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LncRNA NFYC-AS1 promotes the development of lung 
adenocarcinomas through autophagy, apoptosis, and MET/c-Myc 
oncogenic proteins
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Background: Nuclear transcription factor Y subunit C antisense RNA 1 (NFYC-AS1) was revealed to be 
a potential prognostic biomarker in lung adenocarcinoma (LAUD) by analyzing The Cancer Genome Atlas 
(TCGA) database. However, the function of NFYC-AS1 has not been verified in cancers, including LAUD. 
We plan to verify the function of NFYC-AS1 in LAUD through this study.
Methods: We determined NFYC-AS1 expression in 4 LAUD cell lines, and 1 normal lung cell line (HBE) 
by quantitative real-time reverse transcription PCR (qRT-PCR). small interfering RNA (siRNA) was 
employed to specifically knockdown NFYC-AS1 in H1299 and PC9 cell lines. Cell growth and invasion 
activity of LAUD cells was assessed by WST-1, colony formation and transwell assay, respectively. The effect 
of NFYC-AS1 expression on cell apoptosis was then assessed by flow cytometry assay. Furthermore, the 
expression of downstream proteins of NFYC-AS1 was investigated by Western blot.
Results: The proliferation, migration, and invasion of cells were inhibited and apoptosis was increased 
after NFYC-AS1 knockdown in LAUD cells. The cells transfected with NFYC-AS1 siRNA had a higher 
rate of apoptosis compared with that in control cells. The apoptosis-related proteins p53 and PARP were 
upregulated. These suggested NFYC-AS1 could inhibit the apoptosis of LAUD cells. In terms of the 
expression of major autophagy proteins, p62 was downregulated while Beclin 1 was upregulated after NFYC-
AS1 knockdown, which suggested that autophagy was activated. The expression of oncogenic proteins MET 
and c-Myc was downregulated.
Conclusions: In summary, the above results suggest that NFYC-AS1 may promote the proliferation of 
LAUD through autophagy and apoptosis.
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Introduction

Lung cancer is one of the most commonly diagnosed 
cancers and the leading cause of cancer death globally (1). 
The overall survival (OS) of advanced lung cancer was 
only 10–12 months in the absence of targeted drugs about 
10 years ago. With the continuous application of more 
and more targeted drugs, the OS of advanced lung cancer 
patients treated with targeted therapy was extended to 
more than 3 years (2,3). The same trend was seen in early 
stage lung cancer patients with EGFR mutations who took 
EGFR TKIs as adjuvant chemotherapy (4,5). The premise 
of targeted therapy relies on the discovery of more targeted 
driver genes.

Long noncoding RNAs (lncRNAs) are a class of RNA 
molecules. They are not translated into proteins and 
are typically over 200 nucleotides long. LncRNAs are 
intimately involved in the development of cancer (6-9). 
Aberrantly expressed lncRNAs have been found to be 
oncogenes of various types of cancers (10-12). However, the 
functions of most lncRNAs remain unclear. Clarification 
of their functions and mechanisms in carcinogenesis can 
potentially offer new therapeutic targets (13).

Li et al. analyzed the RNA-seq data and miRNA-seq 
data of lung adenocarcinoma (LAUD) from The Cancer 
Genome Atlas (TCGA) database to identify critical 
lncRNAs and determine the molecular pathogenesis. 
Nuclear transcription factor Y subunit C antisense RNA 
1 (NFYC-AS1) was revealed to be a potential prognostic 
biomarker (14). However, the authors did not further verify 
the function of NFYC-AS1 in lung cancer cell lines. There 
have been few studies regarding the function of NFYC-
AS1. For instance, van der Plaat et al. found that NFYC-
AS1 may play a role in airflow obstruction in never smokers 
by analyzing the genome-wide association study (GWAS) 
data (15). However, the authors also did not further verify 
the function of NFYC-AS1 in cell lines or animal models. 
So far, there has been no data available on the molecular 
function, phenotypes, animal models, miRNA, transcription 
factor targets, or HOMER transcription, among others, 
of the NFYC-AS1 gene. The following molecular 
assays demonstrated that NFYC-AS1 may promote the 
proliferation of LAUD through autophagy and apoptosis, 
and MET/c-Myc oncogenic proteins.

It was reported showed that autophagy in cancer serves 
as both a tumor suppressor and promoter (16). Targeting 
autophagy-related pathways may be a promising strategy 
for cancer therapy. As we all know, apoptosis plays a critical 

role in tumorigenesis. MET has been found to be often 
deregulated in solid malignancies, which in turn promotes 
tumor growth, progression and invasion (17). c-Myc is a 
human oncogene, which is frequently deregulated in human 
cancers and widely involved in tumorigenesis (18). We 
present the following article in accordance with the MDAR 
checklist (available at https://dx.doi.org/10.21037/atm-21-
4995).

Methods

Cell culture

LAUD cell lines (H1299/PC9/A549/H838) and normal 
LAUD cell line (HBE) were purchased from Sigma 
Chemical (ATCC, China). All media were supplemented 
with 10% fetal bovine serum (FBS, Invitrogen, Guangzhou, 
China), unless otherwise stated.

Cell proliferation assays

Cells were seeded onto 96-well plates at a density of  
1,000 cells per well. At the 24- and 48-hour time points, 
small interfering RNA (siRNA, of NFYC-AS1 and control) 
and transfection reagents were added to the cells. At  
96–120 hours after transfection, cell proliferation was 
measured with the WST-1 reagent (Roche, Mannheim, 
Germany) following the instructions from the manufacturer. 
All experiments were performed in triplicate.

Colony formation assay

The cells were inoculated onto 6-well plates at a density 
of 5×103 cells/well, and were subsequently cultured for 
10 days. The cells were then fixed with formalin followed 
by staining with crystal violet. The numbers of colonies 
were then counted and the reported colony numbers were 
relative values.

RNA isolation and quantitative reverse transcription PCR 
(qRT-PCR)

Total RNA was isolated from cells (tissue or cultured) using 
the miRNeasy Mini kit (Qiagen) following the instructions 
from the manufacturer. The reverse transcription reaction 
was performed with the High Capacity cDNA Reverse 
Transcription kit (Thermo Fisher Scientific) using 1 μg 
of total RNA in a final volume of 20 μL under standard 
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conditions and using random primers. Subsequently, 
the qRT-PCR reaction was carried out using 1 μL of 
the corresponding cDNA with Power SYBR Green 
master Mix (Thermo Fisher Scientific) following the 
instructions from the manufacturer. The results were 
normalized based on the expression of GADPH. The 
PCR protocol was 15 sec of 95 ℃ + 60 sec of 60 ℃ 
repeated for 40 cycles, performed on the StepOne Real-
Time PCR System (Thermo Fisher Scientific). The 
following primer sequences are used: NFYC-AS1: forward: 
5'-AGTGAGGTCTCTGGCGAAGGC-3'; reverse: 
5 '-CCTGCTCTTCCTGGACTCCTGAG-3' .  Al l 
procedures were performed in triplicate and data were 
analyzed using the comparative cycle threshold (CT) 
method.

Cell migration and invasion assay

Quantitative analysis of the migration and invasion 
capabilities of LAUD cells was performed using the 
transwell chamber system. A total of 60 μL of diluted 
extracellular matrix (ECM) gel solution was added to the 
upper chambers (Costar Inc., USA) and then incubated 
for 4 hours at 37 ℃. For the migration assay, the upper 
chambers were prepared using the same protocol, except 
that ECM was not added. Subsequently, cells were seeded 
at a density of 1×105 cells in 100 μL medium with 1% FBS 
in each well. The lower chambers were filled with 500 μL 
RPMI and DMEM containing 10% FBS. The transwells 
were then incubated for 24–48 hours at 37 ℃ with 5% 
CO2 to allow cell migration. When the incubation period 
ended, the remaining cells in the upper chamber were 
removed with a cotton swab. Cells that reached the bottom 
of the membrane were then fixed with paraformaldehyde. 
The fixed cells were stained by adding crystal violet and 
incubated at room temperature for 30 min. The crystal 
violet bound on the cells was washed off with 200 μL of 
33% glacial acetic acid, and the absorbance of the eluent at 
590 nm was measured to determine the cell number.

Flow cytometric assay

Cells were plated into 6-well plates at 6×104 cells/well. 
After culturing the siRNA-transfected cells for 48 hours, 
flow cytometry analysis was performed. Fluorescein 
isothiocyanate-Annexin V and propidium iodide (Absin, 
Shanghai, China) were used to stain 300 μL binding buffer 
of cell suspension. Apogee Flow Cytometers (Apogee Flow 

Systems, Hemel Hempstead, UK) were used to analyze the 
stained cells.

Western blotting

At 72 hours after siRNA transfection, cells were harvested 
and subjected to lysis, electrophoresis, and target protein 
visualization following a previously described protocol (19).  
Total cell lysates were prepared in sample buffer and boiled 
for 5 min at 95 ℃. The sample was then subjected to 
SDS-PAGE for 3 hours at 80 V, and transferred to PVDF 
membranes for another 3 hours. The membranes were then 
incubated at 4 ℃ overnight with specific antibodies for p62, 
Beclin 1, MET, c-Myc, and GAPDH. Subsequently, the 
membranes were washed 3 times with 1% TBST, incubated 
for 1 hour with secondary antibodies, developed using ECL, 
and exposed to X-ray film.

Statistical analysis

Data analysis was performed using SPSS. All variables 
were assumed to follow a continuous normal distribution. 
Data such as proliferation were evaluated by an unpaired 
Student’s t-test. All statistical values were expressed as 
mean ± SD. All statistical tests were performed at a level 
of significance of α=0.05. Unless stated otherwise, all cell 
biological experiments were independently triplicated.

Results

NFYC-AS1 promotes the proliferation and colony 
formation of LAUD cells

Up to now, there has been no report on the NFYC-AS1 
expression status in cancers. We performed qRT-PCR to 
determine NFYC-AS1 expression in 4 LAUD cell lines 
(H1299/PC9/A549/H838) and 1 normal lung cell line 
(HBE) as the control. We confirmed that the expression 
of NFYC-AS1 was higher in LAUD cell lines (Figure 1A). 
We chose the H1299 and PC9 cell lines, which had the 
highest expression of NFYC-AS1, to conduct the follow-up 
experiments.

To explore the function of NFYC-AS1, we firstly 
performed siRNA-mediated knockdown of NFYC-AS1 in 
H1299 and PC9 cells. The expression of NFYC-AS1 was 
significantly reduced after transfection with NFYC-AS1 
siRNAs as determined by qRT-PCR assays (Figure 1B,1C).

We performed the WST-1 assay to investigate the impact 
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of NFYC-AS1 on cell proliferation. The proliferation 
of H1299 and PC9 cells was inhibited by 35–50% after 
NFYC-AS1 knockdown (Figure 1D,1E). We also performed 
colony formation assays in H1299 and PC9 cells. The PC9 
cell line was unable to form colonies, while the colony 
formation of H1299 cells was significantly inhibited. The 
clone formation ability of si-1 and si-2 was inhibited by 26–
68% after the knockdown of NFYC-AS1 in H1299 cell line 
(Figure 1F). The results suggested that NFYC-AS1 could 
promote the proliferation and colony formation of LAUD 
cells.

NFYC-AS1 promotes the invasion and migration of 
LAUD cells

We performed transwell assays to explore whether NFYC-

AS1 affects the migration and invasion of H1299 and PC9 
cells. We found that cell invasion was inhibited by 21–70% 
after NFYC-AS1 knockdown (Figure 2A-2D), and migration 
was decreased by 55–83% after NFYC-AS1 knockdown 
(Figure 2E-2H). The results suggested that NFYC-AS1 
could promote the migration and invasion of LAUD cells.

NFYC-AS1 inhibits the apoptosis of LAUD cells

To probe the potential role of NFYC-AS1 in cell apoptosis 
regulation, apoptosis was analyzed by flow cytometry 
analysis. The results showed that cells transfected 
with NFYC-AS1 siRNA had a higher rate of apoptosis 
compared with that in control cells (Figure 3). The results 
suggested that NFYC-AS1 could inhibit the apoptosis of 
LAUD cells.

Figure 1 Colony formation and proliferation were inhibited after NFYC-AS1 knockdown. (A) The expression of NFYC-AS1 in LAUD 
cell lines (H1299/PC9/A549/H838) and normal lung HBE cell line (HBE vs. LAUD cell lines, *P<0.05). (B) The knockdown efficiency of 
siRNA in the H1299 cell line (si-Ctrl vs. si-1/si-2, **P<0.01). (C) The knockdown efficiency of siRNA in the PC9 cell line (si-Ctrl vs. si-1/
si-2, **P<0.01). (D) Cell proliferation was inhibited after NFYC-AS1 knockdown in the H1299 cell line (si-Ctrl vs. si-1/si-2, **P<0.01). (E) 
Cell proliferation was inhibited after NFYC-AS1 knockdown in the PC9 cell line (si-Ctrl vs. si-1/si-2, **P<0.01). (F) The colony formation 
ability of H1299 cells was significantly inhibited. The cells were stained with crystal violet (si-Ctrl vs. si-1/si-2, *P<0.05, **P<0.01). NFYC-
AS1, nuclear transcription factor Y subunit C antisense RNA 1; LAUD, lung adenocarcinoma; siRNA, small interfering RNA.
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The downstream proteins of NFYC-AS1

We detected the expression of certain proteins in the H1299 
and PC9 cell lines to explore the downstream signaling 
proteins of NFYC-AS1. In terms of the expression of major 
autophagy proteins, we found that p62 was downregulated 
while Beclin 1 was upregulated in both cell lines after 
NFYC-AS1 knockdown. However, LC3B expression was 
not changed (Figure 4A,4B). This illustrates that NFYC-
AS1 may function through autophagy, but not through 
the LC3B protein. The proteins p53 and PARP were 
upregulated after NFYC-AS1 knockdown (Figure 4C,4D). 
The cleaved PARP bands were present in the western blot 

of H1299 cells, but the same bands were not observed for 
PC9 cells. This suggested that NFYC-AS1 might promote 
apoptosis, which was consistent with the results of flow 
cytometry analysis.

The expression levels of the oncogenic proteins 
MET and c-Myc were downregulated after NFYC-AS1 
knockdown (Figure 5). This illustrates that MET and 
c-Myc may play important roles in LAUD cells through 
the NFYC-AS1 network. The p-mTOR and FAK were not 
changed after NFYC-AS1 knockdown, which suggests that 
NFYC-AS1 does not function via FAK and p-mTOR. The 
MAPK/ERK was upregulated (Figure 5), which we could 
not explain.

Figure 2 Cell invasion and migration were inhibited after NFYC-AS1 knockdown. (A) Cell invasion was decreased after NFYC-AS1 
knockdown in H1299 cells. Magnification of 10×. (B) The bar chart represented the count number of invasive H1299 cells (si-Ctrl vs. si-1/si-
2, **P<0.01). (C) Cell invasion was decreased after NFYC-AS1 knockdown in PC9 cells. Magnification of 10×. (D) The bar chart represented 
the count number of invasive PC9 cells (si-Ctrl vs. si-1/si-2, **P<0.01). (E) Cell migration was decreased after NFYC-AS1 knockdown in 
H1299 cells. Magnification of 10×. (F) The bar chart represented the count number of migrated H1299 cells (si-Ctrl vs. si-1/si-2, **P<0.01). 
(G) Cell migration was decreased after NFYC-AS1 knockdown in PC9 cells. Magnification of 10×. (H) The bar chart represented the count 
number of migrated PC9 cells (si-Ctrl vs. si-1/si-2, **P<0.01). All cells were stained with crystal violet. Values represented the mean ± SD 
from three independent experiments. NFYC-AS1, nuclear transcription factor Y subunit C antisense RNA 1.
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We performed DAVID gene ontology/pathway analysis 
of NFYC-AS1 correlated (Pearson correlation) genes 
based on TCGA data and observed two pathways that 
were involved in LAUD, namely the regulation of mRNA 
metabolic process and the regulation of mRNA stability 
(Figure 6).

Discussion

Antisense RNAs are generally thought to have a regulatory 
role, however, the function of NFYC-AS1 is still unknown. 
Our results showed that the proliferation, migration, and 
invasion of H1299 and PC9 cells were inhibited while 
apoptosis was increased after NFYC-AS1 knockdown. 
Apoptosis and autophagy were activated. Furthermore, 
the oncogenic protein expression levels of MET and 
c-Myc were downregulated. We have summarized the 
aforementioned results in the schematic diagram in Figure 7.

Nuclear  f ac tor-Y (NF-Y) ,  a l so  termed CMP-
binding factor (CBF) or cysteine proteinase-1 (CP1), is 

a mammalian transcription factor critical in regulating 
the expression of many genes via binding to the CCAAT 
box. The members of the NF-Y family are trimers each 
constituting three subunits NF-YA, NF-YB, and NF-
YC (20). NFYC-AS1 is a lncRNA that is the antisense 
transcript of the NF-YC subunit. Antisense lncRNAs have 
been recognized to play a regulatory role in the expression 
of corresponding coding genes at the post-transcriptional 
level (21) and, by regulating both oncogenes and anti-
oncogenes, actively participate in carcinogenesis. To date, 
however, no molecular biological study has been conducted 
to explore the function of NFYC-AS1. We found that 
the proliferation, migration, and invasion of H1299 and 
PC9 cells were inhibited and apoptosis was increased after 
NFYC-AS1 knockdown, which indicated that NFYC-AS1 
might be involved in the regulation of the proliferation 
and metastasis of LAUD. Many other lncRNAs, such as 
HOTTIP (22,23) and HOTAIR (24-26), have been proven 
to be oncogenes in cancers. To our knowledge, this is the 
first study proving that NFYC-AS1 has the characteristics 
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of a driver gene.
Then, we detected the proteins that may participate in 

the regulation of the functions verified above. In terms of 
the major autophagy proteins, p62 was downregulated and 
Beclin 1 was upregulated, while LC3B was not changed 
after NFYC-AS1 knockdown. Autophagy is a sophisticated 
cellular process under the regulation of over 30 autophagy-
related genes, among which Beclin 1, LC3B, and p62 play 
significant roles. Samples that test positive for 2+ of these 3 
proteins are regarded as having autophagy activation (27,28). 
Our results illustrated that NFYC-AS1 might activate 
autophagy, but not through the LC3B protein. The role 
of autophagy in cancer is considered to be a double-edged 
sword. Under different circumstances, autophagy may play 
a role in promoting either survival or apoptosis (29,30). 
Our results suggest that NFYC-AS1 may promote the 
proliferation of LAUD cells by inhibiting autophagy.

Apoptosis, which is genetically programmed cell death, 
plays a critical role both in normal development and in 
tumorigenesis. LAUD cells had a higher rate of apoptosis 

after NFYC-AS1 knockdown. The apoptosis-related 
proteins p53 and PARP were upregulated after NFYC-
AS1 knockdown. p53 is a gene that, in its unmutated form, 
regulates the transcription of numerous genes that play 
roles in various cellular processes to suppress tumorigenesis. 
Its mutation is associated with human cancer more than any 
other gene (31). In recent years, the important role played 
by p53 in initiating apoptosis under various stress stimuli 
has been increasingly brought to light (32-34). PARP is the 
key modulator of apoptosis, through the cleavage of PARP 
(35,36). In summary, NFYC-AS1 may inhibit apoptosis via 
p53 and PARP.

MET and c-Myc are primary oncogenic drivers. 
Aberrant MET and c-Myc expression drives tumor growth 
through increased cell proliferation, survival, invasion, 
and metastasis (37-39). The knockdown of NFYC-AS1 
was related to the downregulation of MET and c-Myc, 
which suggests that the promotive role of NFYC-AS1 in 
tumorigenesis is associated with MET and c-Myc. FAK is 
a protein tyrosine kinase that regulates cellular adhesion, 

Figure 4 The downstream proteins of NFYC-AS1: autophagy and apoptosis. (A) The expression of p62 was downregulated, Beclin 1 was 
upregulated, and LC3B was not changed after NFYC-AS1 knockdown. (B) The bar chart represented the expression of p62, Beclin 1, and 
LC3B after NFYC-AS1 knockdown (si-Ctrl vs. si-1/si-2, *P<0.05, **P<0.01). (C) The expression of PARP and p53 were upregulated after 
NFYC-AS1 knockdown. (D) The bar chart represented the expression of PARP and p53 after NFYC-AS1 knockdown (si-Ctrl vs. si-1/si-2, 
*P<0.05, **P<0.01). NFYC-AS1, nuclear transcription factor Y subunit C antisense RNA 1.
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Figure 5 The downstream proteins of NFYC-AS1: MET and c-Myc. The expression of MET and c-Myc were downregulated after NFYC-
AS1 knockdown, whereas the expression of MAPK, mTOR, and FAK was not changed. The bar chart represented the expression of MET, 
c-Myc, MAPK, mTOR, and FAK after NFYC-AS1 knockdown (si-Ctrl vs. si-1/si-2, *P<0.05, **P<0.01). NFYC-AS1, nuclear transcription 
factor Y subunit C antisense RNA 1.

Figure 6 The gene ontology/pathway that NFYC-AS1 correlated. NFYC-AS1, nuclear transcription factor Y subunit C antisense RNA 1.
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motility, proliferation, and survival in various types of 
cells. mTOR plays a central role in regulating cell growth, 
proliferation, and survival. Our results showed that the 
expression of FAK and p-mTOR were not changed after 
NFYC-AS1 knockdown, which indicates that NFYC-
AS1 does not function via FAK and p-mTOR. MAPK/

ERK has been proven to contribute to cancer progression. 
Our results showed that the expression of MAPK was 
upregulated after NFYC-AS1 knockdown, which we could 
not explain.

In summary, NFYC-AS1 promotes the proliferation, 
migration, and invasion and suppresses the apoptosis 
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Figure 7 Schematic drawing of the mechanism of NFYC-AS1. NFYC-AS1, nuclear transcription factor Y subunit C antisense RNA 1.

of LAUD cells. The possible mechanisms may include 
the induction of autophagy and the downregulation of 
oncoproteins such as MET and c-Myc. These findings 
suggest that NFYC-AS1 is a functional lncRNA in human 
LAUD cells. NFYC-AS1 may promote the proliferation of 
LAUD through autophagy and apoptosis.
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