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Abstract
Poor survival of patients with locally advanced head and neck squamous cell carci-
noma (LA- HNSCC) is partly due to early diagnosis difficulties and the lack of reliable 
biomarkers for predicting treatment outcomes. In the discovery cohort, plasma- 
derived extracellular vesicles (EVs) from LA- HNSCC patients (n = 48) and healthy 
volunteers (n = 12) were used for profiling for microRNA (miRNA) expression by 
NanoString analysis. Ten EV- associated miRNAs were differentially expressed be-
tween LA- HNSCC patients and healthy volunteers. Subsequently, the results were 
validated in the individual discovery and additional cases (HNSCC, n = 73; control, 
n = 20) by quantitative RT- PCR. Among 10 EV- miRNAs, four (miR- 27b- 3p, miR- 
491- 5p, miR- 1910- 5p, and miR- 630) were significantly dysregulated in LA- HNSCC 
patients (n = 73) compared with healthy volunteers (n = 20). The miRNA prediction 
models were developed to discriminate HNSCC patients from healthy volunteers. The 
model using miR- 491- 5p was selected as a diagnostic biomarker for LA- HNSCC with 
a sensitivity and specificity of 46.6% and 100%, respectively (P < .001). The dynamic 
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1  | INTRODUC TION

Head and neck squamous cell carcinoma, an aggressive heteroge-
neous malignancy arising in the oropharynx, lip, oral cavity, larynx, 
and hypopharynx, is the seventh most common cancer worldwide.1,2 
The classical risk factors related to the development of HNSCC are 
smoking and excessive alcohol consumption (approximately 75%) 
and HPV infection (approximately 25%).3,4 The prevalence of HPV- 
positive OPSCC is considerably high, at 60%- 70%, especially in the 
United States and developed countries, compared with less than 
10% in low-  and middle- income countries.5- 7 Human papillomavirus- 
positive OPSCC shows a significantly better response to treatment 
and better OS than HPV- negative OPSCC.8 Although HPV sta-
tus and/or p16 expression are well- known prognostic markers for 
the survival of OPSCC, it contains several limitations for clinical 
applications.

Two- thirds of patients with HNSCC present with locally advanced 
stage disease, and 80% of cases involve the regional lymph nodes. 
Currently, there is no standard recommendation for early detection 
screening. The 5- year OS of these patients is approximately 40%- 
60%.9 Half of the patients with locally advanced disease show tumor 
recurrence within the first 2 years. Recurrent/metastatic HNSCC 
patients have a poor prognosis, and the median OS is approximately 
1 year.10 To date, there is no molecular biomarker for patient sur-
veillance that can assist in identifying HNSCC patients that are at 
high risk for tumor recurrence or progression.11,12 Thus, identifying 
an easily accessible and universal diagnostic and prognostic marker 
for HNSCC remains an essential goal for scientists and clinicians.

MicroRNAs are a family of small noncoding RNAs of 19- 22 nu-
cleotides in length that participate in posttranscriptional gene reg-
ulation through complementary base pairing with the 3′- UTR of 
target mRNA and regulate a variety of molecular processes required 
for normal tissue development and cellular functions.13 Aberrant 
expression of miRNAs has been associated with several human 
diseases, including cancer, suggesting their potential as diagnostic 

and prognostic markers.13,14 Exosomes are small EVs secreted from 
various cell types with a diameter of 30- 150 nm that can carry mole-
cules such as mRNA, miRNA, DNA, lipids, and proteins. Transmission 
electron microscopy has shown that exosomes have a round or cup- 
shaped morphology with a density of 1.10- 1.21 g/mL in the sucrose 
gradient.15,16 Exosomes play roles in cell- cell communication by 
transporting their cargo between cells.17 Tumor- derived exosomal 
miRNAs can induce malignant phenotypes of recipient cells.18,19 
Increasing evidence has suggested that circulating EV- miRNAs 
could be promising diagnostic, prognostic, and predictive biomark-
ers in various cancer types.19,20 However, studies on the expression 
profiles of circulating EV- miRNAs in HNSCC and their potential as 
diagnostic and prognostic molecular biomarkers are limited. Here, 
we identified an EV- associated miRNA as a potential blood- based 
diagnostic and prognostic biomarker for LA- HNSCC.

2  | MATERIAL S AND METHODS

2.1 | Patient specimens

A prospective multidisciplinary observation study of HNSCC pa-
tients treated at Ramathibodi Hospital, Mahidol University has ac-
crued eligible patients since 2016. The study enrolled patients with 
nonmetastatic HNSCC treated according to the standard of care 
prospectively. All patients were diagnosed with HNSCC and treated 
according to the current standard of care at their treating physi-
cian’s discretion. Data on patient characteristics, treatments, and 
outcomes were collected prospectively. Blood samples were also 
obtained from healthy controls who consented to participate in this 
study. Exclusion criteria for healthy donors included age 18 years 
or younger, pregnancy, drug addiction, chronic diseases, active in-
fectious diseases, and congenital diseases. The protocol was ap-
proved by the Ethics Committee of Ramathibodi Hospital, Mahidol 
University. Written informed consent was obtained from all subjects.

changes of miRNA model score (ΔmiRNAs) were determined using scores pre-  and 
postdefinitive treatment to further investigate the prognostic value of miRNA pre-
diction models. The univariate and multivariate analyses indicated that ΔmiR- 491- 5p 
was the most powerful and independent prognostic indicator for overall survival (haz-
ard ratio [HR] 5.66, 95% confidence interval, 1.77- 18.01; P = .003) and disease- free 
survival (HR 2.82, 95% CI, 1.13- 7.05; P = .027) of HNSCC patients. In summary, the 
miR- 491- 5p prediction model could serve as a blood- based diagnostic marker for LA- 
HNSCC. Moreover, ΔmiR- 491- 5p could be a potential monitoring prognostic marker 
to reflect the survival of HNSCC patients.

K E Y W O R D S
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2.2 | Study design

The experimental outline of this study is summarized in Figure 1. 
Peripheral blood samples of the discovery cohort were taken before 
definitive treatment (surgery, radiation, or concurrent chemoradia-
tion) and were used for miRNA profiling analysis (12 healthy controls 
vs 48 HNSCC patients) (NanoString Technology). The differential 

expression of miRNAs was further validated using qRT- PCR in the 
same cohort and additional patients (12 + 8 healthy controls vs 
48 + 25 HNSCC patients). After completing definitive treatment, pa-
tients were followed according to the standard of care recommen-
dations at the treating physician’s discretion (approximately every 
3- 6 months). Patients lost to follow- up or unavailable posttreat-
ment blood samples were excluded from pre- posttreatment analysis 

F I G U R E  1   Overview of study design and numbers of participants included in the discovery phase (left) and validation phase (right). 
ΔmiRNA, dynamic changes in microRNA prediction score; DFS, disease- free survival; EV, extracellular vesicle; HNSCC, head and neck 
squamous cell carcinoma; OS, overall survival; qRT- PCR, quantitative real- time PCR; ROC, receiver operating characteristic
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(n = 35). For the remaining patients (n = 38) or the follow- up group, 
posttreatment blood samples were collected at 3 months after com-
pleting definitive treatment as the second time point. Recurrence 
and metastasis of HNSCC were determined based on pathological 
verification and imaging. The survival of each patient was cross- 
checked with the National Security Death Index of Thailand.

2.3 | Plasma extracellular vesicle isolation

Extracellular vesicles were isolated using the ExoQuick kit (SBI) 
according to the manufacturer’s recommended protocol. Plasma 
samples were centrifuged at 12 000 g at 4℃ for 15 minutes to elimi-
nate cell debris. The ExoQuick reagent was then mixed with 400 μL 
plasma, and samples were incubated at 4℃ overnight. The EV frac-
tions were precipitated by centrifugation at 1500 g for 30 min-
utes. The supernatant was discarded, and samples were subjected 
to additional centrifugation at 1500 g for 5 minutes to remove the 
residual solution. The pellet was resuspended in 300 μL PBS for sub-
sequent analysis.

2.4 | Western blot analysis

Equal amounts of samples were resolved by SDS- PAGE and subse-
quently transferred to a PVDF membrane (Millipore). Membranes 
were incubated overnight at 4℃ with anti- flotillin- 1, anti- TSG101 
(Abcam), anti- CD81 (Santa Cruz Biotechnology), and anti- Cyt- C 
(Cell Signaling Technology) Abs. After washing, membranes 
were incubated with HRP- conjugated secondary Abs (Jackson 
ImmunoResearch Laboratories) for 1 hour at room temperature. 
The signals were detected using the enhanced SuperSignal Luminata 
Crescendo Western HRP Substrate (Merck Millipore) and exposed 
onto hyperfilm (Amersham).

2.5 | Transmission electron microscopy

Extracellular vesicle samples were mixed with 2% paraformalde-
hyde, applied onto a Formvar- carbon- coated 300 mesh copper grid 
(Electron Microscopy Sciences), and dried at room temperature for 
20 minutes. The samples were then fixed with 5% glutaraldehyde, 
washed with distilled water, and stained with 2% uranyl acetate for 
1 minute. After washing, the samples were visualized under a TEM 
(HT7700; Hitachi) at 40 000× magnification.

2.6 | Nanoparticle tracking analysis

Equal amounts of EV samples were diluted with PBS (less than 
100 particles per frame). The size distribution was measured using 
NanoSight NS300 with a 405 nm laser instrument (NTA version 3; 
Malvern Instruments) in triplicate for 60 seconds.

2.7 | RNA extraction and miRNA 
expression analysis

Total RNAs were isolated from EVs using the miRNeasy Mini kit 
(Qiagen) according to the manufacturer’s protocol. The quantity of the 
RNA was determined by measuring A260 / A280 and A260 / A230 
ratios using a NanoDrop ND2000 (Thermo Fisher Scientific). The 
expression levels of miRNAs were determined using the nCoun-
ter human miRNA panel version 3 consisting of approximately 800 
miRNA targets (NanoString Technologies). Raw data were collected 
and analyzed using nSolver 4.0 software. All data were normalized 
using the geometric mean of the top 100 miRNAs and two spike- in 
miRNAs (cel- miR- 248 and cel- miR- 254) and presented as FC.

2.8 | Quantitative real- time PCR

The miRNAs were reverse transcribed with a miScript Reverse 
Transcription Kit (Qiagen) according to the manufacturer’s instruc-
tions. The expressions of miRNAs were measured by qRT- PCR using 
miScript SYBR Green PCR kits with specific primers (Qiagen). The 
expression level of each miRNA was normalized by that of small RNA 
(RNU6) and analyzed using the 2−∆CT method.

2.9 | Pathway enrichment analysis

The potential target genes of hsa- miR- 491- 5p were predicted using 
the miRSystem database (http://mirsy stem.cgm.ntu.edu.tw/index.
php version 20160513), an integrated system of seven prediction al-
gorithm programs (DIANA, miRanda, miRBridge, PicTar, PITA, rna22, 
and TargetScan). This database also contains validated data on 
miRNA- target gene interactions from TarBase and miRecords. Only 
target genes identified by at least three prediction algorithms were 
annotated with KEGG pathway and GO analysis by WebGestalt’s 
gene- set enrichment analysis and the miRsystem database, respec-
tively. The adjusted P value of each enriched pathway was calculated 
following the method of Benjamini and Hochberg.21 The statisti-
cally enriched pathways were obtained using a hypergeometric test 
(P < .05).

2.10 | The Cancer Genome Atlas data acquisition

The expressions of miR- 491- 5p in 503 HNSCC tissues and 41 nor-
mal tissues were analyzed from the TCGA database using the miRNA 
Target Viewer (miR- TV) (http://mirtv.ibms.sinica.edu.tw).22

2.11 | Statistical analysis

All statistical analyses were calculated and displayed using SPSS 
PASW Statistics version 18.0 (SPSS Inc.) and GraphPad Prism version 

http://mirsystem.cgm.ntu.edu.tw/index.php
http://mirsystem.cgm.ntu.edu.tw/index.php
http://mirtv.ibms.sinica.edu.tw
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8.0.0 (GraphPad Software). The miRNA expression data were ap-
plied to binary logistic regression to undertake individual miRNA 
prediction models. The miRNA panel model was generated using 
stepwise multivariate logistic regression analyses. Receiver operat-
ing characteristic curves were constructed to assess the diagnos-
tic performances of the miRNA prediction models to discriminate 
between healthy controls and patients. The optimal cut- off point, 
sensitivity, and specificity were obtained from the Youden index. As 
all patients were followed for at least 1 year, we considered 1- year 
disease recurrence as an end- point to generate the new cut- off score 
to categorize patients into low-  and high- risk groups. We applied the 
miRNA prediction models to the miRNA expression data of pretreat-
ment and posttreatment samples. The ΔmiRNAs score was calcu-
lated as the posttreatment score minus the pretreatment score. The 
1- year recurrence rate was calculated from the time of first diagnosis 
until 1 year or the date of relapse. Binary logistic regression was used 
to examine the association between the miRNA models and the 1- 
year recurrence rate. Univariate Cox analyses were undertaken to 
observe the correlation between ΔmiRNAs and clinical parameters 
with OS and DFS using the log- rank test. We calculated OS from the 
first day of diagnosis until death or the last follow- up. Disease- free 
survival was defined as the time from diagnosis to the time of recur-
rence, death, or the last follow- up. Multivariate Cox analyses were 
performed to evaluate the hazard ratios and the independent prog-
nostic value of ΔmiRNAs within the setting of standard clinical pa-
rameters. The survival distributions in different groups were tested 
by the Kaplan- Meier method and the log- rank method. For all statis-
tical analyses, a P- value <.05 was considered statistically significant.

3  | RESULTS

3.1 | Characteristics of HNSCC patients and healthy 
controls

The discovery cohort consisted of 48 HNSCC patients and 12 healthy 
controls. In the qRT- PCR validation cohort, a total of 73 patients 
with HNSCC and 20 healthy controls were included. The majority of 
participants were male (80%), with a mean age of 64 ± 11 years old 
(Table 1). Approximately 76.4% of HNSCC patients were smokers. 
The major tumor primary sites were oropharynx (30%) and larynx 
(25%). Most patients presented with locally advanced stage (IVa, 
51%; IVb, 29%). Expression of p16 and tumor HPV status were posi-
tive in 20.4% and 7.8% of HNSCC patients, respectively. For patients 
in the follow- up cohort (n = 38), the baseline patient characteristics 
were comparable with those of the overall patient group. The major-
ity of patients in the follow- up cohort received chemoradiotherapy 
(86.8%) as a definitive treatment. Recurrence and death occurred in 
39.5% and 44.7% of patients in the follow- up cohort, respectively. 
The median DFS and OS were 17.6 and 23 months, respectively.

For the healthy controls, the majority of participants were 
male (70%), with a mean age of 51.4 ± 10 years old (Table S1). 
Approximately 60% of healthy controls were nonsmokers.

TA B L E  1   Clinical characteristics of patients with head and neck 
squamous cell carcinoma (HNSCC)

Variable

HNSCC (overall) HNSCC (follow- up)

n (%) n (%)

Number 73 38

Sex

Male 58 (80) 34 (89.5)

Female 15 (20) 4 (10.5)

Age (y), mean ± SD 64 ± 11 62.54 ± 9.85

<65 40 (55) 23 (60.5)

≥65 33 (45) 15 (39.5)

Smoking (pack- years)

Mean 18.2 23.55

Ever 55 (76.4) 33 (86.8)

Never 17 (23.6) 5 (13.2)

N/A 1 0 (0.0)

Primary site

Oral cavity 15 (20.5) 4 (10.5)

Oropharynx 22 (30.1) 13 (34.2)

Hypopharynx 14 (19.2) 9 (23.7)

Larynx 18 (24.7) 10 (26.3)

Nasal cavity 1 (1.4) 1 (2.6)

Paranasal sinus 3 (4.1) 1 (2.6)

Clinical stage

I- II 3 (4.1) 3 (7.9)

III 11 (15.1) 8 (21.1)

Iva 37 (50.7) 20 (52.6)

IVb 21 (28.8) 7 (18.4)

IVc 1 (1.4) 0 (0.0)

T classificationa 

T1- 2 14 (19.2) 10 (26.3)

T3 26 (35.6) 15 (39.5)

T4a/b 33 (45.2) 13 (34.2)

N classificationb 

N0 15 (20.5) 10 (26.3)

N1 8 (11) 5 (13.2)

N2 40 (54.8) 20 (52.6)

N3 10 (13.7) 3 (7.9)

M classification

M0 71 (97.3) 37 (97.4)

M1 2 (2.7) 1 (2.6)

p16 status

Positive 10 (20.4) 4 (11.1)

Negative 39 (79.6) 32 (88.9)

Not tested 24 2

HPV DNA

Positive 4 (7.8) 2 (6.1)

(Continues)
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3.2 | Extracellular vesicle characterization

The isolated EVs were characterized following recommendations 
by International Society of Extracellular Vesicles in MISEV2018.23 
The morphology of isolated EVs was examined by TEM. 
Extracellular vesicles from both healthy controls and HNSCC pa-
tients appeared as membrane- bound vesicles with a size of less 
than 150 nm (Figure 2A). The NTA was applied to confirm the 
size of the isolated EVs. The average sizes were 150 ± 0.21 and 
145.7 ± 0.04 nm for healthy controls and HNSCC patients, respec-
tively (Figure 2B). Samples were further characterized by evalu-
ating the expression of recommended protein markers for EVs. 
The transmembrane proteins flotillin- 1 and CD81 and cytosolic 
protein TSG101 were detected in all isolated EVs from healthy 
controls and HSNCC patients (Figure S1). These results indicated 
that the isolated vesicles were indeed small EVs and suitable for 
subsequent analysis.

3.3 | Dysregulation of miRNAs in plasma- derived 
EVs of HNSCC patients

To identify the differentially expressed miRNAs in plasma- derived 
EVs in HNSCC, we undertook miRNA profiling using NanoString 
analysis, as described in Materials and Methods. As shown by a vol-
cano plot in Figure 2C, the expressions of 10 EV- miRNAs were sig-
nificantly dysregulated in HNSCC, with a FC ≥ 2 and P < .05. Among 
the miRNAs, five miRNAs were upregulated (miR- 144- 3p, miR- 
1910- 5p, miR- 491- 5p, miR- 660- 5p, and miR- 630) and five miRNAs 

were downregulated (miR- 1827, miR- 342- 3p, miR- 27b- 3p, miR- 592, 
and miR- 337- 5p) in HNSCC. The list of these 10 miRNAs with FC and 
P values is shown in Table S2.

We further validated the expression of the candidate miRNAs 
from NanoString results in 73 HNSCC patients and 20 healthy 
controls from the discovery cohort with additional cases using 
qRT- PCR. The miRNAs with a cycle threshold more than 36 were 
excluded. After Mann- Whitney and univariate testing, four signa-
ture miRNAs (miR- 27b- 3p, miR- 491- 5p, miR- 1910- 5p, and miR- 630) 
were identified as significantly dysregulated in plasma- derived EVs 
of HNSCC and were selected for subsequent analysis (Figure 2D 
and Table 2).

3.4 | Diagnostic value of signature miRNA 
prediction models

We compared the miRNA profiles in plasma- derived EVs of healthy 
controls (n = 20) and all patients diagnosed with HNSCC (n = 73). 
The ROC analysis was carried out to access the diagnostic capac-
ity of the four signature miRNA prediction models to discriminate 
HNSCC patients from healthy controls. As shown in Table 3 and 
Figure S2, all signature miRNA models showed significant diag-
nostic power (P < .001) with AUC up to 0.829 with various sen-
sitivities and specificities. To increase the diagnostic efficacy, we 
combined these four signature miRNAs as a miRNA panel model 
for HNSCC detection using stepwise multivariate logistic regres-
sion (Table 2). The panel with miR- 27b- 3p and miR- 1910- 5p, re-
ferred to hereafter as the two- miRNA panel, revealed a diagnostic 
power with an AUC of 0.888 (95% CI, 0.80- 0.94; P < .001) with a 
sensitivity and specificity of 79.5% and 95%, respectively (Table 3 
and Figure S2).

To determine whether the proposed signature miRNA prediction 
models were associated with clinical characteristics of HNSCC, the 
relation between the score of each miRNA prediction model and the 
clinical stage was examined. According to the Mann- Whitney anal-
ysis, only the score of the miR- 491- 5p model was significantly cor-
related with the clinical stage, with a P value of .0077 (Figure S3A). 
We also examined the correlation between the score of each of 
the miRNA prediction models with other clinical characteristics. As 
shown in Figure S3, no significant correlation was observed between 
the score of miRNA prediction models with sex, smoking status, p16 
status, or primary tumor site; only the score of the miR- 27b- 3p model 
was associated with patient age more than 65 years (P = .0433).

3.5 | Prognostic value of miRNA prediction models 
for HNSCC

To determine the ability of the five miRNA prediction models as 
monitoring tools to predict the treatment outcome of HNSCC pa-
tients, the dynamic change of miRNA prediction scores (ΔmiRNAs; 
the posttreatment score minus the pretreatment score) was 

Variable

HNSCC (overall) HNSCC (follow- up)

n (%) n (%)

Number 73 38

Negative 47 (92.2) 31 (93.9)

Not tested 22 5

Definitive treatment

Surgery 11 (15.1) 3 (7.9)

Chemoradiotherapy 57 (78) 34 (86.8)

Radiotherapy 1 (1.4) 1 (2.6)

Lost to follow- up 4 (5.5) 0 (0.0)

Tumor recurrence

Yes 27 (37) 15 (39.5)

No 46 (63) 23 (60.5)

Death

Yes 37 (50.7) 17 (44.7)

No 36 (49.3) 21 (55.3)

Abbreviations: HPV, human papillomavirus; N/A, not applicable.
aPrimary tumor stage.
bRegional lymph node stage.

TA B L E  1   (Continued)
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examined. As shown in Table 4 and Figure S4, only ΔmiR- 491- 5p 
was significantly associated with 1- year recurrence. The cut- off 
score of ΔmiR- 491- 5p separated low- risk (score ≤0) and high- risk 
(score >0) patients with 80% sensitivity and 69.23% specificity. 
Based on this cut- off score, we used Kaplan- Meier survival analy-
sis to examine the prognostic power of ΔmiR- 491- 5p. As shown 
in Figure 3A,B, ΔmiR- 491- 5p was significantly associated with 
OS and DFS. The 3- year OS rate was 67.2% among patients in 
the low- risk group and 14.3% among those in the high- risk group 
(P = .0003). The DFS rate at 3 years was 56% and 22.1% in pa-
tients in low- risk and high- risk groups, respectively (P = .0017). 
Disease- free survival and OS of other clinical parameters, in-
cluding stage, nodal status, and p16 expression, are shown in 
Figure 3C- H.

Univariate Cox logistic regression analysis revealed that ΔmiR- 
491- 5p was significantly associated with patient OS (HR 4.69, 95% 
CI, 1.60- 13.68; P = .004) and DFS (HR 3.09; 95% CI, 1.26- 7.55; 
P = .013) (Table 5). Multivariate analysis indicated that only ΔmiR- 
491- 5p was significantly associated with OS (HR 5.66; 95% CI, 1.77- 
18.01; P = .003) and DFS (HR 2.82; 95% CI, 1.13- 7.05; P = .027) 
(Table 6).

3.6 | Target genes of miR- 491- 5p are significantly 
associated with cancer- related signaling pathways

To understand the biological functions of miR- 491- 5p, the miRSys-
tem database was used to predict the potential target genes of miR- 
491- 5p and the target genes were analyzed by KEGG pathway and 

GO analyses. A total of 224 target genes were predicted to be regu-
lated by miR- 491- 5p (Table S3). These putative targets were signifi-
cantly enriched in six KEGG signaling pathways (P < .05) (Table S4): 
axon guidance, microRNAs in cancer, regulation of actin cytoskel-
eton, taste transduction, C- type lectin receptor signaling pathway, 
and hepatocellular carcinoma. Interestingly, the predicted target 
genes of miR- 491- 5p tended to be associated with several other 
cancer- related signaling pathways, such as the calcium signaling 
pathway, transforming growth factor- β signaling pathway, and Wnt 
signaling pathway, although they do not meet statistically significant 
power. The target genes of miR- 491- 5p were significantly related to 
three GO biological process terms, including chromatin binding, en-
zyme activator activity, and transcription repressor activity (P < .05) 
(Table S5). These results indicate that miR- 491- 5p regulates several 
cellular processes that might be involved with the development of 
HNSCC.

4  | DISCUSSION

To the best of our knowledge, this is the first study to evaluate 
the clinical application of miRNAs in plasma- derived EVs as both 
diagnostic and prognostic biomarkers in HNSCC. Our study dem-
onstrates two important clinical findings. First, we identified miR- 
491- 5p in plasma- derived EVs as a potential diagnostic marker model 
for HNSCC patients. Second, the dynamic change of the miR- 491- 5p 
prediction score (ΔmiR- 491- 5p), calculated using scores before and 
after definitive treatment, represented a strong and independent 
prognostic factor for OS and DFS in patients with HNSCC.

TA B L E  2   Univariate and multivariate logistic regression of signature microRNAs (miRNAs) in head and neck squamous cell carcinoma

Univariate logistic regression Multivariate logistic regression (stepwise with four miRNAs)

miRNAs Odd ratio (95% CI) P value miRNAs Odd ratio (95% CI) P value

hsa- miR- 27b- 3p 0.5521 (0.37- 0.80) .0022 hsa- miR- 27b- 3p 0.5051 (0.32- 0.8) .0035

hsa- miR- 491- 5p 1.2621 (1.06- 1.49) .0081 hsa- miR- 1910- 5p 2.3096 (1.48- 3.6) .0002

hsa- miR- 1910- 5p 2.1948 (1.48- 3.25) .0001

hsa- miR- 144- 3p 1.1017 (0.87- 1.39) .4150

hsa- miR- 660- 5p 1.0370 (0.72- 1.47) .8404

hsa- miR- 342- 3p 0.7578 (0.54- 1.05) .1007

hsa- miR- 630 2.5536 (1.36- 4.78) .0035

Abbreviation: CI, confidence interval.

F I G U R E  2   MicroRNA (miRNA) expression profile in plasma- derived extracellular vesicles (EVs) of healthy controls and head and neck 
squamous cell carcinoma (HNSCC) patients. A, Transmission electron microscopy images of EVs from plasma of healthy controls and HNSCC 
patients. Scale bar = 200 nm. B, Size distribution by nanoparticle tracking analysis. The average size of EVs was calculated from three 
independent injections. C, Volcano plot representing the relationship between log2 fold change (FC) of miRNA expression between EVs 
of healthy controls and HNSCC patients. Blue and red dots represent downregulated and upregulated miRNAs with FC > 2 and P <.05 in 
HNSCC, respectively. D, Expression of candidate miRNAs in healthy controls and HNSCC patients was determined by quantitative real- time 
PCR. Expression of miRNAs was normalized with the expression of RNU6 and represented as scatter plots with log2(2−∆CT). The expression 
levels of miRNAs between healthy controls (n = 20) and HNSCC (n = 73) patients were compared by Mann- Whitney test
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Several studies have focused on the development of blood- 
based biomarkers for the diagnosis and prognosis of HNSCC; how-
ever, these markers have not yet been validated. Elevated nuclear 
factor- κB- p50 protein in serum (≥21.85 ng/µL) by label- free real- 
time surface plasmon resonance technology significantly separated 
HNSCC patients (oral cavity, oropharynx, larynx, and nasophar-
ynx cancers) from control cases with a sensitivity and specificity 
of 87.20% and 87.50%, respectively.24 Scavenger receptor class A 
member 5 (scara5) protein was found to be downregulated in the 
serum of OSCC patients and could differentiate OSCC patients from 
healthy individuals with 100% sensitivity and 68.4% specificity.25 
Recently, HPV16- L1 DRH1 epitope- specific serum Abs, rather than 
lifetime exposure to HPV, were linked to HPV16- induced malignant 
disease. Serum DRH1 Abs showed a 95% sensitivity for HPV16- 
driven OPSCC, and the diagnostic specificity was 99.46% for men 
and 95.6% for women.26 However, this test was limited to patients 
with HPV- related HNSCC.

Our findings show that five miRNA models could discriminate 
between HNSCC patients and healthy controls with significant di-
agnostic power. However, only the miR- 491- 5p model score was sig-
nificantly associated with the clinical stage, suggesting the potential 
role of miR- 491- 5p in HNSCC development. In contrast, the other 
miRNAs might be correlated with the host microenvironment and 
patient baseline characteristics more than the disease. Hence, we 
selected the miR- 491- 5p prediction model as a diagnostic tool for 
HNSCC patients. The miR- 491- 5p prediction model has a very high 
specificity rate (100%) in terms of diagnosis. However, the sensitivity 
was lower (46.6%) compared with the other models evaluated in our 
study. In fact, other blood- based biomarkers with low sensitivity but 
high specificity have been suggested as acceptable for clinical prac-
tice. For instance, α- fetoprotein is recommended for diagnosis as a 
standard of care combined with CT scan or MRI findings in patients 
with hepatocellular carcinoma, with low sensitivity of 60% and high 
specificity of 80%.27 Therefore, we suggest that the miR- 491- 5p 
diagnostic model should be evaluated in combination with other 
techniques such as physical examination and imaging studies (CT, 
MRI, and PET scans) in the future to explore its use in diagnosis or 
screening high- risk patients with suspicious HNSCC for whom tissue 
diagnosis is not possible.

Although several studies have investigated prognostic mark-
ers from the blood for HNSCC, no blood- based prognostic marker 
is currently recommended in clinical practice. To date, only a few 
studies have investigated the diagnostic and prognostic value of 
small EV- associated miRNAs in HNSCC patients. The serum- derived 
exosomal miR- 21 and HOTAIR were associated with clinical charac-
teristics of laryngeal squamous cell carcinoma and the combination 
of miR- 21 and HOTAIR discriminated malignant from benign laryn-
geal disease with a sensitivity of 94.2% and specificity of 73.5%.28 
Hypoxic conditions increased miR- 21 levels in OSCC serum- derived 
exosomes, which was associated with T stage and lymph node me-
tastasis.29 Saliva- derived exosomal miR- 512- 3p and miR- 412- 3p 
were upregulated in OSCC in a study of 21 OSCC patients and 11 
volunteers; ROC analysis showed high AUC values (0.847 and 0.871, TA

B
LE

 3
 

D
ia

gn
os

tic
 v

al
ue

 o
f t

he
 fi

ve
 m

ic
ro

RN
A

 (m
iR

N
A

) p
re

di
ct

io
n 

m
od

el
s 

in
 h

ea
d 

an
d 

ne
ck

 s
qu

am
ou

s 
ce

ll 
ca

rc
in

om
a

m
iR

N
A

O
pt

im
al

 c
ut

- o
ff

 
po

in
t

Se
ns

iti
vi

ty
 

(%
)

Sp
ec

ifi
ci

ty
 

(%
)

AU
C 

(9
5%

 C
I)

P 
va

lu
e

D
ia

gn
os

tic
 m

od
el

s

hs
a-

 m
iR

- 2
7b

- 3
p

>
86

43
.8

10
0

0.
72

5 
(0

.6
2-

 0.
81

)
<

.0
01

m
iR

27
b-

 3p
- s

co
re

 =
 −

0.
59

39
7*

m
iR

27
b-

 3p
 +

 1
.6

27
39

hs
a-

 m
iR

- 4
91

- 5
p

>
83

46
.6

10
0

0.
72

7 
(0

.6
2-

 0.
81

)
<

.0
01

m
iR

49
1-

 5p
- s

co
re

 =
 0

.2
32

8*
m

iR
49

1 
+

 2
.2

55
55

hs
a-

 m
iR

- 1
91

0-
 5p

>
83

67
.1

90
0.

82
9 

(0
.7

3-
 0.

90
)

<
.0

01
m

iR
19

10
- 5

p-
 sc

or
e 

=
 0

.7
86

07
*m

iR
19

10
 +

 3
.6

36
85

hs
a-

 m
iR

- 6
30

>7
9

61
.6

95
0.

79
0 

(0
.7

0-
 0.

87
)

<
.0

01
m

iR
- 6

30
- s

co
re

 =
 0

.9
37

5*
m

iR
63

0 
+

 6
.8

57
66

Tw
o-

 m
iR

N
A

 p
an

el
 (m

iR
- 2

7b
- 3

p 
an

d 
m

iR
- 1

91
0-

 5p
)

>7
8

79
.5

95
0.

88
8 

(0
.8

0-
 0.

94
)

<
.0

01
Tw

o-
 m

iR
- 

sc
or

e 
=

 0
.8

37
08

*m
iR

19
10

 +
 (−

0.
68

29
5*

m
iR

27
b)

 +
 4

.2
61

34

A
bb

re
vi

at
io

ns
: A

U
C

, a
re

a 
un

de
r t

he
 re

ce
iv

er
 o

pe
ra

tin
g 

ch
ar

ac
te

ris
tic

 c
ur

ve
; C

I, 
co

nf
id

en
ce

 in
te

rv
al

.



4266  |     PANVONGSA et Al.

respectively).30 In a recent study, increased plasma exosomal miR- 
196a level was associated with drug sensitivity and poor OS in head 
and neck cancer patients (HR 2.248). Plasma exosomal miR- 196a was 
able to separate patients in the chemoresistant and chemosensitive 
groups with a sensitivity of 85% and specificity of 70%.31 However, 
the main limitation in using these small EV- miRNAs as a biomarker is 
that the blood circulation also contains robust levels of endogenous 
EVs, which suggests the restriction to identify the tumor- specific 
EV- miRNAs. Additionally, the level of miRNAs in the circulating 
EVs generally fluctuates between individuals, which strongly indi-
cates the existence of interindividual differences in EV- miRNA lev-
els. To minimize these limitations, we used paired plasma samples 
to allow for self- normalization of miRNAs in plasma- derived EVs. In 
our study, paired plasma samples were collected after primary treat-
ment for 3 months and used as a secondary time point, which was 
the most accurate assessment for treatment response in HNSCC.32

MicroRNA- 491- 5p has been reported as a tumor suppressor in 
cancer. Overexpression of miR- 491- 5p in pancreatic cancer cell lines 
inhibited Bcl- xL and TP53 gene expression and induced cell apopto-
sis.33 In glioblastoma, miR- 491- 5p suppressed glioma cell invasion by 
targeting MMP- 9.34 Xiao and colleagues recently reported that miR- 
491- 5p functions as a tumor suppressor in colorectal cancer cell lines 
by inhibiting cell migration, invasion, and proliferation and inducing 
cell apoptosis.35 Several functional roles of miR- 491- 5p have been re-
ported in HNSCC. Huang et al identified miR- 491- 5p as a metastatic 
suppressor by targeting the G- protein- coupled receptor kinase- 
interacting protein 1 (GIT1) gene and the low level of miR- 491- 5p 
was associated with poor survival of OSCC patients.36 However, the 
expression and biological roles of exosomal miR- 491- 5p in HNSCC 
are limited. From the TCGA database, we found that the expression 
of miR- 491- 5p was significantly downregulated in HNSCC tissue 
compared with the normal adjacent tissues (Figure S5). This result 
indicates the inverse correlation between the cellular and circulating 
levels of EV- miR- 491- 5p. Several studies proposed that tumor cells 
use small EVs as a vehicle to get rid of tumor suppressor miRNAs to 

maintain or protect their oncogenesis status. For example, expres-
sion of the tumor suppressor miR- 1246 is downregulated in prostate 
cancer tissues and cell lines compared with normal samples and is 
selectively released into exosomes.37 Bladder cancer cells discard 
the tumor suppressor miR- 23b that restrains metastatic progression 
via exosomes, leading to its low cellular levels.38 Therefore, our data 
suggest that HNSCC cells might release the tumor suppressor miR- 
491- 5p into the circulation through the small EVs in order to main-
tain their oncogenic status.

The strength of our study is that clinical data and samples 
were obtained prospectively, which allows for the assessment of 
patient characteristics, treatments, disease progression, survival, 
and removal of recall bias data.39 The miRNA profiles were iden-
tified from plasma- derived EVs of patients with different primary 
tumor sites, which assists us in identifying a universal biomarker 
for patients with HNSCC. We undertook self- normalization to 
eliminate the interindividual differences and minimize robust 
background miRNAs. This method was essential for the precise 
prediction of posttreatment outcomes. In addition, we found 
that the miR- 491- 5p model could potentially be used both as a 
noninvasive diagnostic and prognostic marker in patients with 
HNSCC. However, there are some limitations to our study. The 
observational study resulted from a limited sample size and fol-
low- up time. All patients who participated in this study were from 
a single center. In addition, various postoperative treatments of 
this cohort were varied, although most patients (86.8%) received 
adjuvant chemoradiotherapy. Moreover, the incidence of HPV- 
associated HNSCC in our study was low (7.8%) compared with pa-
tients from Europe and North America.40 Indeed, low incidences 
of HPV- associated HNSCC in the Thai population have been 
previously reported.41,42 Therefore, further validation in a larger 
sample size, with long follow- up time, and multicenter studies are 
warranted.

In conclusion, we developed a miR- 491- 5p prediction model as 
a blood- based biomarker for diagnosis in HNSCC. Importantly, we 

TA B L E  4   Prognostic value for 1- year recurrence of head and neck squamous cell carcinoma of dynamic changes in microRNA prediction 
scores (ΔmiRNAs) in pretreatment and posttreatment

Univariate logistic regression Prognostic value for 1- y recurrence

miRNAs
Odd ratio  
(95% CI) P value

Optimal cut- off 
point Sensitivity (%) Specificity (%) AUC (95% CI)

ΔmiR- 27b- 3p 0.98 
(0.96- 1.00)

.34 ≤−33 20 100 0.552 
(0.38- 0.72)

ΔmiR- 491- 5p 1.41 
(1.02- 1.93)

.03 >0 80 69.23 0.777 
(0.61- 0.90)

ΔmiR- 1910- 5p 1.10 
(0.96- 1.20)

.19 >2 40 84.62 0.635 
(0.46- 0.79)

ΔmiR- 630 1.05 
(0.88- 1.25)

.59 >0 70 80.77 0.742 
(0.58- 0.88)

Δ2- miR- panel (miR- 27b- 3p and 
miR- 1910- 5p)

0.99 
(0.96- 1.00)

.93 ≤10 70 15.38 0.508 
(0.34- 0.68)

Abbreviations: AUC, area under the receiver operating characteristic curve; CI, confidence interval.
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determined that the dynamic changes of the miR- 491- 5p prediction 
score (ΔmiR- 491- 5p) from pretreatment and posttreatment might be 
a potential prognostic biomarker for HNSCC, which could help iden-
tify HNSCC patients who will eventually show tumor recurrence. 
Furthermore, these results could represent an essential step to im-
prove the OS of patients with HNSCC.
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