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Knockdown of lncRNA PCAT6 suppresses the growth of non-small cell lung 
cancer cells by inhibiting macrophages M2 polarization via miR-326/KLF1 axis
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ABSTRACT
Non-small cell lung cancer (NSCLC) is the most common malignant tumor of lung, which seriously 
threatens the life of people. It has been reported that lncRNA prostate cancer-associated transcript 6 
(PCAT6) could facilitate the metastasis of NSCLC cells. However, whether lncRNA PCAT6 in NSCLC cells 
could affect the tumor microenvironment (TME) remains unclear. In the present study, the level of 
PCAT6 in NSCLC cells was detected using RT-qPCR. The effects of PCAT6 knockdown on the viability and 
apoptosis in NSCLC cells were detected with CCK-8 and flow cytometry assay. NSCLC cell-derived 
exosomes were isolated with ultracentrifugation. Next, transwell assay was conducted to assess the 
migration and invasion of NSCLC cells. Dual-luciferase reporter assay was performed to verify the 
relationship among PCAT6, miR-326, and KLF1 in A549 cells. In addition, nanoparticle tracking analysis 
(NTA) was applied to detect the particle size of isolated exosomes. Moreover, ELISA assay was performed 
to detect the levels of IL-1β and IL-10 in the supernatant of macrophage. We found knockdown of 
PCAT6 significantly inhibited the viability, migration, and invasion of NSCLC cells. In addition, dual- 
luciferase reporter assay illustrated that miR-326 was the target of PCAT6 and KLF1 was the target of 
miR-326 in NSCLC cells. Moreover, NSCLC cells-derived exosomes could promote macrophages M2 
polarization by transporting PCAT6. Meanwhile, macrophages M2 polarization was able to promote the 
metastasis and epithelial-mesenchymal transition (EMT) process of NSCLC cells via regulating PCAT6/ 
miR-326/KLF1 axis. Taken together, knockdown of lncRNA PCAT6 suppressed the growth of NSCLC cells 
by inhibiting macrophages M2 polarization via miR-326/KLF1 axis.
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Highlights

● PCAT6 was upregulated in non-small cell 
lung cancer.

● Knockdown of PCAT6 significantly inhibited 
the tumorgenesis of lungcancer.

● Knockdown of PCAT6 inhibited macro-
phages M2 polarization via regulatingmiR- 
326/KLF1 axis.

Introduction

It is well known that non-small cell lung cancer 
(NSCLC) seriously threatens the life of people [1,2]. 
It has been reported that the tumorigenesis of 
NSCLC is related to smoking, environmental pollu-
tion, radioactive substances, and genetic factors [3– 
5]. The clinical manifestations of NSCLC are cough, 
chest pain, dyspnea, fever, and so on [6–8]. Up to 
now, the main treatments for NSCLC include mole-
cular targeted drug therapy, surgery [9–12]. 
Although great progress has been made in the diag-
nosis and treatment of NSCLC, the prognosis of the 
patients with advance NSCLC remains poor.

As we know, macrophages play an extremely vital 
role in the development of the body and the balance 
of the internal environment [13]. Macrophages are 
derived from peripheral blood mononuclear cells 
(PBMCs) [14,15]. In addition, macrophages can 
form two extreme phenotypes (M1/M2 phenotypes) 
respond to different stimulating factors [16, 17]. M1 
macrophages are thought to have a close relationship 
with inflammation [17], while M2 macrophages are 
generally believed to have the functions of promot-
ing tissue repair, vascular regeneration, fibrosis, and 
tumorigenesis [18]. In addition, when a malignant 
tumor occurs in the body, macrophages gradually 
differentiate into tumor-associated macrophages 
(TAMs) under the action of the tumor microenvir-
onment (TME) [18–20]. On the other hand, the 
metastasis of tumor cells could be prevented when 
tumor-related macrophages M2 polarization was 
inhibited [21,22]. Strikingly, the macrophages polar-
ization is closely related to Kruppel-like factor 1 
(KLF1) [23], since KLF1 is an important participator 
during the process of macrophages polarization [24].

Long non-coding RNA (lncRNA) is a class of 
non-coding RNA with the length of more than 200 
nucleotides [25]. Recent studies have shown that 

lncRNA is able to indirectly regulate gene expression 
via interacting with microRNA (miRNA) as 
a competing endogenous RNAs (ceRNA) [26,27]. 
In addition, lncRNA plays an important role in the 
tumorigenesis of lung cancer [28,29]. For example, 
upregulation of lncRNA DANCR promotes the inva-
sion of lung cancer cells via sequestering miR-216a 
[28]. Overexpression of lncRNA TUC338 accelerates 
the tumorigenesis of lung cancer by regulating 
MAPK pathway [30]. In addition, the expression of 
lncRNA PCAT6 is upregulated in a variety of 
tumors, including hepatocellular carcinoma, ovarian 
cancer, and NSCLC [31–34]. Of note, lncRNA 
PCAT6 (prostate cancer-associated transcript 6) 
was reported to facilitate the proliferation and inva-
sion of NSCLC cells by regulating miR-330-5p [34]. 
However, whether lncRNA PCAT6 could regulate 
macrophages M2 polarization in NSCLC remains 
unclear. Therefore, we aimed to explore the relation-
ship between lncRNA PCAT6 and TME in NSCLC 
in the current study. We hope the findings might 
shed new lights on investigating novel effective treat-
ment for the patient with NSCLC.

Material and methods

Cell culture

The human normal lung epithelial cell lines BEAS- 
2B, human NSCLC cell lines (A549, NCI-H1299 and 
NCI-H1975) as well as human acute monocytic leu-
kemia cell lines THP-1 were provided by ATCC 
(Manassas, VA, USA). RIPM1640 (Thermo Fisher) 
supplemented with 10% FBS was applied for cultur-
ing these cells. All these cells are placed at 37°C with 
5% CO2 according to the previous literature [35].

THP-1 monocytes were firstly induced into M0 
macrophages by treating with PMA (200 nM) for 
24 h. Then, M0 macrophages was induced to M2 
macrophages M2 polarization by treating with 
IL4/IL13 (10 ng/mL) for 24 h.

Reverse transcription-quantitative polymerase 
chain reaction (RT-qPCR)

Total RNAs from BEAS-2B, A549, NCI-H1299, 
NCI-H1975, or exosomes derived from A549 were 
extracted using Trizol reagent (ELK Biotechnology, 
Wuhan, China). Next, total RNAs was reversely 
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transcribed into corresponding cDNA through 
EntiLink™ 1st Strand cDNA Synthesis Kit (ELK 
Biotechnology). After that, the StepOne™ Real-Time 
PCR System (Thermo Fisher Scientific, Waltham, 
MA, USA) was applied to perform RT-qPCR. The 
primers were listed as follows: β-actin, forward, 5’- 
GTCCACCGCAAATGCTTCTA-3’, reverse, 5’-TG 
CTGTCACCTTCACCGTTC-3’; KLF1, forward, 5’- 
AGGATGACTTCCTCAAGTGGTG-3’, reverse, 5’- 
GAGAAGTTGGTGAGGAGGAGATC-3’; PCAT6, 
forward, 5’-TCCAACTCCCAGACCTCACG-3’, rev 
erse, 5’-GAGGAGCGCCTCATCACCAG-3’. The 
method of 2−ΔΔCT was applied to calculate the 
expression of lncRNA PCAT6 according to the pre-
vious literature [36]. β-actin was viewed as an inter-
nal control.

Cell transfection

SiRNAs against lncRNA PCAT6 and KLF1 were 
provided by RiboBio. The sequences of siRNAs 
were presented as following: PCAT6 siRNA1, 5’- 
ACATCCCTAGGTGTCTCCATCCTCA-3’; PCA 
T6 siRNA2, 5’-CATCCCTAGGTGTCTCCATCCT 
CAT-3’; PCAT6 siRNA3, 5’-TCTCCATCCTCA 
TTCGGTCCATCCA-3’; siRNA control, 5’-ACAA 
TCCGTGGCTCTCTACCCTTCA-3’; KIF1 siRN 
A1, 5’-AGTACCAAGGGCACTTCCAGCTCTT- 
3’; KIF1 siRNA2, 5’-GACTGCAGAGGATCCA 
GGTGTGATA-3’. PCAT6 siRNAs, KLF1 siRNAs, 
or negative control were transfected into NSCLC 
cells with Lipofectamine® 2000 according to the 
previous literature [37].

Cell Counting Kit-8 (CCK-8) assay

CCK-8 assay kit (Dojindo, Kumamoto, Japan) was 
conducted to evaluate the viability of A549 or NCI- 
H1299 cells. Firstly, A549 or NCI-H1299 cells 
(5 × 103 cells/well) were seeded into 96-well plates. 
After treatments, cells were incubated with 10 µL 
CCK-8 for another 2 h according to the previous 
literature [36]. Then, the absorbance of cells at 450  
nm was monitored using a microplate reader.

Flow cytometry assay

Annexin-V-FITC apoptosis detection kit 
(Tianjin Sanjian Biotechnology Co., Ltd., 

Tianjin, China) was used to detect the apoptosis 
of A549 or NCI-H1299 cells. Firstly, A549 or 
NCI-H1299 cells (5 × 104/mL) were seeded into 
6-well plates. After treatments, cells were incu-
bated with 10 µL Annexin V-FITC and PI solu-
tion for 30 min in the dark. After that, the 
apoptosis of A549 or NCI-H1299 cells was 
monitored using a flow cytometer according to 
the previous literature [38].

Transwell assay

The migration and invasion of NSCLC cells were 
detected by transwell assay. Transwell or matrigel- 
coated transwell (8 μm pore size) was provided by 
Corning (New York, NY, USA). Firstly, A549 or 
NCI-H1299 cells were injected into the upper cham-
bers with 200 μL serum-free RIPM1640. Meanwhile, 
the lower chamber was supplemented with 600 μL 
RIPM1640 containing 10% FBS. Then, cells were 
cultured at 37°C for 24 h. Next, 0.1% crystal violet 
was applied to stain the cells that in the lower cham-
bers. After that, the number of migration or invasion 
cells was counted using a microscope according to 
the previous literature [38].

Dual-luciferase reporter assay

The wild-type/mutated-type (WT/MT) sequence of 
PCAT6 or KLF1 was inserted into the pGL6-miRNA 
reporter vector. Then, the WT or MT recombinant 
plasmid along with the miR-326 mimics 
(CCUCUGGGCCCUUCCUCCAG) or mimics con-
trol (mimics-ctrl) were transfected into A549 cells 
using Lipofectamine 2000. After that, a dual- 
Luciferase reporter assay system (Beyotime) was 
used to monitor the luciferase activities of A549 
cells according to the previous literature [38]. MiR- 
326 mimics and mimics control were provided with 
RioBio (Guangzhou, China).

Exosomes isolation

Exosomes in medium were isolated using differ-
ential ultracentrifugation according to previous 
study [39]. Firstly, A549 cells were maintained in 
RPMI1650 for 48 h. Then, culture supernatants 
were collected by centrifuging at 2,000 × g for 
20 min. Next, the supernatants were centrifuged 
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at 10,000 × g for 30 min to remove cellular debris. 
After that, the pellets in supernatants were col-
lected by centrifuging at 100,000 × g for 60 min 
twice according to the previous literature [40].

Nanoparticle Tracking Analysis (NTA)

NTA was applied to identify whether pellets were 
exosomes by detecting the particle size. Firstly, 
pellets were washed using deionized water. Then, 
polystyrene microspheres were applied to calibrate 
ZetaView analyzer (Particle Metrix, Meerbusch, 
Germany). Next, pellets were diluted with 1X 
PBS buffer (Biological Industries, Israel). After 
that, ZetaView analyzer was conducted to detect 
whether these pellets conformed to the structure 
and particle size of the exosomes according to the 
previous literature [40,41].

Exosome uptake

A549 Exo (exosomes isolated from A549 cells) or 
A549PCAT [6] siRNA [1] Exo (exosomes derived 
from PCAT6 siRNA1-treated A549) were labeled 
with PKH26 staining dye. Then, A549 Exo or 
A549PCAT [6] siRNA [1] Exo were co-incubated 
with macrophage for 24 h. Besides, cytoskeleton 
or nuclei was stained by phalloidin or DAPI, 
respectively. Next, the internalization of A549 
Exo or A549PCAT [6] siRNA [1] Exo was monitored 
using a fluorescence microscope according to the 
previous literature [41,42].

ELISA assay

Human IL1β (Interleukin 1 Beta) ELISA Kit or 
Human IL10 (Interleukin 10) ELISA Kit was used 
to detect the expressions of IL-1β or IL-10 in the 
supernatant of macrophage according to the manu-
facturer’s instructions. Human IL1β (Interleukin 1 
Beta) ELISA Kit and Human IL10 (Interleukin 10) 
ELISA Kits were purchased from ELK Biotechnology 
according to the previous literature [43].

Western blot assay

Total proteins from A549 cells were isolated using 
RIPA lysis buffer (Aspen Biotechnology, Wuhan, 
China). BCA kit was performed to quantify the 

concentration of proteins. After that, proteins 
(10 μg/lane) were separated by 10% SDS-PAGE 
and then transferred onto PVDF membranes. 
Next, PVDF membranes were incubated with pri-
mary antibodies anti-KLF1 (Abcam, Cambridge, 
MA, USA; 1:1000; Rabbit), anti-E-cadherin 
(1:1000; Rabbit), anti-N-cadherin (1:1000; Rabbit), 
anti-β-catenin (1:1000; Rabbit), anti-cleaved caspase 
3 (1:1000; Rabbit), anti-Bcl-2 (1:1000; Rabbit), or 
anti-β-actin (1:1000; Rabbit) at 4°C overnight. 
Subsequently, PVDF membranes were incubated 
with the secondary antibodies (1:5000; Goat Anti- 
Rabbit) for 1 h. Then, the protein bands were 
observed using an efficient chemiluminescence 
(ECL) kit according to the previous literature [35]. 
β-actin was viewed as an internal control.

Statistical analysis

These experimental data were presented as mean ± 
SD. One-way analysis of variance (ANOVA) and 
Tukey’s test were used to determine statistical dif-
ferences. GraphPad Prism (La Jolla, CA, USA) was 
applied to analyze these data. All experiments were 
repeated three times. P < 0.05 was regarded as 
significant difference according to the previous 
literature [43].

Results

Knockdown of PCAT6 inhibits the viability of 
NSCLC cells by inducing apoptosis

In order to explore the role of lncRNA PCAT6 in 
NSCLC, we first knockdown the expression of 
PCAT6 in NSCLC cells. Then, the effects of 
PCAT6 siRNA on the viability and apoptosis 
were detected. As shown in Figure 1a, the expres-
sion of PCAT6 in A549, NCI-H1299, or NCI- 
H1975 was significantly higher than that in 
BEAS-2B. As the expression of PCAT6 in A549 
and NCI-H1299 was higher than that in NCI- 
H1975, A549, and NCI-H1299 cells were selected 
of use for the following experiments. In addition, 
PCAT6 siRNAs notably inhibited the expression of 
PCAT6 (Figure 1b). Since NSCLC cells were more 
sensitive to PCAT6 siRNA1, PCAT6 siRNA1 was 
used in the following experiments (Figure 1b). The 
result of CCK8 suggested PCAT6 siRNA1 
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markedly inhibited the viability of NSCLC cells 
(Figure 1c). Meanwhile, PCAT6 siRNA1 remark-
ably induced the apoptosis of NSCLC cells via 
increasing the expression of cleaved caspase 3 
(Figure 1d and supplementary Fig. 1A, 1B). All 
in all, knockdown of PCAT6 inhibited the viability 
of NSCLC cells by inducing apoptosis.

Knockdown of PCAT6 inhibits the migration and 
invasion of NSCLC cells

Next, to investigate the effect of PCAT6 siRNA1 
on the metastasis of NSCLC cells, transwell assay 
was performed. As indicated in Figure 2(a,b), 
PCAT6 siRNA1 notably inhibited the metastasis 
of NSCLC. To sum up, knockdown of PCAT6 was 
able to inhibit the metastasis of NSCLC cells.

The interaction among miR-326, PCAT6, and 
KLF1 in NSCLC cells

With the aim of exploring the mechanism by which 
PCAT6 mediated the tumorigenesis of NSCLC, 

starBase was applied to predict the corresponding 
binding of PCAT6. The result of database displayed 
that miR-326 might be a candidate target of PCAT6 
(Figure 3a). And it has been reported that miR-326 
plays an important role in NSCLC [44,45]. Therefore, 
the relationship between miR-326 and PCAT6 was 
focused. In addition, the result of dual-luciferase 
reporter assay illustrated that miR-326 mimics mark-
edly inhibited the luciferase activity of A549 cells 
transfected with PCAT6 wild-type sequence; however, 
miR-326 mimics had no effect on A549 cells trans-
fected with PCAT6 mutant-type sequence (Figure 3b).

Next, the target of miR-326 was investigated 
using Targetscan, miRWalk, and miRDB bioinfor-
matics databases. These databases commonly 
implied that KLF1 might be a direct target of 
miR-326 (Figure 3c). In addition, KLF1 is closely 
related to the development of lung-related diseases 
[46]. Meanwhile, miR-326 mimics remarkably 
decreased the luciferase activity of A549 cells har-
boring KLF1 WT; whereas there was no change on 
the luciferase activity of A549 cells harboring 
KLF1 MT (Figure 3d). And miR-326 mimics 

Figure 1. Knockdown of PCAT6 inhibited the viability of NSCLC cells by inducing apoptosis. (a) RT-qPCR was conducted to 
detect the expression of PCAT6 in BEAS-2B, A549, NCI-H1299 or NCI-H1975 cells. (b) NSCLC cells were transfected with PCAT6 
siRNA1, PCAT6 siRNA2, PCAT6 siRNA3 or siRNA-ctrl using Lipofectamine® 2000. RT-qPCR was conducted to detect the level of PCAT6 
in NSCLC cells. (c) CCK-8 assay was conducted to assess the viability of A549 and NCI-H1299 cells. (d) Flow cytometry was conducted 
to measure the apoptosis of A549 and NCI-H1299 cells. *P < 0.05, **P < 0.01 compared with control group; n = 3.
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Figure 2. Knockdown of PCAT6 inhibited the migration and invasion of NSCLC cells. (a, b) Transwell assay was conducted to 
assess the migration and invasion of NSCLC cells. *P < 0.05, **P < 0.01 compared with control group, n = 3.

Figure 3. MiR-326 was the target of PCAT6 and KLF1 was the target of miR-326 in NSCLC cells. (a) StarBase was applied to 
predict the putative binding sites between miR-326 and PCAT6. (b) Dual-luciferase reporter assay was performed to verify the 
relationship between miR-326 and PCAT6 in A549 cells. (c) Targetscan, miRWalk and miRDB bioinformatics databases were applied 
to predict the putative binding sites between miR-326 and KLF1. (d) Dual-luciferase reporter assay was performed to identify the 
relationship between miR-326 and KLF1 in A549 cells. (e) The level of KLF1 in A549 cells was evaluated using RT-qPCR. **P < 0.01 
compared with control group; n = 3.
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significantly downregulated the expression of 
KLF1 in A549 cells (Figure 3e). Moreover, down-
regulation of KLF1 inhibited the migration of 
NSCLC cells and induced the apoptosis 
(Supplementary Fig. 2A, B, and C). All these data 
indicated that miR-326 was the target of PCAT6 
and KLF1 was the target of miR-326 in NSCLC 
cells.

NSCLC cells-derived exosomes transported 
PCAT6 can be internalized by macrophage

With the aim to explore whether PCAT6 could 
regulate macrophages M2 polarization, NSCLC 
cell-derived exosomes were isolated. The result of 
NTA illuminated that the diameter of pellets 
derived from NSCLC cells ranges from 100 to 
150 nm (Figure 4a). Besides, pellets expressed spe-
cific protein markers TSG101 and CD9 
(Figure 4b). Next, in an attempt to investigate 
whether PCAT6 could be transport from NSCLC 

cells into macrophages through exosomes, A549 
Exo, or A549PCAT [6] siRNA [1] Exo was co- 
incubated with macrophage. As indicated in 
Figure 4c, PKH26 could be observed in macro-
phages suggesting A549 Exo and A549PCAT [6] 
siRNA [1] Exo was internalized by macrophage. 
Meanwhile, the expression of PCAT6 in macro-
phage that were treated with A549PCAT [6] siRNA 

[1] Exo was much lower than that treated with 
A549 Exo (Figure 4d). All these data indicated 
NSCLC cells-derived exosomes could be interna-
lized by macrophage.

A549 Exo is able to promote macrophages M2 
polarization

To detect the effect of NSCLC cell-derived exo-
somes on macrophage polarization, macrophage- 
related markers were detected. The results of flow 
cytometry and ELISA assay indicated that A549 
Exo or IL4/IL13 significantly downregulated the 

Figure 4. NSCLC cells-derived exosomes transported PCAT6 could be internalized by macrophage. (a) NTA was applied to 
identify whether pellets were exosomes by detecting the particle size. (b) Western blot assay was applied to detect the level of 
specific protein markers TSG101 and CD9. (c) A549/A549 PCAT [6] siRNA [1] cells were co-incubated with macrophage for 24 h. (d) RT- 
qPCR was conducted to detect the expression of PCAT6 in macrophage. **P < 0.01 compared with A549 Exo group, n = 3.

12840 Y. CHEN ET AL.



expression of CD86 and IL-1β (M1 macrophage 
makers) and increased the level of CD206 and IL- 
10 (M2 macrophage makers) in macrophage; how-
ever, the effects of A549 Exo was abolished when 
PCAT6 was eliminated (Figure 5(a-e)). All these 
results suggested that A549 Exo was able to pro-
mote macrophages M2 polarization by transport-
ing PCAT6.

Macrophages M2 polarization significantly 
promote the migration and invasion of NSCLC 
cells

With the aim to further explore the influence of 
macrophages M2 polarization on NSCLC cells, 
A549 cells were co-cultured with macrophage 
(PMA-treated THP-1), MExo (A549 Exo-treated 
macrophage), (A549PCAT [6] siRNA [1] Exo-treated 

macrophage MPCAT [6] siRNA [1]) or MIL [4]/IL [13] 
(IL4/IL13 treated macrophage) (Figure 6a). The out-
come of co-culture illustrated MExo or MIL [4]/IL [13] 
significantly promoted the metastasis of A549 cells, 
while the effects of MExo on cell migration and inva-
sion were neutralized when PCAT6 was eliminated. 
Taken together, macrophages M2 polarization was 
able to promote the metastasis of NSCLC cells.

Macrophages M2 polarization promotes EMT 
process of NSCLC cells via regulating PCAT6/ 
miR-326/KLF1 axis

In order to further explore the mechanism by which 
macrophages M2 polarization regulated the progres-
sion of NSCLC cells, western blot was applied. As 
indicated in Figure 7(a,b), MExo markedly increased 
the level of KLF1 in A549 cells, while these increases 

Figure 5. A549 Exo was able to promote macrophages M2 polarization. (A, B and C) The expressions of CD86 and CD206 in 
macrophage were detected by flow cytometry assay. (d and e) ELISA assay was performed to detect the expressions of IL-1β and IL- 
10 in the supernatant of macrophage. **P < 0.01 compared with control group; ##P < 0.01 compared with A549 Exo group; n = 3.
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were reversed when PCAT6 was eliminated. 
Furthermore, MExo or MIL [4]/IL [13] notably down-
regulated the expression of E-cadherin and upregu-
lated the levels of N-cadherin and β-catenin A549 
cells; however, the effects of MExo on these proteins 
were abolished when PCAT6 was eliminated 
(Figure 7(a, c-e)). All these results illustrated that 
macrophages M2 polarization was able to promote 
EMT process of NSCLC cells via regulating PCAT6/ 
miR-326/KLF1 axis.

Discussion

The biological function of PCAT6 in lung cancer has 
received extensive attention [47]. Su et al. reported 
that sevoflurane could restrain the viability and pro-
liferation of lung cancer cells through regulating 
PCAT6/miR-326/axis [47]. In addition, Cui et al. 
indicated that PCAT6 was able to facilitate the pro-
liferation and invasion of NSCLC cells by regulating 
miR-330-5p 34. Moreover, Shi et al. suggested that 

Figure 6. Macrophages M2 polarization was able to promote the migration and invasion of NSCLC cells. (a) THP-1 monocytes 
were induced into M0 macrophages by treating with PMA for 24 h. Then, M0 macrophages were treated with A549 Exo or A549PCAT 

[6] siRNA [1] Exo for 24 h. Next, A549 were co-cultured with macrophage. (b) Transwell assay was conducted to assess the metastasis 
of A549 cells. **P < 0.01 compared with A549 group. ##P < 0.01 compared with the A549 + MExo group; n = 3. M: M0 macrophages; 
MExo: M0 macrophages incubated with A549 Exo; MIL [4]/IL [13]: M0 macrophages treated with IL4/IL13 to differentiate into M2 
macrophages; MPCAT [6] siRNA [1]: M0 macrophages were incubated with A549PCAT [6] siRNA [1] Exo.
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knockdown of PCAT6 could inhibit the growth of 
NSCLC cells in vitro and in vivo via inhibiting 
LATS2 [48]. This current study showed that knock-
down of PCAT6 inhibited the viability, metastasis of 
NSCLC cells by via PCAT6/miR-326/KLF1 axis. Our 
research results were consistent with previous stu-
dies. In addition, we first explore the connection 
between PCAT6 and TME in NSCLC.

In recent years, the TME has received great 
attention as well. TME are recognized that the 
metastasis of tumors are related to the environ-
ment of tumor cells [49]. It is worth noting that 
most of the macrophages in tumors are of M2 type 
[50]. For example, lncRNA XIST was highly 
expressed in macrophages [51]. Knockdown of 
lncRNA XIST was able to inhibit macrophages 

M2 polarization, which in turn alleviated the 
occurrence and development of lung cancer [51]. 
Besides, it has been reported that PCAT6 was able 
to promote macrophages M2 polarization in cho-
langiocarcinoma [52]. Meanwhile, PCAT6 could 
boost the viability, metastasis and EMT process 
of triple-negative breast cancer [53]. In turn, the 
level of PCAT6 was increased by M2 macrophages 
in breast cancer [53]. And M2 macrophages- 
induced PCAT6 increase promoted the develop-
ment of triple-negative breast cancer [53]. In the 
present study, A549 Exo could promote macro-
phages M2 polarization via regulating PCAT6/ 
miR-326/KLF1 axis. Meanwhile, macrophages M2 
polarization was able to promote the metastasis 
and EMT process of NSCLC cells by regulating 

Figure 7. Macrophages M2 polarization was able to promote EMT process of NSCLC cells via regulating PCAT6/miR-326/ 
KLF1 axis. (A, B, C, D and E) Western blot assay was applied to detect the level of KLF1, E-cadherin, N-cadherin and β-catenin in 
A549 cells. **P < 0.01 compared with A549 group. ##P < 0.01 compared with the A549 + MExo group; n = 3.
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PCAT6/miR-326/KLF1 axis. These studies com-
monly showed that PCAT6-induced macrophages 
M2 polarization, which in turn promoted the 
tumorgenesis.

In addition, it has been reported that KLF1 is 
closely related to macrophages polarization [24]. 
In the present study, we found that knockdown of 
lncRNA PCAT6 suppressed the growth of NSCLC 
cells by inhibiting macrophages M2 polarization 
via miR-326/KLF1 axis. These phenomena com-
monly indicated that KLF1 acts as a vital role 
during macrophages polarization. Besides, KLF1 
acts as a crucial role in the process of EMT [54]. 
For instant, Li et al showed that knockdown of 
KLF1 was able to decrease the viability, metasta-
sis, and EMT process of gastric cancer cells [54]. 
In this study, knockdown of PCAT6 was able to 
inhibit the metastasis and EMT process of NSCLC 
cells. In addition, knockdown of KLF1 inhibited 
the migration of NSCLC cells via inducing apop-
tosis. These data are consistent with previous 
study, suggesting that KLF1 plays an important 
role in regulating the process of EMT.

It is worth noting that lncRNA PCAT6 regulates 
A549 metastasis not only through regulating EMT. 
We deduced PCAT6 may affect the metastasis of 
A549 via regulating different miRNAs. In addition, 
we found PCAT6 regulated macrophages M2 polar-
ization, which in turn affected the metastasis of A549 
as well. All in all, the detailed mechanism by which 
PCAT6 regulated the metastasis of NSCLC remains 
unclear and this is the limitation of current study.

Conclusion

In conclusion, NSCLC cells-derived exosomes trans-
ported PCAT6 significantly promote macrophages 
M2 polarization. Meanwhile, macrophages M2 polar-
ization was able to promote the metastasis and EMT 
process of NSCLC cells via regulating PCAT6/miR- 
326/KLF1 axis. This study might point out that the 
tumorigenesis and development of NSCLC could be 
alleviated by inhibiting macrophages M2 polarization.
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