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7 School of Biology and Pharmaceutical Engineering, Wuhan Polytechnic University, Wuhan, China, ? School of Life Sciences,
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PPP1R14B-AS1 is an antisense long non-coding RNA with unknown functions. Herein,
gene differential analyses were performed using the data of patients with liver cancer and
lung adenocarcinoma (LUAD) from The Cancer Genome Atlas database. PPP1R14B-
AS1 was found to be upregulated and also overexpressed in 10 other types of cancers.
In addition, PPP1R14B-AS1 overexpression was associated with poor overall prognosis
in eight cancers. Furthermore, PPPAR14B-AS1 upregulation was positively associated
with worsening development of liver and LUAD cancers and related to poor disease-free
survival. Gene Ontology and Kyoto Encyclopedia of Genes and Genomes enrichment
analyses suggested that PPP1R14B-AS1 strongly participated in regulating cell aerobic
respiration processes, such as mitochondrial electron respiration chain and NADH
dehydrogenation processes. Cell cytoplasmic and nuclear RNA purification assessment
results revealed that PPP1R14B-AS existed in the cell nucleus and cytoplasm. The
knockdown of PPP1R14B-AS1 in HepG2 and A549 cells using PPP1R14B-AS1-
specific siBNAs decreased mitochondrial respiration as demonstrated by the reduction
in basal respiration and ATP production. Moreover, PPP1R14B-AS1 downregulation
did not obviously affect cell glycolysis ability. Finally, PPP1R14B-AS1 inhibition inhibited
HepG2 and A549 cell migration and proliferation. In summary, our study found for the
first time that PPP1R14B-AS1 could be a potential biomarker for cancer diagnosis and
that PPP1R14B-AS1 inhibition could be a potentially effective therapy.

Keywords: IncRNA PPP1R14B-AS1, diagnosis, metabolism, proliferation, migration

INTRODUCTION

Liver cancer (LIHC) and lung cancer rank among the top four most prevalent malignant tumors.
They have been emerging as the main causes of human deaths over past decades, thus placing a great
burden on society and individuals (Torre et al., 2015; Disease et al., 2017; Bray et al., 2018). Surgery
combined with chemoradiotherapy remains the most effective therapy for LIHC and lung cancer.
However, the effect of this treatment modality remains limited. One of most important factors
for this limitation is the lack of timely diagnosis (Altekruse et al., 2012; Lemjabbar-Alaoui et al.,
2015; Zeng et al.,, 2015). The treatment of LIHC and lung cancer has turned to targeted treatment.
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The 5-year survival rates of patients have improved but remain
inadequate (Hirsch et al., 2017). Therefore, the need for discovery
of new diagnostic and prognostic biomarkers for target therapy
with increased precision is urgent.

One hundred years ago, Otto Warburg first discovered
that under normal oxygen conditions, cancer cells prefer to
uptake additional glucose or glutamine for aerobic glycolysis
to produce lactate (Warburg, 1956). This phenomenon is
called the Warburg effect. Aerobic glycolysis can generate
ATP and the necessary substrates for biosynthesis for cell
survival. However, it is an uneconomical metabolic process
and can only generate two ATP molecules. By contrast, 36
ATP molecules can be synthesized via oxidative phosphorylation
(OXPHOS). Glycolytic ATP contribution rates vary from
1.2 to 64% in different tumor cells (Elwood et al., 1963;
Kallinowski et al., 1989), suggesting that OXPHOS still plays
an important role in tumor cell growth. FDA-approved
drugs targeting electron transport chain complexes have
shown promising anticancer effects. These drugs include
panhematin combined with metformin (complex I), fenofibrate
(complex I), and arsenic trioxide (complex IV) (Diepart et al.,
2012; Wilk et al,, 2015; Lee et al., 2019). However, these
drugs remain inadequate, and additional new targets must
be discovered.

Long non-coding RNAs (IncRNAs) are RNAs whose
transcripts are greater than 200 nucleotides; they lack protein-
coding ability or have small peptide-coding potential (Brosnan
and Voinnet, 2009; Huang et al., 2017). They mediate many
regulatory processes, such as mRNA transcription, mRNA
post-transcription, mRNA processing, protein activity, and
protein complex organization (Achour and Aguilo, 2018). In
recent years, many studies have reported that IncRNAs play roles
in the occurrence and development of cancers. For example,
IncRNA MAGI2-AS3 functions as a tumor suppressor by
recruiting KDM1A and promoting H3K4me2 demethylation
of the RACGAP1 promoter in HCC (Pu et al, 2019). TGF-
B-activated IncRNA LINCO00115 acts as a miRNA sponge to
promote GBM tumor growth via the ZNF596/EZH2/STAT3
signaling pathway (Tang et al, 2019). The FOXN3-NEAT1-
SIN3A repressor complex promotes EMT and breast cancer
cell invasion (Li et al, 2017). Given the important roles
of IncRNAs in cancer and the large amount of IncRNAs,
finding new IncRNAs associated with tumors is of great value.
Thus, this study aimed to find new IncRNAs that participate
in cancer development and reveal new insights for cancer
drug development.

MATERIALS AND METHODS

Datasets

The RNA-seq datasets of patients with LIHC, lung
adenocarcinoma (LUAD), KICH, KIRP, COAD, BLCA, LUSC,
PRAD, READ, STAD, THCA, and BRCA were obtained
from the TCGA database. The clinical information datasets
of patients with LIHC and LUAD were downloaded from
the TCGA database.

Bioinformatics Analyses

Differences in global gene expression levels between the normal
tissues and tumor tissues of patients with LIHC/LUAD were
analyzed with an R package and p < 0.05. The gene copy
numbers of the PPP1RI4BA-S1 data of 2274 patients with
LIHC, 4747 patients with LUAD, 257 patients with bladder
cancer, 11244 patients with breast cancer, 2374 patients with
prostate gland cancer, 2446 patients with stomach cancer,
3767 patients with colon cancer, 2848 patients with kidney
cancer, 422 patients with rectum cancer, and 885 patients
with thyroid gland cancer were extracted from Progenetix
web resources'. Homology among human, rhesus, mouse,
dog, elephant, chicken, Xenopus tropicalis, zebrafish, and
lamprey PPP1R14B-AS1 sequences was analyzed using the
UCSC Genome Browser website’. Gene expression RNA-seq
data for PPP1R14B-AS1 in different human tissues were
identified using the GTEx portal website’. Survival analysis of
patients with LIHC, LUAD, cervical and endocervical cancers
(CESC), kidney renal clear cell carcinoma (KIRC), lower
grade glioma (LGG), skin cutaneous melanoma (SKCM), and
uveal melanoma (UVM) was extracted from GEPIA*. Gene
coexpression was analyzed with Pearson correlation coefficients
using the “cor” function in R. Kyoto Encyclopedia of Genes
and Genomes (KEGG) and Gene ontology (GO) enrichment
analyses of PPP1R14BA-AS1 and closely related genes were
conducted with the R package “clusterProfiler;” and the p value
cutoff was 0.05.

Cell Culture and Transfection

HepG2, L02, and A549 cell lines were obtained from the
Global Bioresource Center (ATCC) (United States) and grown
in Dulbecco’s Modified Eagle Medium (DMEM) (Gibco) with
4.5 g/l D-glucose, 10% fetal bovine serum (FBS) (Gibco), and
penicillin/streptomycin (Gibco). Cells were maintained at 37°C
in a humidified 5% CO, incubator.

PPP1R14B-AS1-specific siRNAs were designed using siDirect
version 2.0 tool’ and synthesized by GenePharma Corporation
(Shanghai). For PPP1R14B-AS1 knockdown, PPP1R14B-ASI-
specific siRNAs and negative siRNA NC were transfected
into HepG2 and A549 cells with the transfection reagent
Lipofectamine 3000 (Thermo Fisher Scientific) using Opti-MEM
(Gibco). The siRNA sequences were as follows: siPPP1R14B-AS1
Target-1 (5-AGGCTTGAAC AGTCTTCAAAT-3") and Target-
2 (5'~AGGCTGTAACAAAGATTAAAT-3').

RNA Extraction and cDNA Synthesis

Cells were harvested, and total RNA was isolated with Trizol
(Takara), precipitated with isopropanol, and purified with
75% ethanol. Quality control and concentration check were
performed with NanoDrop 2000 (Thermo Fisher Scientific).
For RNA reverse-transcription, total RNA was pre-denatured

Uhttp://www.progenetix.org
Zhttp://www.genome.ucsc.edu
Shttps://www.gtexportal.org
*http://gepia.cancer-pku.cn
“http://sidirect2.rnai,jp
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at 65°C for 5 min and then reverse-transcribed with ReverTra
Ace gPCR RT Kits (TOYOBO). Reactions were heated to 37°C
for 15 min, 98°C for 5 min, and held at 4°C. cDNA was
kept at —20°C.

Fluorescent Quantitative Real-Time PCR
Quantitative real-time PCR (qRT-PCR) was performed with
SYBR® Green Real-Time PCR Master Mix (TOYOBO),
and ABI 7300 Real-Time PCR system was used for gene
expression detection. The reaction steps were as follows:
95°C for 1 min, followed by cycles of 95°C for 15 s and
60°C for 45 s. The results were calculated through the
27 AACT method, and ACTB expression levels were used as
controls. The primer sequences were as follows: PPP1R14B-
AS1 forward (5-TGCTACCAGGCTTGAACAG-3'), reverse
(5'-CAGGCACAGAGGAAGACAT-3'); ACTB forward (5'-
TGACGTGGACATCCGCAAAG-3'), reverse (5'-CTGGA
AGGTGGACAGCGAGG-3').

Cell Nuclear and Cytosol RNA Extraction
HepG2, L02, and A549 (200 w) cell nuclear and cytosolic
RNA was extracted using a nuclear/cytosol fractionation kit
(BioVision, K266-25). Briefly, the cells were lysed with CEBA-A
mix buffer and then centrifuged. The supernatant RNA (cytosol
RNA) was extracted with Trizol. The pellet was then washed and
lysed with Trizol for nuclear RNA extraction.

Cell Mitochondria Isolation

HepG2 and A549 cell mitochondria were isolated by using Cell
Mitochondria Isolation Kit (Beyotime, C3601). In short, 2000 w
cells were collected and homogenized. Cell homogenate was
centrifuged at 1200 x g for 15 min and then supernatant was
collected and further centrifuged at 12000 x g for 30 min, and
the pellet was the mitochondria.

Western Blot Assay

Protein levels were detected using western blot assay. Cell total
protein and mitochondrial protein were harvested with RIPA
cell lysis buffer. Antibodies were as follows: ACTB (Proteintech,
60008-1-lg), VDACI (Abcam, ab154856), COX IV (CST, 4850S),
PARP (CST, 95325), Cleaved PARP (CST, 5625S), Caspase 3 (CST,
9662S), and Cleaved Caspase 3 (CST, 9664S).

Seahorse Cell Metabolism Analyses

The cell OXPHOS and cell glycolysis levels of HepG2 and A549
with or without PPP1R14B-AS1 knockdown were measured
using a Seahorse XFp analyzer with a Seahorse XFp Cell Mito
Stress Test Kit and a Glycolysis Stress Test Kit in accordance with
the manufacturers’ instructions.

Colony Formation Assay

HepG2 and A649 with or without PPP1R14B-AS1 cells were
used to perform colony formation assays. In short, 1000 cells
were planted in six-well cell culture dishes and incubated
with PPP1R14B-AS1-specific siRNAs or negative control siRNA
NC for 2 weeks. Then, the cells were fixed and stained with

0.1% crystal violet for 3 min. Cells were calculated using
Image ] software.

CCK-8 Assay

Cell proliferation activity was assessed by CCK-8 assay (MCE,
K0301) according to the manufacturer’s instructions. Briefly,
~1000 cells were seeded into 96-well corning cell dished. After
they were transfected with PPP1R14B-AS1 specific siRNA for
0, 24, 48, 72, and 96 h, 10 ul CCK-8 solution was added and
incubated at 37°C for 1.5 h. The OD values were measured on
a microplate reader at 450 nm.

Cell Migration Analyses
Cell migration was detected via the wound-healing assay. Cells
were transfected with PPP1R14B-AS1-specific siRNAs for 24 h
and then planted into 24-well cell culture dishes with Ibidi culture
inserts (Ibidi, 80209). The inserts were removed when the cells
were adherent and then observed under a microscope (0 h). After
24 h, wound-healing degrees were measured with a microscope.
Cell migration assay was also performed through transwell
assay. HepG2 and A549 cells (10 w) with or without PPP1R14B-
AS1 knockdown were calculated and seeded into the upper
chamber of an insert with 100 pl of serum-free DMEM, and
650 wl of DMEM with 20% FBS was added into the lower
chamber. After 24 h, the cells on the upper surface of the
membrane were gently removed, and the cells on the lower
surface were fixed and stained with 0.1% crystal violet. The
number of invasive cells was measured and calculated using
Image J software.

Statistical Analyses

The results were shown as median =+ interquartile and
mean =+ standard deviation, and diagrams were plotted with
Prism 8.0 and R. Mann-Whitney test, log-rank test, Student’s
t-test, and one-way ANOVA were performed for statistical
comparisons by using SPSS Version 23 and R. Differences were
considered significant when p < 0.05.

RESULTS

PPP1R14B-AS1 Was Abnormally
Expressed in LIHC and Lung

Adenocarcinoma
RNA-seq data from TCGA were used to conduct gene differential
analysis to find new abnormally expressed IncRNAs in LIHC and
LUAD. The analysis selectively output 5144 upregulated genes
(red, p < 0.001) and 1492 downregulated genes (green, p < 0.001)
in LIHC and 5257 upregulated genes (red, p < 0.05) and 2328
downregulated genes (green, p < 0.05) in LUAD (Figures 1A,B).
Among these differentially expressed genes, 1784 IncRNAs were
upregulated in LIHC (Figure 1C) and 1887 IncRNAs were
overexpressed in LUAD (Figure 1D).

Herein, we termed an IncRNA that has been named by NCBI
database and has never been studied: PPP1R14B-AS. It was
located in the 11q13.1 region. By analyzing its position in the

Frontiers in Genetics | www.frontiersin.org

November 2020 | Volume 11 | Article 557614


https://www.frontiersin.org/journals/genetics
https://www.frontiersin.org/
https://www.frontiersin.org/journals/genetics#articles

Yang et al.

Activated PPP1R14B-AS1 Promotes Cancer Development

LIHC

Volcano Plot

LUAD

Volcano Plot

C LIHC
|Log,(FC)|> 1.2, p < 0.001

3360 Up D

-log10(P-value)
-log10(P-value)

1273

Gene number

1784
. 219

o
D Coding gene LncRNA gene Coding gene LncRNA gene
LUAD

|Log,(FC)|> 1, p<0.05

1] D«
p-

3370

@
g
g
8

1887

1811

T T o
3.61 6.11 -8.05

-6.4 -3.9 -1.39
log2(FoldChange)

1.1 -5.63 1.64

Iog2(FoltiChange)

E Progenetix: Liver cdo-C22.0) G

B W 1516 171819022

IIM ] IIIIWWIII ‘IMWI Il I\Illll IIIWHI IIIIII IIIIwI HI\IIN Ilm I Illl nllilll Ill\l D I 1IIII|I

B PPP1R14B-AS1 B

£l 5
% i %
= Ld L 0
25, v—‘—-—-" rp-‘—-r—"—‘r‘r |-——.Z5
& 0

B £

Progenet: Lung, NOS (iodokC34) H

II I \MIII \IMIIII ] IlllIlHI IIWII IIII‘ IMIH Hlllll‘\ Ilnll IIIIII llllll I|||| NIII ll\llllllm 4I|I um \\IIII I I\Ii llhl 4||I||||
5 PPP1R14B-AS1 5

50 v il
% %

mme o | was Ll bl L

S 2]

FIGURE 1 | LncRNA PPP1R14B-AS1 was abnormally expressed in LIHC and LUAD. (A,B) Volcano plots showing differential gene expression in the cancer tissues
of patients with LIHC and LUAD vs. normal tissues, cut-off value of LIHC: absolute Logs(fold change) > 1.2 and p < 0.001; LUAD: absolute Log2(fold change) > 1
and p < 0.05. (C,D) Taxonomic statistics of differentially expressed genes in LIHC and LUAD tissues. (E,F) Analysis of the copy numbers of PPP1R14B-AS1 across
all chromosomes in 2274 LIHC samples and 4747 LUAD samples by Progenetix. (G) Eight PPP1R14B-AS1 orthologs from 100 vertebrate species monitored via the
Multiz Alignments track in the UCSC Genome Browser. (H) PPP1R14B-AS1 expression levels in different normal human tissues provided by GTEx.
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genome, we found that it was transcribed from the antisense
stand of the PPP1R14B gene. The protein of PPP1R14B was
identified to be closed linked to cAMP pathway in Genecard
database, which was related to ATP synthesis. Due to the location
relationship, we suspect that PPP1R14BA-AS1 might be related
to the function of cell energy metabolism. Thus, this IncRNA was
selected for further study.

The copy number of genes in this region was upregulated
by 10-20% in 2274 patients with LIHC and in 4747 patients
with LUAD (Figures 1E,F), which might be associated with
PPP1R14B-AS1 overexpression in LIHC and LUAD. According
to the UCSC visual database, the homology of PPP1R14B-AS1
decreased from Rhesus, mouse, and dog to elephant and showed
nearly no homology with 90 other vertebrates (Figure 1G).

In contrast to protein-coding genes, IncRNAs are typically tissue-
specific. However, PPP1R14B-AS1 was expressed in all of the
whole tissues from humans (Figure 1H).

PPP1R14B-AS1 Was Overexpressed in

Many Cancers

The PPP1R14B-AS1 RNA-seq FPKM data for 12 different
types of cancers from TCGA database were analyzed to assess
the expression of PPP1R14B-AS1 in different tumors. Results
revealed that PPP1R14BA-S1 was commonly overexpressed in
all of the 12 cancer tissues relative to in normal tissues: LIHC
tissues (LIHC, n = 374, p < 0.001, Figure 2A), LUAD tissues
(LUAD, n = 533, p < 0.001, Figure 2B), kidney chromophobe
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FIGURE 2 | PPP1R14B-AS1 was overexpressed in 12 cancer tissues. PPP1R14B-AS1 RNA-seq FPKM data in the (A) normal tissues (n = 50) and tumor tissues
(n = 374) of patients with LIHC. (B) Normal tissues (1 = 59) and tumor tissues (n = 533) of patients with LUAD. (C) Normal tissues (n = 24) and tumor tissues (1 = 85)
of patients with KICH. (D) Normal tissues (n = 32) and tumor tissues (n = 289) of patients with KIRP. (E) Normal tissues (n = 41) and tumor tissues (n = 480) of
patients with COAD. (F) Normal tissues (1 = 19) and tumor tissues (n = 414) of patients with BLCA. (G) Normal tissues (n = 49) and tumor tissues (n = 502) of
patients with LUSC. (H) Normal tissues (n = 52) and tumor tissues (n = 499) of patients with PRAD. (I) Normal tissues (n = 10) and tumor tissues (n = 166) of patients
with READ. (J) Normal tissues (n = 32) and tumor tissues (n = 375) of patients with STAD. (K) Normal tissues (n = 58) and tumor tissues (1 = 510) of patients with
THCA. (L) Normal tissues (n = 113) and tumor tissues (n = 1109) of patients with BRCA. Data were presented as median =+ interquartile range and analyzed through
Mann-Whitney test, **p < 0.001.

carcinoma tissues (KICH, n = 65, p < 0.001, Figure 2C), kidney
renal papillary cell carcinoma tissues (KIRP, n = 289, p < 0.001,
Figure 2D), colon adenocarcinoma tissues (COAD, n = 480,
p < 0.001, Figure 2E), bladder urothelial carcinoma tissues
(BLCA, n = 414, p < 0.001, Figure 2F), lung squamous cell
carcinoma tissues (LUSC, n =502, p < 0.001, Figure 2G), prostate
adenocarcinoma tissues (PRAD, n = 499, p < 0.001, Figure 2H),
rectum adenocarcinoma tissues (READ, n = 166, p < 0.001,
Figure 2I), stomach adenocarcinoma tissues (STAD, n = 375,
p < 0.001, Figure 2J), thyroid carcinoma tissues (THCA, n = 510,
p < 0.001, Figure 2K), and breast invasive carcinoma tissues
(BRCA, n = 1109, p < 0.001, Figure 2L). In addition, we found
that the copy number of genes in 11q13.1 region was upregulated
by 10-25% in 257 patients with BLCA, 11244 patients with
BRCA, 2374 patients with PRAD, 2446 patients with STAD,
and 3767 patients with COAD (Supplementary Figures S1A-E).

However, no obvious gene copy number gain was found in kidney
cancer patients, rectum cancer patients, or thyroid gland cancer
patients (Supplementary Figures S1IF-H). These data suggest
that PPP1R14B-AS1 upregulation might also be associated with
the increase in gene copy number in BLCA, BRCA, PRAD, STAD,
and COAD patients. In short, these results demonstrated that
PPP1R14B-AS1 upregulation could be a potential biomarker for
the diagnosis of these cancers.

PPP1R14B-AS1 Overexpression Was
Associated With Poor Overall Survival

The clinical information of the patients was used for analysis
to evaluate the relationship between PPP1R14B-AS1 expression
and overall survival (OS). First, the patients were stratified
into two groups in accordance with the median values of
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PPP1R14B-AS1 RNA expression (PPP1R14B-AS1_high and
PPP1R14B-AS1_low). Second, survival curves were plotted and
determined through Kaplan-Meier analysis by GEPIA gene
analysis tool. The LIHC patients with high PPP1R14B-AS1
expression showed poor OS (n = 364, HR [high] = 1.9,
p[HR] = 0.00045, log rank p = 0.00036, Figure 3A). LUAD
patients with high PPP1R14B-AS1 expression also showed poor
OS (n =477, HR [high] = 1.7, p[HR] = 0.0012, log rank p = 0.001,
Figure 3B). Moreover, KICH patients with high PPP1R14B-
AS1 expression exhibited poor OS (n = 64, HR [high] = 11,
p[HR] = 0.025, log rank p = 0.0051, Figure 3C). However, nine
other types of cancer patients with upregulated PPP1R14B-AS1
expression showed no obvious difference in OS (Supplementary
Figures S2A-I). We also analyzed other types of cancer patients
without PPP1R14B-AS1 upregulated (vs. the normal) to study
whether PPP1R14B-AS1 could affect the prognosis. Patients with
KIRC, brain in LGG, SKCM, and UVM or CESC and high
PPP1R14B-AS1 expression had poor OS (Figures 3D-H). These
results demonstrated that activated PPP1R14B-AS1 expression
was associated with poor survival in these eight types of cancer.

PPP1R14B-AS1 Functioned in LIHC and

LUAD Progression

We analyzed whether PPP1R14B-AS1 participates in LIHC and
LUAD progression. After their first surgical treatment, patients
with LIHC and high PPP1R14B-AS1 expression showed poor
disease-free survival (DFS) (n = 353, HR = 1.424, 95%CI: 1.083-
1.874, p = 0.011, Figure 4A), and patients with LUAD and
PPP1R14B-AS1 overexpression also showed poor DES (n = 476,
HR = 1.613, 95% CI: 1.249-2.082, p < 0.001, Figure 4B).
During disease progression, PPP1R14B-AS1 expression changed,
exhibiting an upward trend from Stage I to Stage III in LIHC
(p = 0.0168, Figure 4C). PPP1R14B-AS1 expression in the late
stage of the disease (Stage III + Stage IV) was also upregulated
compared with that in the early stage of the disease (Stage
I + Stage II) (p = 0.0216, Figure 4D). Moreover, PPP1R14B-
ASI expression level was highly inversely related to the grade of
tumor cell differentiation in LIHC, suggesting that PPP1R14B-
AS1 might be one of the factors that aggravated the degree of
malignancy (Figure 4E). In addition, PPP1R14B-AS1 expression
varied from the primary tumor range and showed a positive
relation (Figure 4F). PPP1R14B-AS1 overexpression was also
associated with lymph node metastasis in LUAD (Figure 4G).
These data indicated that PPP1R14B-AS1 played multiple roles
in LTHC and LUAD progression.

PPP1R14B-AS1 and Its Co-expressed
Genes Participated in Mitochondrial
Function and Tumor Metastasis

Regulation

PPP1R14B-AS1 and its co-expressed genes were analyzed to
reveal the potential biological function of PPP1R14B-ASl.
Correlated genes were identified using Pearson correlation
analysis by using the RNA-seq FPKM data of LIHC and the
cor function in R enrichment. The selected cut-off values
were set as absolute Pearson correlation coefficient > 0.3

and p < 0.05. Gene ontology (GO) and KEGG enrichment
analyses were performed by using the filtered genes. GO
analysis revealed that cellular components associated with the
mitochondrial membrane, mitochondrial protein complex, and
respiratory chain were highly enriched (Figure 5A). In addition,
the high enrichment shown by the biological processes of
RNA catabolism and translational initiation suggested that
PPP1R14B-AS1 was involved in gene transcription and post-
transcriptional regulation processes (Figure 5B). Moreover, the
GO terms in molecular function that were greatly enriched
were cadherin binding, electron transfer activity, and NADH
dehydrogenase activity (Figure 5C). KEGG enrichment further
confirmed the potential function of PPP1R14B-AS1 in OXPHOS
pathway regulation (Figure 5D). Furthermore, the representative
expressed genes related to ATP synthesis and NADH oxidation
in LIHC tissues were all overexpressed relative to those in
normal tissues (Figure 5E). These genes were also proved to be
upregulated in LUAD tumor tissues (Figure 5F). Meanwhile, all
of these genes were positively correlated with PPP1R14B-AS1 in
LIHC (Figure 5G) and LUAD (Figure 5H). These data indicated
that PPP1R14B-AS1 was closely linked to mitochondrial function
and tumor metastasis.

PPP1R14B-AS1 Regulated Mitochondrial
Respiration

On the basis of the clues provided by the above analyses, we
performed in vitro experiments to verify the biological functions
of PPP1R14B-AS1. Cell cytoplasm and nuclear RNA purification
experiments showed that PPP1R14B-AS1 was distributed in
the cell nuclei and cytoplasm of the human LIHC cell line
HepG2 (ACTB was used as the cytoplasmic control, and
U3 was used as the nuclear control) (Figure 6A). Similar
results for the human normal liver cell line L02 (Figure 6B)
and the human LUAD cell line A549 (Figure 6C) were
obtained. These results further supported the GO analyses
results and were consistent with previous reports showing that
IncRNAs regulate gene transcription in the cell nucleus and
post-transcriptional processes, such as translation and protein
modification, in the cytoplasm. We also detected whether
PPP1R14BA-AS1 located on the mitochondrial components.
The result revealed that it wasn’t in HepG2 or A549 cells
(Figures 6D,E). Further, PPP1R14B-AS1 specific siRNA was
designed and transfected into HepG2 and A549. The qRT-PCR
results showed great knockdown efficiency (Figure 6F). The
Seahorse XFp Cell Mito Stress Test assay elucidated that oxygen
consumption rate (OCR) was reduced in HepG2 cells with
PPP1R14B-AS1 knockdown. Furthermore, when PPP1R14B-
AS1 was silenced, maximal respiration, proton leak, and
ATP production all decreased, but non-mitochondrial oxygen
consumption did not change (Figures 6G,H). However, the
Seahorse XFp Glycolysis Stress Test revealed that PPP1R14B-
AS1 did not play any role in glycolysis (Figure 6I). In
addition, PPP1R14B-AS1 knockdown decreased OCR and ATP
production in A549 cells (Figures 6J,K). Likewise, PPP1R14B-
AS1 downregulation had no effect on glycolysis in A549 cells
(Figure 6L). These data indicated that PPP1R14B-AS1 enhanced
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FIGURE 3 | PPP1R14B-AS1 upregulation was related to poor survival in several cancers. (A) Patients with LIHC were divide into two groups in accordance with the
median of the expression value of PPP1R14B-AS1 (PPP1R14B-AS1_low and PPP1R14B-AS1_high), and then Kaplan-Meier survival curves were constructed to
analyze the overall survival (OS) of the two groups by GEPIA gene analysis tool (http://gepia.cancer-pku.cn/detail.php?gene=_8&clicktag=survival). Hazards Ratio (HR)
was calculated based on Cox PH Model. (B-H) Patients with LUAD, KICH, KIRC, LGG, SKCM, UVM, or CESC were divided into the PPP1R14B-AS1_low and
PPP1R14BA-AS1_high groups according to the median value of PPP1R14B-AS1 expression, respectively, and then Kaplan-Meier survival curves were constructed
to analyze the OS of the two groups by using the GEPIA gene analysis tool. Data were analyzed through the log-rank test.

mitochondrial respiration and did not change glycolysis levels in
HepG2 and A549 cells.

PPP1R14B-AS1 Knockdown Inhibited
Tumor Cell Proliferation and Migration

Tumor cell growth inhibition and migration inhibition are
the two most effective ways to treat tumors. We conducted
colony formation assays to investigate the effect of PPP1R14B-
AS1 on cell proliferation. The assays revealed that the loss
of function of PPP1R14B-AS1 inhibited HepG2 and A549 cell
growth (Figures 7A,B). CCK-8 assays were also performed to

assess the proliferation activity of HepG2 and A549 cells with
or without PPP1R14B-AS1 knockdown. The results showed
that the proliferation activity of both HepG2 and A549 cells
were significantly reduced after PPP1R14B-AS1 knockdown for
72 h (Figures 7C,D). To further investigate whether PPP1R14B-
AS] affected HepG2 and A549 cells apoptosis, we detected key
proteins (Caspase 3 and PARP) levels related to apoptosis after
PPP1R14BA-AS1 knockdown for 72 h in HepG2 and A549
cells. Western blot assays revealed that PPP1R14B-AS1 inhibition
didn’t change the apoptosis levels (Figures 7E,F).

Considering the clues offered by GO enrichment analysis, we
implemented wound-healing assays to study if PPP1R14B-AS1
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T4, n =19), one-way ANOVA. (G) PPP1R14B-AS1 expression in patients with negative (n = 330) and positive (n = 171) lymph node metastasis, Mann-Whitney test.
*» < 0.05.

plays arole in HepG2 and A549 cell migration. The assays showed
that HepG2 and A549 cell migration was markedly inhibited
when PPPIR14B-AS1 was knocked down (Figures 7G,H).
Moreover, transwell assays revealed that PPP1R14B-AS1
inhibition could markedly restrain HepG2 and A549 cell
invasion (Figures 7LJ). These results indicated that the loss of
function of PPP1R14B-AS1 remarkably repressed HepG2 and
A549 cell migration. Taken together, these data demonstrated
that PPP1R14B-AS1 inhibition inhibited HepG2 and A549 cell
proliferation and migration.

DISCUSSION

Cancer is now becoming the second most lethal disease
worldwide (Collaborators, 2018). LIHC and LUAD are two

common fatal cancers with the top five highest morbidity
and mortality rates (Bray et al, 2018). LncRNAs are of great
value for cancer diagnosis and treatment (Gupta et al., 2010;
Keniry et al,, 2012; Wang et al,, 2017; Chen et al.,, 2018; Xu
et al, 2019). In this study, the results of gene differential
analysis performed using the RNA-seq data of LIHC and
LUAD obtained from TCGA highlighted IncRNA PPP1R14B-
AS1, which had never been reported before. PPP1R14B-AS1
was identified to be overexpressed in 12 cancers, including
LIHC and LUAD, indicating that PPP1R14B-AS1 could be a
good diagnostic biomarker. Data from the Progenetix database
revealed that PPP1R14B-AS1 was located in a region where
the gene copy number was upregulated by 10-15% in LIHC
and LUAD. The localization of PPP1R14B-AS1 in this region
might be one of the reasons that PPP1R14B-AS1 expression
was upregulated in LIHC and LUAD. Moreover, PPP1R14B-AS1
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upregulation was associated with poor OS in eight cancers,
including LTHC and LUAD.

We subjected clinical information to specific analyses to
investigate the roles of PPP1R14B-AS1 in LIHC and LUAD
progression. We found that high PPP1R14B-AS1 expression was
related to the poor DFS of patients with LIHC and LUAD.
This relationship suggested that PPP1R14B-AS1 could be a
potential target for the development of antitumor drugs for
LIHC and LUAD. In addition, high PPP1R14B-AS1 expression
was accompanied by disease progression from the early stage
to the late stage. Moreover, high PPP1R14B-AS1 expression was
associated with the high tumor malignancy degree of LIHC. We
also found that PPP1R14B-AS1 in patients with LUAD and lymph
node metastasis was overexpressed relative to that in patients with
LUAD and without lymph node metastasis. For the first time,

these findings provided information showing that PPP1R14B-
AS1 was upregulated in LIHC and LUAD progression.

Glycolysis had become a superstar process in cancer research
since the Warburg effect was first proposed. Warburg theory
states that the irreversible damage of mitochondrial function in
tumor cells is the main reason for the selection of glycolysis
(Warburg, 1956). However, this view is challenged by many
studies that demonstrated through observations that the enzymes
for the tricarboxylic acid cycle function normally in many
tumor cells and mitochondrial metabolism plays an important
role in tumorigenesis (Wenner et al., 1952; Weinberg et al.,
2010). Herein, using data from TCGA, the genes that were
co-expressed with PPP1R14B-AS1, were selected and used to
conduct GO and KEGG enrichment analyses. These analyses
showed that these genes were highly related to mitochondrial
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FIGURE 6 | PPP1R14B-AS1 regulated mitochondrial OXPHOS. (A-C) qRT-PCR detection of PPP1R14B-AS1 distributions in HepG2, L02, and A549 cells; U3 was
used as a nuclear control, whereas ACTB was used as a cytosolic control. (D) Mitochondria of HepG2 and A549 cells was isolated, and then western blot assay
was carried out, ACTB as non-mitochondrial control while VDAC1 and COXIV as mitochondrial control. (E) gRT-PCR assay was performed to detect the expression
of PPP1R14BA-AS1 in the mitochondrial components of HepG2 and A549 cells. (F) PPP1R14B-AS1 knockdown efficiency in HepG2 and A549 cells, Student’s
t-test. (G,H) Seahorse XFp Cell Mito Stress Test assays were performed on HepG2 cells with or without PPP1R14B-AS1 knockdown, and cell basal respiration,
maximal respiration, proton leak, ATP production, and non-mitochondrial oxygen consumption were calculated and analyzed through Student’s t-test. (I) Seahorse
XFp Cell Glycolysis Stress Test assays were conducted using HepG2 cells with or without PPP1R14B-AS1 knockdown. (J,K) Seahorse XFp Cell Mito Stress Test
assays were performed on A549 cells with or without PPP1R14B-AS1 knockdown, and cell basal respiration, maximal respiration, proton leak, ATP production, and
non-mitochondrial oxygen consumption were calculated and analyzed by Student’s t-test. (L) Seahorse XFp Cell Glycolysis Stress Test assays detected ECAR in

A549 cells with or without PPP1R14B-AS1 knockdown. “p < 0.05, **p < 0.01, **p < 0.001.

with NADH oxidation, such as NDUFS8, NDUFB10, and
NDUPEFCI, were overexpressed in LIHC and LUAD tumor tissues.
Moreover, these genes were positively related to PPP1R14B-
AS1. When PPP1R14B-AS1 was silenced using specific targeted

membrane component, mitochondrial respiratory complex,
OXPHOS, and NADH dehydrogenase activity. In addition, we
found that many genes associated with ATP synthesis, such
as ATP5F1D, ATP5ME, and ATP5ME and genes associated
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*p < 0.05, *p < 0.01, **p < 0.001.
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siRNA, HepG2 and A549 cells exhibited reduced mitochondrial
respiration as demonstrated by their decreased OCR and
ATP production but unchanged non-mitochondrial oxygen
consumption and glycolysis.

The most common way to treat tumors is to inhibit tumor
cell growth and metastasis. Herein, we found that PPP1R14B-
ASI inhibition could markedly decrease HepG2 and A549 cell
proliferation as demonstrated by CCK8 and colony formation
assays. PPP1R14B-AS1 knockdown didn’t change the apoptosis
of HepG2 and A549 cells. Moreover, transwell and wound-
healing assays proved that PPP1R14B-AS1 knockdown could
inhibit HepG2 and A549 cell migration. The mechanism of
this effect might be OXPHOS repression after PPP1R14B-AS1
downregulation. Our study is the first to highlight PPP1R14B-
AS1, a new IncRNA that functions as an oncogene. The
inhibition of this IncRNA can repress growth and migration
by reducing mitochondrial respiration. Our study provides new
insights for the development of therapeutic drugs for LIHC and
LUAD in the future.
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