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Background: Head and neck squamous cell carcinoma (HNSCC) is a disastrous disease with substantial morbid-
ity and mortality. This study aims to explore the effective diagnostic and prognostic biomarkers for HNSCC.
Methods: MiRNA expression data and corresponding clinical information of HNSCC from The Cancer Genome
Atlas (TCGA) database were analyzed comprehensively to identify the miRNAs with diagnostic and prognos-
tic power. The predictive ability of different classifications was analyzed for the three-miRNA combinations.
Diagnostic and prognostic value were then evaluated and verified in clinical patients.
Findings: 128 differentially expressed miRNAs in HNSCC tissues were identified in the TCGA dataset, and 10
miRNAs were finally selected for further study. Classification analysis developed a three-miRNA signature of
hsa-mir-383, hsa-mir-615, and hsa-mir-877 with the best diagnosis power, which was verified in validation
patients. Survival analysis indicated that different expression levels of hsa-mir-383, rather than that of hsa-
mir-615 or hsa-mir-877 led to significantly different survival rates in both cohorts. Furthermore, the multi-
variate Cox hazards analysis suggested that the microRNA signature yielded statistical significance to predict
clinical outcome independently from other clinical variables in validation patients.
Interpretation: A three-miRNA signature of hsa-mir-383, hsa-mir-615, and hsa-mir-877 may serve as an
excellent diagnostic biomarker for HNSCC, and potential prognostic significance for HNSCC patients.
Funding: This work was supported by the grants of the National Natural Science Foundation of China
(81901021), Key Research and Development Program of Shandong (2019GSF108277), China postdoctoral
Scinence Foundation Grant (2019M652380), Fundamental Research Funds of Shandong University
(2018CJ047).
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1. Introduction

sixth most common cancer globally with significant mortality [1].
Statistically, more than 650,000 new cases emerge, and 350,000

Head and neck squamous cell carcinoma (HNSCC) refers to a cases die from HNSCC worldwide annually [1,2]. Despite the recent
group of malignant neoplasms, primarily deriving from the oral advances in treatments including surgical skills, radiochemother-
and nasal cavity, oropharynx, hypopharynx, and larynx, and is the apy, and systematic drug therapy, there is still no obvious
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carcinomas; NPC, nasopharyngeal carcinoma; AATK, apoptosis-associated tyrosine kinase; CRC, colorectal cancer
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Research in context

Evidence before this study

Head and neck squamous cell carcinoma (HNSCC) is the sixth
most common cancer globally with significant mortality.
Despite the recent advances in treatments, there is still no obvi-
ous improvement in the five-year survival rate of HNSCC
patients. In approximately forty-two percent of the patients,
tumors have already developed to the advanced stage when
diagnosed, with extensive lymph vascular invasion or distant
metastasis. Therapy is often unsuccessful with a high postoper-
ative recurrence rate and a poor prognosis. It is therefore
imperative to explore more effective diagnostic and prognostic
biomarkers for optimizing the management of HNSCC. Since
the specific expression profiles of circulating miRNAs have
been linked with the ability to act as biomarkers for the diagno-
sis, classification, surveillance, and prognosis evaluation of the
tumor, we aimed to identify a panel of miRNA markers for eval-
uating the diagnostic and prognostic value in HNSCC.

Added value of this study

In this study, we first elucidated the differentially expressed
miRNAs. We developed 3 miRNAs as a signature for diagnosis
and prognostic biomarkers. We further examined the diagnosis
and prognostic power in validation patients. These results indi-
cate that the miRNA signature has potential diagnosis and prog-
nostic significance for HNSCC.

Implications of all the available evidence

The miRNA signature in the present study was completely an
optimal diagnosis and prognostic model for HNSCC, the predic-
tion of HNSCC mortality was successfully developed and care-
fully evaluated. It provides a theoretical basis for the
development of miRNA diagnostic reagents and the improve-
ment of mortality evaluation.

improvement in the five-year survival rate of HNSCC patients [3]. In
approximately forty-two percent of the patients, tumors have
already developed to the advanced stage when diagnosed, with
extensive lymph vascular invasion or distant metastasis. Therapy is
often unsuccessful with a high postoperative recurrence rate and a
poor prognosis [4,5]. It is therefore imperative to explore more
effective diagnostic and prognostic biomarkers for optimizing the
management of HNSCC.

MicroRNAs (miRNAs), a class of small non-coding RNAs with a
length of ~21 nucleotides, have been proven to play vital roles in the
biological processes of eukaryotic organisms by regulating gene
expression at the posttranscriptional level [6]. To date, the dysregula-
tion of miRNAs has been widely involved in the tumorigenesis of
many cancers, such as breast cancer [7], ovarian cancer [8], pancreatic
cancer [9], lung cancer [10,11], colorectal cancer [12], cholangiocarci-
noma [13], and so on. Furthermore, the specific expression profiles of
circulating miRNAs have been linked with the ability to indicate the
types or subtypes of tumors, and when quantified can act as bio-
markers for the diagnosis, classification, surveillance, and prognosis
evaluation of the tumor [14,15]. Many miRNAs participating in the
pathogenesis of HNSCC have now been revealed [16], some of which
are currently being evaluated for their diagnostic or prognostic per-
formance [17]. However, none of these have been broadly used as an
efficient biomarker in a clinical setting.

miRNAs Expression Data From TCGA«
(486 tumor samples with 1046 miRNAs measured for each)«

’7 Identification (n=128)«

Differentially Expressed
miRNAs «

L Selection (n=12)

Verification (n=10)

v

Classification Analysis of Three-miRNA Combinations«

|

| |

Diagnostic Performance «
Verification «

Correlation Analysis <

]

Prognosis Value
Evaluation «

}

Verification «

Fig. 1. An overall flowchart of this work.

In the present study, to investigate potential miRNA biomarkers for
HNSCC, we have comprehensively analyzed the miRNA expression
data and corresponding clinical information HSNCC from The Cancer
Genome Atlas (TCGA) database. Differentially expressed miRNAs were
identified, and the diagnostic and prognostic value was evaluated.
Results were further verified in clinical patients. A flowchart of this
study is shown in Fig. 1. Finally, we determined a three-miRNA signa-
ture that may serve as a potential diagnostic and prognostic biomarker
for HNSCC.

2. Materials and methods
2.1. Data acquisition from TCGA database

The miRNA expression data for HSNCC were downloaded from
TCGA database. The HSNCC data contain 486 tumor samples and 44
normal samples, each measuring 1046 miRNAs. Specifically, we used
the miRNA-seq data which record the RPM (reads per million miR-
NAs mapped) values. The data were then log2-transformed for the
subsequent analysis. Clinical information for HSNCC was also
obtained from the TCGA data portal.

2.2. Identification of differentially expressed miRNAs

Differential analysis was performed by the Wilcoxon test with the
built-in R function “wilcox.test”. MiRNAs with a log-2 fold change >
1 and adjusted p-value<0.05 were considered to be differentially
expressed.

2.3. Classification prediction

Classification analysis was performed by Support Vector Machine
(SVM) with R package e1071. For each classification task, the radial basis
function (RBF) was chosen as the kernel function, and the best values of
the two parameters cost (C) and gamma () in the kernel function were
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obtained by a grid-search approach using cross-validation. Finally, the
classification accuracy was evaluated by five-fold cross-validation.

2.4. Survival analysis

The survival analysis was carried out with the R package “sur-
vival”, in which the clinical information and the miRNA expression
data were used. Specifically, in TCGA dataset, for each miRNA the
tumor samples were divided into two groups according to their
expression levels in individual samples compared with their mean
expression level across all samples. In the validation patients, the
cut-off was defined based on the ROC analysis at the highest Youden
index when the log-rank test p-value was under 0.05. Otherwise, the
median of the expression data was used for classifying HNSCC sam-
ples into patients with low or high miRNA expression.

2.5. Cox regression analysis

We evaluated the impact of miRNAs on survival time and clinical
survival data by Cox proportional hazards regression analysis based
on the R package “KMsurv”. Patients with a high-risk score were con-
sidered to have poor survival.

2.6. Functional analyses of miRNAs

The target genes of the miRNAs were obtained based on three
databases, i.e. miRanda, miRDB, and TargetScan. Specifically, only
the regulatory relationships recorded in all three databases were
selected for further analysis. The Database for Annotation, Visualiza-
tion, and Integrated Discovery (DAVID; https://david.ncifcrf.gov/)
was applied to investigate the Gene Ontology (GO) functional analy-
sis as well as Kyoto Encyclopedia of Genes and Genomes (KEGG)
pathways for the identified target genes. p < 0.05 was chosen as the
cut-off criterion.

2.7. Clinical patients and serum samples for validation

A total of 75 HNSCC patients and 92 normal controls were
recruited in this study between July 1, 2016 and July 1, 2017 at the
Shandong Provincial Hospital Affiliated to Shandong University for
validation. The inclusion criteria for HNSCC patients were as follows:
i) Patients with pathologically confirmed HNSCC; ii) patients who
underwent curative surgical resection; and iii) patients >18 years
old. The exclusion criteria were as follows: i) Patients who received
preoperative chemotherapy or radiotherapy; and ii) patients with
two or more primary tumors, asynchronously, or synchronously. The
inclusion criteria for normal controls were as follows: i) without
pathologically confirmed any type of cancer; ii) not underwent
trauma or curative surgery, and iii) >18 years old. The exclusion cri-
teria were as follows: i) pregnancy, and ii) with acute or chronic
inflammation. For both patients and controls, 5 mL venous peripheral
blood samples were collected in Vacutainer® serum separating tubes
(BD Biosciences, Franklin Lakes, NJ, USA) before surgery. After coagu-
lation by silence for 30 min, the blood samples were centrifugated at
2000 x g for 10 min at 4°C to obtain serum, which was preserved at
—80 °C [18]. All patients and normal controls gave informed consent.
This study was approved by the Medical Institutional Ethical Com-
mittee of the Provincial Hospital Affiliated to Shandong University.

2.8. miRNA extraction, reverse transcription, and quantitative real-time
PCR (qRT-PCR)

Total RNA was extracted from the prepared serum samples using
the mercury RNA kit (Exiqon A/S, Vedbaek, Denmark). The SYBR II
Prime Script miRNA RT-PCR Kit (Takara Bio, China) was used for reverse
transcription and real-time PCR. RNU6B (U6) was used as an internal

reference for normalization, relative to which the expression of miRNAs
was calculated using the comparison 2-AACT method [18]. Primers for
miRNAs and U6 were purchased from Takara Biotechnology Co., Ltd.
The manufacturer’s instructions for each kit were followed.

2.9. Ethics statement

The study was approved by the Research Ethics Committee of
Shandong Provincial Hospital Affiliated to Shandong University.
Informed consent was obtained from all patients and their families.

2.10. Statistical analysis

SPSS PASW Statistics v18.0(SPSS Inc., Chicago, IL, USA) and Graph-
Pad Prism 7.0 (GraphPad Software, San Diego, CA, USA) were used to
analyzed and display the data. Processing procedures of data from
TCGA database have been described above in the relevant sections. A
receiver operating characteristic (ROC) curve analysis was performed,
and the area under the ROC curve (AUC) was calculated to evaluate
the diagnostic value. The optimal cut-off value, sensitivity, and speci-
ficity were determined by calculating the Youden index. The
Kaplan—Meier method and log-rank test were used to evaluate the
prognostic value. P < 0.05 was considered statistically significant.

3. Results
3.1. Clinicopathological characteristics

The clinicopathological characteristics of the patients in both the
TCGA database and the validation patients were listed in Table 1.

3.2. Differentially expressed miRNAs in HNSCC patients from TCGA
database

A total of 486 HNSCC samples and 44 normal samples were
obtained from the TCGA database, with 1046 miRNAs measured for
each. According to the differential analysis by the Wilcoxon test, we
identified 128 miRNAs as significantly differentially expressed in
HNSCC tissue compared with the normal samples, which is displayed
in the volcano plot in Fig. 2a. By sorting the miRNAs according to their
p-value, 30 miRNAs were then further selected from the pool of 128 as
being more significantly differentially expressed (Table S1). Consider-
ing the remarkable expression changes of these 30 miRNAs in HNSCC
patients, there is a strong likelihood that they participate in the patho-
genesis of HNSCC to some extent. Based on our previous study and
work by other authors, from these 30 more significantly differentially
expressed miRNAs we selected 12 promising miRNAs for further study,
including the up-regulated miRNAs, i.e. hsa-mir-383, hsa-mir-490,
hsa-mir-488, hsa-mir-1912, hsa-mir-1251, hsa-mir-1265, and the
down-regulated miRNAs, i.e. hsa-mir-615, hsa-mir-1910, hsa-mir-
1305, hsa-mir-1254, hsa-mir-503, and hsa-mir-877.

3.3. Verification of the differentially expressed miRNAs in HNSCC
patients from the clinic

For the purpose of verification, we collected 75 HNSCC patients
and 92 normal controls from the clinic. We detected the expression
levels of the 12 selected miRNAs in the serum of 75 validation
patients and compared them with that of 92 normal controls. Results
indicated that, among these 12 miRNAs, 10 miRNAs, i.e. hsa-mir-383,
hsa-mir-490, hsa-mir-488, hsa-mir-1912, hsa-mir-1265, hsa-mir-
615, hsa-mir-1910, hsa-mir-1305, hsa-mir-503, and hsa-mir-877,
showed the same expression variation tendency as revealed by the
bioinformatic analysis, while hsa-mir-1251 showed no significant
expression difference (P > 0.05) and hsa-mir-1254 showed the oppo-
site tendency (Fig. 2b). As a result, 10 differentially expressed miRNAs
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Table 1

Clinicopathological characteristics of HNSCC patients from two cohorts. A total of 75
HNSCC patients were recruited in this study between July 1, 2016 and July 1, 2017
at the Shandong Provincial Hospital Affiliated to Shandong University, while the
TCGA samples were retrieved from the TCGA database.

Characteristics Validation patients (N = 75) TCGA patients (N = 486)

N % N %
Age(years)
<60 32 42.7 215 443
>60 43 57.3 270 55.7
[Not Available] 0 0.0 1 0.2
Gender
Male 47 62.7 354 72.8
Female 28 373 132 27.2
Lesion site
Alveolar Ridge 3 4.0 17 35
Base of tongue 8 10.7 24 49
Buccal Mucosa 13 17.3 19 39
Floor of mouth 4 53 58 11.9
Hard Palate 5 6.7 6 1.2
Hypopharynx 3 4.0 9 1.9
Larynx 5 6.7 106 218
Lip 10 133 3 0.6
Oral Cavity 3 4.0 70 14.4
Oral Tongue 13 173 125 257
Oropharynx 5 6.7 9 1.9
Tonsil 3 4.0 40 8.2
HPV infection
[Not Available] 75 100 261 53.7
[Not Evaluated] 0 0.0 114 23.5
[Unknown] 0 0.0 8 1.6
Positive 0 0.0 64 13.2
Negative 0 0.0 39 8.0
TNM staging
[Discrepancy] 0 0.0 4 0.8
[Not Available 0 0.0 65 134
[ 2 29.3 26 53
Il 41 54.7 71 14.6
i 9 12.0 76 15.6
v 3 4.0 244 50.2
Histological grade
Good 19 253 [Not Available]: 4 0.8
G1: 60 12.8
Moderate 47 62.7 G2:282 58.0
G3:117 241
Poor 9 12.0 G4:7 14
GX: 16 33
Tumor recurrence
[Not Available] 0 0.0 276 56.8
[Unknown] 0 0.0 14 29
Yes 19 253 49 10.1
No 56 74.7 147 30.2
Death
Yes 28 373 155 319
No 47 62.7 331 68.1
Smoke
Yes 20 26.7 357 73.5
No 55 733 116 239
[Not Available] 0 0.0 10 2.1
[Unknown] 0 0.0 3 0.6
Alcohol
Yes 18 24.0 322 66.3
No 57 76.0 156 321
[Not Available] 0 0.0 8 1.6

were verified in serum, not only further affirming their possible roles
in HNSCC pathogenesis but also suggesting their potential capacity as
biomarkers.

3.4. Classification analysis of the three-miRNA combinations in tissue
from TCGA database

Before evaluating the diagnosis performance of these 10 miRNAs,
the classification ability in differentiating tumor tissues from normal
tissues was first analyzed using the samples from the TCGA database.

To date, no single miRNA has been demonstrated to show a promi-
nent diagnostic value, thus more attention was paid to their synergis-
tic power. We picked three out of ten miRNAs each time and
evaluated their classification ability by five-fold cross-validation. All
of the 120 combinations were tested in turn (Table S2) and the top
30 combinations were listed in Table S3. Results suggested that the
three-miRNA combination of hsa-mir-383, hsa-mir-615, and hsa-
mir-877 demonstrated the best prediction accuracy with an average
AUC (Area Under the Curve) of 99.4% (Fig. 3).

3.5. Diagnostic value of the combination of hsa-mir-383, hsa-mir-615,
and hsa-mir-877 in serum

In order to explore the diagnostic value of the three-miRNA com-
bination of hsa-mir-383, hsa-mir-615, and hsa-mir-877, we detected
their expression level in the serum of 75 HNSCC patients and 92 nor-
mal controls and analyzed their synergistic diagnostic value. As
shown in Fig. 4, the combination of the three miRNAs yielded an AUC
value of 0.986 (95%Cl, 0.973-0.999; P < 0.0001) with 89.3% sensitiv-
ity and 98.9% specificity in distinguishing patients with HSNCC from
healthy subjects. For comparison, we also analyzed the diagnostic
power of single miRNAs in isolation (Table 2). Specifically, each of the
three miRNAs hsa-mir-383, hsa-mir-615, hsa-mir-877 yielded AUC
values of 0.924 (95%Cl, 0.880-0.967; P < 0.0001), 0.890 (95%CI,
0.837-0.942; P < 0.0001), and 0.868 (95%CI, 0.810—0.926;
P < 0.0001) with 93.3%, 82.6%, 81.5% sensitivity and 88%, 97.3%, 89.3%
specificity, respectively. We can see that the diagnostic power of the
three miRNAs combined was superior to that of a single miRNA sig-
nature, and thus can serve as a potential effective diagnostic bio-
marker for HNSCC.

3.6. Correlations between hsa-mir-383, hsa-mir-615, or hsa-mir-877
and tumor stage or grade

The correlations between the hsa-mir-383, hsa-mir-615, or hsa-
mir-877 expression levels and tumor stages or grades of HNSCC
patients from the TCGA database were assessed. According to the
one-way ANOVA test results (Fig. 5) for tumor stage, we obtained the
p-values of 0.152, 0.982, and 0.762 for hsa-mir-383, hsa-mir-615, and
hsa-mir-877, respectively, while for tumor grade, we obtained the
p-values of 0.098, 0.003, and 0.082 for hsa-mir-383, hsa-mir-615, and
hsa-mir-877, respectively. From the test results, we can see that the
expression levels of hsa-mir-615 were significantly changed with dif-
ferent tumor grades, which indicated their potential functional role
in tumor grade progression. We also analyzed the correlation
between other clinical variables and miRNAs expression (such as
HPV infection, clinical T, N, M, etiologic agents and so on), and the
results were listed in Figure S1.

3.7. Prognostic value of hsa-mir-383, hsa-mir-615, or hsa-mir-877 in
HNSCC

We performed the Kaplan—Meier survival analysis to examine the
potential prognostic power of the three miRNAs (Fig. 6a). Notably,
different expression levels of hsa-mir-383 have led to significantly
different survival rates (log-rank test p-value = 0.058), while no sig-
nificant survival differences were observed between the high and
low expression set of hsa-mir-615 (log-rank test p-value = 0.57) or
hsa-mir-877 (log-rank test p-value = 0.14). We then verified this
result in validation patients. The 75 HNSCC patients recruited were
also divided into a high expression group and a low expression group
relative to the cut off expression level of the three miRNAs across all
samples. Kaplan—Meier survival analysis and log-rank test results are
shown in Fig. 6b. Similar to the results obtained from the TCGA data-
base, low expression levels of hsa-mir-383 were significantly corre-
lated with a poor prognosis (log-rank test p-value = 0.0038), while
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Fig. 2. (a). A volcano plot showing the log2 fold change of 128 significantly differentially expressed miRNAs in HNSCC patients from the TCGA database; (b) The expression level
of the 12 miRNAs in the serum of 75 validation patients. Among the 6 up-regulated miRNAs, 5 miRNAs, i.e., hsa-mir-383, hsa-mir-490, hsa-mir-488, hsa-mir-1912, hsa-mir-
1265, showed the same expression variation tendency as revealed by the bioinformatics analysis, while hsa-mir-1251 showed no significant expression difference (P>0.05).
Among the 6 down-regulated miRNAs, 5 miRNAs, i.e., hsa-mir-615, hsa-mir-1910, hsa-mir-1305, hsa-mir-503, and hsa-mir-877, showed the same tendency, while hsa-

mir-1254 showed the opposite.

the expression levels of hsa-mir-615 or hsa-mir-877 showed no sig-
nificant relationship to the prognosis (hsa-mir-615, log-rank test
p-value = 0.14; hsa-mir-877, log-rank test p-value = 0.87).

As different expression levels of hsa-mir-383 have led to signifi-
cantly different survival rates, we performed functional analysis on
the target genes of miR-383. By selecting the regulatory relation-
ships between miR-383 and its target genes that existed in three
reliable miRNA-target interactions databases TargetScan, miRDB,
and miRanda, a total of 252 genes were discovered to be regulated
by miR-383 (Table S4). GO functional and KEGG pathway enrich-
ment analysis of the target genes were shown in Table S5-S6.

3.8. Prognostic value of hsa-mir-383, hsa-mir-615, and hsa-mir-877 as
a signature in HNSCC

To evaluate the ability of these miRNAs as a signature to predict
poor prognosis, we first carried out a univariate Cox proportional
hazards regression analysis to evaluate the correlation between each
of the three miRNAs and the survival outcome. The P values for out-
come correlation were calculated using the Wald test. As a result,
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Fig. 3. Classification accuracy of the combination of hsa-mir-383, hsa-mir-615 and
hsa-mir-877 in TCGA dataset (486 cancer patients and 44 normal controls). The five-
fold cross-validation result indicated that the combination of three miRNAs hsa-mir-
383, hsa-mir-615, and hsa-mir-877 demonstrated the best prediction accuracy with an
average AUC (Area Under the Curve) of 99.4%.

only mir-383 was significantly correlated with the overall survival in
both HNSCC cohorts (Table 3). We then used the Z score from the Cox
regression model as the coefficient for each miRNA and established a
single prognostic model for the TCGA dataset and the validation
patients respectively as follows:

Stcoa = 1.9"Emir383 —0.46"Epyir615 + 1" Enir-g77
Svalidan‘on = *3'4*Emir—383 + ]~2*Emir-615 *0'48*Emir—877

In the two prediction models above, a high-risk score predicts
poor survival for patients. Moreover, to perform the Kaplan-Meier
survival analysis and examine the potential prognostic power of
three miRNAs as a signature in both datasets, we divided the patients
from both cohorts into two subsets in terms of their median risk
scores. Notably, in both the TCGA dataset and validation dataset, the
miRNA signature showed significant survival differences between
patients with high-risk score and those with low-risk score (log-rank
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Fig. 4. Diagnostic value of hsa-mir-383, hsa-mir-615, hsa-mir-877 and the combination
of hsa-mir-383, hsa-mir-615, and hsa-mir-877 in serum. A receiver operating characteris-
tic (ROC) curve analysis was performed to evaluate the diagnostic power of the miRNAs.
Each of the three miRNAs hsa-mir-383, hsa-mir-615, hsa-mir-877 yielded AUC values of
0.924 (95%Cl, 0.880—0.967; P < 0.0001), 0.890 (95%Cl, 0.837-0.942; P < 0.0001), and
0.868 (95%Cl, 0.810—0.926; P < 0.0001) with 93.3%, 82.6%, 81.5% sensitivity and 88%,
97.3%, 89.3% specificity, respectively, while the combination of the three miRNAs yielded
an AUC value of 0.986 (95%Cl, 0.973—0.999; P < 0.0001) with 89.3% sensitivity and 98.9%
specificity in distinguishing patients with HSNCC from healthy subjects.



140 C. Liu et al. / EBioMedicine 50 (2019) 135-143

Table 2

Diagnostic power of the single and three-miRNA signatures in validation patients. A receiver operating characteris-
tic (ROC) curve analysis was performed, and the area under the ROC curve (AUC) was calculated to evaluate the
diagnostic value. The optimal cut-off value, sensitivity, and specificity were determined by calculating the Youden

index.
miRNAs Optimal cut-offvalue  Se(%) Sp(%) AUC 95% Cl P
mir-383 1.175 93.3 88.0 0.924 0.880-0.967  <0.0001
mir-615 0.855 82.6 97.3 0.890 0.837-0.942  <0.0001
mir-877 0.715 81.5 89.3 0.868 0.810-0.926  <0.0001
mir-383/mir-615/mir-877  0.129 89.3 98.9 0.986  0.973-0.999  <0.0001

Se, Sensitivity; Sp, Specificity; AUC, Area Under the Curve; Cl, Confidence Interval.

test p-value = 0.054 for TCGA, and log-rank test p-value=0.001 for val-
idation patients) (Fig. 7).

Besides, a multivariate Cox regression analysis was performed to
assess the independent prognostic power of the miRNA signature
within the context of several common clinical parameters, including
age at diagnosis, sex, smoking history, lesion site, alcohol history,
stage and histological grade in both the TCGA dataset and validation
patients. As expected, the miRNA signature was still found to be sta-
tistically significant in the multivariate survival analysis (Table 4,
p-value = 0.019 for TCGA dataset and p-value= 0.002 for validation
patients). Therefore, the miRNA signature could be considered as a
potential prognostic indicator for the diagnosis of HNSCC.

4. Discussion

miRNAs can affect cell proliferation, differentiation, and apoptosis
through restraining the post-transcriptional translation or causing
the degradation of target mRNAs by base pairing to their 3’-untrans-
lated region (3’-UTR), contributing to the pathogenesis of various dis-
eases when their expression dysregulates, including cancers [19-21].
Studies revealed that circulating miRNAs secreted by tumor tissues
or released from lytic cells due to apoptosis or necrosis are suffi-
ciently stable in serum and display similar expression variation ten-
dency as in tissue, which enables them to be used as tumor
biomarkers [22]. In the present study, we identified 128 differentially
expressed miRNAs in HNSCC tissues by analyzing the miRNA
sequencing data downloaded from TCGA datasets, among which 10
miRNAs were finally selected for further study after a battery of com-
prehensive screening including p-value sorting, literature review, our
previous findings and validation in serum. These miRNAs consisted
of the up-regulated, i.e., hsa-mir-383, hsa-mir-490, hsa-mir-488, hsa-
mir-1912, hsa-mir-1265, and the down-regulated, i.e., hsa-mir-615,
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hsa-mir-1910, hsa-mir-1305, hsa-mir-503, and hsa-mir-877. Consid-
ering the experiences from a previous study that showed that a com-
bination of multiple miRNAs manifests more efficiently than a single
miRNA as a diagnostic or prognostic biomarker [23], we developed a
three-miRNA signature of hsa-mir-383, hsa-mir-615, and hsa-
mir-877 with excellent diagnostic value in HNSCC patients. We also
predicted the possible facilitating functions of the three miRNAs in
the progression of tumor grades according to their correlativity and
further demonstrated the potential prognostic significance of them
for HNSCC patients.

Until now, several studies have focused on investigating differen-
tially expressed miRNAs in HNSCC patients and attempted to evaluate
their clinical significance for the diagnosis or prognosis of HNSCC [17].
Circulating miR-142-3p, miR-186-5p, miR-195-5p, miR-374b-5p, and
miR-574-3p were found up-regulated in HNSCC plasma by the com-
parison of 18 patients and 12 healthy controls, of which miR-186-5p
demonstrated the highest sensitivity (0.938) and specificity (0.917) to
distinguish patients from healthy individuals, however, the diagnostic
ROC curve and the AUC value were not reported. In addition, signifi-
cant correlations were also found between the high expression of
these five miRNAs and a poorer prognosis [24]. The other two up-regu-
lated miRNAs, miR-21 and miR-26b, were also observed in HNSCC tis-
sues and plasma. Furthermore, their decline after surgery was
associated with a good prognosis, suggesting their potential prognostic
roles [25]. There are also several miRNAs responsive to treatment, i.e.,
miR-99a, miR-21, miR-223, miR-425-5p, miR-21-5p, miR-106b-5p,
miR-590-5p, miR-574-3p, and miR-885-3p, and can thus be consid-
ered as novel biomarkers for prognosis [26]. However, there were
some limitations to these studies. Most of this research drew its con-
clusions based on limited samples, while some of them inferred the
diagnostic or prognostic functions of miRNAs according to their
expression variation compared to normal controls or pre-treatment
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Fig. 5. Correlations between hsa-mir-383, hsa-mir-615, or hsa-mir-877 and tumor stage or grade. One-way ANOVA test results suggested the expression levels of hsa-mir-615 was
significantly changed with different tumor grades with the p-values of 0.003, while hsa-mir-383 and hsa-mir-877showed no significant correlation with tumor grade with the p-val-
ues of 0.098 and 0.082, respectively. No significant correlations were found between hsa-mir-383, hsa-mir-615, or hsa-mir-877 and tumor stage with the p-values of 0.152, 0.982,

and 0.762, respectively.
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Fig. 6. Prognostic value of hsa-mir-383, hsa-mir-615, or hsa-mir-877 in both cohorts. (a) In TCGA patients, Kaplan—Meier Survival analysis result indicated that different expression
levels of hsa-mir-383 led to significantly different survival rates (log-rank test p-value = 0.058), while no significant survival differences were observed between the high and low
expression set of hsa-mir-615 (log-rank test p-value = 0.57) or hsa-mir-877 (log-rank test p-value = 0.14); (b). In validation patients, Kaplan—Meier survival analysis indicated that
low expression level of hsa-mir-383 was significantly correlated with poor prognosis (log-rank test p-value = 0.0038), while the expression level of hsa-mir-615 or hsa-mir-877
showed no significant relationship with the prognosis (hsa-mir-615, log-rank test p-value = 0.14; hsa-mir-877, log-rank test p-value = 0.87).

Table 3

Univariate Cox regression analysis to evaluate the prognostic value of each miRNAs. Beta and HR represent the
regression coefficients and hazard ratio, respectively.

miRNA beta waldScore  HR..95..CLfor.HR. wald.test  p.value
TCGA dataset hsa-mir-383 0.15 19 1.2(0.99-1.3) 35 0.061
hsa-mir-615  -0.039  -0.46 0.96 (0.81-1.1) 0.21 0.65
hsa-mir-877 0.11 1 1.1(0.91-1.4) 1 0.31
validation patients hsa-mir-383 -2 -34 0.14 (0.045-0.44) 11 0.00079
hsa-mir-615 12 12 3.2(0.48-22) 14 0.23
hsa-mir-877  —0.38 -0.48 0.68 (0.14-3.2) 0.23 0.63




142 C. Liu et al. / EBioMedicine 50 (2019) 135-143

a miRNA signature

log-rank p = 0.054

Fraction of survival

02

0.0
1

— High
---- Low

0 1000 2000 3000 4000 5000 6000

Time (days)

b miRNA signature

log-rank p = 0.001

0.6

©
2
2
E [
7 -
c |
S B St e o S
8 <
[
~ |
S
— High
S Low
T T T T T T
0 50 100 150 200 250 300
Time (days)

Fig. 7. Prognostic value of hsa-mir-383, hsa-mir-615, and hsa-mir-877 as signature in both cohorts. Kaplan-Meier survival analysis was used to evalute the prognostic value of hsa-
mir-383, hsa-mir-615 and hsa-mir-877 as a signature in (a) TCGA patients; (b) validation patients. The patients in each cohort were divided into either low-risk group or high-risk

group based on the risk score. The p-values were obtained by log rank test.

without quantitative evaluation by performing a ROC curve or survival
analysis. To overcome the limitation of sample size, we resorted to the
TCGA database, which provided abundant resources of miRNA
sequencing data and clinical information of HNSCC patients. Our
TCGA-based results not only have strong reliability but are somewhat
superior due to the increased sample size. What's more, our results
were confirmed in a validation set from provided by a clinic. Therefore,
we believe that the three-miRNA signature identified in the present
study has enormous potential applications for diagnosing HNSCC and
that hsa-mir-383, a component of this signature, maybe serve as a
potential prognostic biomarker.

Previous studies have performed microRNA analysis in HNSCC
based on TCGA datasets. Specifically, Wong et al. [27] screened the
prognostic biomarkers of OSCC and OPCC in TCGA data and clinical
samples respectively. And Hui et al. also carried out a research from
the perspective of patients' prognosis, in which the most valuable
microRNA was screened and its function was analyzed and studied
accordingly [28]. Different from the previous two studies, although
our research is also based on TCGA data, our focus is to find out the
microRNAs that can distinguish cancer patients from normal samples.
Moreover, in our study, we aimed to find a universal diagnostic or
prognostic non-invasive biomarker for HNSCC instead of specific
types of tumors. On this basis, we further studied and analyzed the

Table 4

Multivariate Cox regression analysis to evaluate the indepentent prog-
nostic value of the miRNA signature and clinical parameters in both
cohorts. HR represents the hazard ratio, and the p values were calculated
using Wald test.

Parameter TCGA dataset Validation patients
HR P-value HR P-value
miRNA signature 1.513445 0.019061  3.58578  0.00248
Age 1.347121 0.106108  1.17869  0.69827
Sex 1224615 0312622 0.78619  0.57673
Stage(I/lIl/IllvsIV)  1.010694  0.95046 1.06384  0.81699
Grade 0.988297 0904352  0.78029  0.48750
Tobacco 1.001398  0.985877 0.78070  0.57995
Alcohol 0.853304 0394126  1.11181  0.81072
Race 0797077 0347236  — -
Lesion site 0.990915  0.765786  0.98943  0.86104

relationship between the selected microRNAs and the development
and prognosis of the tumor.

A major limitation of this study should not be ignored. HNSCC is a
group of highly heterogeneous diseases originating from many sites.
Several miRNAs differentially expressed in specific sites were identi-
fied. MiR-24, miR-181, miR-196a, miR-10b, and miR-187 were found
at elevated levels in oral squamous cell carcinoma (OSCC) tissues and
plasma, and miR-155 was up-regulated in laryngeal squamous cell
carcinomas (LSCC) [29—34]. Differentially expressed miRNAs, such as
miR-17, miR-20a, mi-29cand miR-223 were reported in nasopharyn-
geal carcinoma (NPC) [35]. However, we left aside the difference of
lesion site in this study, which may be one of the key answers to
explain why a combination of miRNAs is superior to a single miRNA
for the diagnosis of HNSCC, and we believe that further distinguishing
the subtypes of HNSCC according to lesion sites can lead to a more
accurate conclusion.

An understanding of the functions and mechanisms of miRNAs
during the occurrence and progress of tumor growth can help make
full use of their indicative function in diagnosis and prognosis. MiR-
383, situated in the seventh intron of the apoptosis-associated tyro-
sine kinase (AATK) gene, has been identified as a tumor suppressor in
several cancers. In colorectal cancer (CRC), miRNA-383 was demon-
strated to inhibit tumor growth and metastasis by directly targeting
Paired box 6 [36]. An inhibitory effect on cell invasion and metastasis
of miR-383 was also illustrated in cervical cancer via suppression of
the PI3K-AKT-mTOR signaling pathway by down-regulating PARP2
[37]. More mechanisms of the inhibitory roles of miR-383 were
studied in other cancers, such as lung adenocarcinoma and human
epithelial ovarian cancer [38,39]. However, the biological role of miR-
383 in HNSCC remains unclear. In this study, we found that these
miRNAs, which were up-regulated in HNSCC comparing with the
control, were also linked with a good prognosis in HNSCC patients,
and their high expression was correlated with a favorable prognosis,
which indicated their potential role in strengthening the therapy sen-
sitiveness of the HNSCC patients.

Yet our correlation analysis with tumor stage and grade failed to
provide supporting information. MiR-615 and miR-877 were also
demonstrated to act as tumor suppressors in several cancers via vari-
ous mechanisms. For instance, miR-615 blocks the growth of tumor
cells by targeting AKT2-related cell-cycle progression signaling
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pathways in breast cancer [40]. In non-small cell lung cancer, miR-
615-3p restrains tumor growth and metastasis by inhibiting IGF2
[41]. MiR-877 inhibits the proliferation and migration abilities of
renal cell carcinoma cells by modulating the eEF2K/eEF2 signaling
cascade [42]. In the current study, the significant expression changes
of hsa-mir-615 and hsa-mir-877 between HNSCC tissues with differ-
ent tumor grades also suggested the potential function of them in
HNSCC progression, which needs to be further studied in cellular
experiments.

In summary, our study developed a three-miRNA signature for the
diagnosis of HNSCC and revealed the prognostic value of hsa-mir-383
therein. We believe that all of the three miRNAs play roles in the
pathogenesis of HNSCC and a preliminary correlation was observed
between hsa-mir-383 and hsa-mir-383 with the tumor grade. How-
ever, there is still a long way to go before illuminating their concrete
function and mechanisms in HNSCC.
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