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ARTICLE INFO ABSTRACT

Keywords: Background: The role of miR-99a-3p in Head and neck squamous cell carcinoma (HNSCC) has not been reported.
MiR-99a-3p Therefore, in this study, we examined the expression level and its molecular mechanisms of miR-99a-3p in
Head and neck squamous cell carcinoma HNSCC.

MfRN:'Chlp ) Materials and methods: MiR-99a-3p-related miRNA-chip and miRNA-sequencing data were collected. We
PM;;I‘\INa;equencmg then carried out meta-analyses to pool the standard mean difference (SMD) value and generate a summarized

receiver operating characteristic (SROC) curve. MiR-99a-3p mimic was transfected into FaDu cells and those
genes influenced by miR-99a-3p were gathered. The target genes were also predicted from 12 tools through
miRwalk2.0, and combined with differentially expressed genes in HNSCC from the The Cancer Genome Atlas and
Genotype-Tissue Expression sequencing databases. FunRich and DAVID were used for the pathway signaling
analyses for the potential targets of miR-99a-3p in HNSCC.

Results: The SMD was -0.30 (95% CI: -0.51, -0.08) in the fixed-effect model and -0.28 (95% CI: -0.67, 0.10) in the
random-effect model (I12 = 60%), indicating a reduced expression level of miR-99a-3p in HNSCC tissues based
on 1167 cases. In the sSROC curve, the area under the curve (AUC) was 0.77 (95% CI: 0.73, 0.81). The 251
potential targets of miR-99a-3p were enriched in several pathways related to cancer, with the “Pathways in
cancer” standing at the top. vascular endothelial growth factor A was selected as an example with up-regulated
trend in HNSCC tissues.

Conclusion: MiR-99a-3p exhibits a significant lower expression status in HNSCC, and this reduced or deletion
status promotes the malignant progression of HNSCC. However, its molecular mechanism is still unclear and
requires further investigation.

1. Introduction The pathogenic factors of HNSCC are the use of tobacco and alcohol,

which are associated with 75% of HNSCC cases. HNSCC is also asso-

Head and neck squamous cell carcinoma (HNSCC) is the sixth most
prevalent cancer globally. There are approximately 550,000 newly di-
agnosed patients and 300,000 fatalities each year. Although research in
the HNSCC field has progressed significantly over the last several years
and treatment approaches have improved, HNSCC still has a 50% elapse
rate [1-6].

ciated with human papillomavirus (HPV) infection, and HPV infection
is clearly related to a subset of HNSCC cases [7,8]. The occurrence and
development of HNSCC is closely related to many molecular mechan-
isms, but further research is needed, particularly regarding the re-
lationship between microRNAs (miRNAs) and HNSCC [9].

MiRNAs are small, single-stranded, non-coding RNAs (18-23
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Table 1

Basic statistics of GEO miRNA-chips.
Accession HNSCC controls P t TP FP FN N

n Mean + SD n Mean * SD

GSE28100 17 0.215 + 1.002 3 —0.098 + 0.068 0.604 0.529 6 0 11 3
GSE32906 16 205.414 + 120.524 6 158.403 + 30.516 0.363 0.931 7 1 9 5
GSE32960 312 8.713 + 0.284 18 8.637 + 0.325 0.271 1.103 270 14 42 4
GSE34496 44 1.477 = 0.5 25 1.6 = 0.482 0.324 0.994 11 1 33 24
GSE36682 62 8.625 + 0.299 6 9.094 + 0.428 < 0.001 3.531 53 1 9 5
GSE41268 7 —3.229 + 0.076 3 —3.029 + 0.334 0.145 1.615 3 0 4 3
GSE43329 31 68.694 * 7.547 19 69.736 = 0.416 0.552 0.599 2 0 29 19
GSE45238 40 114.222 + 60.942 40 201.892 * 122.947 < 0.001 4.041 33 14 7 26
GSE46172 4 —2.809 £ 0.532 4 —-3.1 = 0.37 0.404 0.898 4 4 0 0
GSE62819 5 1.943 = 0.531 5 2.046 + 0.646 0.788 0.278 5 4 0 1
GSE69002 3 3.118 = 0.129 4 3.179 + 0.088 0.486 0.751 2 1 1 3

nucleotides) that inhibit translation or cleavage of RNA transcripts in a
sequence-related behavior. MiRNAs can execute as controlling fine-tu-
ners of protein-encoding or after transcription of non-coding RNAs
[10]. Growing evidence suggests aberrantly expressed miRNAs are
closely related to human disease pathogenesis, including HNSCCs.
However, many miRNAs that may play a role in HNSCC have yet to be
discovered [9,11-14].

Among all the miRNAs, miRNA-99a-3p (miR-99a-3p) has rarely
been studied in tumors. At present, one report found that over-ex-
pression of miR-99a-3p is associated with improved progression-free
survival (PFS) and/or overall survival (OS) in metastatic colorectal
cancer (mCRC), and overexpression of miR-99a-3p can also be used as a
predictive biomarker for chemotherapy response in mCRC [15]. Studies
have documented miR-99a-3p is decreased in endometrioid en-
dometrial carcinoma [16] and prostate cancer [17]. Moreover, trans-
fection of miR-99a-3p in vitro largely suppresses cell growth, mobility,
and infiltration in prostate cancer cells [18]. The expression level and
role of miR-99a-3p in HNSCC, as well as its molecular mechanisms,
have not been reported. Therefore, in this study, we recalculated the
miRNA-chip and miRNA-sequencing data to examine the clinical value
of miR-99a-3p in HNSCC. As a single miRNA can regulate hundreds of
thousands of mRNAs, we also intervened in the probable target genes
and pathways of miR-99a-3p. The gene chip data after artificially ele-
vating miR-99a-3p were mined to obtain the affected differentially
expressed gene (DEG) group, and later intersected with those DEGs
found to play a role in HNSCC through RNA-sequencing. This com-
prehensive understanding of the prospective target gene profile of miR-
99a-3p provides a foundation for further research on the regulation
mechanism of miR-99a-3p in HNSCC.

2. Materials and methods
2.1. Clinical significance of miR-99a-3p in HNSCC

2.1.1. miR-99a-3p-related miRNA-chip and miRNA-sequencing data
collection

Based on the Gene Expression Omnibus (GEO), ArrayExpress, and
Sequence Read Archive (SRA), we searched for miRNA-chip and
miRNA-sequencing data using ((SCC OR HNSCC OR “squamous cell
carcinoma” OR “squamous cell cancer”)) AND (oropharyngeal OR or-
opharynx OR “head and neck” OR “oral cavity” OR nasopharynx OR
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hypopharynx OR laryngopharynx OR oral OR larynx OR laryngophar-
yngeal OR laryngeal OR pharyngeal OR laryngeal OR tongue OR tonsil
OR tonsillar OR nose OR “nasal sinus” OR lip OR cheek OR “nasal
cavity” OR “paranasal sinuses” OR palatal OR buccal)) AND (microRNA
OR microRNA OR miRNA OR miRNA OR MIR OR miR)) with “entry
type” and “organisms” restricted to “series” and “Homo sapiens,” re-
spectively. The miRNA-chip and miRNA-sequencing data that met the
following criteria were included: (1) human data sources; (2) expres-
sion of miR-99a-3p in HNSCC and normal groups from upper aero-
digestive tract mucosa tissues. No less than three samples in each group
were selected. The expression level of miR-99a-3p was extracted and
presented as mean value and standard deviation (SD). We assessed the
difference in miR-99a-3p between cancerous and non-cancerous groups
using the student’s t-test, and ROC was performed using SPSS 23.0.

2.1.2. miRNA-sequencing data mining

The Cancer Genome Atlas (TCGA) database provided the clinical
characteristics and expression data of miR-99a-3p for archived HNSCC
patients and normal upper aerodigestive tract mucosa controls, which
were downloaded via online tools provided by UCSC [19-21]. Expres-
sion data from IlluminaHiseq and IlluminaGA were both previously
normalized to a log2(RPM + 1) scale and input into GraphPad
Prism5.0. Additionally, we determined the prognostic value of miR-
99a-3p for HNSCC by performing an OS analysis based on the clinical
phenotype file. Other statistical methods are mentioned above.

2.1.3. Retrieval of the literature

We searched NCBI PubMed, Wiley Online Library, Web of Science,
Science Direct, Cochrane Central Register of Controlled Trials, Google
Scholar, EMBASE, Ovid, LILACS, Chinese CNKI, Chong Qing VIP, Wan
Fang, and China Biology Medicine Disc for additional data using the
aforementioned strategy. Original studies providing miR-99a-3p ex-
pression data that could be summarized as mean value and standard
deviation as well as sample numbers of both HNSCC and non-cancerous
groups were included.

2.1.4. Meta-analyses of the clinical implication of miR-99a-3p in HNSCC

To obtain a comprehensive overview of the expression level of miR-
99a-3p in HNSCC, we carried out meta-analyses with all data collected
from multiple sources. We utilized R Project (Version 3.4) to conduct a
continuous variable meta-analysis with a fixed-effect model and a
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Fig. 1. Scatter diagrams of GEO miRNA-chips with miR-99a-3p expression in HNSCC (A. GSE28100, B. GSE32906, C. GSE32960, D. GSE34496, E. GSE36682, F.
GSE41268, G. GSE43329, H. GSE45238, 1. GSE46172, J. GSE62819, K. GSE69002).
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A Experimental Control Standardised Mean Weight Weight
Study Total Mean SD Total Mean sD Difference SMD 95%-Cl (fixed} (random)
GSE28100 17 021 10016 3 -010 0.0678 032 [0.92; 1.55] 3.1% 6.3%
GSE32906 16 20541 120.5236 6 158.40 30.5157 043 [052, 1.38] 5.2% 8.6%
GSE32960 312 871 02840 18 864 0.3253 T 027 [0.21; 0.74] 207% 14.1%
GSE34496 44 148 05004 25 160 04820 —N 025 [0.74; 0.25] 19.3%  13.8%
GSE36682 62 863 02088 6 909 04280 —=— | -149 [237,-062] 6.1% 9.3%
GSE41268 7 -323 00759 3 -303 03337 —*—i—— -1.01 [2.47; 046] 2.2% 5.0%
GSE43329 31 6869 75469 19 69.74 0.4161 —— 017 [0.74; 040] 143%  12.8%
GSE45238 40 11422 60.9424 40 201.89 122.9472 - 089 [1.36,-043] 22.0%  14.3%
GSE46172 4 .281 05321 4 310 03700 055 [0.88; 1.99] 2.3% 51%
GSE62819 5 194 05315 5 205 06456 0.16 [-1.40; 1.08] 3.0% 6.2%
GSE69002 3 312 01287 4 318 00879 048 [2.03; 1.06] 2.0% 46%
Fixed effect model 541 133 <« <0.30 [-0.51; -0.08] 100.0% -
Random effects model < -0.28 [-0.67; 0.10] - 100.0%
Heterogeneity: 1 = 60%, 1° = 0.2136, p < 0.01
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Fig. 2. Meta-analysis based on miRNA-chip data (A is the combined SMD and 95% CI calculated with fix-effect model and random-effect model; B is the funnel plot).

random-effect model to pool the standard mean difference (SMD) value
and 95% confidence interval (95% CI). We carried out a sensitivity
analysis when the heterogeneity was non-ignorable (I> > 50%). In ad-
dition, we constructed a funnel plot to test publication bias.
Furthermore, we applied STATA 12.0 to generate a summarized re-
ceiver operating characteristic (SROC) curve [22].

2.2. Potential pathways of miR-99a-3p in HNSCC

2.2.1. Prediction of target genes of miR-99a-3p in HNSCC

To further assess the potential biological character of miR-99a-3p in
HNSCC, we first collected DEGs via the microarrays from GSM2279806,
which was transfected with miR-99a-3p mimic into FaDu cells and
those predicted target genes from 12 prediction tools through
miRwalk2.0 [23]. Additionally, we acquired DEGs in HNSCC from the
TCGA and Genotype-Tissue Expression (GTEx) sequencing databases as
provided by Gene Expression Profiling Interactive Analysis (GEPIA)
[24-26]. Genes from GSM2279806 and GEPIA were extracted with the
expression value of log,FC < 0 and log,FC > 1 respectively, while
genes crossing at least two prediction tools in miRwalk2.0 were also
included. Finally, the putative target genes collected from the reported
literature and the overlapping genes derived from GSM2279806,
TCGA/GTEx, and the miRwalk2.0 prediction were regarded to be the
likely target genes of miR-99a-3p in HNSCC.
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2.2.2. Potential mechanism of miR-99a-3p in HNSCC

Based on the predicted target genes, we further explored the un-
derlying function of miR-99a-3p in HNSCC. We used FunRich, a func-
tional enrichment analysis software, to perform GO annotation analysis
[27-30]. Kyoto Encyclopedia of Genes and Genomes (KEGG) pathways
were also analyzed via DAVID [31-35]. A PPI network was constructed
using STRING to reveal the potential protein interactions among the
target genes, which permitted us to filtrate the possible hub genes of
miR-99a-3p in HNSCC [36-39]. The mRNA and protein levels of several
hub target genes were revealed as likely targets of miR-99a-3p in
HNSCC using data from TCGA, GTEx, and The Human Protein Atlas
(THPA) [24,40-44]. In THPA, squamous epithelial cells from normal
oral mucosa and respiratory epithelial cells from nasopharynx mucosa
were used as upper aerodigestive tract mucosa controls for HNSCC. The
procedure of tissue microarray and immunohistochemistry were per-
formed in a standard protocol according to the study criteria [40-42].

3. Results
3.1. Data extracted from GEO, ArrayExpress, TCGA, and publications
Of the 21 miRNA-chips datasets included after the preliminary

searching, 11 miRNA-chips (GSE28100, GSE32906, GSE32960,
GSE34496, GSE36682, GSE41268, GSE43329, GSE45238, GSE46172,



G.-G. Wei, et al.

Pathology - Research and Practice 215 (2019) 963-976

A Standardised Mean
Study Difference SMD 95%-ClI
Omitting GSE28100 -0.32 [-0.54;-0.10]
Omitting GSE32906 , -0.34 [-0.56; -0.11]
Omitting GSE32960 ———+—— -0.44 [-0.69;-0.20]
Omitting GSE34496 — -0.31 [-0.55;-0.07]
Omitting GSE36682 — -0.22 [-0.44; 0.00]
Omitting GSE41268 — -0.28 [-0.50; -0.06]
Omitting GSE43329  ———— -0.32 [-0.55;-0.08]
Omitting GSE45238 ——T -0.13 [-0.37; 0.12]
Omitting GSE46172 — s -0.32 [-0.53;-0.10]
Omitting GSE62819 — e -0.30 [-0.52; -0.08]
Omitting GSEG9002 — -0.29 [-0.51;-0.07]
Fixed effect model : ~=T""“"—L—I==~ | : : -0.30 [-0.51; -0.08]

-06-04-02 0 02 04 06

B Standardised Mean

Study Difference SMD 95%-CI
Omitting GSE28100 -0.32 [-0.72; 0.08]
Omitting GSE32906 ; -0.35 [-0.75;0.05]
Omitting GSE32960 o -0.38 [-0.77;0.01]
Omitting GSE34496 ; -0.28 [-0.74;0.17]
Omitting GSE36682 — T -0.17 [-0.52; 0.18]
Omitting GSE41268 -0.24 [-0.64;0.15]
Omifting GSE43329 : -0.29 [-0.74;0.15]
Omitting GSE45238 ; -0.17 [-0.55;0.20]
Omitting GSE46172 t -0.33 {-0.72; 0.07]
Omitting GSE62819 ®E -0.29 [-0.70;0.12]
Omitting GSE69002 -0.27 [-0.67;0.13]
Random effects model —I—=—[—T'_T—‘=--— —— -0.28 [-0.67; 0.10]

-06-04-02 0 0204 06

Fig. 3. Sensitivity analysis of the meta-analysis based on miRNA-chip data (A is the fix-effect model; B is the random-effect model).

GSE62819, and GSE69002) met the final criteria, with 674 HNSCC
cases and 133 non-cancerous upper aerodigestive tract mucosa samples
involved. TCGA provided the expression data for mature miR-99a-3p of
493 HNSCC (461 from the IlluminaHiseq dataset and 32 from the
MluminaGA dataset) and 44 control samples, as well as the clin-
icopathological features of HNSCC patients. No publications met our
requirements. Thus, we conducted the comparison of miR-99a-3p ex-
pression levels in HNSCC and control groups, and analyzed its clinical
value, based on these 1167 HNSCC cases.

3.2. Expression level of miR-99a-3p assessed by a meta-analysis calculating
SMD

The mean, standard deviation, and cases numbers of miR-99a-3p
expression in cancerous and non-cancerous upper aerodigestive tract
mucosa tissues were calculated for each chosen chip (Table 1, Fig. 2);
the expression levels are shown in the scatter diagrams depicted in
Fig. 1. According to the continuous variable meta-analysis, the SMD
was -0.30 (95% CI: -0.51, -0.08) in the fixed-effect model and -0.28
(95% CI: -0.67, 0.10) in the random-effect model (I = 60%), indicating
a reduced expression level of miR-99a-3p in HNSCC tissues. No
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Fig. 4. Scatter diagram of TCGA miRNA-sequencing data with miR-99a-3p
expression in HNSCC.
Both IlluminaHiseq and IlluminaGA are included.

publication bias was found after constructing the funnel plot
(p = 0.873; Fig. 3). The results also showed expression of miR-99a-3p
in HNSCC groups was lower than control groups for the TCGA datasets
(p < 0.0001; Fig. 4).

3.3. Expression level of miR-99a-3p assessed by a meta-analysis calculating
SROC

We further tested the clinical implications of miR-99a-3p by cal-
culating the AUC of the sROC. Based on miRNA-chips and miRNA-se-
quencing data, the true positive (TP), false positive (FP), false negative
(FN), and true negative (TN) were calculated (Table 1). According to
our results, the combined sensitivity, specificity, positive likelihood
ratio, negative likelihood ratio, and odds ratio were 0.65 (95% CI: 0.39,
0.85), 0.79 (95% CI: 0.42, 0.95), 3.11 (95% CI: 1.16, 8.36), 0.44 (95%
CI: 0.28, 0.70), and 7.06 (95% CI: 2.84, 17.58). In the sROC curve, the
area under the curve (AUC) was 0.77 (95% CI: 0.73, 0.81; Fig. 5). For
the TCGA dataset, we also plotted the ROC curves, and the AUC was
0.817 (95% CI: 0.77, 0.86) and 0.807 (95% CI: 0.76, 0.85; Fig. 6) when
the HNSCC patients recorded in the IlluminaGA dataset were included.

Our analysis indicates miR-99a-3p might play a vital protective role
in the tumorigenesis of HNSCC which on the other side exhibited a lack
of reliability due to inadequate body fluid samples. Furthermore, the
hazard ratio (HR) was 1.62 (p = 0.002, 95% CI: 1.19, 2.21) and 1.77
(p < 0.001, 95% CI: 1.31, 2.41) for lower expression of miR-99a-3p by
OS analysis, which verifies a lower expression level of miR-99a-3p
could indicate a lower survival rate.
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3.4. Potential biological role of miR-99a-3p in HNSCC

Fig. 7 and Table 2 show the 247 intersecting genes and 4 relevant
reported genes considered to be promising target genes of miR-99a-3p.
GO annotation items were separated into three parts: biological pro-
cesses, cellular components, and molecular functions; the 10 most sig-
nificantly related items for each part are shown in Fig. 6. A KEGG
pathway analysis demonstrates 251 promising target genes were sig-
nificantly enriched in 8 biological pathways (p < 0.01), of which
pathways in cancer was the most significant biological pathway (Fig. 8,
Table 3). Moreover, calculated and filtered by Cytoscape, the PPI net-
work reveals VEGFA, PIK3CD, IGF1R, MTOR, CDKN2A, GNA12, MET,
GNBS5, RAC2, STAT1, TNFSF10, HIF1A, MMP14, CDKN3, FCGR3A, and
MAPK12 were considered to be hub genes of miR-99a-3p in HNSCC
(Fig. 9; all degrees of edges=10). The top hub gene vascular en-
dothelial growth factor A (VEGFA), with 27 connections with other
genes, was selected to show the mRNA and protein levels in HNSCC,
both of which reveal an up-regulated trend (Fig. 9). However, due the
limited sample size from Protein Atlas, no statistical analysis was pos-
sible. The increased level of VEGFA (Fig. 10) should be validated by
more samples.

4. Discussion

The expression abundance and clinical significance of miR-99a-3p
in HNSCC have not been reported previously, and its molecular me-
chanism is also unknown. For the first time, this study used miRNA-chip
and miRNA-sequencing data to show miR-99a-3p presented a sig-
nificant low expression trend in 1167 cases of HNSCC as compared to
that in upper aerodigestive tract mucosa controls. Furthermore, lower
expression of miR-99a-3p could also predict poorer prognosis, sug-
gesting a decrease or deletion may play a paramount role in the oc-
currence and progression of HNSCC. These clinical effects of miR-99a-
3p may be achieved by different target genes and signaling pathways.
The bioinformatics methods used in this study provide a new direction
for the study of miRNAs in HNSCC.

The role of miR-99a-3p in diseases is not a frequent topic in the
literature. To date, the expression and function of miR-99a-3p in can-
cers has been reported only in a small number of tumor types. These
studies all pointed to the protective role of miR-99a-3p in the devel-
opment and progression of malignancies. The expression level of miR-
99a-3p has been revealed in only two cancer types, endometrioid en-
dometrial and prostate cancer [16,17]. MiR-99a-3p expression level
was observed to be down-regulated in endometrioid endometrial car-
cinoma tissues as compared to non-cancerous controls, which was
confirmed by both RNA sequencing and real-time quantitative PCR
[16]. We previously found markedly reduced miR-99a-3p levels in
cancerous versus non-cancerous prostate tissues based on miRNA-chip
and miRNA-sequencing data [17]. In the current study, the constant
reduced expression level of miR-99a-3p was also detected in HNSCC
tissues, indicating miR-99a-3p levels could be reduced during HNSCC
carcinogenesis, similar to endometrioid endometrial and prostate
cancer. Multiple experimental methods were used in the current study,
including miRNA-chips, miRNA-sequencing, and meta-analyses invol-
ving SMD and sROC, which increases the credibility of the results.
Moreover, the finding of a lower expression level of miR-99a-3p in
HNSCC was based on a large sample size involving 1167 cases from
different districts. However, real-time RT-qPCR, the most common
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Fig. 5. Distinguishing value of miR-99a-3p for HNSCC based on miRNA-chip data (A is the sensitivity analysis; B is the specificity analysis; C is the SROC curve).
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Fig. 6. Clinical value of miR-99a-3p in HNSCC based on TCGA miRNA-sequencing data (A and B are ROC curves; C and D are overall survival analyses).
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Table 2

Promising target gene list of miR-99a-3p in HNSCC.
Genes

Validated genes in other diseases MTMR3 IGF1R MTOR HOXA1
Predicted targets by analytical integration TGFBI ARSI CTSL XPR1 SLC1A4 TRIO RECQL PRELID2

COL5A1 C12o0rf75 MET LOX ISLR MTHFD2 YDJC JOSD1
SPARC NRG1 HTR7 F2RL2 WIPF1 PRNP ECE1 SCARF2
IGF2BP2 BCAS4 AGTRAP CNGB1 STAT2 GOLGASA KIAA0930 LPAR2
FKBP10 COL5A3 NDE1 TRPV3 ETS1 GUCY1B3 HSF4 WEFDC5
HMGA2 BASP1 MICAL2 SLC7A5 TNFRSF25 PPP4R4 MAN1B1 SLFN11
HTRA3 DCBLD1 STARD4 LILRB4 GALNT2 CHIT1 GOLIM4 NUAK1
NXPH4 TPBG KIRREL RAB34 SOAT1 PIK3CD CBX2 SLC44A1
CERCAM MSC THEMIS2 KIF26B ABL2 CDR2L PLEKHG2 NFKBIE
PMEPA1 MMP14 DCBLD2 MAPK12 UCHL1 MFSD10 LAYN ENY2
COL11A1 GNA12 GPR153 RGS20 B3GNT9 GFPT2 TTC7B RELB
ADAM12 CTSC Cllorf84 C10o0rf35 ARSJ MCTP1 RNF213 CERS2
CDKN2A SCD5 KLHLS DNMT3B LIMA1 ALOXE3 SLC6A8 HIP1
LCE3D LAMP3 YEATS2 MTHFD1L NFE2L3 SLC28A3 DENND1A ORAI2
HOXA10 THSD1 SLC39A14 PDE7A SEMAA4F TBX18 DENNDS5SA POFUT1
ITGA6 LBH FZD6 LHFPL2 HEXA H2AFV TGIF1 SAMDYL
TNC WDR72 DERL3 LRRC8C ARHGEF39 FGF11 DOK3 SGPP1
SH2D5 FCGR3A NDRG1 SHOX2 VEGFA RGS3 APH1B DPH7
IGF2BP3 KYNU PLEKHG4B FAMS83A TP63 GNB5 PVR NRP1
TMEM132A IGFBP3 MYO5A MFAP5 CASK NRBP2 MSR1 FKBP14
STC2 CDKN3 FMNL3 PABPC1L TMEM2 ARFGAP1 LPAR3 CHST?7
PHLDB2 CLIC4 HOXD8 ATP6V1C1 HIF1A SKA2 AP2M1 IL18BP
CDH3 SCRN1 LRP12 NEK2 CBX3 SH3PXD2B TNFSF10 PDK1
HOMER3 KLF7 FBLIM1 STON2 HAP1 PRTFDC1 CYGB ENTPD7
PTK7 TRAM2 PYGL CSGALNACT2 MME ADAM23 GOLT1B NAGS
RAC2 COL17A1 MSN SMS POLE C5AR1 CEP170 OLR1
IL36G SLC38A5 SLAMF8 ATP13A3 SIAH1 BLOC1S3 OSBPL3 RNASE7
CAV1 FLRT2 OLFML2A CCDC71L APBB2 BMP2 PAPLN ABCG1
MFI2 SPRY4 CBLB TNFAIP3 JAG1 SKIL MB21D2 SLC12A8
STAT1 ARPC1B RAB31 ELF4 ANTXR2 TNFAIPSL1 AGO2 ULK1
BMP1 RGS4 PRSS23 DDX58 E2F7 GLS PTPRH

method used to detect miRNA, should be used in the future to verify
these findings.

Although there are only a few studies on miR-99a-3p, they in-
corporate the prediction of tumor progression and therapeutic effects.
They reveal the higher the expression of miR-99a-3p, the better the
prognosis of mCRC patients. The higher expression of miR-99a-3p in
mCRC also led to better responses to standard fluoropyrimidine-based
chemotherapy. Therefore, miR-99a-3p may be a protective factor in the
development of colon and rectal cancer [15]. This study reveals similar
findings. In HNSCC, when the expression of miR-99a-3p increased,
patients’ prognosis improved. The decreased expression of miR-99a-3p
was also a predictor of HNSCC survival. However, the prognostic value
of miR-99a-3p was derived from a single cohort, which could be con-
firmed by meta-analysis. This protective role of miR-99a-3p will need to
be corroborated by further studies.

Because miRNAs cannot encode proteins, they need to modulate dif-
ferent target genes to function. As miR-99a-3p has not been reported in
HNSCC, its target genes are unknown. This study relied on a number of
approaches to predict the potential target genes of miR-99a-3p in HNSCC.
The first was to overexpress miR-99a-3p by transfection in FaDu, a hy-
popharyngeal squamous cell carcinoma cell line, and obtained the genes
directly affected by miR-99a-3p using a gene chip. The second part of the
gene group was compiled using target prediction software. The third in-
cluded genes abnormally expressed in HNSCC tissues, because they po-
tentially affect the development of HNSCC. We also included genes

confirmed to be miR-99a-3p targets in other diseases. The 251 genes ob-
tained are most likely to be the real target genes of miR-99a-3p in HNSCC.
We chose to display mRNA and protein levels from the top hub gene
VEGFA in the PPI network, as they were most likely to be highly ex-
pressed. Moreover, VEGFA has been shown to play a role in promoting
cancer in HNSCC [45-47]. More tests are required to verify the relation-
ships between miR-99a-3p and the targets, such as validation with clinical
samples, in vitro dual luciferase report assays, and in vivo experiments.

Although this study was the first to summarize the under-expressed
status of miR-99a-3p in HNSCC, further work is required. First, non-
invasive detection is preferred for clinical diagnosis of tumors; this will
be needed if miRNA is to be used as a diagnostic tool. Currently, the
miR-99a-3p level has not been detected in patients’ bodily fluids, al-
though this should be tested in the future. Second, the potential target
genes were predicted by computational biology tools, and must be
substantiated. Third, the relationships between miR-99a-3p and its
prospective targets also require clinical verification in patients. Fourth,
one of the mechanisms of miRNA is to influence the protein level of
target genes, which was lacking in the current study. Thus, the pro-
spective targets in the current study do not represent all possibilities.

In conclusion, this study used miRNA-chip and miRNA-sequencing
technology to determine miR-99a-3p exhibits a significant lower ex-
pression status in HNSCC, and this reduced or deletion status promotes
the malignant progression of HNSCC. However, its molecular me-
chanism is still unclear and requires further investigation.
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Fig. 8. GO annotation analysis of miR-99a-3p target genes in HNSCC (A is biological processes; B is cellular components; C is molecular functions).
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Table 3
The most significant KEGG pathways of miR-99a-3p in HNSCC (p < 0.01).
KEGG terms Count % P-value Genes
Pathways in cancer 18 0.0452 7.36E-05 BMP2, MET, GNA12, PIK3CD, FGF11, LPAR3, LPAR2, STAT1, FZD6, IGF1R, CBLB, HIF1A, CDKN2A, RAC2,
ITGA6, VEGFA, GNB5, MTOR
Central carbon metabolism in cancer 7 0.0176  3.28E-04 PDKI1, HIF1A, GLS, MET, PIK3CD, MTOR, SLC7A5
Proteoglycans in cancer 11 0.0276 7.08E-04 IGF1R, CAV1, CBLB, HIF1A, MAPK12, MET, VEGFA, PIK3CD, MTOR, MSN, FZD6
Focal adhesion 11 0.0276  0.0011 IGF1R, CAV1, RAC2, ITGA6, TNC, MET, VEGFA, PIK3CD, COL5A3, COL11A1, COL5A1
MicroRNAs in cancer 9 0.0226  0.0012 CDKN2A, GLS, TNC, MET, VEGFA, TP63, MTOR, HMGA2, DNMT3B
PI3K-Akt signaling pathway 14 0.0352 0.0017 TNC, MET, PIK3CD, FGF11, LPAR3, LPAR2, COL5A3, COL5A1, IGF1R, ITGA6, VEGFA, GNB5, MTOR,
COL11A1
Ras signaling pathway 10 0.0251  0.0057 IGF1R, RAC2, ETS1, HTR7, MET, VEGFA, PIK3CD, FGF11, GNB5, ABL2
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