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Abstract

Objective: This study aimed to elucidate the underlying mechanism of LncRNA PRKCA-ASI in lung
adenocarcinoma (LUAD).

Methods: The expression of LncRNA PRKCA-ASI, miR-508-5p and ST00A16, in LUAD tissues or cell lines
(NCI-H520 and H1299) was analyzed with qRT-PCR. The clinical diagnostic value of LncRNA PRKCAASI,
miR-508-5p and SI00A16 in LUAD were analyzed by receptor operating characteristic (ROC) curve. Then we
knockdown or overexpression of PRKCAAS1 in NCI-H520 and H1299 cells, and the cell function test was
applied to detect the activity and metastasis level of cells in different transfection groups. Then Pearson
correlation analysis was used for the correlation between miR-508-5p and PRKCA-ASI. The dual-luciferase
reporter experiment and CHIRP analysis was conducted to verify the target binding relationship of
PRKCA-ASI, miR-508-5p or SI00A16. FISH assay analyzed the colocalization of PRKCA-AS| and miR-508-5p
in NCI-H520 and H1299 cells. Rescue experiment and tumorigenesis experiment in nude mice further explore
the regulatory mechanisms of LncRNA PRKCA-AS1, miR-508-5p and S100A16 on LUAD progression in vitro
and in vivo.

Results: From the results, PRKCA-AS1 and ST00A16 were up-regulated in LUAD tissues, while miR-508-5p
was downregulated compared with the adjacent tissues. And gain-of-function revealed that PRKCA-ASI
knock-down apparently suppressed the cell proliferation and metastasis, whereas miR-508-5p inhibitors or
SI00AT6 overexpression showed a opposite effect. In addition, there is evidence that PRKCA-ASI,
miR-508-5p and S100A16 have a targeted regulatory relationship. Moreover, rescue experiment and
tumorigenesis experiment in nude mice further confirmed that LncRNA PRKCA-ASI regulates S1I00A16
through sponging miR-508-5p to regulate LUAD progression in vitro and in vivo.

Conclusion: These results demonstrated that LncRNA PRKCA-ASI might regulate LUAD by acting as a
ceRNA via sponging miR-508-5p and regulating S100A16 expression, indicating that manipulation of
PRKCA-ASI might be a potential therapeutic strategy in LUAD.
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1. Introduction

Lung adenocarcinoma (LUAD) is an important
pathological type of non-small cell lung cancer
(NSCLC), accounting for about 45% of lung cancer
and increasing year by year, especially in young
people [1]. In recent years, the progress has been
made in lung cancer research, but the overall survival
rate with an average 5-year survival rate of less than

20% is obviously unsatisfactory [2]. The inadequate
understanding of the biological mechanism of LUAD
is the main reason that limits the improvement of the
therapeutic effect. Consequently, it is imminently
required to further explore novel early diagnosis and
clarify the pathogenesis of tumor, so as to improve the
prognosis for LUAD.
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Long non-coding RNAs (IncRNAs), a class of
noncoding RNA transcripts with exceeding 200
nucleotides in sequence, have been proved to exhibit
extensive biological functions, such as chromatin
remodeling, transcription, splicing, translation, and
epigenetic regulation, through cross-talk with other
RNA species and via multiple chromatin-based
mechanisms [3, 4]. Accumulating studies indicated
that dysfunction or alteration of IncRNAs could lead
to the aberrant expression of related genes that
promotes tumor formation and progression of various
cancer types [5-7]. In 2011, the competitive
endogenous RNA (ceRNA) hypothesis was proposed
for the first time, which believed that IncRNA or
circRNA could regulate mRNA expression by
competing with mRNA for common binding sites on
target miRNAs [8]. Subsequently, the roles of
IncRNAs in regulating tumor progression have been
largely published in many cancers [9-11], including
lung cancer [12, 13]. Herein, we explored the
downstream mechanism of IncRNA PRKCA-AS1 as a
ceRNA to regulate tumor progression in LUAD,
which has not been explored in tumor so far.

5100 protein family is a calcium binding protein,
which includes 21 known members [14], who
participate in the basic cellular processes by
participating in a variety of different ways [15]. More
importantly, the role of S100 proteins in tumors
deserves further attention [16]. Researches showed
that the function of S100 proteins in malignant
melanoma [17], pancreatic cancer [18] and lung cancer
[19] has been studied to a certain extent. In addition,
5100 families have been found to be related to the
pathogenesis and invasion of low-grade glioma,
S100A2, S100A6, SI00A10, S100A11, S100A16, SI00A1
and S100A13 were differential expression in
low-grade glioma [20]. There was evidence that
S5100A16, as an oncogene, can play a role in pancreatic
cancer through FGF19 mediated AKT pathway [21].
In addition, various evidences have indicated that
S100A16 regulates AKT signal transduction in cervical
cancer (HeLa cells) [22], bladder cancer (M-RT4 cells)
[23], prostate cancer (DU-145 and PC-3 cells), etc.,
thus affecting cancer progression. However,
S5100A16/AKT signal transduction has not been
reported in the study of lung cancer.

2. Methods

2.1 Tissue specimens, cell lines, and
transfection

LUAD and matched adjacent non-tumor tissue
samples were obtained from 30 patients in The Second
Affiliated Hospital of Fujian Medical University from
September 2021 to February 2022 were included, and
the pathological diagnosis of these patients was

LUAD. All specimens were subjected to qRT-PCR for
PRKCA-AS1, miR-508-5p and S100A16 detection.

The cell lines NCI-H520 and H1299 were
obtained from the American Type Culture Collection
(ATCC) and cultured in Dulbecco's Modified Eagle
Medium (DMEM) supplemented with 10% fetal
bovine serum (FBS, Gibco, USA). The culture
conditions were maintained at 37°C with 5% CO2 in a
humidified atmosphere.

To investigate the function of LncRNA
PRKCA-AS1, gene silencing and overexpression
experiments were conducted on these two cell lines.
Transfection was performed using Lipofectamine
3000 (Invitrogen, CA) following the manufacturer's
protocol. Specifically, cells were seeded in 6-well
plates one day prior to transfection to ensure that cell
density reached about 70-80% at the time of
transfection. The transfection mixture included
appropriate amounts of PRKCA-AS1, miR-508-5p
inhibitor, S100A16 expression plasmid, and
corresponding control plasmids. After transfection,
the cells were further cultured under normal
conditions for 48 hours for subsequent experimental
analyses.

This study was approved by the Ethics
Committee of The Second Affiliated Hospital of
Fujian Medical University.

2.2 qRT-PCR

For the mRNA qualification, total RNA in LUAD
tissues or NCI-H520 and H1299 cells was extracted
with TRIzol solution (Invitrogen, USA). Then total
RNA was transcribed into cDNA with PrimeScript RT
reagent kit (TaKaRa, Japan). And the level of
PRKCA-AS]1, miR-508-5p and S100A16 were detected
by employing Prime Script™ RT Master Mix Kit
(Takara, Japan). P-actin and U6 were served as
internal control.

The primers for amplification were as follows:

LncRNA-PRKCA-AS1, F: 5-ACTAACCCAAAC
CCAGAACAC-3 and R: 5-CTTGAAATTACACA
GCCAGGAATG-3;

hsa-miR-508-5p, F: 5-CGTACTCCAGAGGGCG
TCA-3" and R: 5'-AGTGCAGGGTCCGAGGTATT-3’;

S100A16, F: 5-TGCTCCAGAAAGAGCTGA
ACC-3" and R: 5-CCGCCTATCAAGGTCCAGTA-3’;

U6, F: 5'-CAAATTCGTGAAGCGTT-3" and R: 5'-
TGGTGTCGTGGAGTCG-3’;

B-actin, F: 5-TGACGTGGACATCCGCAAAG-3’
and R: 5'-CTGGAAGGTGGACAGCGAGG-3'".

2.3 CCKS8 assay

The cell viability of LUAD cells was detected
with Cell Counting Kit-8 (CCK-8, Dojindo, Japan).
First, 5x103 cells/well was suspended and cultured
for 0 to 72 h. After that, 10 pL of CCK-8 solution was
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added, and MRX II microplate reader (Dynex
Technologies, USA) was wused to examine the
absorbance of each well at 450 nm.

2.4 Clone formation assay

NCI-H520 and H1299 cells of different groups
were inoculated into culture dishes (60 mm),
incubated with medium containing 10% FBS, and then
cultured in 5% CO2 at 37 °C. About 3 weeks later,
visible colonies appeared in the culture dish, and they
were fixed and stained. Then record the number of
colonies and calculate the colony formation rate.

2.5 Transwell assays

For the migration analysis, NCI-H520 and H1299
cells (5 x 10%) were seeded into upper transwell
chambers with 8-um pores (Corning, USA). The
culture medium in the device is DMEM -culture
medium, the difference is that 1% FBS is added in the
upper chamber and 15% FBS is supplemented in the
lower chamber. And for the invasion assay, Matrigel
matrix was added in the upper transwell chambers.
After 48h of culture, the cells were fixed and stained,
and then the number of cells in the chamber was
counted.

2.5 Dual-luciferase reporter assay

The dual-luciferase reporter experiment was
carried out to verify the target binding relationship of
PRKCA-AS1, miR-508-5p and S100A16. The putative
binding site with the mutant sequence of
(PRKCA-AS1-MUT, S100A16-MUT) and  the
wild-type sequence (PRKCA-AS1-WT, S100A16-WT)
were cloned into the psiCHECK-2 vector,
respectively. And then co-transfecting the cells with
50 nM miR-508-5p mimics or inhibitors and 0.5 mg
reporter plasmid. After 48 h, the Dual-Luciferase
Reporter Assay System (Promega, USA) was
employed for the luciferase detection.

2.6 Western blot

NCI-H520 and H1299 cells were first lysed with
RIPA lysis buffer, then the total protein concentration
was evaluated with the protein assay kit (Beyotime
Biotech, China). Total protein concentration was
probed with primary antibodies : SI00A16 (1: 1000,
K008596P, Solarbio), AKT (1: 1000, 10176-2-AP,
Proteintech), p-AKT (1: 2000, 66444-1-Ig, Proteintech),
N-cadherin (1: 1000, AB18203, abcam), Vimentin (1:
2000, KO008105P, Solarbio), E-cadherin (1: 5000,
20874-1-ap, Proteintech), and B-actin (1: 5000, ab8226,
abcam), followed by detection with an ECL kit
(Thermo Scientific, USA). Finally, the protein was
quantitatively analyzed using chemidoc imaging
system (Tanon, China) and Image] analysis software.

2.7 Subcellular fractionation and RNA
fluorescence in situ hybridization (FISH)
assays

The FISH probes for PRKCA-AS1, miR-508-5p,
S5100A16 and U6 were synthesized and produced
(GenePharma, China). An RNA FISH kit
(Genepharma, China) was used for the expression and
localization of PRKCA-AS1, miR-508-5p and S100A16
in NCI-H520 and H1299 cells, and the probe
sequences are listed in Supplementary Table 1. we
first seeded the cells in climbing slides, the cells were
fixed with 4% paraformaldehyde, then the FISH assay
was conducted. At last, the fluorescence images were
captured with confocal microscope. The FISH probes
were listed as follows:

PRKCA-AS]: 5'-DIG-taaaaccaaacggccagatttctaag
cg

S100A16: 5'-DIG-atatttgtagaagttttccaccaggaca

miR-508-5p: Catgagtgacgcectctggagta

2.8 Chromatin isolation by RNA purification
(ChIRP) assay

The ChIRP assay was conducted with the ChIRP
assay kit (Guangzhou, China) and the biotinylated
PRKCA-AS]1 probe sequences are shown in Supple-
mentary Table 1. As described previously [24], H1299
cells were used and crosslinked in glutaraldehyde,
and quenched with glycine. Then the cells were lysed
in ChIRP lysis buffer at 4°C, and hybridized with
probes for 4 h in a hybridization oven.

The CHIRP biomarker probes were listed as
follows:

1, Aagtatcaagcttctctgge-bio;

2, Tcttgacatgagcttcaacc-bio;

3, Tttectgactgactgaaggg-bio;

4, gagtacgacttccaacatgt-bio.

2.9 Mouse tumor models

BALB/c nude mice were provided by a
professional experimental animal supply center. All
animal experiments were approved by the Ethics
Committee of The Second Affiliated Hospital of
Fujian Medical University and were conducted in
strict accordance with relevant ethical guidelines for
animal experimentation.

The nude mice were housed under specific
pathogen-free (SPF) conditions to minimize the risk of
infection. The housing environment was maintained
at a temperature of 22-24°C and a humidity of 50-60%,
with adequate ventilation. The mice were kept in
standard cages, with 4-5 mice per cage. The
environment provided ample daylight to simulate
natural light-dark cycles. The diet of the nude mice
was managed by professional animal caretakers,
providing standard sterile rodent feed and clean
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drinking water. To ensure the cleanliness of the
housing environment and the health of the animals,
cages were regularly cleaned, and food and water
were replaced. In addition, regular health checks were
performed on the mice to ensure they were free from
infections and other health problems.

During the experiments, standard operating
procedures were followed to minimize discomfort to
the animals. All surgeries and treatments were
performed under anesthesia to alleviate pain. At the
end of the experiments, the animals were humanely
euthanized by CO2 asphyxiation, followed by the
collection of tissue samples.

2.10 H&E staining

Histopathological examination of LUAD tissues
was performed with HE staining. In short, the
paraffin sections were dewaxed first, and then
hematoxylin staining and differentiation were
performed. Put the slices in hematoxylin for about 5
minutes, rinse with distilled water, then put the slices
in eosin for staining for 2 minutes, and finally
dehydrate the slices. Finally, the sections were
observed with a microscope.

2.11 Statistical analysis

All the data were analyzed with Prism 8.0
(GraphPad, USA), presented as mean * SD. For
differences comparisons between groups, unpaired
Student’s t test or one-way analysis of variance
(ANOVA) was employed. p < 0.05 was indicated

A B
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. -
le
Tumor size <5cm
- B

Relative expression level of PRKCAAS1

C
LncRNA PRKCA-AS1
1.0 Yes
0.8 No
'g 0.6 Yes
z
S 0.4 No
7]
0.2 Lymph node IS
’ AUC=0.6311 metastasis
0.0 T T . . o
0.0 0.2 0.4 0.6 0.8 1.0 TNM stage I
Specificity 1I-Iv

Clinical indicators Total(n=30)

statistical significance.

3. Results

3.1 LncRNA PRKCA-ASI is highly expressed in
LUAD

To reveal the functions of LncRNA PRKCA-AS1
in LUAD, we first detected the expression of
PRKCA-AST1 in LUAD and adjacent tissues. From the
result, compared with the normal group, PRKCA-AS1
was up-regulated in LUAD (Figure 1A). The tumor
node metastasis (TNM) classification displayed that
high PRKCA-AS1 was markedly corresponded to an
advanced tumor stage in LUAD patients (Figure 1B).
ROC curve analysis showed that LncRNA
PRKCAASI has certain clinical diagnostic significance
(Figure 1C). These results suggested that LncRNA
PRKCA-AS1 was up-regulated in LUAD and was
associated with poor prognosis.

3.2 Differential expression of PRKCAASI
affected LUAD Caell Proliferation and
metastasis

We interference or overexpression  of
PRKCAASI in NCI-H520 and H1299 cells. To prevent
the effect of off-target, multiple interfere sequences
are set up, and the transfection efficiency was
confirmed by qRT-PCR (Figure 2A-B). CCK-8 and
colony formation experiments revealed that
PRKCAASI1 overexpression substantially increased
NCI-H520 and H1299 cell proliferation abilities in

LncRNAPRKCAAS1 expression

Low (%) High (%) P

13 ® 7 0.677
17 9 8

15 8 7 1.000
15 7 8

28 14 14 1.000
2 1 1

7 ) 4 0.646
22 12 11
19 10 9 0.647
algl 5 6

6 1 5 0.643
24 14 10
21 13 8 0.030
2 2 7

Figure 1. LncRNA PRKCA-ASI is highly expressed in LUAD. (A) The expression of PRKCA-ASI in LUAD and adjacent tissues was detected with qRT-PCR. (B)
Information collected about 60 patients. (C) ROC curve analysis of clinical diagnostic significance of LncRNA PRKCAASI. *, p < 0.05; **, p < 0.01; ¥, p < 0.001.
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vitro. On the contrary, low expression of PRKCAAS1
inhibited cell growth (Figure 2C-D). The transwell
assay reported that upregulated of PRKCAASI1
improved cell migration and invasion abilities in

knockdown could inhibit cell metastasis (Figure 2E-F).
These results verified that the differential expression
of PRKCAAS1 could affect the proliferation and
metastasis ability of LUAD in vitro.
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Figure 2. Differential expression of PRKCAASI affected LUAD Cell Proliferation and metastasis. (A-B) The transfection efficiency of PRKCAAS] was confirmed
by qRT-PCR. (C) CCK-8 assay was used to detect the vitality of NCI-H520 and H1299 cell. (D) Colony formation experiments was used for proliferation ability of NCI-H520
and H1299 cell. (E-F) The transwell assay analyzed the cell migration and invasion abilities in NCI-H520 and H1299 cells. *, p < 0.05; **, p < 0.01; ***, p < 0.001.
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Figure 3. MiR-508-5p was down-regulated in LUAD and negatively regulated by LncRNA PRKCA-ASI. (A) The expression of miR-508-5p in LUAD and adjacent
tissues was detected with qRT-PCR. (B) ROC curve analysis of clinical diagnostic significance of miR-508-5p. (C) Pearson Correlation analysis was used for the relationship of
miR-508-5p and PRKCA-ASI. (D) The targeting relationship of PRKCA-AS| and miR-508-5p was verified with CHIRP assay. (E) The location of PRKCA-AS| and miR-508-5p was
determined by FISH analysis. (F) The expression of miR-508-5p in different transfection groups was detected with gqRT-PCR. *, p < 0.05; **¥, p < 0.01; *** p < 0.001.

3.3 MiR-508-5p was down-regulated in LUAD
and negatively regulated by LncRNA
PRKCA-ASI

To further study the downstream molecular
mechanism of PRKCAAS] affecting the progress of
LUAD, we screened the downstream miRNAs of
PRKCAASI, and miR-508-5p attracted our attention.
Thus, the qRT-PCR and ROC curve analysis were
conducted and the results revealed that miR-508-5p
were substantially reduced in LUAD tissues, and has
certain clinical diagnostic significance in LUAD
patients (Figure 3A-B). Then Pearson Correlation
analysis found that miR-508-5p expression was
negatively affected by PRKCA-AS1 (Figure 3C).
CHIRP assay confirmed that PRKCA-AS1 and
miR-508-5p have a targeting relationship (Figure 3D).
Further, in order to determine the location of
PRKCA-AS1 and miR-508-5p, FISH analysis of
NCI-H520 and H1299 cells showed that both were
mainly located in the cytoplasm (Figure 3E).
Additionally,  si-PRKCA-AS1  could expedite
miR-508-5p expression in NCI-H520 and H1299 cells,
while 0e-PRKCA-AS1 could obviously repress
miR-508-5p (Figure 3F). The data above indicated that
miR-508-5p was inhibited in LUAD and negatively
regulated by LncRNA PRKCA-AS].

3.4 LncRNA PRKCA-ASI regulated S100A16
and AKT pathway by sponging miR-508-5p
There was evidence that IncRNAs, acting as
ceRNAs, could indirectly regulate mRNA expression
by sponge miRNAs [9]. We used online targetscan
website and double luciferase reporter gene to predict
and verify the relationships between miR-508-5p and

S100A16 3'UTR (Figure 4A-B). Then qRT-PCR and
ROC curve analysis proved that the level of SI00A16
in LUAD tissues was apparently increased, which has
certain clinical diagnostic significance for LUAD
patients (Figure 4C-D). Moreover, PRKCA-AS1
knockdown markedly restrained the mRNA and
protein expression of S100A16, p-AKT, N-cadherin
and vimentin, but induced E-cadherin. On the other
hand, oe-PRKCA-AS1 showed opposite results, but
all groups did not affect AKT expression (Figure
4E-F).

3.5 LncRNA PRKCA-ASI regulates LUAD
progression by modulating S100A16/AKT via
sponging miR-508-5p in vitro

To clarify the molecular mechanism of LncRNA
PRKCA-ASI] participating in LUAD, we introduced
sh-LncRNA PRKCA-AS1 compared with miR-508-5p
inhibitor or oe-5100A16 into H1299 cells and then the
mRNA expression of PRKCA-AS1, miR-508-5p and
S100A16 were assessed by qRT-PCR (Figure 5A).
Then, the functional assays of PRKCA-ASI,
miR-508-5p and S100A16 on LUAD progression were
conducted. Results revealed that knockdown of
PRKCA-ASI restrained the cell proliferation, but it
was abolished by miR-508-5p inhibitor or S100A16
overexpression in H1299 cells (Figure 5B-C).
Moreover, cell metastasis depressed by PRKCA-AS1
knockdown was induced by decreasing miR-508-5p
expression or by 0e-5100A16 transfection in H1299
cells through transwell assay (Figure 5D-E). The result
of western blot showed that PRKCA-AS1 knockdown
could induced the level of E-cadherin but repressed
the level of S100A16, p-AKT, N-cadherin, and
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Vimentin. And co-transfected with miR-508-5p PRKCA-AS1  knockdown on these proteins
inhibitor or 0e-S100A16 could reverse the effect of  (Figure 5F).
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Figure 4. LncRNA PRKCA-ASI regulated S100A16 and AKT pathway by sponging miR-508-5p. (A) Online websites predict the binding sites of miR-508-5p and
S100A16. (B) Dual-luciferase reporter assay verified the binding relationship between the two. (C) The expression of SI00A16 in LUAD and adjacent tissues was detected with
gRT-PCR. (D) ROC curve analysis of clinical diagnostic significance of S100A16. (E) The mRNA level of SI00A16 in different transfection cells was analyzed by qRT-PCR. (F)
Western blot was used to detect the protein expression of SI00A16, AKT, p-AKT, E-cadherin, N-cadherin, and Vimentin. *, p < 0.05; **, p < 0.01; **, p < 0.001.
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3.6 LncRNA PRKCA-ASI regulates LUAD
progression by modulating S100A16/AKT via
sponging miR-508-5p in vivo

In vivo experiment, nude mice were randomly
assigned into 6 groups (n=8) and inoculated with
H1299 cells stablely transfected with NC, inhibitors,
0e-S100A16, sh-Inc, sh-Inc+inhibitors and sh-Inc+oe-
S100A16. The tumor volume within 30 days after
inoculation was analyzed, the group of inhibitors and
0e-5100A16 could increase the tumor growth of mice,
while sh-Inc group notablely repressed the tumor
growth, and there was no significant difference in
sh-Inc+inhibitors or sh-Inc+oe-5100A16 group (Figure
6A). HE staining showed that the number of tumor
cells increased and some areas showed infiltration
and accumulation of inflammatory cells in inhibitors
and oe-5100A16 group, while sh-Inc group decreased
the tumor cells and the infiltration and accumulation
of inflammatory cells (Figure 6B). Additionally, the
level of PRKCA-AS1 was increased in the inhibitors
group, but it was inhibited in the other groups. The
miR-508-5p expression was only increased by sh-Inc
group and decreased or had no difference under other
groups. And S100A16 could enhanced by oe-5100A16,
inhibitors and sh-Inc + 0e-S100A16, and it was
depressed by sh-Inc (Figure 6C). Furthermore,
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consistent with the results of cell experiments in vitro
(Figure 6D). In conclusion, these results suggested
that LncRNA PRKCA-AS1 might affect LUAD
progression through regulating S100A16/AKT axis
via sponge miR-508-5p in vitro and in vivo.

4. Discussion

In view of the unsatisfactory survival and high
mortality rate of LUAD patients, determining specific
and efficient biomarkers for the treatment of LUAD
patients has become an urgent concern. Many
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expressed in various tumors and has potential
application prospects in cancer diagnosis, monitoring,
prognosis or prediction of therapeutic response [25].
So far, many IncRNAs have been found in LUAD,
providing a new perspective for exploring the
molecular pathways of LUAD pathogenesis [26]. Our
study found that PRKCA-AS1 was substantially
up-regulated in LUAD tissues and cells, which was
related to the adverse clinical results of LUAD
patients, so it may be an independent prognostic
biomarker of LUAD.
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Figure 5. LncRNA PRKCA-ASI regulates LUAD progression by modulating S100A16/AKT via sponging miR-508-5p in vitro. (A) The mRNA expression of
PRKCA-ASI, miR-508-5p and ST00A16 were assessed by qRT-PCR. (B) CCK-8 assay was used to detect the vitality of NCI-H520 and H1299 cell in different transfected groups.
(C) Colony formation experiments was used for proliferation ability of cells in different transfected groups. (D-E) The transwell assay analyzed the cell migration and invasion
abilities in cells in different transfected groups. (F) Western blot was used to detect the protein expression of SI00A16, AKT, p-AKT, E-cadherin, N-cadherin, and Vimentin. *,
p < 0.05; *, p < 0.01; ** p < 0.001.
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Figure 6. LncRNA PRKCA-ASI1 regulates LUAD progression by modulating S100A16/AKT via sponging miR-508-5p in vivo. (A) The tumor volume within 30
days after inoculation in mice was analyzed. (B) HE staining experiment was used to observe tumor tissue in mice. (C) The mRNA expression of PRKCA-ASI, miR-508-5p and
S100A16 in tumor tissues were assessed by qRT-PCR. (D) Western blot was used to detect the protein expression of SI00A16, AKT, p-AKT, E-cadherin, N-cadherin, and

Vimentin. *, p < 0.05; **, p < 0.01; **, p <0.001.

The expression level of PRKCA-AS] can serve as
a significant indicator for assessing the prognosis of
LUAD patients. Due to its significant upregulation in
tumor tissues, the use of non-invasive biomarker
detection methods, such as the detection of free RNA
in blood, could facilitate early diagnosis and disease
monitoring. Furthermore, the expression level of

PRKCA-AS]1 may correlate with patients' responses to
specific treatment regimens, making it meaningful to
consider its potential as a biomarker in personalized
treatment strategies. A deeper understanding of the
role of PRKCA-AS1 in LUAD will aid in the
development of targeted therapeutic approaches. For
instance, small molecule inhibitors or RNA
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interference strategies targeting PRKCA-AS1 could
offer new avenues in the treatment of LUAD.
Additionally, integrating the expression level of
PRKCA-AS] with other clinical parameters could help
in providing more accurate and personalized
treatment plans for patients.

CeRNAs are transcripts that can competing with
protein-coding mRNAs by binding with shared
miRNAs at post-transcription level [27]. There was a
large amount of evidence summarized the large-scale
regulatory network of IncRNA-miRNA-mRNA in
cancer cells [28, 29]. Some typical "microRNA
sponges" such as H19 [30], PRKCA-AS1 [31], HOTAIR
[32] and XIST [33] have been involved in regulating
tumor progression in nasopharyngeal carcinoma,
uveal melanoma and gastric cancer. In addition, it has
been demonstrated that IncRNA MIR99AHG func-
tions as a ceRNA affecting epithelial-mesenchymal
transition in LUAD via antagonizing miR-136-5p-
mediated USP4 degradation [34]. The IncRNA
MIR31HG regulates TNFRSF21 by targeting
miR-193a-3p, thus acting as an oncogene in LUAD
[35]. Up to now, the research of LncRNA PRKCA-AS1
in tumor has not been reported, and its potential
mechanism is still unknown.

Our present study shows that the increased level
of PRKCA-AS1 was apparently leaded to poor
survival of LUAD patients. And in vitro experiments
showed that overexpression of PRKCA-ASI notablely
promoted cell proliferation and induced metastasis in
H1299 or NCI-H520 cells. To elucidate the mechanism
of PRKCA-AS1 in LUAD, the target miRNA assumed
by PRKCA-AS1 was screened and confirmed. It was
found that miR-508-5p was PRKCA-AS1 bound
miRNA and was negatively regulated by
PRKCA-AS]. Further FISH detection confirmed that
PRKCA-AS]1 and miR-508-5p were mainly present in
the cytoplasm. In addition, miR-508-5p expression
was reduced in LUAD tissues, which was consistent
with a recent study [36]. Also, it has been proved to
have anti-tumor effect in endometrial cancer stem
cells [37], colorectal cancer [38], lung cancer [39], etc.

S100A16, a member of S100 protein family, has
been proved to be up-regulated and cause malignant
transformation of various tumors [40, 41]. Shang et al.
proposed that the aberrant expression of S100A16
might be a prognostic indicator of unfavorable
survival in NSCLC [42]. S100A16 was proved to
participate the adjusting of various signaling
pathways, like nuclear factor kappa B pathways [43],
extracellular signal regulated kinase [40] and
PI3K/AKT [21]. Akt, a serine/threonine kinase, plays
a key role in PI3K signaling pathway and is often
deregulated in diversified human cancers [44]. AKT
signaling pathway can control kinds of biological

activities, including cell proliferation, apoptosis,
angiogenesis and metastasis [44, 45]. Herein, SI00A16
was confirmed as a target of miR-508-5p
subsequently, and PRKCA-AS1 overexpression could
significantly increase the level of S100A16 and p-AKT,
and it was abolished by miR-508-5p mimics in vitro
and in vivo. Our study indicated that PRKCA-AS1
might serve as a ceRNA to accelerate S100A16/
AKT-mediated LUAD progression by suppressing
miR-508-5p.

In our study, we unveiled a novel mechanism by
which LncRNA PRKCA-AS] regulates the expression
of S100A16 by sponging miR-508-5p, thereby
promoting the progression of LUAD. This discovery
not only provides a new perspective for the study of
the molecular mechanisms of LUAD but also opens
potential avenues for developing novel therapeutic
strategies against LUAD.

Given the crucial role of PRKCA-AS1 in LUAD,
therapeutic strategies targeting PRKCA-AS1 hold
potential clinical value. For example, the development
of small molecule inhibitors or the application of RNA
interference techniques to target PRKCA-AS1 could
effectively inhibit tumor growth and metastasis.
Additionally, considering the anti-tumor role of
miR-508-5p, enhancing the expression or activity of
miR-508-5p could represent another therapeutic
approach. This could be achieved through the use of
miR-508-5p mimics or by promoting its natural
expression. Furthermore, strategies targeting SI00A16
also warrant exploration. Given the significant role of
S100A16 in the development of LUAD, the
development of drugs that can specifically inhibit the
activity of S100A16 may benefit LUAD patients. This
could include the development of antibody drugs or
small molecule inhibitors to block the interaction of
5100A16 with its downstream signaling pathways.

In summary, the PRKCA-AS1/miR-508-5p/
S5100A16 axis not only plays a significant role in the
molecular mechanisms of LUAD but also provides
potential targets for the development of new
therapeutic strategies. Future research should focus
on further validating the efficacy of these targets and
exploring how these findings can be translated into
clinical treatment strategies to improve the prognosis
of LUAD patients.

Supplementary Material

Supplementary table.
https:/ /www jcancer.org/v15p1718sl.pdf

Acknowledgments

We gratefully acknowledge the financial support
from the Programs of Natural Science Foundation of
Fujian Province (No. 2020J01232). At the same time,

https://lwww.jcancer.org



Journal of Cancer 2024, Vol. 15

1729

we would like to thank all the researchers and study
participants for their contributions.

Funding

This work was supported by the Natural Science
Foundation of Fujian Province (grant numbers
2020J01232).

Ethical approval

This study was approved by the Ethics
Committee of The Second Affiliated Hospital of
Fujian Medical University and with the 1964 Helsinki
declaration and its later amendments. ALL written
informed consent to participate in the study was
obtained from LUAD cancer patients for samples to
be collected from them.

Author contributions

In the distribution of work, Wu Chaohui and Lin
Xianbin are responsible for the main experiment and
data collation and analysis. Wu Chaohui and Wu
Jingyang wrote the main manuscript text. Yang
Chuangcai collected the samples. Yang Jiansheng
revised and suggested the manuscript. Chen Shuchen
designed the research and revised the manuscript. In
addition, all authors reviewed the manuscript.

Awvailability of data and materials

All data generated or analyzed during this study
are included either in this article or in the
supplementary information files.

Competing Interests

The authors have declared that no competing
interest exists.

References

1. Siegel RL, Miller KD, Jemal A. Cancer statistics, 2019. CA Cancer ] Clin.
2019;69:7-34.

2. LinJJ, Cardarella S, Lydon CA, Dahlberg SE, Jackman DM, Janne PA, et al.
Five-Year Survival in EGFR-Mutant Metastatic Lung Adenocarcinoma Treated
with EGFR-TKIs. ] Thorac Oncol. 2016;11:556-65.

3. FangY, Fullwood MJ. Roles, Functions, and Mechanisms of Long Non-coding
RNAs in Cancer. Genomics Proteomics Bioinformatics. 2016;14:42-54.

4. Han P, Chang CP. Long non-coding RNA and chromatin remodeling. RNA
Biol. 2015;12:1094-8.

5. Gupta RA, Shah N, Wang KC, Kim ], Horlings HM, Wong D], et al. Long
non-coding RNA HOTAIR reprograms chromatin state to promote cancer
metastasis. Nature. 2010;464:1071-6.

6. XingZ, Lin A, Li C, Liang K, Wang S, Liu Y, et al. IncRNA directs cooperative
epigenetic  regulation downstream of chemokine signals. Cell.
2014;159:1110-1125.

7. Yang L, Lin C, Jin C, Yang JC, Tanasa B, Li W, et al. IncRNA-dependent
mechanisms of androgen-receptor-regulated gene activation programs.
Nature. 2013;500:598-602.

8. Salmena L, Poliseno L, Tay Y, Kats L, Pandolfi PP. A ceRNA hypothesis: the
Rosetta Stone of a hidden RNA language? Cell. 2011;146:353-8.

9. Zhou RS, Zhang EX, Sun QF, Ye Z], Liu JW, Zhou DH, et al. Integrated
analysis of INcRNA-miRNA-mRNA ceRNA network in squamous cell
carcinoma of tongue. BMC Cancer. 2019;19:779.

10. Wang H, Huo X, Yang XR, He ], Cheng L, Wang N, et al. STAT3-mediated
upregulation of IncRNA HOXD-AS1 as a ceRNA facilitates liver cancer
metastasis by regulating SOX4. Mol Cancer. 2017;16:136.

11. Miiller V, Oliveira-Ferrer L, Steinbach B, Pantel K, Schwarzenbach H.
Interplay of IncRNA H19/miR-675 and IncRNA NEAT1/miR-204 in breast
cancer. Mol Oncol. 2019;13:1137-1149.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Wu X, Sui Z, Zhang H, Wang Y, Yu Z. Integrated Analysis of
IncRNA-Mediated ceRNA Network in Lung Adenocarcinoma. Front Oncol.
2020;10:554759.

Wang M, Mao C, Ouyang L, Liu Y, Lai W, Liu N, et al. Long noncoding RNA
LINCO00336 inhibits ferroptosis in lung cancer by functioning as a competing
endogenous RNA. Cell Death Differ. 2019;26:2329-2343.

Donato R. 5100: a multigenic family of calcium-modulated proteins of the
EF-hand type with intracellular and extracellular functional roles. Int J
Biochem Cell Biol. 2001;33:637-68.

Donato R, Sorci G, Giambanco I. S100A6 protein: functional roles. Cell Mol
Life Sci. 2017;74:2749-2760.

Bresnick AR, Weber DJ, Zimmer DB. 5100 proteins in cancer. Nat Rev Cancer.
2015;15:96-109.

Xu X, Palsgrove D, Kurian E, Yan S, Oliai BR, Bishop JA. Variable Expression
of S100 Protein in Sinonasal Malignant Mucosal Melanoma: A Potential
Diagnostic Pitfall. Head Neck Pathol. 2020;14:929-935.

Tu G, Gao W, Li Y, Dian Y, Xue B, Niu L, et al. Expressional and Prognostic
Value of S100A16 in Pancreatic Cancer Via Integrated Bioinformatics
Analyses. Front Cell Dev Biol. 2021;9:645641.

Wang T, Du G, Wang D. The S100 protein family in lung cancer. Clin Chim
Acta. 2021;520:67-70.

Zhang Y, Yang X, Zhu XL, Bai H, Wang ZZ, Zhang J], et al. SI00A gene family:
immune-related prognostic biomarkers and therapeutic targets for low-grade
glioma. Aging (Albany NY). 2021;13:15459-15478.

Fang D, Zhang C, Xu P, Liu Y, Mo X, Sun Q, et al. S100A16 promotes
metastasis and progression of pancreatic cancer through FGF19-mediated
AKT and ERK1/2 pathways. Cell Biol Toxicol. 2021;37:555-571.

Zhang H, Yang Y, Ma X, Xin W, Fan X. S100A16 Regulates HeLa Cell through
the Phosphatidylinositol 3 Kinase (PI3K)/AKT Signaling Pathway. Med Sci
Monit. 2020;26:€919757.

Wang C, Zhu X, Li A, Yang S, Qiao R, Zhang J. S100A16 regulated by Snail
promotes the chemoresistance of nonmuscle invasive bladder cancer through
the AKT/Bcl-2 pathway. Cancer Manag Res. 2019;11:2449-2456.

Wang L, Zhang X, Jia LT, Hu SJ, Zhao ], Yang JD, et al. c-Myc-mediated
epigenetic silencing of MicroRNA-101 contributes to dysregulation of multiple
pathways in hepatocellular carcinoma. Hepatology. 2014;59:1850-63.

Chen Y, Li C, Pan Y, Han S, Feng B, Gao Y, et al. The Emerging Role and
Promise of Long Noncoding RNAs in Lung Cancer Treatment. Cell Physiol
Biochem. 2016,38:2194-206.

Vencken SF, Greene CM, McKiernan PJ. Non-coding RNA as lung disease
biomarkers. Thorax. 2015;70:501-3.

Su K, Wang N, Shao Q, Liu H, Zhao B, Ma S. The role of a ceRNA regulatory
network based on IncRNA MALATI site in cancer progression. Biomed
Pharmacother. 2021;137:111389.

Bhan A, Soleimani M, Mandal SS. Long Noncoding RNA and Cancer: A New
Paradigm. Cancer Res. 2017,77:3965-3981.

Zhou Y, Zheng X, Xu B, Hu W, Huang T, Jiang J. The Identification and
Analysis of mRNA-IncRNA-miRNA Cliques From the Integrative Network of
Ovarian Cancer. Front Genet. 2019;10:751.

Li X, Lin Y, Yang X, Wu X, He X. Long noncoding RNA H19 regulates EZH2
expression by interacting with miR-630 and promotes cell invasion in
nasopharyngeal carcinoma. Biochem Biophys Res Commun. 2016;473:913-919.
Sun L, Sun P, Zhou QY, Gao X, Han Q. Long noncoding RNA MALAT1
promotes uveal melanoma cell growth and invasion by silencing of miR-140.
Am ] Transl Res. 2016;8:3939-3946.

Song B, Guan Z, Liu F, Sun D, Wang K, Qu H. Long non-coding RNA
HOTAIR promotes HLA-G expression via inhibiting miR-152 in gastric cancer
cells. Biochem Biophys Res Commun. 2015;464:807-13.

Chen DL, Ju HQ, Lu YX, Chen LZ, Zeng ZL, Zhang DS, et al. Long non-coding
RNA XIST regulates gastric cancer progression by acting as a molecular
sponge of miR-101 to modulate EZH2 expression. ] Exp Clin Cancer Res.
2016;35:142.

Wang J, Xiang Y, Yang SX, Zhang HM, Li H, Zong QB, et al. MIR99AHG
inhibits EMT in pulmonary fibrosis via the miR-136-5p/USP4/ACE2 axis. ]
Transl Med. 2022;20:426.

Mo X, Hu D, Yang P, Li Y, Bashir S, Nai A, et al. A novel cuproptosis-related
prognostic IncRNA signature and IncRNA
MIR31HG/miR-193a-3p/ TNFRSF21 regulatory axis in lung adenocarcinoma.
Front Oncol. 2022;12:927706.

Cui Y, Zhang C, Ma S, Guan F. TFAP2A-induced SLC2A1-AS1 promotes
cancer cell proliferation. Biol Chem. 2021;402:717-727.

Chen H, Ma J, Kong F, Song N, Wang C, Ma X. UPF1 contributes to the
maintenance of endometrial cancer stem cell phenotype by stabilizing
LINC00963. Cell Death Dis. 2022;13:257.

Zhang C, Yao K, Zhang J, Wang C, Wang C, Qin C. Long Noncoding RNA
MALAT1 Promotes Colorectal Cancer Progression by Acting as a ceRNA of
miR-508-5p to Regulate RAB14 Expression. Biomed Res Int. 2020,2020:4157606
Shen Q, Xu Z, Sun G, Wang H, Zhang L. LINC01342 silencing upregulates
microRNA-508-5p to inhibit progression of lung cancer by reducing
cysteine-rich secretory protein 3. Cell Death Discov. 2021;7:238.

Zhu W, Xue Y, Liang C, Zhang R, Zhang Z, Li H, et al. S100A16 promotes cell
proliferation and metastasis via AKT and ERK cell signaling pathways in
human prostate cancer. Tumour Biol. 2016;37:12241-12250.

Tanaka M, Ichikawa-Tomikawa N, Shishito N, Nishiura K, Miura T, Hozumi
A, et al. Co-expression of S100A14 and S100A16 correlates with a poor

https://lwww.jcancer.org



Journal of Cancer 2024, Vol. 15

1730

42.

43.

44.

45.

prognosis in human breast cancer and promotes cancer cell invasion. BMC
Cancer. 2015;15:53.

Chen D, Luo L, Liang C. Aberrant S100A16 expression might be an
independent prognostic indicator of unfavorable survival in non-small cell
lung adenocarcinoma. PLoS One. 2018;13:e0197402.

Jiang Y, Yu X, Zhao Y, Huang J, Li T, Chen H, et al. ADAMTS19 Suppresses
Cell Migration and Invasion by Targeting S100A16 via the NF-xB Pathway in
Human Gastric Cancer. Biomolecules. 2021;11:561.

Revathidevi S, Munirajan AK. Akt in cancer: Mediator and more. Semin
Cancer Biol. 2019;59:80-91.

Song M, Bode AM, Dong Z, Lee MH. AKT as a Therapeutic Target for Cancer.
Cancer Res. 2019;79:1019-1031.

https://lwww.jcancer.org



