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Abstract: Laryngeal squamous cell carcinoma (LSCC) is one of the most commonly seen head and neck malignan-
cies. ldentifying potent markers and/or targets for early diagnosis and individualized therapies for LSCC remains a
considerable challenge. The present study analyzed online data and identified INcRNA KRT16P2 as a significantly
upregulated long non-coding RNA (IncRNA) in LSCC. KRT16P2 knockdown in LSCC cells inhibited cancer cell prolif-
eration, invasion, and migration. Similar to KRT16P2, EGFR expression was also significantly upregulated in LSCC.
KRT16P2 and EGFR were positively correlated in LSCC tissue samples. EGFR knockdown also dramatically inhibited
LSCC cell proliferation and aggressiveness (invasion and migration). Through online data and online tools, miR-
1294 was predicted to target KRT16P2 and EGFR 3’UTR simultaneously. KRT16P2 inhibited miR-1294 expression,
and miR-1294 inhibited EGFR expression through direct binding. miR-1294 overexpression repressed LSCC cell
proliferation and aggressiveness. The effects of KRT16P2 silence on the expression of EGFR, LSCC cell proliferation,
invasion, and migration, the protein levels of ki-67, PCNA, and cleaved-Caspase 3, as well as the phosphorylation
of AKT, were all significantly reversed by miR-1294 inhibition. In conclusion, we demonstrated a IncRNA KRT16P2/
miR-1294/EGFR axis that regulates LSCC cell proliferation, invasion, and migration. The clinical application of this
axis needs further in vivo and clinical investigation.
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Introduction

In head and neck malignancies, one of the
most commonly seen cancers is LSCC (laryn-
geal squamous cell carcinoma). Despite ad-
vances in surgical techniques, novel chemo-
therapeutics, and radiotherapy over the past
thirty years, patients with advanced-stage LS-
CC still suffer to the most unsatisfactory out-
comes and no substantial progress has yet
been made in treatment [1]. To identify the
specific molecular biomarkers used in early
diagnosis and potent targeted therapy plays
an essential role in early identification and
timely treatment for LSCC.

Along with the technical progress of high-th-
roughput sequencing, people found that only
less than 2% of the transcripts could encode

proteins, while most of them showed to be tr-
anscribed into noncoding RNAs, such as miR-
NAs or miRs (microRNAs), siRNAs (small inter-
fering RNAs) and IncRNAs (long non-coding
RNAs) [2]. IncRNAs are a type of RNA posse-
ssing more than 200 nucleotides that do not
encode protein. LhcRNAs can modulate gene
expression at both transcriptional and post-
transcriptional levels. Moreover, IncRNAs not
only contribute to chromatin remodeling, RNA
decay, epigenetic modulation, chromatin modi-
fication, and many other cell functions [3, 4]
but also show to be tightly related to the for-
mation, invasion, and metastasis of tumors
[5, 6]. As for LSCC, it has been revealed that
some IncRNAs, like H19 [7], HOTAIR [8, 9],
NEAT1 [10] and TUG1 [11], were increased
within laryngeal cancer cell lines and tissue
samples, and could be involved in a variety of
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biological processes to enhance cancer. How-
ever, IncRNAs’ role and mechanism within LS-
CC remain unclear. Cancer bioinformatics is
regarded as a helpful tool that allows the re-
searchers to determine potentially critical can-
cer genes and pathways via database screen-
ing. Herein, we downloaded and analyzed sev-
eral microarray expression profiles attempting
to identify more IncRNAs related to LSCC car-
cinogenesis.

Although the mechanisms have not yet been
fully determined, increasing evidence indicates
that IncRNAs might competitively bind to miR-
NAs by their MRE (miRNA response elements)
to act as ceRNAs (competing endogenous
RNAs), thus modulating the expression of tar-
get RNAs [12]. This mechanism of ceRNAs is
of great interest in explaining the occurrence
and development of malignant tumors, includ-
ing gastric carcinoma [13], thyroid carcinoma
[14], and hepatoblastoma [15]. Besides, recent
investigations demonstrated multiple potential
regulatory interactions of ceRNAs related to
LSCC. For example, DNA methylation-mediated
TMEM51-AS1 and non-methylation-mediated
RUSC1-AS1 may induce LSCC via acting as ceR-
NAs. Two ceRNA axis genes, namyly TMEM51-
AS1-miR-106b-TRAPPC10 and RUSC1-AS1-miR-
16-SLC39A14, can function as potentially key
prognostic biomarkers for LSCC [16]. NEAT1,
another IncRNA, can regulate the miR-107/
CDK6 signaling pathway to enhance LSCC
[10]. Since online data (GSE84957, GSE591-
02, GSE51985, and GSE79493) also report a
large amount of differentially-expressed miR-
NAs and mRNAs, we performed more analy-
ses and experiments attempting to identify
IncRNA-miRNA-mRNA axis that could modulate
the LSCC carcinogenesis.

In the present study, we downloaded and ana-
lyzed four online microarray expression pro-
files (GSE84957, GSE59102, GSE51985, and
GSE79493) reporting differentially-expressed
genes in LSCC and normal non-cancerous
tissues to identify IncRNAs and mRNAs that
might be functionally related to LSCC carcino-
genesis. The specific effects of candidate Inc-
RNA and mRNA on LSCC cell proliferation, in-
vasion, and migration were investigated, res-
pectively. Next, differentially-expressed miR-
NAs that might simultaneously target selected
IncRNA and mRNA were analyzed. The predi-
cted miRNA binding to IncRNA and mRNA, as
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well as the specific effects of miRNA on LSCC
cells were investigated. Eventually, the dyna-
mic effects of the combination of IncRNAs
and miRNAs upon mRNA expression and LS-
CC cells were detected. In summary, we report-
ed a novel IncRNA-miRNA-mRNA axis that mo-
dulates LSCC cell proliferation, invasion, and
migration, therefore affecting LSCC carcino-
genesis.

Materials and methods
Clinical tissue sampling

Fifteen cases of laryngeal squamous cell car-
cinoma (LSCC) tissues and twenty cases of
adjacent normal tissues were obtained from
patients who underwent surgical resection at
The Second Xiangya Hospital, Central South
University (Changsha, China) with the approval
of the Ethics Committee of The Second Xiang-
ya Hospital, Central South University. The infor-
med consent form was signed by each patient
involved. All the tissue samples were fixed in
paraformaldehyde or snap-frozen and stored
at-80°C.

Cell lines and cell transfection

Human LSCC cell line TU212 and TU686 were
obtained from Xiangya Cell Bank (Central Sou-
th University, Changsha). Cells were cultured in
DMEMIF12 medium supplemented with 10%
heat-inactivated FBS with penicillin/streptomy-
cin at 37°C in 5% CO,,.

LncRNA KRT16P2 knockdown in cells was gen-
erated by the transfection of si1-KRT16P2 or
si2-KRT16P2 (GenePharma, Shanghai, China).
EGFR knockdown in cells was generated by the
transfection of si-EGFR (GenePharma). miR-
1294 overexpression or inhibition in cells was
generated by the transfection of miR-1294
mimics or miR-1294 inhibitor (GenePharma,
Shanghai, China). All cell transfection was per-
formed using Lipofectamine 3000 Reagent
(Thermo Fisher Scientific, Waltham, MA, USA).

PCR-based analysis

The expression of INncCRNA, miRNA, and mRNA
was determined by real-time PCR. Total RNA
was extracted from cultured cells using Trizol
reagent (Invitrogen). The expression of INCRNA,
miRNA, and mRNA was measured using an SY-
BR Green gqPCR assay (Takara, Dalian, China)
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following the methods described before [17].
The expression of RNUGB or GAPDH served as
an endogenous control. The 222°T method was
applied for data processing.

Cell viability examined by CCK-8 assay

Cell viability examination was performed using
the CCK-8 kit (Beyotime, Shanghai, China). Af-
ter transfection or treatment, cells were seed-
ed into 96-well plates at a density of 5 x 103
cells/well. Two hours before the examination,
20 pl of CCK-8 solution was added to each
well, followed by the incubation at 37°C. The
Optical density (OD) value was determined at
the wavelength of 450 nm on a microplate
reader.

Transwell assay

Cells (5 x 10%) were planted on the top side
of polycarbonate Transwell filters coated with
Matrigel for invasion examination. For Trans-
well invasion assays, cells were suspended in
medium without serum and medium without
serum was used in the bottom chamber. The
cells were incubated at 37°C for 48 h. The
non-invasive cells in the top chambers were
removed with cotton swabs. The invaded cells
on the lower membrane surface were fixed in
100% methanol for 10 min, air-dried, stained
with crystal violet solution, and then counted
under a microscope.

Wound healing assay

Cells were seeded in 6-well plates at 5 x 10°
cells/ml until the cell monolayer emerged, and
then the cell wound healing assay was perfor-
med. The scratch area was measured under
the microscope (Olympus, Japan) at O h and
48 h. The relative distance of cell migration to
the scratch area was also measured under the
microscope and analyzed by ImageJ software
(NIH, USA).

Immunoblotting

The protein levels of ki-67, proliferating cell nu-
clear antigen (PCNA), pro-Caspase 3, cleaved-
Caspase 3, p-AKT, AKT, and EGFR were deter-
mined by performing Immunoblotting analyses
following the methods described before [17].
Protein blots were incubated with the primary
antibodies against ki-67 (27309-1-AP, Protein-
tech, Rosemont, IL, USA), PCNA (ab29, Abcam,
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Cambridge, UK), pro-Caspase 3 (19677-1-AP,
Proteintech), cleaved-Caspase 3 (ab2302, Ab-
cam), p-AKT (Y011054, Abm, Richmond, Ca-
nada), AKT (Y409094, Abm), and EGFR (ab52-
894, Abcam) followed by another incubation
with proper HRP-conjugated secondary anti-
bodies. B-actin (6008-1-lg, Proteintech) was
used as an endogenous control. All the anti-
bodies were obtained from Abcam unless oth-
erwise noted. Signals were visualized using
enhanced chemilumescent (ECL) substrates
(Millipore, MA, USA) normalizing to GAPDH and
observes using an automatic chemilumines-
cence imaging analysis system (Tannon 4200,
China).

Hematoxylin-eosin (H&E) staining

The LSCC tissues and normal adjacent tissues
were fixed in 4% paraformaldehyde for 24 h,
embedded in paraffin, and sliced into 5-um
sections. The HE staining was performed on
the sections as previously described [18].

Immunohistochemical (IHC) staining

Immunohistochemistry was performed to ex-
amine the distribution and protein contents of
EGFR in tissue samples. Tissue sections were
incubated with anti-EGFR (CSB-PA10279A0RD,
Cusabio, Wuhan, China), and then followed by
IHC Detection Kit (Beyotime, Shanghai, China).
Image Pro-plus 6.0 software (Media Cyberne-
tics, USA) was used to assess immunohisto-
chemical sections by measuring the integrated
optical density.

Luciferase reporter assay

To validate the binding between miR-1294 and
KRT16P2 or 3'UTR of EGFR, the wild-type or
mutated KRT16P2 or 3'UTR of EGFR was
cloned to the downstream of the Renilla psi-
CHECK2 vector (Promega, Madison, WI, USA),
named wWt-KRT16P2 or wt-EGFR 3'UTR or mut-
KRT16P2 or mut-EGFR 3’UTR. Next, 293T cells
were co-transfected with two types of lucifer-
ase reporter vectors and miR-1294 mimics/
miR-1294 inhibitor and examined for the lucif-
erase activity using the Dual-Luciferase Repor-
ter Assay System (Promega).

Data processing and statistical analysis
The data were analyzed with GraphPad soft-

ware. The measurement data were expressed
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Figure 1. Selection of IncRNAs related to laryngeal squamous cell carcinoma (LSCC) carcinogenesis. A. Gene Ontol-
ogy (GO) functional enrichment analysis on a total of 362 differentially-expressed genes in LSCC and normal tissue
samples reported by both GSE84957 and GSE59102. The top three signaling pathways in which the differentially-
expressed genes enriched in are extracellular structure organization, morphogenesis of an epithelium, and cell
growth. B. Cox survival analysis on 111 cases of LSCC patients based on data from TCGA-HNSC (Head and Neck
squamous cell carcinoma) database. Cases were grouped using the median value of KRT16P2 expression as cut-
off and a Cox’s proportional hazards model was used to analyze the correlation of KRT16P2 expression and the
survival-time outcomes. The resolution of the endpoints is depicted using Kaplan-Meier survival curve. C. KRT16P2
expression in adjacent normal tissues and LSCC tissues based on data from GSE51985. Paired t-test. D. KRT16P2
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expression in adjacent normal tissues and LSCC tissues based on data from GSE84957 and GSE59102. unpaired
t-test. E. The expression of KRT16P2 in 15 cases of LSCC tissues and 15 cases of normal non-cancerous tissues

determined by real-time PCR. Paired t-test. ***P<0.001.

Table 1. The different change of 7 IncRNA in GSE84957 (normal vs cancer)

ID adj.P.val P.Value t B logFC Gene.symbol
A_32_P150086 5.71E-09 2.65E-11 8.87 15.6768 2.84 ANKRD20A5P
A_32_P68942 5.72E-08 5.94E-10 791 12.64345 3.35 ANKRD20A5P
A_32_P62963 2.19E-07 3.73E-09 -7.36 10.84851 2.9 KRT16P2
A_24_P66233 1.03E-06 2.96E-08 6.74 8.82566 1.57 TTTY14
A_23_P350754 3.26E-06 1.30E-07 6.3 7.37741 1.38 OR7E14P
A_32_P68293 2.75E-05 1.87E-06 5.5 4.78298 2.57 ANKRD20A5P
A_23_P58538 5.01E-05 3.96E-06 5.28 4.05422 0.912 EPB41L4A-AS1
A_23_P251232 9.65E-05 9.04E-06 5.03 3.25554 0.755 TTTY14
A_24_P281009 0.000111 1.07E-05 4.98 3.09375 1.73 AQP7P1
A_23_P373119 0.00146 0.000259 -3.98 0.03019 -0.937 HMGB3P1
Table 2. The different change of 7 IncRNA in GSE59102 (normal vs cancer)

ID adj.P.val P.Value t B logFC GeneSymbol
A_23_P373119 0.00011 7.58E-08 -8.38 8.15006 -1.94 HMGB3P1
A_23_P251232 0.00135 3.23E-06 6.46 4.6841 1.4 TTTY14
A_32_P62963 0.00257 1.03E-05 -5.91 3.59504 -3.8 KRT16P2
A_32_P150086 0.00259 1.04E-05 5.9 3.58195 3.59 ANKRD20A5P
A_21_P0012183 0.00364 2.05E-05 5.59 2.9443 3.12 ANKRD20A5P
A_33_P3324333 0.00484 3.41E-05 5.36 2.46109 2.36 ANKRD20A5P
A_23_P58538 0.00803 8.95E-05 4.93 1.54507 1 EPB41L4A-AS1
A_24_P281009 0.00867 0.000101 4.88 1.43239 1.86 AQP7P1
A_23_P350754 0.00898 0.000106 4.86 1.38498 1.28 OR7E14P

as mean * standard deviation (SD). Among-
group and intra-group data comparisons were
performed with the ANOVA and Student’s t-
tests. P<0.05 indicated a statistically signifi-
cant difference.

Results

Selection of IncRNAs related to LSCC (laryn-
geal squamous cell carcinoma) carcinogenesis

To identify the IncRNAs related to LSCC pa-
thogenesis, we downloaded and analyzed on-
line microarray expression profiles, GSE84957,
GSE59102, and GSE51985, and found that a
total of 362 genes were differentially-express-
ed in LSCC and normal tissue samples. Gene
Ontology (GO) functional enrichment analysis
was performed on these differentially express-
ed genes that were enriched within extracellu-
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lar structure organization, morphogenesis of
epithelium, cell growth, and other pathways
(Figure 1A), which is coincident with the char-
acteristics of LSCC, such as epithelial hyper-
plasia. Since laryngeal cancer represents a
malignant tumor caused by the mucosal epi-
thelial tissue of the larynx, the epithelial dete-
rioration may be the cause of LSCC tumorigen-
esis. Also, based on both GSE84957 and GSE-
59102, the expression of 7 IncRNAs differed
in LSCC and normal tissues (Tables 1, 2).

To further identify the candidate IncRNAs, we
performed cox survival analysis on 111 cases
of LSCC patients based on data from TCGA-
HNSC (Head and Neck squamous cell carcino-
ma) database and revealed that, among a total
of 7 differentially-expressed IncRNAs, IncRNA
KRT16P2 expression showed to be significant-
ly linked to LSCC overall survival (Figure 1B).

Am J Transl Res 2020;12(6):2939-2955
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Figure 2. Effects of INcRNA KRT16P2 on LSCC cells. (A) Small interfering RNAs targeting KRT16P2 (si1l-KRT16P2
and si2-KRT16P2) were obtained and KRT16P2 silence was generated in TU212 and TUG86 cells by the transfec-
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tion of sil-KRT16P2 or si2-KRT16P2. The transfection efficiency was verified by real-time PCR; si2-KRT16P2 was
selected for further experiments because of better transfection efficiency. Next, TU212 and TU686 cells were trans-
fected with si2-KRT16P2 and examined for (B) cell viability by CCK-8 assay; Blank is the background of OD value. (C)
Invasion capacity by Transwell assay; (D) Migration capacity by Wound healing assay; (E) The protein levels of ki-67,
PCNA, pro-Caspase 3, cleaved-Caspase 3, p-AKT, and AKT by Immunoblotting. ANOVA followed by Turkey’s multiple

comparison test.

The expression of KRT16P2 showed to be
markedly increased within LSCC tissue sam-
ples, in comparison with the adjacent normal
healthy tissue samples according to GSE51-
985 (Figure 1C) GSE59102 and GSE84957
(Figure 1D). Consistently, we performed real-
time PCR and found that KRT16P2 express-
ion showed to be significantly upregulated with-
in 15 cases of LSCC tissue samples, in com-
parison to 15 cases of normal healthy tissue
samples (Figure 1E). Thus, we speculate that
IncRNA KRT16P2 may contribute to LSCC pa-
thogenesis.

Effects of IncRNA KRT16P2 upon LSCC cells

Secondly, we transfected sil-KRT16P2/si2-
KRT16P2 to generate KRT16P2 silence in
TU212 and TU6B86 cell lines, and performed
real-time PCR to verify the transfection effi-
ciency (Figure 2A); sil-KRT16P2 was selected
for better transfection efficiency. Next, we
transfected TU212 and TUG86 cell lines with
si2-KRT16P2 and examined for related index-
es. After knocking down KRT16P2, TU212, and
TUB86 cell viability, invasion and migration
were significantly inhibited (Figure 2B-D). Mo-
reover, KRT16P2 silence also significantly de-
creased ki-67, PCNA, and cleaved-Caspase 3
proteins, as well as inhibited the phosphoryla-
tion of AKT (Figure 2E). These data indicate
that KRT16P2 silence represses LSCC cell pro-
liferation, invasion, and migration.

Expression and function of EGFR in LSCC

As we have mentioned, a total of 362 genes
are differentially-expressed in LSCC and nor-
mal tissues; among them, 97 genes were posi-
tively correlated with KRT16P2 expression, ac-
cording to GSE84957, GSE59102, and GSE51-
985 (Figure 3A). These 97 genes were applied
for the GO functional enrichment analysis, and
they were mostly enriched in epidermis devel-
opment, skin development, and keratinocyte
differentiation (Figure 3B). Since EGFR is the
central factor of these pathways, we selected
EGFR for further experiments.
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The histological examination of LCSS tissues
and normal adjacent tissues were performed
by HE staining (Figure 3C). The protein content
and distribution of EGFR in LCSS and normal
adjacent tissues were examined by and IHC
staining; consistent with online results, the
EGFR protein level was increased in LSCC tis-
sues (Figure 3C). Moreover, qRT-PCR results
also confirmed that the mRNA levels of EGFR
were higher in LCSS tissues than normal adja-
cent tissues (Figure 3D). Furthermore, KRT16-
P2 and EGFR expression was positively corre-
lated in LCSS tissue samples (Figure 3E). In si-
KRT16P2-transfected TU212 and TUG86 cell
lines, EGFR proteins showed to be significant-
ly decreased (Figure 3F). In summary, EGFR
might also contribute to LSCC tumorigenesis in
a KRT16P2-related way.

Next, we transfected si-EGFR to generate EG-
FR silence in TU212 and TUG86 cell lines, and
performed real-time PCR to verify the trans-
fection efficiency (Figure 3G). Secondly, we
transfected TU212 and TUGB86 cell lines with
si-EGFR, then evaluated the related indexes.
Similar to those of KRT16P2 knockdown, EG-
FR knockdown also dramatically suppressed
TU212 and TUGS86 cell viability, invasion and
migration (Figure 3H-J), indicating the critical
role of EGFR in LSCC pathogenesis.

miR-1294 directly binds to KRT16P2 and
EGFR 3’UTR

miRNA-induced interaction of IncRNAs and
MRNAs plays an essential role in multiple dis-
eases [19-21]. To screen for the miRNAs that
could affect the functions of KRT16P2 and
EGFR in LSCC, we analyzed differentially ex-
pressed miRNAs between 17 paired cured and
recurrent LSCC tissues based on GSE79493
and 14 miRNAs were selected (Table 3). The
downstream targets of these 14 miRNAs were
predicted by MIRDIP (http://ophid.utoronto.ca/
mirDIP/index.jsp#r), with 2436 genes found.
These 2436 genes were applied for KEGG
(Kyoto Encyclopedia of Genes and Genomes)
pathway enrichment analysis and GO function-

Am J Transl Res 2020;12(6):2939-2955
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Figure 3. Expression and function of EGFR in LSCC. (A) mRNAs that are positively correlated with KRT16P2 (r>0.5,
P<0.05) were analyzed and selected based on GSE84957, GSE59102, and GSE51985; a total of 97 genes were
eligible after cross-check on all the three datasets. (B) GO functional enrichment analysis was performed on these
97 genes. The top three signaling pathways in which the differentially-expressed genes enriched in are epidermis
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development, skin development, and keratinocyte differentiation. Key factors in these signaling pathways were
further screened for combined with literatures and EGFR was selected. (C) The protein content and distribution of
EGFR in LCSS and normal tissues were examined by IHC staining. The histology changes were exhibited in the left
panel by HE staining. (D) The mRNA level of EGFR in LSCC tissues and normal adjacent tissues were determined by
gRT-PCR. Paired t-test. (E) The correlation of EGFR and KRT16P2 expression in LSCC tissues was analyzed by Pear-
son’s correlation coefficient analysis. (F) TU212 and TU686 cells were transfected with si-KRT16P2 and examined
for the protein levels of EGFR by Immunoblotting. Unpaired t-test. (G) EGFR silence was generated in TU212 and
TUBS86 cells by the transfection of si-EGFR, as confirmed by real-time PCR. Unpaired t-test. Next, TU212 and TU686
cells were transfected with si-EGFR and examined for (H) cell viability by CCK-8 assay; Blank is the background of
OD value. (1) Invasion capacity by Transwell assay; (J) Migration capacity by Wound healing assay. Unpaired t-test.

Table 3. The selection of different expressed miRNA in GSE79493

logFC AveExpr t P.Value adj.P.val B

hsa-miR-618 0.338464 0.176057 3.175253 0.003283 0.754048 -2.96104
hsa-miR-28-5p -11.7972 5.898598 -2.89407 0.006762 0.754048 -3.64257
hsa-miR-374b-3p -0.60416 0.506398 -2.54327 0.015964 0.754048 -4.43914
hsa-miR-548h-3p -0.27712 0.138561 -2.48378 0.018371 0.754048 -4.56759
hsa-miR-10a-3p -0.29261 0.266098 -2.45702 0.019559 0.754048 -4.6247

hsa-miR-1294 -0.44235 0.274043 -2.45641 0.019587 0.754048 -4.626

hsa-miR-561-5p 1.431726 1.000547 2.274458 0.029714 0.754048 -5.00272
hsa-let-7d-3p 3.98763 4.278306 2.210836 0.034243 0.754048 -5.12953
hsa-miR-183-5p 561.8425 923.1842 2.207237 0.034517 0.754048 -5.13663
hsa-miR-422a 0.834495 0.710341 2.095925 0.044008 0.754048 -5.35179
hsa-miR-4488 1.369726 1.370574 2.079251 0.045612 0.754048 -5.3833

hsa-miR-664a-5p -0.29681 0.180422 -2.07383 0.046145 0.754048 -5.39349
hsa-miR-1290 5.852462 6.424937 2.055761 0.047961 0.754048 -5.42735
hsa-miR-744-5p 3.17783 5.768747 2.036401 0.049976 0.754048 -5.46338

al enrichment analysis; according to the re-
sults, the above-mentioned genes showed to
be enriched within Wnt and morphogenesis of
epithelium signaling pathways (Figure 4A).

To further identify miRNAs that might simulta-
neously target KRT16P2 and EGFR 3'UTR, we
used online tools to predict available miRNAs.
As shown in Figure 4B, 5 miRNAs might bind to
both KRT16P2 and EGFR 3'UTR and differen-
tially express in cured and recurrence samples
in GSE79493. Next, the expression of these
mMiRNAs’ in response to KRT16P2 silence was
measured, miR-1294 expression showed to be
the most upregulated miRNA in LSCC cell lines
(Figure 4C); thus, we chose miR-1294 in further
experiments. To confirm the putative bindings,
we transfected miR-1294 mimics/inhibitor to
generate miR-1294 overexpression or inhibi-
tion in TU212 and TU686 cell lines, and per-
formed real-time PCR to verify the transfection
efficiency (Figure 4D). Based on the Materials
and methods section, we constructed two dif-
ferent types of KRT16P2 and EGFR 3’UTR lucif-
erase reporter vectors, wild-type and mutant-
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type (namely wt-KRT16P2, wt-EGFR 3'UTR,
mut-KRT16P2, mut-EGFR 3'UTR). We co-trans-
fected these vectors in 293T cells with miR-
1294 mimics/inhibitor and examined the lucif-
erase activity. Figure 4E, 4F showed that the
luciferase activity of wild-type KRT16P2 and
wild-type EGFR 3'UTR was both markedly redu-
ced via the overexpression of miR-1294 while
increased via the inhibition of miR-1294. How-
ever, mutating the putative miR-1294 binding
site in mut-KRT16P2 and mut-EGFR 3’UTR vec-
tors could abolish the alterations in luciferase
activity (Figure 4E, 4F). In summary, miR-1294
could directly bind to KRT16P2 and EGFR
3'UTR. Taken together, miR-1294 could contrib-
ute to KRT16P2 and EGFR functions in LSCC
through targeting.

Effects of miR-1294 on LSCC cells

To validate the speculation, we transfected
miR-1294 mimics/inhibitor to generate miR-
1294 overexpression or miR-1294 inhibition in
TU212 and TUG86 cell lines and examined
related indexes. miR-1294 overexpression sig-
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Figure 4. miR-1294 directly binds to KRT16P2 and EGFR 3'UTR. A. Differentially-expressed miRNAs between cured
and recurrent LSCC tissues were analyzed based on GSE79493 and 14 miRNAs were selected. The downstream
targets of these 14 miRNAs were predicted by MIRDIP (http://ophid.utoronto.ca/mirDIP/index.jsp#r) and 2436
genes were found. These 2436 genes were applied for Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway
enrichment analysis and GO functional enrichment analysis. The top three signaling pathways in which the differ-
entially-expressed genes enriched in are axon development, axonogenesis, and regulation of neuron projection de-
velopment. B. Online tools were employed to predict miRNAs that could simultaneously target KRT16P2 and EGFR
3'UTR and differentially expressed in cured and recurrence samples in the GSE79493. A total of 5 miRNAs were
predicted by all the three online tools to target KRT16P2 and EGFR 3'UTR simultaneously. The expression levels of
these miRNAs in tissue samples were examined by real-time PCR and the expression of miR-1294 was the most
downregulated in LSCC tissues. C. TU212 and TU686 cells were transfected with si-KRT16P2 and examined for the
expression of miR-1294. Unpaired t-test. D. miR-1294 overexpression or inhibition was generated in TU212 and
TUBS86 cells by the transfection of miR-1294 mimics or miR-1294 inhibitor. The transfection efficiency was verified
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using real-time PCR. ANOVA followed by Turkey’s multiple comparison test. E, F. Wild-type and mutant-type KRT16P2
and EGFR 3’UTR luciferase reporter vectors were constructed as described in the Materials and methods section.
These vectors were co-transfected in 293T cells with miR-1294 mimics or miR-1294 inhibitor and the luciferase
activity was determined. ANOVA followed by Turkey’s multiple comparison test.

nificantly suppressed, while miR-1294 inhibi-
tion promoted cell viability, invasion, and mig-
ration (Figure 5A-C). Consistently, miR-1294
overexpression decreased, miR-1294 inhibi-
tion increased ki-67, PCNA, and cleaved-Cas-
pase 3 proteins, as well as the phosphoryla-
tion of AKT (Figure 5D). In summary, miR-1294
exerts a tumor-suppressive effect on LSCC.

miR-1294 inhibits EGFR expression to attenu-
ate the oncogenic effects of KRT16P2

After confirming miR-1294 binding to KRT16P2
and EGFR and the specific roles of miR-1294 in
LSCC cells, finally, we examined the dynamic
effects of KRT16P2 and miR-1294 on EGFR
and TU212 and TUB86 cell lines. We co-trans-
fected TU212 and TUGB86 cell lines with si-
KRT16P2 and miR-1294 inhibitor. The expres-
sion of the EGFR mRNA level was significantly
downregulated via KRT16P2 silence while up-
regulated via the inhibition of miR-1294; the
effects of KRT16P2 silence were significantly
reversed by miR-1294 inhibition (Figure 6A).
KRT16P2 silence significantly inhibited, where-
as the inhibition of miR-1294 enhanced cell
viability, invasion, and migration; the effects of
KRT16P2 silence were significantly reversed by
miR-1294 inhibition (Figure 6B-D). KRT16P2
silence significantly decreased, while miR-1294
inhibition increased ki-67, PCNA, and cleaved-
Caspase 3 proteins, as well as the phosphory-
lation of AKT; the effects of KRT16P2 silence
were significantly reversed by miR-1294 inhibi-
tion (Figure 6E).

Discussion

Herein, we analyzed online data and identified
IncRNA KRT16P2 as a significantly upregula-
ted IncRNA in LSCC. KRT16P2 knockdown in
LSCC cells inhibited cancer cell proliferation,
invasion, and migration. Similar to KRT16P2,
EGFR expression was also significantly upregu-
lated in LSCC. KRT16P2 and EGFR were posi-
tively correlated in LSCC tissue samples. EGFR
knockdown also dramatically repressed LSCC
cell proliferation and aggressiveness (invasion
and migration). Through online data and on-
line tools, miR-1294 was predicted to target
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KRT16P2 and EGFR 3'UTR simultaneously.
KRT16P2 inhibited miR-1294 expression, and
miR-1294 inhibited EGFR expression through
direct binding. miR-1294 overexpression re-
pressed LSCC cell proliferation and aggress-
iveness. The effects of KRT16P2 silence on
EGFR expression, LSCC cell phenotype, ki-67,
PCNA and cleaved-Caspase 3 proteins, as well
as the phosphorylation of AKT, were all signifi-
cantly reversed by miR-1294 inhibition.

LncRNAs are essential for tumorigenesis [22].
LncRNAs regulate gene expression via tran-
scription, posttranscriptional processing, chro-
matin modification, protein function control,
and some other mechanisms, thus contributing
to various processes of carcinogenesis [23].
Nevertheless, the effects of IncRNAs on LSCC
remain unclear. Our previous study reported
that IncRNA NKILA could combine with NF-kB:
IkB complex to suppress the phosphorylation
of kB, p65 nuclear translocation and the ac-
tivation of NF-kB, thus acting as a potential
agent of promoting X-ray radiation cytotoxicity
on laryngeal cancer [24]. Herein, online data
and experimental results revealed the upregu-
lation of KRT16P2 expression in LSCC tissue
samples. KRT16P2 knockdown within LSCC
tissues dramatically suppressed LSCC cell pro-
liferation and aggressiveness. Moreover, the
protein levels of ki-67 and PCNA, two critical
markers of cell nuclear proliferation [25], sh-
owed to be reduced by KRT16P2 knockdown,
while the protein levels of cleaved-Caspase 3,
whose activation is an important apoptotic bio-
marker [26, 27], were increased by KRT16P2
knockdown. Besides, KRT16P2 knockdown sig-
nificantly suppressed the phosphorylation of
AKT. Blocking AKT/mTOR signaling is known to
be effective in treating cancers [28, 29]. Taken
together, INcRNA KRT16P2 serves as a carcino-
genic IncRNA within LSCC tissues. Notably, dur-
ing the selection process, the study discover-
ed a total of 7 IncRNAs were differentially-ex-
pressed in LSCC based on both GSE84957 and
GSE59102, including IncRNA ANKRD20A5P,
TTTY14, OR7E14P, EPB41L4A-AS1, AQP7P1,
and HMGB3P1. Among them, TTTY14 has been
regarded as one of the ten signature RNAs in
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Figure 5. Effects of miR-1294 on LSCC cells. (A) TU212 and TU686 cells were divided into four groups: NC mim-
ics (negative control for miR-1294 mimics), miR-1294 mimics (to conduct miR-1294 overexpression), NC inhibitor
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CCK-8 assay. Blank is the background of OD value. Next, Cells were non-transfected or transfected with miR-1294/
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NC mimics or miR-1294/NC inhibitor and examined for (B) invasion capacity by Transwell assay; (C) Migration ca-
pacity by Wound healing assay; (D) The protein levels of ki-67, PCNA, pro-Caspase 3, cleaved-Caspase 3, p-AKT, and
AKT by Immunoblotting. ANOVA followed by Turkey’s multiple comparison test.

a prognostic scoring system for esophageal
squamous cell carcinoma [30]. LncRNA EPB-
41L4A-AS1 regulates glycolysis and glutami-
nolysis by mediating nucleolar translocation
of HDAC2 in cancer cells [31]. These previous
studies suggest that these six abnormally-
expressed IncCRNAs might also play a role in
LSCC, which needs further investigation in our
future research.

How to elucidate the mechanism of IncRNAs
regulating gene expression is still an enorm-
ous challenge. As we have mentioned, the re-
gulation mechanism includes nearly all as-
pects of pre-/post-transcriptional processes,
such as transcription, posttranscriptional pro-
cessing, chromatin modification, and protein
function regulation [32, 33]. Among the differ-
entially-expressed genes reported by online
expression profiles, EGFR attracted our atten-
tion because of its positive correlation with
KRT16P2 and its critical role in LSCC carcino-
genesis. Reportedly, through the evaluation of
EGFR status at diagnosis, we could define a
subset of patients with LSCC at high risk of
cervical lymph node metastasis, subsequent-
ly determining the appropriate treatment [34].
The overexpression of EGFR caused by gene
amplification or point mutations is commonly
seen in LSCC patients [35, 36]. Consistently,
we also observed a significant upregulation of
EGFR in LSCC tissue samples, according to
both online data and experimental results. Si-
milar to those of KRT16P2 silence, EGFR kno-
ckdown in LSCC cell lines remarkably inhibited
LSCC cell proliferation and aggressiveness.
These data further indicate that EGFR also
plays an oncogenic role in LSCC, possibly in a
KRT16P2-related way.

As is widely accepted, a noncoding RNA is
often targeted by another noncoding RNA. For
instance, H19 could regulate miR-200, let-7,
and miR-675 [37-40]. Another oncogenic Inc-
RNA, HOTAIR, could target miR-200c¢, miR-20b,
miR-34a, and miR-206 [41-44]. Commonly, Inc-
RNAs serve as sponge or ceRNA for miRNAs
to inhibit miRNA expression and counteract
miRNA-mediated suppression on downstream
target mRNAs [19, 33]. Herein, among 14 dif-
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ferentially-expressed miRNAs, miR-1294 has
been predicted to simultaneously target Inc-
RNA KRT16P2 and EGFR 3'UTR, which inspir-
ed us to speculate that KRT16P2, miR-1294,
and EGFR might form a IncRNA/miRNA/mRNA
axis to regulate LSCC cell phenotype. As con-
firmed by the luciferase reporter assay, miR-
1294 could directly bind to KRT16P2 and EG-
FR 3'UTR. KRT16P2 knockdown significantly
upregulated miR-1294 expression while miR-
1294 inhibition upregulated EGFR expression,
indicating the existence of the INncRNA/miRNA/
MRNA axis preliminarily.

Notably, miR-1294 has been identified to ex-
ert a tumor-suppressive effect on glioma [45],
OSCC (oral squamous cell carcinoma) [46],
osteosarcoma [47], CCRCC (clear cell renal
cell carcinoma) [48], etc. The decrease in miR-
1294 is related to the impaired prognosis of
ESCC (esophageal squamous cell carcinoma)
[49] and EOC (epithelial ovarian cancer) [50].
Herein, miR-1294 overexpression significantly
repressed LSCC cell proliferation and aggres-
siveness. The proliferating markers, ki-67 and
PCNA, were decreased, the apoptotic marker,
cleaved-Caspase 3, was increased, while AKT
phosphorylation showed to be suppressed via
the overexpression of miR-1294, indicating
that miR-1294 exerts a tumor-suppressive ef-
fect on LSCC. Regarding the molecular mech-
anism, KRT16P2 knockdown downregulated,
while miR-1294 inhibition upregulated EGFR
expression, and miR-1294 inhibition signifi-
cantly reversed the effects of KRT16P2 silen-
ce upon the expression of EGFR. Coincident
with the regulation of EGFR expression, miR-
1294 inhibition also remarkably reversed the
effects of KRT16P2 silence on the phenotype
of LSCC cells, indicating that KRT16P2/miR-
1294 axis modulates LSCC cell phenotype th-
rough EGFR. Moreover, according to the miRNA
target database, one miRNA can regulate many
genes as its target, and multiple genes could
be targeted by one miRNA [51-53]. Due to the
multi-specificity of miRNAs and their high vari-
ability due to splicing and variable targeting,
they also generate different threads for future
research. In the present study, we identified a
total of 14 miRNAs differentially-expressed in
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Figure 6. miR-1294 inhibits EGFR expression to reverse the oncogenic effects of KRT16P2. TU212 and TU686 cells
were divided into four groups: si-NC + inhibitor NC (negative control), si-KRT16P2 + inhibitor NC (co-transfected with
si-KRT16P2 and inhibitor NC), si-NC + miR-1294 inhibitor (co-transfected with si-NC + miR-1294 inhibitor), and si-
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KRT16P2 + miR-1294 inhibitor group (co-transfected with si-KRT16P2 + miR-1294 inhibitor), and examined for (A)
the expression of miR-1294 and EGFR by real-time PCR; (B) Cell viability by CCK-8 assay; (C) Invasion capacity by
Transwell assay; (D) Migration capacity by Wound healing assay; (E) The protein levels of EGFR, ki-67, PCNA, pro-
Caspase 3, cleaved-Caspase 3, p-AKT, and AKT by Immunoblotting. ANOVA followed by Turkey’s multiple comparison

test.

LSCC, according to GSE79493, suggesting th-
ere might be more miRNAs involved in LSCC
carcinogenesis by targeting other downstream
genes.

In conclusion, we demonstrated a IncRNA/
miRNA/mRNA axis consists of IncRNA KRT-
16P2, miR-1294, and EGFR that regulate LS-
CC cell proliferation, invasion, and migration.
The clinical application of this axis needs fur-
ther in vivo and clinical investigation. Notably,
the differentially-expressed genes were signifi-
cantly enriched in extracellular structure orga-
nization and extracellular matrix organization.
Considering the main connective tissue ele-
ment present in the larynx is cartilage, and the
cartilage is particularly rich in the extracellular
matrix [54], further research should be under-
taken to investigate the potential roles of these
candidate IncRNAs in cartilage remodeling in
LSCC.
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