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KEYWORDS Abstract Objective: The search for rapid and effective early diagnostic markers of hypotharyn-
Circulating non-coding geal carcinoma becomes particularly critical and important. Therefore, we explored the value of cir-
RNAs; culating expression of non-coding RNAs for the diagnosis of early hypotharyngeal cancer.
hypopharyngeal squamous Methods: After screening HPSCC-related research data in the NCBI-GEO database, the practi-
cell carcinoma (HPSCC); cal report extraction language (Perl) was used to give genes different biotype attributes. The R lan-
Biomarker; guage limma package was utilized to analyze the differential expression of IncRNAs and mRNAs,
Non-invasive diagnosis respectively. The quantitative RT-PCR (Reverse transcription-polymerase chain reaction) analysis
(NID) were performed to determine the plasma expression levels of non-coding RNAs

Results: Compared with the control groups, the differential expression of 137 IncRNAs and 297
mRNAs in the plasma of HPSCC patients was statistically significant. There were 32 differentially
expressed IncRNAs, 19 differentially expressed mRNAs. The score of LncRNA AC018761 + miR-
488 was AUC = 0.846, the best cut-off value was > 40 points, the sensitivity was 74.58%, and the
specificity was 79.88%.

Conclusion: Our results indicated that the over-expression of IncRNA-AC018761 and miR-488
were significantly up-regulated in serum of patients with HPSCC. Therefore, IncRNA-AC018761
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and miR-488 maybe the non-invasive independent predictor for early HPSCC with high sensitivity

and specificity.

© 2023 The Authors. Published by Elsevier B.V. on behalf of King Saud University. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

Hypopharyngeal carcinoma refers to a malignant tumor
derived from the epithelial tissue of the laryngeal mucosa,
and is one of the most malignant tumors in the head and neck
tumors (Garneau et al., 2018). Hypopharyngeal carcinoma is
poorly differentiated, mainly infiltrating growth, and it is easy
to invade adjacent tissues and organs such as the larynx, cervi-
cal esophagus, trachea, thyroid and even the root of the
oropharynx and tongue. The cervical lymph node metastasis
rate of clinical NO patients was 52.6%, and the cervical lymph
node metastasis rate of clinical N1-N3 patients was 83.5%
(Aupérin, 2020). Due to the lack of specific clinical manifesta-
tions in the early stage of hypopharyngeal carcinoma, it is easy
to be misdiagnosed as pharyngitis or pharyngeal neurosis.
Therefore, a considerable proportion of hypopharyngeal can-
cers are already advanced when they are first diagnosed, and
the S-year survival rate is only 40-50% (Newman et al.,
2015). Moreover, hypopharyngeal squamous cell carcinoma
(HPSCC) accounts for 80% of hypopharyngeal cancers
(Garneau et al., 2018; Aupérin, 2020; Newman et al., 2015).
At present, it is lack of targeted drug or treatment in hypopha-
ryngeal carcinoma, but surgical resection, radiotherapy and
chemotherapy are also mainly adopted. Therefore, the devel-
opment of specific molecular markers and drugs for hypopha-
ryngeal carcinoma is of great significance on the prevention
and treatment of hypopharyngeal carcinoma. Moreover, the
search for rapid and effective early diagnostic markers of
hypotharyngeal carcinoma becomes particularly critical and
important (Belics et al., 2014).

When RNA is extracted, it can be found that it contains a
large number of small RNA molecules. At present, these small
RNA molecules have been very clearly defined and named,
namely microRNAs (miRNAs) and long non-coding RNAs
(IncRNAs). In the early days, scientists thought that these
small RNAs were degradation products of large RNAs, but
in fact they participated in the entire process of gene expres-
sion in cells (Lee and Ambros, 2001). miRNAs are 19-25
nucleotides in length and are short-strand linear non-coding
RNAs (Krichevsky et al., 2003); which regulate the gene
expression of target mRNAs by binding to the 3’ untranslated
region (UTR), thereby affecting various cell biological pro-
cesses, including development (Bachrecke, 2003); differentia-
tion (Chim et al., 2008) and apoptosis (Tsui et al., 2004); etc.
miRNAs are significantly expressed in the hypopharyngeal
carcinoma (Bartel, 2004; Sasaki et al., 2019); which suggests
that they can be used as novel nucleic acid markers; so they
can potentially be used to monitor the process of tumorigene-
sis, such as hypopharyngeal carcinoma.

Non-coding RNAs (ncRNAs) are a class of RNA mole-
cules that do not encode proteins but regulate protein expres-
sion, such as long non-coding RNA (IncRNA), microRNA
(miRNA), circular RNA (circRNA) and endogenous siRNA,
etc. As a new type of non-coding RNA with a length

of > 200 nucleotides, IncRNA plays a role in cell cycle regula-
tion, cell fate determination, cell differentiation regulation,
chromatin remodeling and processing, and epigenetic regula-
tion. LncRNA plays an important role and has become a
hot spot in genetic research (Ghafouri-Fard et al., 2022; Li
et al., 2021), especially in regulating the expression of messen-
ger RNA (mRNA) and the pathogenesis of hypopharyngeal
carcinoma (Qian et al., 2017; Xu et al., 2020; Shen et al.,
2020; Liu et al., 2020). It may inhibit miRNA activity by com-
peting with mRNA as a “sponge” miRNA; then fine-tuning
the expression of miRNA-mediated target genes (mRNA),
thereby affecting the occurrence and development of diseases
(Bridges et al., 2021).

At present, the diagnostic markers and related technologies
used for hypotharyngeal carcinoma are still very limited in
terms of accuracy, especially in early stage. Therefore, there
is an urgent need to explore effective, simple, fast, efficient
and accurate alternative non-invasive circulatory or histologi-
cal indicators to predict or diagnose hypotharyngeal
carcinoma.

Although many researchers have used a variety of non-
invasive markers for the diagnosis of hypotharyngeal carci-
noma, especially small molecule markers of microRNA in
recent years, such as microRNA-21, microRNA-375,
microRNA-675, microRNA-98, and microRNA-378d, etc
(Sasaki et al., 2019; Liu et al., 2020; Wang et al., 2019;
Wang et al., 2020; Li et al., 2021). But; there is still no relevant
combination of multiple microRNA small molecules combined
with IncRNA in related research reports about the early diag-
nosis of hypopharyngeal carcinoma. This article aims to
explore the diagnostic value and clinical significance of a vari-
ety of microRNA combined with IncRNA in hypopharyngeal
carcinoma.

2. Materials and Methods

2.1. Data download and preprocessing

Hypotharyngeal carcinoma was used as the search term, and
then it was entered into the database of GEO come from the
National Center for Biotechnology Information (US)
(https://www.ncbi.nlm.nih.gov/GEO DataSets) for searching
the hypotharyngeal carcinoma-related datasets. Therefore,
we got three data set GSE144711, GSE101491, and
GSE117558. Then, the platform of Affymetrix Human Gen-
ome U133 (Plus 2.0 Array) was utilized to detect the human
plasma samples of patient with hypopharyngeal squamous cell
carcinoma (HPSCC) (Experimental group-Stage I, n = 48),
meanwhile control groups included Stage II (n = 37) group,
Stage III + IV (n = 41) group, and healthy controal (HC)
group (n = 34). The preprocessed downloaded original probe
matrix information and platform annotation files were used to
obtain gene expression matrix information. The Practical
Report and Extraction Language (Perl) was a high-level, gen-
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Table 1 Qrt-pcr primer sequences.

Non-coding Primer sequences

RNA

miR-488 Upstream 5'-
CCTGGCTTTTCATTCCTATGTGA-3
Downstream 5'-
GCTTCGGCAGCACATATACTAAA-3

LncRNA- Upstream 5'-

AC018761 CATTCAACGCTGTCGGTGAGT-3'

Downstream 5'-
GCTGTCAACGATACGCTACGTAACG-3'

U6 Upstream 5'-
TGACCTCAACTACATGGTCTACA-3'
Downstream 5'-CTTCCCATTCTCGGCCTTG-
3’

Table 2 The differential expression genes (DEGs).

IncRNA expression miRNA expression
logFC > 2 or <-2 logFC > 2 or <-2

Up-regulation 47 119
genes

Down- 90 178
regulation

genes

Total sum of 137 297
DEGs

eral and dynamic programming language, and often used to
give gene attributes in distinguishing between IncRNA and
mRNA.

2.2. Differential expression analysis of IncRNA and mRNA

The statistical software R 3.6.2 and R language limma package
were used for gene differential expression analysis. This soft-
ware was based on Bioconductor specifically for processing

Table 3 LncRNA differential expression analysis (Top 20).

expression profile chip data. The empirical Bayes test in the
Limma software package was used to detect DEGs between
the plasma of hypotharyngeal cancer patients and healthy peo-
ple. The selection condition of DEGs was log fold change
(logFC) > 2 or < -2, P < 0.05. And R language was used
to draw heat map to visualize DEGs.

2.3. Predict miRNA and target genes and construct ceRNA
network

We utilized pre-downloaded database and Perl to predict the
miRNA related to each IncRNA, and then prediction software
such as TargetScan, miRDB, miRTarBase, etc. were used to
predict the target gene (mRNA) of miRNA, then analyzed
the interaction with the differentially expressed mRNA. More-
oer, Cytoscape 3.7.2 software (Shannon et al., 2003) was used
to construct a visualized ceRNA regulatory network.

2.4. GO and KEGG enrichment analysis

Gene Ontology (GO) and Kyoto Encyclopedia of Genes and
Genomes (KEGGQG) pathway enrichment analysis were imple-
mented for target genes in the ceRNA network (Shannon
et al., 2003). The online database DAVID 6.8 (https://david.
nciferf.gov/) (Livak and Schmittgen, 2001) was used to per-
form GO enrichment analysis for the biological process (BP),
cell components (CC) and molecular function (MF) (https://
www.geneontology.org) based on gene function annotation.
R language was utilized to analyze the enrichment of KEGG
pathway, and explore the signal pathway of significant enrich-
ment of DEGs (Differential expression genes). P < 0.05 was
considered statistically significant.

2.5. Patients and controls

The patients with hypopharyngeal squamous cell carcinoma
(HPSCC) were performed in the department of our hospital

LncRNA LogFC AveExpr t P B

LINC01522 —6.08 5.18 —115.59 4.33E-16 25.76
AC005828 —5.68 4.99 —108.86 7.59E-16 25.45
AC131956 —5.34 4.83 —107.24 8.73E-16 25.37
AL162293 —5.46 4.86 —89.41 4.78E-15 24.28
LINC00566 —5.68 5.04 —87.09 6.12E-15 24.11
AC098617 6.00 5.16 81.16 1.18E-14 23.64
MRGPRF-AS1 —6.03 5.30 —73.48 3.00E-14 22.94
TMEM?246-AS1 —4.41 5.81 —65.12 9.27E-14 22.02
AC018761 —3.00 6.67 —57.51 2.96E-13 21.03
AC046136 —3.23 7.41 —55.75 3.96E-13 20.77
AP003031 —2.46 7.75 —54.64 4.77E-13 20.60
AL513188 4.16 6.19 50.51 9.93E-13 19.93
LINC01494 —2.36 8.73 —50.11 1.07E-12 19.86
AC100773 2.28 7.37 48.06 1.58E-12 19.50
KIF9-AS1 2.03 9.27 48.00 1.60E-12 19.49
AC021035 2.66 5.54 47.61 1.72E-12 19.42
SRRM2-AS1 —2.21 9.04 —46.42 2.19E-12 19.19
LINCO00928 4.35 4.90 46.14 2.31E-12 19.14
AC007608 —2.57 8.31 —45.43 2.67E-12 19.00
ITGA9-AS1 —2.24 8.37 —44.85 3.01E-12 18.89

Note: AveExpr, the average expression; B, the logarithmic value of the standard deviation obtained after Bayesian test.
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from January 2010 to December 2020. At the same time, the
data of patients were recorded and their blood samples were
collected. During the same period, the data of control groups
and blood samples were collected.

2.6. Expression detection of non-coding RNAs

Take 5 ml of fasting cubital venous blood from each group of
subjects, centrifuge at 3,000 r/m for 10 min. Then the collec-
tion operation of liquid upper layer, the extraction of serum
RNA was conducted according to the instructions of non-
coding RNAs extraction kit (Thermo Fisher’s TagMan), and
then non-coding RNAs were reverse transcribed into cDNA
with transcription kit (Takara BIO Co., Ltd.).

Furthermore, the non-coding RNAs were detected with flu-
orescent quantitative kit for gRT-PCR reaction, RNU6B was
used as the internal control to normalize the expression. The
reaction conditions were pre-denaturation at 94 °C for
3 min, denaturation at 94 °C for 30 s, annealing at 50 °C for
30 s, and extension at 72 °C for 30 s, and 40 cycles were per-
formed. The data was calculated using the 2“C' method
(Bar-Joseph et al., 2012). The total volume of the PCR reac-
tion system was 20.0 pl; including 10.0 pl LightCycler 480
SYBR Green I mixture (Roche, Germany), 0.8 pl forward
PCR primers (10 pM), 0.8 pl reverse PCR primers (10 uM),
1.0 ul cDNA Template (<100 ng) and 7.4 pl RNase-free
water. Use LightCycler 480 (Roche, Germany) to perform
quantitative PCR detection. The reaction conditions are as fol-
lows: pre-denaturation at 95 °C for 5 min; 95 °C for 12 s, 60 °C
for 8 s, and 72 °C for 15 s as a cycle. 40 cycles; solubility curve
analysis was 95 °C for 5 s, 65 °C for 60 s; finally cooling at
40 °C for 30 s. Each reaction was performed 6 times. The rel-
ative non-coding RNAs expression level was calculated using
the CFX Manager Software v2.1 software from Bio-Rad, Ger-

Table 4 The differential expression analysis of miRNA (Top 20).

many, and the calculation method used the 272" method
(Bar-Joseph et al., 2012). The primer sequences were shown
in Table 1.

2.7. Statistics

The statistical processing was performed using SPSS 26.0 and
GraphPad Prism 6.0 software. The count data was expressed
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-log10(adj.P.Val)
Fig. 1  Gene differential expression profile volcano map (Red: up-

regulated; green: down-regulated). The differential expression
analysis of IncRNA and miRNA was performed and shown in
the volcano diagram.

miRNA logFC AveExpr t P B

miR-let-7b —4.97 4.62 —124.43 2.17E-16 26.13
miR-125a —7.29 5.90 —78.24 1.67E-14 23.39
miR-499a —2.99 8.61 —74.18 2.74E-14 23.01
miR-761 —3.62 3.96 —73.37 3.04E-14 22.93
miR-99b —5.06 4.68 —70.73 4.28E-14 22.65
miR-488 —4.03 7.11 —69.89 4.78E-14 22.57
miR-9a 3.71 7.39 69.05 5.36E-14 22.47
miR-93 —3.11 9.77 —67.81 6.34E-14 22.34
miR-874 —4.17 4.24 —66.90 7.19E-14 22.23
miR-27a 3.70 10.36 66.81 7.29E-14 22.22
miR-4782 —3.09 6.40 —63.55 1.16E-13 21.83
miR-30c 3.85 4.14 63.02 1.26E-13 21.77
miR-4700 —3.65 3.99 —60.29 1.90E-13 21.41
miR-744 —2.52 9.15 —58.94 2.35E-13 21.23
miR-4458 4.11 8.20 58.27 2.62E-13 21.14
miR-4429 —3.50 6.73 —56.60 3.43E-13 20.90
miR-4306 2.07 8.07 54.74 4.69E-13 20.62
miR-424 —5.32 5.03 —53.99 5.33E-13 20.50
miR-let-7b 2.90 6.57 53.24 6.07E-13 20.38
miR-125a —4.28 7.17 —53.24 6.08E-13 20.38

Note: AveExpr, the average expression; B, the logarithmic value of the standard deviation obtained after Bayesian test.
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as a percentage ‘%, and the measurement data was expressed
by the mean =+ standard deviation (x % s). The two groups of
measurement data were compared by ¢ test, and the count data
was compared by y? test. The logistic multiple regression
model was used to analyze the relevant factors. Moreover,
the relationship was analyzed by the receiver operating charac-
teristic (ROC) curve to analyze the diagnostic efficacy of non-
coding RNAs. ROC curve was drew, the area under curve
(AUC), sensitivity, specificity, Youden index, and optimal cut-
off value were calculated. P < 0.05 was considered statistically
significant (* P < 0.05; ** P < 0.01; *** P < 0.001).

3. Results
3.1. Analysis of differential gene expression

Compared with the control group, the differential expression
of 137 IncRNA and 297 miRNA in the plasma of hypotharyn-
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geal carcinoma patients was statistically significant. Among
them, 47 were up-regulated in IncRNA expression, and 90 were
down-regulated. Meanwhile, there were 119 up-regulated and
178 down-regulated miRNA expression. The numbers of dif-
ferentially expressed IncRNA and miRNA were shown in
Table 2. The differential expression analysis of IncRNA
(Table 3) and miRNA (Table 4) was shown in the volcano dia-
gram (Fig. 1). Visualize heat maps for the differentially
expressed IncRNA and mRNA parts, as shown in Fig. 2 and
Fig. 3.

3.2. The construction of ceRNA network

After predicting miRNA and mRNA, the ceRNA network was
constructed (Fig. 4). In this figure, the purple “V” shape, the
green triangle, and the cyan circle represent IncRNA, miRNA,
and mRNA, respectively. In this network, there were 32 differ-
entially expressed IncRNAs, 19 differentially expressed

Type Type
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AC002070 6

AC100773 10 "
treat

PSMD6-AS

KIF9-AS1 8

AP003031
AC009567 4
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AC093484

LINCO1494

AC018635

LINC02045

AC096921
] I

| I ~C 007608
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AC022517
LINC01518
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AC010745
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AC124854
AC008948
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LINCO00566
AC131956
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GZL8E0TNSOD
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LncRNA expression profile heatmap (Top 50). It was the visualize heat maps for the differentially expressed IncRNA parts. (Con:

plasma of controls; treat: plasma of hypotharyngeal cancerpatients; abscissa: sample 1D; ordinate: gene symbol).
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mRNAs, and 13 miRNAs that can simultaneously target
IncRNAs and mRNAs.

3.3. GO enrichment analysis

GO enrichment analysis of the target genes in the ceRNA net-
work indicated that the target genes were enriched into 6 dif-
ferent GO subsets, including two aspects of biological
process (BP) and cell components (CC) with statistical signifi-
cance, such as the unfolded protein response mediated by
IREL, intracellular receptor signaling pathway, cell prolifera-
tion, regulation of autophagy, nuclear chromatin, cytoplasm
(Table 5 and Fig. 5). The R language ggplot2 package was
used for visual presentation.

E'

=
B8ZL8E0ZNSO I
B6ZL8E0ZNSD
0€.8€0ZNSO
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ZELBEOZNSO

| SPRY4
| | GUCD1

€2L8E0ZNSD

3.4. KEGG enrichment analysis

KEGG pathway enrichment analysis was performed on the
target genes in the ceRNA network, and it was found that
the target genes were enriched in the glucagon signaling path-
way, AMPK signaling pathway, vasopressin-regulated water
reabsorption, and renin secretion circadian rhythm and other
20 signal pathways (Table 6 and Fig. 6) with statistically signif-
icant. For the above KEGG pathways that met the require-
ments, part of the visual presentation was performed with
the R language.

3.5. Identification of biomarkers

Biomarkers were identified from the ceRNA network, includ-
IncRNAs,
ACO018761,

ing: nine
AL133245,

namely up-regulated FAMST7B,
and down-regulated AL137003,

Type 12 Type

SELENOM con
10 treat

PPARGC1A

RINL

)

NPIPB5
ZNF784
TDRD12
SNRPD2
BUB3
ZNF704
PPA2
PPIAL4A
ING2
CAMKV
CTAGE6
AMIGO3
CFAPT73
JHY
CALCOCO1
ATXN7
PILRA
GCH1
MTERF3
CLK3
WDFY4
MRM3
NR2F2

COA3

| I colL

ZNF582

¥ZL8E0ZNSOD
GZL8E0ZNSD
9Z.8€0ZNSO
LTL8E0ZNSD

Fig. 3 Mrna expression profile heatmap (top 50). It was the visualize heat maps for the differentially expressed mRNA parts. (Con:
plasma of controls; treat: plasma of hypotharyngeal cancerpatients; abscissa: sample 1D; ordinate: gene symbol).
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AC187056AC106874 Ac g 17

AL188245 AC097461
AL137003 AC096921
KLHDC3 HDGF
AL360004 NR2F2 GUCD1 AC093802
AP0Q2490 PFKP hsa-miR-27a-3p hsa-miR-24-3p GPC5 AC093484
hsa-miR-801b-3p hsa-miR-217
ATP2B2-IT1 AC087269
POLR3G GOLGAS8B
C120rf77 hsa-miR-33a-3p hsa-miR-216b-5p ACO73284
PPP6R3 DNAJBY
CNTN4-AS1 ACO078094
hsa-miR-3619-5p hsa-miR-20b-5p
CSNK162-AS1 RFx7 DLGAP5 AC010745
ERVKA13-1 hsa-miR=363-3p hsa-miR-17-5p ACO08781
RRAGD DCBLD2
FAMB7B hsa-miR-761 hsa-miR=129-5p ACO007556
SLC22A23 hsa-miR-107 CREB1
GYG2-AS1 ACO00Q7463
SPRY4 CAMTA1
LING00276 AR ACO07389
MEG8 AC006946

UBE2@1-ASA 608005 AC006001

Fig. 4 LncRNA-miRNA-mRNA ceRNA network construction. After predicting miRNA and mRNA, the ceRNA network was
constructed. (Purple V, IncRNA; green triangle, miRNA; cyan circle, mRNA; connecting line: targeting interaction between genes).

Table 5 GO enrichment analysis of target genes in IncRNA-miRNA-mRNA ceRNA network.

Category Term Count P Gene Symbol
BP GO0:0036498 ~ IREl-mediated unfolded 3 0.00 KLHDC3, DNAJB9, HDGF
protein response
BP GO0:0030522 ~ intracellular receptor 2 0.04 NR2F2, DCBLD2
signaling pathway
BP GO0:0008283 ~ cell proliferation 3 0.04 POLR3G, HDGF, DLGAPS5
BP GO:0010506 ~ regulation of autophagy 2 0.04 RRAGD, ABL2
CC GO0:0000790 ~ nuclear chromatin 3 0.01 KLHDC3, CREBI, POLR3G
CC GO:0005737 ~ cytoplasm 10 0.03 GOLGASB, KLHDC3, RRAGD, SPRY4, PPP6R3, CAMTALI,

DNAIJB9, HDGF, DLGAPS, PFKP

Note: Category is the type of GO subset, including BP and CC; Term is the name of the GO subset; Count is the number of enriched genes; Gene
Symbol is the gene name.

Cl12o0rf77, AC010745, ATP2B2-IT1, AC007389, ERVK13-1. IIT + IV, and HC groups about the expression level of
Besides, there were three miRNAs, namely hsa-miR-20b-5p, IncRNA-AC018761 (Fig. 7) or miR-488 (Fig. 8).
hsa-miR-17-5p, and hsa-miR-488.

Furthermore, the qRT-PCR experiments were conducted, 3.6. The assessment of diagnostic predictive value
these results demonstrated that the expression of IncRNA-
ACO018761 (Fig. 7) and miR-488 (Fig. 8) in patients (Stage I) According to the ROC curve, the score of LncRNA
were both significantly higher than the control groups, includ- ACO018761 + miR-488 was AUC = 0.846, miR-488 was
ing Stage II, Stage IIT + TV, and HC (Healthy control) groups. AUC = 0.798, and LncRNA AC018761 was AUC = 0.802.
But, there was no obviously difference among Stage II, Stage There was no statistically significant difference in the AUC
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GO0:0036498~IRE 1-mediated unfolded protein response

GO0:0030522~intracellular receptor signaling pathway

G0:0010506~regulation of autophagy

G0:0008283~cell proliferation

GO0:0005737~cytoplasm

GO0:0000790~nuclear chromatin

0.0

-log10(PValue)
238

24
20

16

25 5.0 75 10.0

Fig. 5 The visualization of GO enrichment analysis for target genes. GO enrichment analysis of the target genes in the ceRNA network
indicated that the target genes were enriched into six different GO subsets, including two aspects of biological process (BP) and cell
components (CC) with statistical significance, such as the unfolded protein response mediated by IREI, intracellular receptor signaling
pathway, cell proliferation, regulation of autophagy, nuclear chromatin, cytoplasm. (Abscissa: number of genes; ordinate: GO Term).

Table 6 KEGG pathway enrichment analysis of target genes in InCRNA-miRNA-mRNA ceRNA network.

KEGG ID Term P Gene Symbol Count
hsa(04922 Glucagon signaling pathway 0.00 PFKP, CREBI 2
hsa04152 AMPK signaling pathway 0.00 PFKP, CREBI 2
hsa00030 Pentose phosphate pathway 0.02 PFKP 1
hsa00052 Galactose metabolism 0.02 PFKP 1
hsa03020 RNA polymerase 0.02 POLR3G 1
hsa04710 Circadian rhythm 0.02 CREBI 1
hsa00051 Fructose and mannose metabolism 0.02 PFKP 1
hsa04962 Vasopressin-regulated water reabsorption 0.03 CREBI 1
hsa05030 Cocaine addiction 0.03 CREBI 1
hsa05416 Viral myocarditis 0.04 ABL2 1
hsa04623 Cytosolic DNA-sensing pathway 0.04 POLR3G 1
hsa04927 Cortisol synthesis and secretion 0.04 CREBI 1
hsa00010 Glycolysis/Gluconeogenesis 0.04 PFKP 1
hsa04924 Renin secretion 0.04 CREBI 1
hsa05031 Amphetamine addiction 0.04 CREBI 1
hsa05230 Central carbon metabolism in cancer 0.04 PFKP 1
hsa01230 Biosynthesis of amino acids 0.04 PFKP 1
hsa04918 Thyroid hormone synthesis 0.04 CREBI 1
hsa04612 Antigen processing and presentation 0.04 CREBI 1
hsa03018 RNA degradation 0.04 PFKP 1

Note: KEGG ID is the pathway ID; Term is the pathway namet; Count is the number of enriched genes; Gene Symbol is the gene name.

of the three scoring systems (P > 0.05, Table 7). The ROC
curve was shown in Fig. 9.

4. Discussion

In breif, our work explored a single serum independent diag-
nostic marker or its combination for early diagnosis of
hypopharyngeal squamous cell carcinoma (HPSCC). Through
the bioinformatics analysis, we first obtained the patient’s
plasma IncRNA, mRNA gene expression profile. Moreover,
among the differentially expressed IncRNA, mRNA and miR-
NAs that could target each other at the same time. Besides, a
ceRNA regulatory network was successfully constructed, from
which the targeted regulation of the IncRNA-miRNA-mRNA

axis could be clearly and intuitively analyzed. In this network,
there were 32 differentially expressed IncRNAs, 19 differen-
tially expressed mRNAs, and 13 miRNAs that could simulta-
neously target IncRNAs and mRNAs. Then we conducted
enrichment analysis on 19 target gene mRNAs in the network,
and found that they were enriched into six different GO sub-
sets, including biological processes (BP) and cellular compo-
nents (CC), such as IREl-mediated unfolded protein
response, intracellular receptor signaling pathway, cell prolif-
eration, regulation of autophagy, nuclear chromatin, and
cytoplasm.

Biological processes are often dynamic, thus researchers
must monitor their activity at multiple time points. The most
abundant source of information regarding such dynamic activ-
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Fig. 6  Partial visualization of KEGG pathway enrichment analysis for target genes (The bubble plot). KEGG pathway enrichment analysis
was performed on the target genes in the cceRNA network, and it was found that the target genes were enriched in the glucagon signaling
pathway, AMPK signaling pathway, vasopressin-regulated water reabsorption, and renin secretion circadian rhythm and other 20 signal
pathways. (Count: number of enriched genes; GeneRatio: number of enriched genes/number of background genes).

ity is time-series gene expression data. These data are used to
identify the complete set of activated genes in a biological pro-
cess, to infer their rates of change, their order and their causal
effects and to model dynamic systems in the cell (Giraldo et al.,
2019). In-depth characterisation of each of the cellular compo-
nents in cancer has shed light on the convoluted network of
interactions between the numerous components within a
tumour mass (Wang and Li, 2019).

Hypopharyngeal squamous cell carcinoma (HPSCC) is an
intricately process of protein, RNA and other biological mole-
cules, involving a wide range of molecular responses, signal
transduction, and cell proliferation. There are several enriched
genes in each of the above subsets, which suggested that these
biological processes or cell components and their enriched
genes or protein molecules might play an important role in
the occurrence and development of hypopharyngeal squamous
cell carcinoma (HPSCC). Further analysis of the KEGG path-
way showed that the target genes were mainly enriched in 20
signal pathways including glucagon signaling pathway, AMPK
signaling pathway, vasopressin-regulated water reabsorption,
renin secretion, and circadian rhythm.

There are many different signaling pathways that con-
tribute to development and cellular homeostasis. In diseases,
especially cancer, development components of these pathways
often become mutated or overexpressed causing dysregulation
of cellular signaling. Cell signaling is the “catch-all” phrase
that provides an overview of the communication system and
is often linked to a single signaling pathway. In this one simple
term, there is a sense of cells communicating with one another
and changing their behavior as a result of such communica-
tion. This ability of cells to sense external signals and respond
to them is a basic requirement for tissue development and
repair, immunity, and homeostasis. Signal transduction defines
the precise series of molecular events that occur to convert an
external stimulus into a cellular response (Wu et al., 2023).

Through analyzing the expression profile of the gene chip,
we obtained the differential expression profile of IncRNA
and mRNA, and constructed a ceRNA network. Through
enrichment analysis of the differential target genes in the net-
work, we explored the possible association with the occurrence
and development of hypopharyngeal squamous cell carcinoma
(HPSCC), and there were night IncRNAs upstream of the



J. Pei et al.

10

4 *%
kS :_.
c oo a"%aann
9 2 34 e .l. ..-l FEUZN w
a2 . it M w
2 8 Q.. Ll
S 2- 4# LTy
v !g
o Z ot
>
2"
S =
(4

c L) T T l\

N
,,.5&\ /)3’\ //"3\\ ’/b'
& N & N\
o 5 S Q
Tos &S
s ® &
o

Fig. 7 The qRT-PCR result of IncRNA-AC018761 expression
levels. The qRT-PCR experiments were conducted, the result
demonstrated that the expression of IncRNA-AC018761 in
patients (Stage I) was significantly higher than the control group
(P < 0.01), even patients (Stage Il and III + IV) (P < 0.01). But,
its expression levels in patients (Stage Il and IIT + IV) was slightly
higher than the healthy control (HC) group (P > 0.05).
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Fig. 8 The qRT-PCR result of miR-488 expression levels. The
qRT-PCR experiments were conducted, the result demonstrated
that the expression of miR-488 in patients (Stage I) was signifi-
cantly higher than the control group (P < 0.01), even patients
(Stage I and IIT + IV) (P < 0.01). But, its expression levels in
patients (Stage II and III + IV) was slightly higher than the
healthy control (HC) group (P > 0.05).

Table 7 The results of ROC curve analysis.

IncRNA-miRNA-mRNA axis, namely the up-regulated
FAMS87B, AL133245, ACO018761 and down-regulated
AL137003, Cl2o0rf77, AC010745, ATP2B2-IT1, AC007389
and ERVK13-1 might compete with CREBI and PFKP to
bind hsa-miR-20b-5p, hsa-miR-17-5p, and hsa-miR-488.
Thereby, it affected the expression of the three miRNAs on
the target genes CREB1 and PFKP, and down-regulating the
latter expression levels, which played a key role in the patho-
genic mechanism of hypopharyngeal squamous cell carcinoma
(HPSCO).

The cyclic-AMP-responsive element (CRE)-binding protein
(CREB) family of transcription factors has been implicated in
many processes, including memory formation and mainte-
nance, circadian rhythms and cell survival in vitro. There are
three members of the CREB family-CREB, CRE-modulatory
protein (CREM) and activating transcription factor 1
(ATF1). These proteins activate transcription by binding to
CREs in the promoter regions of target genes [28].

In this work, the results of qRT-PCR experiments indicated
the over-expression of IncRNA-ACO018761 and miR-488
maybe the independent predictor for early hypopharyngeal
squamous cell carcinoma (HPSCC) with high sensitivity and
specificity. This work had certain reference value for further
understanding of the pathophysiological process of hypopha-
ryngeal squamous cell carcinoma (HPSCC), and provided
experimental theoretical basis for exoloring the novel thera-
peutic targets.

For the first time, our research group studied the clinical
application value of circulating non-coding RNA as a non-
invasive diagnostic marker for patients with hypopharyngeal
squamous cell carcinoma (HPSCC) through experiments with
a certain sample size. However, this study still had certain lim-
itations due to many reasons, that is, the experimental sample
was a single center, the sample size was limited, and so on. In
addition, this research group will perform the further research
on related mechanisms of HPSCC and carrying out compre-
hensive multi-center clinical research work in future.
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Index Optimal cutoff value AUC 95% CI Sensitivity (%) Specificity (%) Youden index
LncRNA AC018761 + miR-488 >40 0.846 0.784-0.908 74.58 79.88 0.545
miR-488 >16 0.798 0.729-0.868 76.27 71.14 0.474
LncRNA AC018761 >158 0.802 0.735-0.870 69.49 83.09 0.526
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Fig. 9 The assessment of diagnostic predictive value. According to the ROC curve, the score of LncRNA AC018761 + miR-488 was
AUC = 0.846, miR-488 was AUC = 0.798, and LncRNA AC018761 was AUC = 0.802.
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