM2 protein. Lactate production assay was 
used to detect the aerobic glycolysis in A549 cells. The effect of miR-1286  
in vivo was determined by xenograft assay.
Results: The mRNA level of miR-1286 decreased in NSCLC tissues compared 
with paired, tumor adjacent normal tissues. In addition, miR-1286 inhibited 
A549 cell proliferation in vitro. Moreover, knockdown of miR-1286 increased 
PKM2 expression and lactate production. Thus, miR-1286 expression nega-
tively correlated with PKM2 in A549 cells. At the same time, in vivo experi-
ments also showed that miR-1286 suppressed the growth of A549 cells and 
PKM2 was the target gene of miR-1286.
Conclusions: These data show that miR-1286 inhibits lung cancer prolif-
eration via aerobic glycolysis by targeting PKM2, which suggests that the 
functions of miR-1286 in NSCLC may play a key role in tumor progression 
and that miR-1286 can be a promising predictive biomarker and potential 
therapeutic target for NSCLC.
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Introduction

Lung cancer is the leading cause of cancer incidence and mortality 
worldwide [1]. Non-small cell lung cancer (NSCLC), which accounts for 
about 80% of all lung cancers, has a low 5-year survival rate [2]. Further-
more, about 75% of NSCLC patients are already in the advanced stage 
when they are properly diagnosed with NSCLC [3]. In addition, the ef-
fects of the clinical NSCLC treatments are still unsatisfactory. Patients 
who have undergone surgical resection have high recurrence rates. On 
the other hand, chemotherapy or radiotherapy always causes many side 
effects. Thus, more effective diagnoses and therapeutic options are ur-
gently needed for patients who suffer from NSCLC. 
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MicroRNAs (miRNAs) are a type of highly con-
served endogenous non-coding fractions of ap-
proximately 18 to 25 nt RNAs that play important 
roles in regulating cell differentiation, apoptosis, 
tumorigenesis and other biological processes by 
targeting mRNAs for cleavage or translational re-
pression [4–8]. 

In the past few years, miRNAs have been found 
to be closely related to lung tumor biology [9, 
10]. For example, Let-7 serves as an anti-tumor 
microRNA in lung cancer through its ability to 
downregulate the expression of RAS, which plays 
oncogenic roles in many kinds of tumors. Reduced 
expression of Let-7 is observed in lung cancer and 
is associated with shortened postoperative surviv-
al [11, 12]. MiR-340 suppresses lung cancer prolif-
eration and induces apoptosis by enhancing p27 
signaling, which can inhibit the activity of cell cy-
cle protein cyclin-dependent kinase 2 (CDK2) [13]. 
Therefore, elucidating the underlying biological 
functions and molecular mechanisms of miRNAs 
in lung cancer will benefit our understanding of 
miRNAs in lung cancer therapy. 

MiR-1286 is a newly identified microRNA locat-
ed on human chromosome 22. It was reported that 
the expression of miR-1286 changed during brain 
development [14]. In another study, miR-1286 was 
found to be hypermethylated in breast cancer tu-
mors compared with normal tissues, suggesting 
a potential role of miR-1286 in modulating cancer 
development [15]. However, as far as we know, the 
exact function of miR-1286 and its mechanism of 
action in cancer have never been reported and the 
potential targets of miR-1286 in lung cancer have 
not yet been identified.

Tumors need more nutrients and energy to sus-
tain their rapid proliferation, thus resulting in ab-
normal glucose, lipid and protein metabolism. For 
example, even in the presence of sufficient oxy-
gen, tumor cells tend to favor metabolism through 
glycolysis rather than the oxidative phosphory-
lation pathway, simultaneously accompanied by 
high glucose utilization and production of large 
amounts of lactate [16]. The above phenomenon 
is known as the Warburg effect. Pyruvate kinase 
muscle isozyme (PKM), including PKM1/M2, cat-
alyzes the last step in the course of aerobic gly-
colysis [17]. A  recent publication reported that 
miR-124, miR-137, and miR-340 impair colorectal 
cancer growth by counteracting the Warburg ef-
fect due to interference with PKM [18]. In addi-
tion, miR-148a/152 suppresses the expression of 
PKM2, which can increase the activity of pro-pro-
liferating NF-κB signaling, by which miR-148a/152 
inhibits the growth and angiogenesis of cancer 
cells [19]. However, whether miR-1286 is involved 
in regulating aerobic glycolysis in cancer cells re-
mains unknown. 

Here we demonstrate for the first time that 
miR-1286 is down-regulated in lung tumor tissues 
compared with adjacent normal tissues. Then, miR-
1286 inhibits lung cancer cell growth by decreasing 
PKM2 expression. A549 cells with miR-1286 over-
expression have a  significantly lower growth rate  
in vitro and in vivo. Thus, our study reveals the crucial 
role of miR-1286 in lung cancer and may have im-
portant clinical implications in lung cancer therapy.

Material and methods

Human samples

NSCLC tissues and paired adjacent noncan-
cerous tissues were obtained from patients diag-
nosed with NSCLC in the Second Affiliated Hos-
pital of Xingtai Medical College Hospital. Total 
RNA was extracted using TRIzol according to the 
standard procedure and prepared for quantitative 
reverse transcriptase polymerase chain reaction 
(qRT-PCR) analysis. Studies involved in clinical 
specimens were approved by the Ethics Commit-
tee of the Second Affiliated Hospital of Xingtai 
Medical College Hospital.

Reagents

Anti-PKM2 antibody (D78A4, 1 : 1000), anti- 
β-actin antibody (8H10D10, 1 : 3000), HRP-con-
jugated polyclonal goat anti-mouse antibody 
(#7076, 1 : 2000) and HRP-conjugated polyclonal 
goat anti-rabbit antibody (#7074, 1 : 2000) were 
from Cell Signaling (Danvers, MA, USA). The lac-
tate assay kit (MAK64) was purchased from Sig-
ma-Aldrich (USA). Cell Counting Kit-8 (CCK8) was 
bought from Transgen Biotech (Beijing, China). 

Cell transfection 

Human NSCLC cell line A549 cells were pur-
chased from American Type Culture Collection 
(ATCC). Cells were cultured in F-12K culture medium 
(Thermo Fisher Scientific, USA) containing 10% fe-
tal bovine serum (Gibco, USA) at 37°C with 5% CO

2. 
The miR-1286 mimics, miR-1286 inhibitors and 
negative control sequences were all purchased from 
GenePharma (Shanghai, China). Cells were divided 
into four groups: miR-1286 mimic group vs. control 
mimic group, miR-1286 inhibitor group vs. control 
inhibitor group. 1 × 105 A549 cells were plated into 
24 wells overnight. When the cell density reached 
50–60%, A549 was transfected using TransIT trans-
fection reagent (Mirus) according to the manufac-
turer’s instructions. Forty-eight hours after trans-
fection, cells were collected for detection. For A549 
subcutaneous inoculation, A549 cells were trans-
fected with pLenti-III-miR-1286 lentivirus or control 
lentivirus, and selected by puromycin for 5 weeks to 
acquire cells that stably overexpress miR-1286.
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Cell proliferation assay

After being transfected by miR-1286 mimic or 
miR-1286 inhibitor for 48 h, A549 cells were sep-
arately seeded in 96-well plates at a  density of  
3 × 103 cells/well in 100 µl medium and five du-
plicates for each group. The rate of cell prolifera-
tion was detected at the time points of 18 h and  
36 h. 10 µl of CCK8 were added to each well and 
the cells were incubated for an additional 4 h. The 
absorbance value at 450 nm was then recorded 
and calculated. Meanwhile, cells were collected 
and counted by the plate counting method to de-
termine cell number at 36 h.

RNA extraction and q-PCR

Total RNA was extracted with Trizol (Invitrogen, 
USA) and cDNA was synthesized using a  Prime-
Script RT reagent kit (Takara, Japan) according 
to the manufacturer’s instructions. Quantitative  
RT-PCR (qRT-PCR) was performed in an Applied Bio-
systems 7500 real-time PCR system (Foster City, 
CA, USA) through the application of SYBR Green 
PCR master mix (TaKaRa Biotechnology Co. Ltd). 
All quantitative RT-PCR reactions were performed 
in triplicate. The relative mRNA levels of miR-1286 
and PKM2 were normalized against β-actin RNA. 
The corresponding PCR primers were as follows: 
PKM2 forward 5′-ATGTCGAAGCCCCATAGTGAA-3′ 
and reverse 5′-TGGGTGGTGAATCAATGTCCA-3′; 
β-actin was used as an internal control and was 
amplified using primers 5′-AGTGTGACGTTGA-
CATCCGT-3′ and 5′- GCAGCTCAGTAACAGTCCGC-3′.

Western blotting

Total protein of A549 cells was isolated with 
cell lysis buffer (Cell Signaling Technology) and 
quantified using the BCA protein assay. 20 µg of 
total proteins were separated by 10% SDS-PAGE 
gel and transferred onto a PVDF membrane (Mil-
lipore, Billerica, MA). The corresponding primary 
antibodies were incubated overnight. The corre-
sponding HRP-conjugated secondary antibody 
was then added and incubated with membranes 
for 1.5 h at room temperature. Protein bands in 
PVDF membranes were visualized using SuperSig-
nal West Femto Maximum (Thermo, IL, USA) and 
detected by BioImaging Systems (Tanon). All sam-
ples were assayed in triplicate.

Lactate production assay

A549 cells post-treated by miR-1286 mimic or 
miR-1286 inhibitor were seeded in 6-well plates in 
fresh medium for 24 h. Then, detection of lactate 
was performed using a lactate assay kit. A549 su-
pernatants were collected by centrifugation at the 
speed of 600 g for 5 min. Lactate concentration in 

A549 supernatants was measured using a Lactate 
Assay Kit (Sigma Aldrich, USA) according to the 
manufacturer’s instructions on a Nova Bioprofile 
100 analyzer. (Nova Biomedical, USA)

In vivo tumor xenograft assay

Six-week-old female athymic nude mice were 
purchased from SIPPR-BK Experimental Animal 
Co. (Shanghai, China) and kept in a specific patho-
gen-free facility. A549 cells infected with lentivirus 
expressing miR-1286 or control were suspended 
in PBS at the density of 2 × 107 cells/ml. Subse-
quently, a  100  µl cell suspension was injected 
subcutaneously into the flank region of the nude 
mice. Every 4 days, tumor size was measured by 
a  caliper and tumor volume was calculated by 
length × width2/2. Three weeks later, mice were 
sacrificed and tumor tissues were collected for 
further analysis.

Statistical analysis

All data represent at least three independent 
experiments to assess statistical significance. 
Data are shown as the mean ± SD. P < 0.05 was 
considered as statistically significant and indicat-
ed by *p < 0.05, **p < 0.01, ***p < 0.001. All data 
analysis was performed with SPSS 16.0 software 
(SPSS Inc., Chicago, IL) and analyses used in this 
study mainly included two-way ANOVA, paired  
t test and Student’s t test.

Results

MiR-1286 is down-regulated in NSCLC 
tissues

In order to investigate the potential role of 
miR-1286 in NSCLC, we firstly collected 14 pairs of  
NSCLC tissues and matched noncancerous adja-
cent tissues, and performed q-PCR to evaluate 
miR-1286 expression. As shown in Figure 1, miR-
1286 expression levels in NSCLC tissues were sig-
nificantly lower than in corresponding noncancer-
ous adjacent tissues, hinting that miR-1286 may 
take part in the tumorigenesis process of NSCLC. 

MiR-1286 strongly inhibits NSCLC cell 
proliferation in vitro

We next evaluated the effect of miR-1286 on the 
proliferation of NSCLC cells. MiR-1286 overexpres-
sion in A549 cells was conducted by transfecting 
miR-1286 mimic or control mimic. Subsequently, 
CCK8 assay was performed to detect the level of 
cell proliferation. The results showed that compared 
with control mimic, miR-1286 mimic decreased 
A549 cell proliferation. In contrast, A549 cells treat-
ed with miR-1286 inhibitor exhibited a significant 
increase in growth (Figure 2 A). The suppressive role 
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of miR-1286 on A549 cell proliferation was further 
verified by cell number counting (Figure 2 B). Taken 
together, these results suggest that miR-1286 inhib-
its the proliferation of NSCLC cells in vitro.

PKM2 is the target of miR-1286

MiRNAs usually exert their functions by bind-
ing to the 3′-UTR of their direct target genes thus 
downregulating their expression [20–23]. To iden-

tify potential downstream targets of miR-1286, 
we checked validated targets in the Probability of 
Interaction by Target Accessibility (PITA) database. 
Interestingly, we found that PKM2 was the target 
gene of miR-1286 (Figure 3 A). The PKM2 expres-
sion was decreased in miR-1286-overexpressing 
A549 cells, while PKM2 expression was increased 
in miR-1286-inhibitor treated A549 cells, which 
were verified by both q-PCR and western blot 
analysis (Figures 3 B, C). 

Cell metabolism reprogramming, especially al-
tered glucose metabolism, is vitally essential for 
tumorigenesis. Tumor cells preferentially use aero-
bic glycolysis to generate energy and support their 
fast proliferation. Particularly, PKM2 is known to 
be a crucial regulator in the glycolytic pathway [24, 
25]. Therefore, we detected the level of lactate, 
the final product of glycolysis, in A549 culture su-
pernatants. In comparison with the control group, 
miR-1286 overexpression led to less lactate pro-
duction, while miR-1286-inhibitor treated A549 
cells produced more lactate (Figure 3 D). On the 
other hand, the expression of several other glycoly-
sis-related enzymes, including hexokinase 1 (HK1),  
hexokinase 2 (HK2), phosphofructokinase 1 (PFK1)  
and lactate dehydrogenase (LDH), showed no sig-
nificant difference between miR-1286 mimic and 
control mimic cells (Figure 3 E). To investigate the 
role of miR-1286 in glycolysis, we analyzed the 
correlation of miR-1286 and PKM2 and found 
that the expression level of PKM2 was negatively 
correlated with miR-1286 (Figure 3 F). These data 
suggest that PKM2 is the target gene of miR-1286 

Figure 1. miR-1286 was downregulated in NSCLC 
tumor tissues. The mRNA expression levels of miR-
1286 in NSCLC tumor samples and normal lung 
tissues were evaluated by q-PCR

**P < 0.01.
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Figure 2. MiR-1286 overexpression inhibited the proliferation of NSCLC cells. A – CCK8 assay was performed to 
detect A549 cell proliferation ability at indicated time points after transfection of miR-1286 mimic or control mimic 
and miR-1286 inhibitor or control inhibitor. B – Cell number was determined by cell counting after transfection of 
miR-1286 mimic or control mimic and miR-1286 inhibitor or control inhibitor for 48 h in A549 cells

*P < 0.05, **p < 0.01.
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Figure 3. PKM2 was a target gene regulated by miR-1286. A – PTIA database was used to scan the matched se-
quence, and then PKM2 gene was predicted as a direct target of miR-1286. B, C – A549 cells were either transfect-
ed with miR-1286 mimic and control mimic or treated with miR-1286 inhibitor or control inhibitor respectively. The 
mRNA expression of PKM2 was analyzed by qRT-PCR after transfection for 24 h (B) and the protein level of PKM2 
was measured by western blotting after transfection for 36 h (C). D – After A549 cells were either transfected with 
miR-1286 mimic and control mimic or treated with miR-1286 inhibitor or control inhibitor for 24 h, A549 superna-
tants were collected to detect the production of lactate. E – The expression of several glycolysis-related enzymes 
was evaluated by qRT-PCR, including hexokinase 1 (HK1), hexokinase 2 (HK2), phosphofructokinase 1 (PFK1) and 
lactate dehydrogenase (LDH). F – The correlation between expression of PKM2 and miR-1286 in A549 cells was 
analyzed by Spearman correlation analysis

*P < 0.05, **p < 0.01.
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and miR-1286 may take part in regulating the aer-
obic glycolytic pathway.

MiR-1286 modulates NSCLC cell 
proliferation via targeting PKM2

In order to clarify whether the inhibitory effect 
of miR-1286 on lung cancer cell proliferation was 
dependent on PKM2 downregulation, A549 cells 
were co-transfected with miR-1286 mimic and 
PKM2. As shown in Figure 4 A, in contrast with 
the control group, PKM2 overexpression partially 
reversed the ability of miR-1286 mimic to repress 
cell proliferation. Correspondingly, inhibition of 
miR-1286 expression accelerated cell prolifera-
tion, which would be abolished by knockdown of 
PKM2 expression (Figure 4 B).

As we previously found that the lactate produc-
tion could be modulated by miR-1286, it was nec-

essary to confirm whether this regulation function 
leans on PKM2. A549 cells with high expression 
of miR-1286 exhibited a  decline in lactate pro-
duction and this effect was inverted by co-trans-
fecting with pcDNA3.1-PKM2 plasmid (Figure 4 C).  
Meanwhile, A549 cells treated with miR-1286 
inhibitor produced less lactate, while decreasing  
PKM2 expression led to opposite results (Figure 4 D).  
Taken together, all these results indicate that 
miR-1286 is likely to participate in the glycolysis 
process by targeting PKM2 to inhibit NSCLC cell 
proliferation.

MiR-1286 restrains NSCLC tumor growth  
in vivo

To determine the role of miR-1286 in tumor 
development in vivo, we constructed the A549-
miR-1286 mimic cell line which could stably over-

Figure 4. MiR-1286 inhibited NSCLC cell proliferation via targeting PKM2. A – Cell proliferation was determined by 
CCK8 assay after transfection of miR-1286 mimic or control mimic, together with pcDNA3.1-PKM2 or pcDNA3.1 
for 48 h. B – Cell proliferation was determined by CCK8 assay after transfection of miR-1286 inhibitor or control 
inhibitor, together with shPKM2 or sh-Scramble for 48 h. C – Lactate production was measured by using the Nova 
Bioprofile 100 analyzer after transfection miR-1286 mimic or control mimic, together with pcDNA3.1-PKM2 or 
pcDNA3.1 for 24 h. D – Lactate production was measured after transfection miR-1286 inhibitor or control inhibitor, 
together with shPKM2 or sh-Scramble for 48 h

*P < 0.05, **p < 0.01, ***p < 0.001.
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express miR-1286. Cells were implanted into nude 
mice by subcutaneous injection. As shown in Figure 
5 A, the tumor volume of the miR-1286 mimic group 
was significantly smaller than that of the control 
group. Meanwhile, the tumor tissues were found 
with higher expression of miR-1286 and a  lower 
level of PKM2 (Figures 5 B, C). The correlation anal-
ysis revealed a negative correlation between PKM2 
and miR-1286 expression (Figure 5 D).

PKM2 has been reported to be closely linked to 
embryogenesis, tissue repair, and cancer. Studies 
have found that in regional lymph node metasta-
ses in NSCLC patients, there is lower PKM2 expres-
sion and better overall survival rate of patients 
[26]. Hence, we also analyzed the association of 
PKM2 expression with tumor size in the mouse 
tumor xenograft model. We achieved a  parallel 
result that the expression of PKM2 was positive-

Figure 5. MiR-1286 affected NSCLC development  
in vivo. A – Nude mice were subcutaneously injected 
with 2 × 106 A549-miR-1286 or A549-control cells. 
Tumor size was monitored over 3 weeks and the 
tumor volume was calculated. B, C – Expression of 
miR-1286 (B) and PKM2 (C) in the tumor tissues 
of A549-miR-1286 or A549-control mice xenograft 
was detected by q-PCR. D, E – Correlations between 
expression of PKM2 and miR-1286 (D) or PKM2 
and tumor volume (E) in mice tumor tissues were 
analyzed by Spearman correlation analysis using 
GraphPad Prism 7

*P < 0.05, **p < 0.01.

 0 9 13 16 20

 A549-ctrl          A549-miR1286

 0 0.02 0.04 0.06

PKM2 level

 0 0.02 0.04 0.06

PKM2 level

Tu
m

or
 v

ol
um

e 
[c

m
3 ]

m
iR

-1
28

6 
le

ve
l

Tu
m

or
 v

ol
um

e 
[m

m
3 ]

m
iR

-1
28

6 
ex

pr
es

si
on

PK
M

2 
ex

pr
es

si
on

4

3

2

1

0

0.08

0.06

0.04

0.02

0

1100

1000

900

800

700

0.05

0.04

0.03

0.02

0.01

0

0.15

0.10

0.05

0

A

D

E

B

C

**

**

 ctrl inhibitor miR-1286 mimic

 ctrl inhibitor miR-1286 mimic

p = 0.0067*

p = 0.0123*



Hui Li, Xuexia Lin, Chaopeng Li, Jungai Li, Xunxun Xu, Dongyue Meng, Shushen Zheng

158 Arch Med Sci 1, 1st January / 2023

ly correlated with tumor size (Figure 5 E). In sum, 
these findings suggest that miR-1286 is a key tu-
mor suppressor that restrains NSCLC tumor cell 
growth in vivo through depending on PKM2.

Discussion

Emerging evidence has shown that abnor-
mal miRNA expression boosts the initiation and 
progression of various human tumors [27, 28]. 
A  large number of studies have also indicated 
that miRNAs can be used as target genes for tu-
mor prediction and treatment, including NSCLC 
[29–31]. For instance, miR-224/-520c decreases  
the expression of tumor suppressor candidate 3 
(TUSC3) and promotes NSCLC metastasis through 
impairing the unfolded protein response [32]. 
Administration of nanoparticles containing miR-
125b promotes the differentiation of anti-tumor 
macrophages, thus restraining the growth of NS-
CLC in vivo [33]. Inhibition of miR-582-3p reduces 
the malignancy of lung cancer stem cells by sup-
pressing the Wnt/β-catenin pathway [34]. Thus, 
exploring the role of miRNA in tumors is of great 
significance for tumor therapy. In our study, we 
found that miR-1286 was down-regulated in tu-
mor tissues from NSCLC compared with normal 
tissues for the first time. We also confirmed the 
negative correlation between miR-1286 expres-
sion and A549 cell proliferation in vitro. With re-
gard to the mechanism, functional assays indicat-
ed that PKM2 functioned as a downstream target 
of miR-1286 in NSCLC. Lastly, in vivo experiments 
again confirmed that restoration of miR-1286 ex-
pression in A549 cells impaired their growth in 
mice. These findings suggest that miR-1286 may 
serve as a potential anti-tumor microRNA due to 
its capacity in interfering glycolytic metabolism in 
tumor cells. 

To date, the function of miR-1286 has been 
poorly investigated. Previous studies only found 
the altered expression of miR-1286 during brain 
development and the hypermethylated miR-1286 
in breast cancer tissues [14, 15]. To our knowl-
edge, our present work for the first time investi-
gated the regulatory role of miR-1286 in NSCLC. 
On the other hand, whether miR-1286 can exert 
a similar function in other types of tumors needs 
further exploration. 

Tumor cells are inclined to favor aerobic gly-
colysis for glucose metabolism. Previous studies 
also demonstrated that glucose metabolism mod-
ulated by microRNAs  is crucial for regulating tu-
mor initiation and progression [35, 36]. There are 
several rate-limiting enzymes that catalyze the 
irreversible steps of glycolytic metabolism [37]. 
When we evaluated the expression of enzymes, 
including HK1/2, PFK1, LDH and PKM2, only PKM2 
expression was found to be downregulated by 

miR-1286 mimic. Moreover, miR-1286-induced 
downregulation of PKM2 resulted in the reduced 
production of lactate, the final product of glycol-
ysis. Therefore, miR-1286 decreases lung cancer 
cell proliferation via interfering with the Warburg 
effect by specifically targeting PKM2. 

PKM2, which is the terminal glycolytic enzyme 
pyruvate kinase, is overexpressed in cancer cells 
[38]. In the past years, studies have focused on 
the relationship between PKM2 and miRNA, and 
have revealed that miRNA may have direct or in-
direct associations with PKM2. Overexpression 
of miR-122 in human hepatocellular carcinoma 
significantly reduces the level of PKM2, which in-
creases cell apoptosis and reduces cell migration 
and invasion [39]. Another report showed that 
miR-124 functions as a  tumor suppressor and 
modulated energy metabolism through PTB1/
PKM1/PKM2 signaling in human colorectal tumor 
cells [40]. However, in this study, we demonstrat-
ed that PKM2 was the target gene of miR-1286 in 
A549 cells. In addition, miR-1286 was negatively 
related with PKM2 both in vitro and in vivo. These 
findings indicate that PKM2 may be investigated 
as an effective therapeutic target for NSCLC.

In conclusion, our study for the first time 
demonstrated that PKM2 acts as the target of 
miR-1286 in NSCLC. Moreover, miR-1286 is low-
er in tissue tumor from NSCLC compared with 
normal tissue. Our results contribute to better 
understanding of miR-1286-mediating lung can-
cer cell proliferation, which regulates tumor an-
giogenesis and cancer progression and may pro-
vide a novel biomarker and potential therapeutic 
interventions in the future.

Acknowledgments

This work was supported by Xingtai Science 
and Technology Foundation (2018ZC096). 

Conflict of interest

The authors declare co conflict of interest.

R e f e r e n c e s
1. Bray F, Ferlay J, Soerjomataram I, et al. Global cancer 

statistics 2018: GLOBOCAN estimates of incidence and 
mortality worldwide for 36 cancers in 185 countries.  
CA Cancer J Clin 2018; 68: 394-424.

2. Aggarwal A, Lewison G, Idir S, et al. The state of lung 
cancer research: a global analysis. J Thorac Oncol 2016; 
11: 1040-50.

3. Mao Y, Yang D, He J, Krasna MJ. Epidemiology of lung 
cancer. Surg Oncol Clin N Am 2016; 25: 439-45.

4. Bartel DP. MicroRNAs: genomics, biogenesis, mecha-
nism, and function. Cell 2004; 116: 281-97.

5. He L, Hannon GJ. MicroRNAs: small RNAs with a big role 
in gene regulation. Nat Rev Genet 2004; 5: 522-31.

6. Ambros V. The functions of animal microRNAs. Nature 
2004; 431: 350-5.



MiR-1286 inhibits lung cancer growth through aerobic glycolysis by targeting PKM2

Arch Med Sci 1, 1st January / 2023 159

7. Calin GA, Sevignani C, Dan Dumitru C, et al. Human mi-
croRNA genes are frequently located at fragile sites and 
genomic regions involved in cancers. Proc Natl Acad Sci 
USA 2004; 101: 2999-3004.

8. Wu X, Chen W, Cai H, et al. MiR-216b inhibits pancre-
atic cancer cell progression and promotes apoptosis by 
down-regulating KRAS. Arch Med Sci 2018; 14: 1321-32.

9. Yanaihara N, Caplen N, Bowman E, et al. Unique mi-
croRNA molecular profiles in lung cancer diagnosis and 
prognosis. Cancer Res 2006; 9: 189-98.

10. Hui-Ning L, Qie P, Yang G, Yong-Bin S. miR-181b inhibits 
chemoresistance in cisplatin-resistant H446 small cell 
lung cancer cells by targeting Bcl-2. Arch Med Sci 2018; 
14: 745-51.

11. Takamizawa J, Konishi H, Yanagisawa K, et al. Reduced 
expression of the let-7 microRNAs in human lung can-
cers in association with shortened postoperative surviv-
al. Cancer Res 2004; 64: 3753-6.

12. Johnson SM, Grosshans H, Shingara J, et al. RAS is reg-
ulated by the let-7 MicroRNA family. Cell 2005; 120: 
635-47.

13. Fernandez S, Risolino M, Mandia N, et al. miR-340 inhib-
its tumor cell proliferation and induces apoptosis by tar-
geting multiple negative regulators of p27 in non-small 
cell lung cancer. Oncogene 2015; 34: 3240-50.

14. Nowakowski TJ, Rani N, Golkaram M, et al. Regulation of 
cell-type-specific transcriptomes by microRNA networks 
during human brain development. Nat Neurosci 2018; 
21: 1784-92.

15. Cordero F, Ferrero G, Polidoro S, et al. Differentially meth-
ylated microRNAs in prediagnostic samples of subjects 
who developed breast cancer in the European Prospec-
tive Investigation into Nutrition and Cancer (EPIC-Italy) 
cohort. Carcinogenesis 2015; 36: 1144-53.

16. Koppenol WH, Bounds PL, Dang CV. Otto Warburg’s con-
tributions to current concepts of cancer metabolism. 
Nat Rev Cancer 2011; 11: 325-37.

17. Mazurek S. Pyruvate kinase type M2: A key regulator of 
the metabolic budget system in tumor cells. Int J Bio-
chem Cell Biol 2011; 43: 969-80.

18. Sun Y, Zhao XP, Zhou YH, Hu Y. miR-124, miR-137 and 
miR-340 regulate colorectal cancer growth via inhibition 
of the Warburg effect. Oncol Rep 2012; 28: 1346-52.

19. Xu Q, Liu LZ, Yin Y, et al. Regulatory circuit of PKM2/
NF-kappaB/miR-148a/152-modulated tumor angiogene-
sis and cancer progression. Oncogene 2015; 34: 5482-93.

20. Corney DC, Flesken-Nikitin A, Godwin AK, Wang W, Ni-
kitin AY. MicroRNA-34b and microRNA-34c are targets 
of p53 and cooperate in control of cell proliferation and 
adhesion-independent growth. Cancer Res 2007; 67: 
8433-8.

21. Mogilyansky E, Rigoutsos I. The miR-17/92 cluster: 
a  comprehensive update on its genomics, genetics, 
functions and increasingly important and numerous 
roles in health and disease. Cell Death Differ 2013; 20: 
1603-14.

22. Li X, Roslan S, Johnstone CN, et al. MiR-200 can repress 
breast cancer metastasis through ZEB1-independent 
but moesin-dependent pathways. Oncogene 2014; 33: 
4077-88.

23. Kumar M, Lu Z, Takwi AAL, et al. Negative regulation of 
the tumor suppressor p53 gene by microRNAs. Onco-
gene 2011; 30: 843-53.

24. Dayton TL, Jacks T, Vander Heiden MG. PKM2, cancer 
metabolism, and the road ahead. EMBO Rep 2016; 17: 
1721-30.

25. Christofk HR, Vander Heiden MG, Harris MH, et al. The 
M2 splice isoform of pyruvate kinase is important for 

cancer metabolism and tumour growth. Nature 2008; 
452: 230-74.

26. Tryfonidis K, Papadaki C, Assele S, et al. Association of 
BRCA1, ERCC1, RAP80, PKM2, RRM1, RRM2, TS, TSP1, 
and TXR1 mRNA expression levels between primary tu-
mors and infiltrated regional lymph nodes in patients 
with resectable non-small cell lung cancer. Pharmacog-
enom J 2019; 19: 15-24.

27. Croce CM. Causes and consequences of microRNA dys-
regulation in cancer. Nat Rev Genet 2009; 10: 704-14.

28. Jesionek-Kupnicka D, Braun M, Trąbska-Kluch B, et al. 
MiR-21, miR-34a, miR-125b, miR-181d and miR-648 lev-
els inversely correlate with MGMT and TP53 expression 
in primary glioblastoma patients. Arch Med Sci 2019; 
15: 504-12.

29. Gao Y, Lin L, Li T, Yang J, Wei Y. The role of miRNA-223 
in cancer: function, diagnosis and therapy. Gene 2017; 
616: 1-7.

30. Rupaimoole R, Slack FJ. MicroRNA therapeutics: towards 
a new era for the management of cancer and other dis-
eases. Nat Rev Drug Discov 2017; 16: 203-22.

31. Luo A, Yan H, Liang J, et al. MicroRNA-21 regulates he-
patic glucose metabolism by targeting FOXO1. Gene 
2017; 627: 194-201.

32. Jeon YJ, Kim T, Park D, et al. miRNA-mediated TUSC3 de-
ficiency enhances UPR and ERAD to promote metastatic 
potential of NSCLC. Nat Commun 2018; 9: 5110.

33. Parayath NN, Parikh A, Amiji MM. Repolarization of 
tumor-associated macrophages in a  genetically engi-
neered nonsmall cell lung cancer model by intraperito-
neal administration of hyaluronic acid-based nanoparti-
cles encapsulating microRNA-125b. Nano Lett 2018; 18: 
3571-9.

34. Fang L, Cai J, Chen B, et al. Aberrantly expressed miR-
582-3p maintains lung cancer stem cell-like traits by 
activating Wnt/beta-catenin signalling. Nat Commun 
2015; 6: 8640.

35. Chan B, Manley J, Lee J, Singh SR. The emerging roles 
of microRNAs in cancer metabolism. Cancer Lett 2015; 
356: 301-8.

36. Guo J, Dou L, Meng X, et al. Hepatic miR-291b-3p me-
diated glucose metabolism by directly targeting p65 to 
upregulate PTEN expression. Sci Rep 2017; 7: 39899.

37. Ippolito L, Morandi A, Giannoni E, Chiarugi P. Lactate: 
a metabolic driver in the tumour landscape. Trends Bio-
chem Sci 2019; 44: 153-66.

38. Eigenbrodt E, Glossmann H. Glycolysis – one of the keys 
to cancer. Trends Pharmacol Sci 1980; 1: 240-5.

39. Xu QR, Zhang MQ, Tu JF, et al. MicroRNA-122 affects cell 
aggressiveness and apoptosis by targeting PKM2 in 
human hepatocellular carcinoma. Oncol Rep 2015; 34: 
2054-64.

40. Taniguchi K, Sugito N, Kumazaki M, et al. MicroRNA-124 
inhibits cancer cell growth through PTB1/PKM1/PKM2 
feedback cascade in colorectal cancer. Cancer Lett 2015; 
363: 17-27.


	OLE_LINK3
	OLE_LINK4
	OLE_LINK1
	OLE_LINK2
	OLE_LINK7
	OLE_LINK8
	OLE_LINK11
	OLE_LINK12
	OLE_LINK9
	OLE_LINK10
	OLE_LINK15
	OLE_LINK16
	OLE_LINK17
	OLE_LINK18
	_ENREF_1
	_ENREF_2
	_ENREF_3
	_ENREF_4
	_ENREF_5
	_ENREF_6
	_ENREF_7
	_ENREF_8
	_ENREF_9
	_ENREF_10
	_ENREF_11
	_ENREF_12
	_ENREF_13
	_ENREF_14
	_ENREF_15
	_ENREF_16
	_ENREF_17
	_ENREF_18
	_ENREF_19
	_ENREF_20
	_ENREF_21
	_ENREF_22
	_ENREF_23
	_ENREF_24
	_ENREF_25
	_ENREF_26
	_ENREF_27
	_ENREF_28
	_ENREF_29
	_ENREF_30
	_ENREF_31
	_ENREF_32
	_ENREF_33
	_ENREF_34
	_ENREF_35
	_ENREF_36
	_ENREF_37
	_ENREF_38
	_ENREF_39
	_ENREF_40

