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MiR-31 is a potential biomarker for diagnosis of head
and neck squamous cell carcinoma
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Abstract: MicroRNAs (miRNAs) play important roles in the development of head and neck squamous cell carcinoma
(HNSCC). However, their potential clinical value as biomarkers remains poorly known. The aim of this study was to
assess the association between tissue/serum miR-31 expression levels and prognosis of HNSCC. In this clinical
study, tumor samples were obtained from 118 patients with HNSCC and 48 patients with oral epithelial dysplasia,
and blood samples were collected from all the HNSCC cases and 60 normal controls. The expression levels of tis-
sue/serum miR-31 were measured by real-time PCR. Chi-square test was used to evaluate the correlation between
tissue/serum miR-31 and clinical parameters of HNSCC. Survival curves were constructed using the Kaplan-Meier
method and log-rank test. Multivariate Cox regression analyses were used to estimate independent predictors of
survival for HNSCC. Our findings showed that tissue miR-31 levels in HNSCC tumor specimens exhibited higher than
that in oral epithelial dysplasia samples and normal tissues. Oral epithelial dysplasia with higher expression of miR-
31 was more prone to progress into HNSCC. Likewise, serum miR-31 expression in HNSCC patients was markedly
increased in compared to normal controls. Moreover, serum miR-31 performed well to distinguish HNSCC subjects
from controls. In addition, increased tissue/serum miR-31 expression was positively correlated with poor clinical
variables and dismal prognosis. Finally, tissue miR-31 was confirmed to be an independent prognostic factor for
HNSCC. Taken together, miR-31 had strong potential as a promising biomarker in HNSCC detection.
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Introduction malignant cancers and they have been shown

to play important roles in the initiation and pro-

Head and neck squamous cell carcinoma (HN-
SCC), which commonly occurs in the oral cavity,
pharynx, oropharynx and larynx, is the sixth
most common cause ofcancer death around
the world [1-3]. Although there are multiple
treatment modalities for HNSCC including sur-
gery, radiotherapy and chemotherapy, the prog-
nosis of patients with HNSCC has remained
unfavorable over the past 30 years [4-6].
Therefore, it is urgent to identify novel biomar-
kers highly specific to HNSCC for its early detec-
tion and prognosis.

MicroRNAs (miRNAs) are a subset of small high-
ly conserved non-coding RNAs of 19-25 nucleo-
tides in length and negatively regulate gene
expression by interacting with 3’ untranslated
regions (UTR) of target mRNAs [7, 8]. Aberrant
miRNAs expression occurs in many types of

gression of human cancers including HNSCC.
For instance, Li et al revealed that miR-93
expression was greatly upregulated in HNSCC
tissue specimens and cell lines. High miR-93
expression was closely correlated with poor
prognosis in HNSCC patients, suggesting that
miR-93 played an oncogenic role in HNSCC [9].
In contrast, Li and colleagues found that miR-
512-5p was markedly decreased in HNSCC cell
lines. Moreover, inhibition of miR-512-5p pro-
moted cancer cell proliferation and migration
through targeting human telomerase reverse
transcriptase, indicating that miR-512-5p acted
as a tumor suppressor in HNSCC [10].

In terms of miR-31, growing evidence have sh-
own that abnormal expression of miR-31 in-
volved in the progression of various types of
cancers, including gastric cancer [11], rectal
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Table 1. Relationship between tissue/serum miR-31 expression and clinical data

o Patients  Tissue miR-31 expression Serum miR-31 expression

Clinical data - ) P

(N=118) Low (n=57) High (n=61) Low (n=45) High (n=73)

Gender 0.5530 0.6443
Men 65 33 32 26 39
Women 53 24 29 19 34

Age 0.2109 0.1743
<56 51 28 23 23 28
>56 67 29 38 22 45

Smoking 0.5101 0.6972
No 42 22 20 17 25
Yes 76 35 41 28 48

Alcohol consumption 0.3875 0.2337
No 47 25 22 21 26
Yes 71 32 39 24 47

Distant metastasis 0.3426 0.1101
MO 114 56 58 45 69
M1 4 1 3 0 4

T stage 0.1046 0.3466
T1/T2 41 24 17 18 23
T3/T4 77 33 44 27 50

Node stage 0.0160 0.0296
NO 61 36 25 29 32
N+ 57 21 36 16 41

TNM stage 0.0002 <0.0001
I/1 33 25 8 22 11
/v 85 32 53 23 62

carcinoma [12], lung cancer [13], triple nega-
tive breast cancer [14] and gallbladder cancer
[15]. However, whether the aberrantly ex-
pressed miR-31 in HNSCC has any clinical sig-
nificance remained unclear. In the current
study, we examine miR-31 expression levels in
the tissue and serum samples from patients
with HNSCC, and analyze its potential prognos-
tic value.

Patients and methods

HNSCC patients and tissue and plasma
samples

A total of 118 HNSCC patients and 48 patients
with oral epithelial dysplasia were enrolled and
none of the patients had received any treat-
ment before surgery. All the tissue samples
were collected and snap-frozen immediately
after surgical resection. Moreover, sixty healthy
volunteers were recruited as controls. Up to 5
mL of fasting venous blood was obtained from
the HNSCC patients and normal controls. Blood
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samples were separated by centrifugation (10
min, 2800xg), and the supernatant fluids were
divided into aliquots and stored at -80°C for
further analysis.

Smokers were defined as those patients who
smoked > 100 cigarettes during their lifetime
and alcoholics were defined as those who had
four or more drinks per week. Detailed clinical
characteristics of the HNSCC patients were
presented in Table 1. This study was performed
with approval from the Ethics Committee of
Baotou Cancer Hospital and prior informed
consent was obtained from the patients for col-
lection of specimens. All specimens were han-
dled and made anonymous according to ethical
and legal standards.

Isolation of total RNA and quantitative reverse
transcription polymerase chain reaction (qRT-
PCR)

Total RNA was extracted from tissue or serum
samples by using a mirVana PARIS isolation kit
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Figure 1. Tissue miR-31 levels in the normal mucosa,
oral epithelial dysplasia, and HNSCC.
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Figure 2. Oral epithelial dysplasia with higher tissue
miR-31 level was more prone to progress to HNSCC.

(Ambion, Austin, TX, USA) in accordance with
the manufacturer’s instructions. The reverse
transcription reaction was carried out using the
miScript Reverse Transcription (Biosystems,
Shanghai, China). Quantitative PCR was per-
formed using TagMan Universal PCR Master
Mix (Applied Biosystems, Foster City, USA) on
the Applied Biosystems 7900HT Fast Real-Ti-
me PCR System (Applied Biosystems, Foster
City, USA). The relative expression levels of
miR-31 were normalized to the small nucleolar
RNA RNUGb. Moreover, the relative quantifica-
tion value of miR-31 expression was calculated
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using the 242t method. Each experiment was
run in triplicate.

Statistical analysis

Statistical analyses were carried out using
GraphPad Prism 5.01 (GraphPad Software Inc.,
San Diego, California, USA) and SigmaPlot 13.0
(Systat, Chicago, IL, USA) software. Kru-
skal-Wallis test or Mann-Whitney U test was
performed to compare the difference in miR-
31 expression levels among groups. The
Pearson Chi-square test was conducted to
assess the correlation between tissue/serum
miR-31 expression and clinical parameters.
Receiver operating characteristic (ROC) curve
was constructed, and the area under the ROC
curve (AUC) was measured to evaluate the diag-
nostic value of miR-31. Survival curves were
plotted by the Kaplan-Meier method, and com-
parisons were made using the log-rank tests.
Cox proportional hazards model was used to
estimate independent prognostic factors for
HNSCC. A difference was defined statistically
significant when P<0.05.

Results

Tissue miR-31 levels were increased in HNSCC
samples

Tissue miR-31 expression levels in normal mu-
cosa, oral epithelial dysplasia, and HNSCC we-
re detected by gRT-PCR. The results showed
that tissue miR-31 levels progressively incr-
eased from normal mucosa to oral epithelial
dysplasia to HNSCC (P<0.01, Figure 1).

The median value of miR-31 was used to cate-
gorize patients with oral epithelial dysplasia
into two groups. Oral epithelial dysplasia
patients in the high tissue miR-31 group had a
significantly higher risk of progression to HN-
SCC (8/24) compared to those in the low tissue
miR-31 group (1/24) (Figure 2).

Serum miR-31 levels were increased in HNSCC
samples and its diagnostic significance

Serum miR-31 levels in all the HNSCC cases
and normal controls were measured, and
serum miR-31 expression levels in HNSCC
patients were significantly higher than in
healthy volunteers (P<0.01, Figure 3). In addi-
tion, ROC curve analysis was carried out and
the results showed that serum miR-31 could
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Figure 3. Serum miR-31 levels in normal controls and
HNSCC.
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Figure 4. ROC curve of serum miR-31 for the diagno-
sis of HNSCC.

easily distinguish HNSCC patients from healthy
controls with an AUC value of 0.831, and with a
specificity of 78.3% and a sensitivity of 79.7%
(Figure 4).

The association between miR-31 expression
and clinical characteristics of HNSCC patients

To analyze the association between tissue/
serum miR-31 expression levels and the clini-
cal features of HNSCC, the median expression
level of tissue/serum miR-31 was used as a
cut-off point to divide 118 HNSCC patients in-
to low tissue miR-31 level (n=57) and high tis-
sue miR-31 level (n=61) groups, and low serum
miR-31 level (n=45) and high serum miR-31
level (n=73) groups, respectively. As shown in
Table 1, tissue miR-31 expression was signifi-
cantly correlated with TNM stage (P=0.0002)
and node stage (P=0.0160). Likewise, serum
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miR-31 expression was closely associated with
TNM stage (P<0.0001) and node stage (P=
0.0296). However, no significant correlation
was detected between tissue/serum miR-31
expression and gender, age, alcohol consump-
tion, smoking, T stage, or distant metastasis
(all P> 0.05).

Up-regulation of miR-31 correlates with poor
prognosis in HNSCC patients

Using a Kaplan-Meier survival analysis plus lo-
g-rank test, we found that the HNSCC patients
in low tissue miR-31 expression group had lon-
ger overall survival (OS) (P=0.019, Figure 5A)
and disease-free survival (DFS) than those in
high expression group (P=0.006, Figure 5B).
Similarly, the HNSCC cases in high serum miR-
31 expression group had shorter OS (P=0.016,
Figure 6A) and DFS (P=0.004, Figure 6B) in
comparison with those in low expression group.

Next, multivariate Cox regression analysis was
performed to determine the influence of ser-
um miR-31 expression and clinicopathological
features. As showed in Table 2, we demonstr-
ated that TNM stage (0S: HR=4.36, 95%
Cl=1.56-7.23, P=0.008; DFS: HR=4.57, 95%
Cl=1.71-7.54, P=0.001), node stage (0OS:
HR=3.17, 95% CI=1.33-4.90, P=0.023; DFS:
HR=3.52, 95% Cl=1.42-5.69, P=0.017) and tis-
sue miR-31 expression (0S: HR=3.31, 95%
Cl=1.42-5.36, P=0.015; DFS: HR=3.86, 95%
Cl=1.53-6.05, P=0.009) were independent pr-
ognostic factors of overall survival and tumor
recurrence in HNSCC patients.

Discussion

Due to the limitation of current diagnostic me-
thods, patients with HNSCC are often diag-
nosed at late stages and has poor clinical out-
come [16, 17]. Hence, it is crucial to identify
new indicators with higher accuracy for prog-
nostic prediction of HNSCC.

In the current study, our results showed that tis-
sue miR-31 expression was remarkably in-
creased in HNSCC tumor samples. In addition,
oral epithelial dysplasia with higher tissue miR-
31 levels was more prone to progress to
HNSCC. Likewise, serum miR-31 expression in
HNSCC patients was greatly elevated com-
pared to normal controls. Moreover, serum
miR-31 could discriminate HNSCC subjects
from controls with high accuracy. In HNSCC, up-
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Figure 5. A. Kaplan-Meier curve of OS of HNSCC patients stratified by tissue miR-31 level. B. Kaplan-Meier curve of
DFS of HNSCC patients stratified by tissue miR-31 level.
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Figure 6. A. Kaplan-Meier curve of OS of HNSCC patients stratified by serum miR-31 level. B. Kaplan-Meier curve of
DFS of HNSCC patients stratified by serum miR-31 level.

Table 2. Prognostic factors for 0S and DFS by multi- might play an oncogenic role in HNSCC. In
variate analysis line with our findings, Lu et al found that
Clinical data HR (95%Cl)  Pvalue HNSCC patients with lower miR-31 expres-

sion had better survival. Moreover, miR-31
functioned asan oncogene in HNSCC by
downregulating ARID1A [18]. Liu et al showed
that ectopic stable miR-31 expression sup-
pressed the tumorigenicity of HNSCC cells

Overall survival (OS)
Node stage (N+ vs. NO) 3.17 (1.33-4.90) 0.023
TNM stage (IlI/IV vs. I/11) 4.36 (1.56-7.23) 0.008
Tissue miR-31 (high vs. low) 3.31(1.42-5.36) 0.015

Disease-free survival (DFS) under normoxic conditions by inversely regu-
Node stage (N+ vs. NO) 3.52(1.42-5.69) 0.017 lating FIH, which was a regulatory factor of
TNM stage (IIl/IV vs. I/11) 457 (1.71-7.54) 0.001 hypoxia-inducible factor [19].

Tissue miR-31 (high vs. low) 3.86 (1.53-6.05) 0.009

Besides HNSCC, miR-31 was also reported to
act as an oncogene in multiple types of can-

regulation of tissue/serum miR-31 was close- cer. Caramés and colleagues demonstrated
ly correlated with poor clinical outcome and that enhanced miR-31 expression markedly
unfavorable prognosis, indicating that miR-31 promoted the proliferation and invasion of
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colorectal cancer cells by targeting the autoph-
agy-related genes, including Beclin-1, ATG,
DRAM and LC3. Furthermore, increased miR-
31 expression predicted unfavorable clinical
outcome for patients with locally advanced rec-
tal cancer [12]. Similarly, it was validated that
loss of miR-31 inhibited lung cancer cell prolif-
eration, invasion, progression and induced cell
apoptosis by negatively regulating RAS/MAPK
signaling [13] or BRCAZl-associated protein-1
[20].

MiR-31 has also been shown to play a tumor
suppressor role in carcinogenesis. Luo and col-
leagues confirmed that overexpression of miR-
31 inhibited migration and invasion of triple
negative breast cancer cells by degrading the
special AT-rich sequence-binding protein-2 [14].
In addition, ectopic miR-31 expression repre-
ssed cell viability and migration of gallbladder
cancer cells by suppressing the expression of
Src [15]. In gastric cancer, Wang et al showed
that miR-31 expression was especially decre-
ased in cancerous tissues. Moreover, the kn-
ockdown of miR-31 enhanced cancer cell via-
bility and inhibited cell apoptosis in vitro and
promoted tumor growth in vivo [21]. The under-
lying mechanisms accounting for the conflict-
ing role of miR-31 in different types of cancer
need further exploration. The number of parti-
cipants in our study is relatively small, thus the
clinical significance of miR-31 in HNSCC pro-
gression may require further validation with
larger clinical samples.

Conclusions

In summary, this study demonstrated that tis-
sue/serum miR-31 levels were remarkably
increased in HNSCC patients and closely asso-
ciated with aggressive clinical variables. In
addition, high tissue/serum miR-31 expression
was positively correlated with shorter OS and
DFS. Moreover, tissue miR-31 was proved to
be an independent predictor for both OS and
DFS of HNSCC. Therefore, miR-31 might serve
as a prognostic indicator for HNSCC.
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