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Circulating miR-31-5p may be a potential diagnostic biomarker in 
nasopharyngeal carcinoma
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Aberrant expression of miR-31-5p has been detected in various cancers and plays a significant role in tumorigenesis. 
Low miR-31-5p expression was present in nasopharyngeal carcinoma (NPC) tissues and cell lines and acted as a tumor 
suppressive miRNA. Currently, circulating miRNAs are emerging as novel biomarkers for the early diagnosis of cancers 
using a non-invasive method. However, circulating miR-31-5p has rarely been reported in NPC. Therefore, the aim of this 
study was to explore peripheral blood miR-31-5p levels as a noninvasive biomarker and evaluate its clinical value for the 
early diagnosis of patients with NPC. A total of 110 participants were recruited, including 55 NPC patients and 55 healthy 
controls. Peripheral blood samples were collected from these participants, and total RNA was extracted to quantify the 
relative expression of miR-31-5p by RT-qPCR. We found a significantly lower expression of miR-31-5p in the NPC patients 
than in the healthy controls. Furthermore, low expression of miR-31-5p was highly correlated with tumor-node-metastasis 
(TNM) stage (I+II vs III+IV, p=0.001), T classification (T1 vs T2+T3+T4, p=0.036) and local lymph node metastasis (N1–
N3 vs N0, p=0.002), but not distant metastasis (p=0.288). Moreover, miR-31-5p showed a moderate diagnostic performance 
(AUC=0.866, sensitivity = 0.782, specificity = 0.818). Thus, we concluded that circulating miR-31-5p can be a potentially 
novel and non-invasive biomarker for the early diagnosis of NPC and an attractive therapeutic target in NPC patients. 
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Nasopharyngeal carcinoma is a malignant head and neck 
tumor that is prevalent in southern China, particularly in 
the Guangxi Province, Guangdong Province and Hunan 
Province [1–3]. Although epidemiological trends suggest 
that the incidence of nasopharyngeal carcinoma is gradually 
declining and the mortality rates of the disease have fallen 
substantially (even in endemic regions) in the past decade 
[4], the survival rate is still dissatisfactory due to locoregional 
recurrence and distant metastasis, especially in advanced-
stage cases. Therefore, early diagnosis is particularly impor-
tant. Nasal endoscopic biopsy, as an invasive method is 
commonly used to diagnose NPC, but in early-stage cases, it 
is difficult to obtain lesion tissue. Therefore, non-invasive and 
cancer-specific biomarkers for early diagnosis are needed for 
NPC patients.

MiRNAs represent a family of small non-protein-coding 
RNAs that consist of 20–24 nucleotides and that regulate the 

expression of numerous target genes at the post-transcrip-
tional level [5]. Accumulating evidence has demonstrated 
that miRNAs play an important role in cancer by acting as 
tumor suppressors or oncogenes [6–7]. In addition, in many 
studies miRNAs have been regarded as promising prognostic 
biomarkers and novel therapeutic targets and have also been 
developed as biomarkers for earlier diagnosis of cancer as an 
alternative to the existing methods that are mostly based on 
tissue detection [8]. However, not all patients could provide 
a specimen for early diagnosis, particularly in the early stage 
when cancerous tissue can hardly be distinguished from 
normal tissue. Recently, a diagnostic method based on the 
expression profile of miRNAs in body fluid samples, such as 
whole blood, saliva and digestive juice, has attracted consid-
erable attention [9]. In addition, studies have demonstrated 
that cancer cells contribute a pool of miRNAs that could 
be detected in the patients’ circulation due to their stability 
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[10,11]. Therefore, the application of circulating miRNA 
alone or in combination with other biomarkers might be 
beneficial for the early detection of NPC.

MiR-31-5p, as one of the most popular candidates, has 
been reported in different types of cancers. Zhao et al. 
showed that miR-31-5p was downregulated in hepatocellular 
carcinoma (HCC) cell lines compared with normal liver cell 
lines. The overexpression of miR-31-5p inhibited HCC cell 
growth, migration, invasion and cell cycle arrest induced by 
targeting specific protein 1 (SP1) [12]. Igarashi et al. reported 
that miRNA-31-5p might regulate BRAF activation and 
play a role in the signaling pathway downstream of EGFR 
in colorectal cancer. Further research found that miR-31-5p 
might be a useful and additional prognostic biomarker for 
anti-EGFR therapy [13]. Cheung et al. demonstrated that 
miR-31-5p functions as an important tumor suppressive 
miRNA in NPC and demonstrated that miR-31-5p decreased 
NPC cell growth by directly regulating hypoxia-inducible 
factor 1 (FIH1) and minichromosome maintenance protein 
2 (MCM2) [14]. Moreover, Wu et al. first used a non-viral 
minicircle vector targeting the expression of miR-31-5p and 
demonstrated that minicircle-oriP-miR-31 can serve as a 
novel targeted miRNA therapy approach for nasopharyngeal 
carcinoma [15]. These data further clarified that miR-31-5p 
may be a promising candidate for comprehensive investiga-
tions and a possible site for gene therapy in the future.

Since miR-31-5p acts as a tumor suppressor gene in NPC 
and repressed miR-31-5p expression can promote tumorigen-
esis [14], we hypothesized that miR-31-5p could be detectable 
as a biomarker in patients. Then, the study was conducted to 
explore the expression of circulating miR-31-5p in peripheral 
blood samples and to evaluate its clinical diagnostic value in 
NPC patients.

Patients and methods

Patients and samples. A total of 55 patients who were 
pathologically diagnosed with NPC were enrolled at the 
Affiliated Hospital of Guilin Medical University between 
February 2015 and December 2016. The NPC patients 
included 35 males and 20 females with a median age of 50 
years (range 29–70 years). The control group consisted of 31 
males and 24 females with a median age of 45 years (range 
35–69 years) who were recruited from the physical examina-
tion center and who did not have tumors or other diseases. 
Peripheral blood samples were collected before any interven-
tion. Tumor staging was classified according to the AJCC 
(the seventh version). All of the participants involved in this 
study were informed about the study and signed a consent 
form. Our study was approved by the ethics committee of 
the Affiliated Hospital of Guilin Medical University and 
complied with the Declaration of Helsinki.

RNA extraction and quantitative reverse transcrip-
tion (qRT-PCR). Total RNA was isolated from peripheral 
blood samples with TRI Reagent BD (Molecular Research 
Center, Cincinnati, USA). The concentration of total RNA 
was quantitated by measuring the absorbance at 260 nm, 
followed by reverse transcription into cDNA with oligo-dT 
primers (Invitrogen, USA) according to the manufacturer’s 
instructions. Reverse transcription was performed based on 
the instructions from the Gene Amp system 9700 (Applied 
Biosystems). The RT mix included total RNA 200 ng, 1 μl 
(1 µM) of RT special primer, 2 μl (2.5 mM) of dNTP Mix, 
0.3 μl (40 U/µl) of RNase inhibitor, 2 μl of 10x RT Buffer (250 
mM Tris-HCl, pH 8.3, 200 mM KCl, 40 mM MgCl2, 5 mM 
DTT), 2 μl (10 U/μl) of Transcript-MLV, and RNase-free 
H2O to a total volume of 20 μl. The reaction conditions were 

Figure 1. Testing distribution of data in NPC and healthy control groups by Q–Q plot. The results showed that data were normally distributed in both 
NPC and healthy control groups.
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as follows: 16 °C for 30 minutes, 42 °C for 42 minutes, and 
85 °C for 5 minutes. qRT-PCR using cDNA as a template was 
performed using the Vii7 Real-time PCR System (Applied 
Biosystems). U6 was used as an internal control. 10 μl 
reaction mix consisted of 5 μl of 2× Master Mix, 0.5 μl (10 μM) 
of forward primer, 0.5 μl (10 μM) of reverse primer, 2 μl of 
cDNA and 2 μl of distilled water. The threshold cycle (CT) 
was set within the exponential phase of the PCR. The relative 
expression levels were calculated and quantified by using the 
2–ΔΔCT method after normalization. The primer sequences 
were as follows: U6: F: 5’GCTTCGGCAGCACATATAC-
TAAAAT3’, R: 5’CGCTTCACGAATTTGCGTGTCAT3’; 
and miR-31-5p: GSP: 5’GGAGGCAAGATGCTGGC3’, R: 
5’GTGCGTGTCGTGGAGTCG3’. The experiment was 
performed in triplicate.

Statistical analysis. Data were normally distributed 
(Figure 1) and are presented in the form of the mean ± SD. 
We used Student’s t-test and one-way ANOVA to determine 
the differences in the expression level of miRNA between 
groups classified by the clinical characteristics of the patients. 
An ROC curve was generated and the area under the curve 
was calculated to assess the feasibility of utilizing miRNA 
expression as a diagnostic biomarker to distinguish NPC 
patients from healthy people. A multivariate linear regression 
approach was used to analyze the correlation of miR-31-5p 
with age, gender and disease status (with or without NPC). A 
p-value of <0.05 was considered statistically significant. The 
statistical analysis was performed with SPSS 18.0.

Results

The expression of miR-31-5p in peripheral blood 
samples of NPC patients and healthy controls. The results 
showed that there was a significant difference between the 
NPC patients and the healthy subjects. The NPC patient 
group expressed a higher level of miR-31-5p than the healthy 
control group (Table 1, Figure 2). Multivariate linear regres-
sion analysis for age, gender and disease status on miR-31-5p 
expression level is shown in Table 2. It could be observed 
from the model summary that there were two models, 
model1 and model2. According to the model fitting effect, 
model 1 (R2=0.380) was a little better than the model 2 

(R2=0.371). Therefore, gender (p=0.875) and age (p=0.520) 
variables were excluded and generated an equation as:  
Y=1.882–0.430*X1 (Y, miR-31-5p expression level; X1, 
disease status). These results indicated that miR-31-5p 
expression level was only related to the disease status, regard-
less of gender or age.

Decreased expression of circulating miR-31-5p is corre-
lated with the clinicopathological characteristics of NPC. 
To study the importance of miR-31-5p expression, clinical 
relationship between miR-31-5p expression and clinico-
pathological parameters in patients with NPC was further 

Table 1. The baseline clinical characteristics of the NPC patients and 
healthy controls.
Variables NPC Healthy p-value
Male/Female 21/34 25/30
Age (Y) 49.3±11.8 48.3±10.5
miR-31-5p expression 0.651±0.246 1.083±0.298 <0.0001a

Note: The NPC patient group expressed a higher level of miR-31-5p than 
the healthy control group (p<0.0001). a, Student’s test.

Table 2. Multivariate linear regression analysis for age, gender and disease status on miR-31-5p expression level.

Model Adjusted  
R Square

Unstandardized coefficients
Standardized 
coefficients t p-value

B Std. Error Beta
1 0.380 (constant) 1.882 0.037 29.287 <0.001

X1 –0.430 0.052 –0.621 –8.240 <0.001
2 0.371 (constant) 1.073 0.050 21.371 <0.001

X1 –0.430 0.053 –0.621 –8.157 <0.001
X2 –0.009 0.054 –0.012 –0.158 0.875
X3 –0.036 0.055 0.050 0.645 0.520

Note: dependent variable, Y (miR-31-5p expression level); X1 (disease status (with or without NPC)); X2 (age); X3 (gender).

Figure 2. qRT-PCR quantified the miR-31-5p expression in NPC patients 
and healthy controls. There was a significant difference between the NPC 
patients and the healthy controls (p<0.0001).
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analyzed. The statistical analysis suggested that a low level 
of miR-31-5p was strongly correlated with some clinico-
pathological parameters in NPC patients (Table 3), including 
TNM stage (I+II vs III+IV, p=0.001), T classification (T1 
vs T2+T3+T4, p=0.036) and local lymph node metastasis 
(N1–N3 vs N0, p=0.002). However, no significant difference 
was observed in distant metastasis (p=0.288), which was 
likely due to the limited sample size. Additionally, there were 
no differences observed based on patient age and gender.

Evaluation of the diagnostic value of miR-31-5p in NPC. 
A receiver operating characteristic (ROC) curve was gener-
ated to evaluate the diagnostic accuracy of peripheral blood 
miR-31-5p, and the area under the curve (AUC) was calcu-
lated to assess the sensitivity and specificity of the periph-
eral blood miRNA as a diagnostic biomarker in NPC. The 
AUC was 0.866 (95% CI: 0.801–0.932), and the sensitivity 
and specificity were 78.2% (95% CI: 65.0–88.2) and 81.8% 
(95% CI: 69.1–90.9), respectively, which showed a moderate 
diagnostic performance (Figure 3).

Discussion

In this study, we first detected the expression of circu-
lating miR-31-5p in peripheral blood samples of patients 
with NPC. The results showed that the expression of 
miR-31-5p was significantly lower in patients with NPC 
than in healthy controls, which exhibited a close relation-
ship with clinical characteristics, except age, gender and 
distant metastasis, considering the limited sample size. In 
addition, detecting the expression of circulating miR-31-5p 
in peripheral blood samples showed a moderate diagnostic 
value. As mentioned above, we suggest that circulating 
miR-31-5p may be a potential biomarker for the early 
diagnosis of patients with NPC.

Currently, 2,588 different mature human miRNAs have 
been identified that reportedly target more than a third 
of the protein-coding genes [16]. MiRNA molecules play 
a pivotal role in virtually all cellular functions, including 
apoptosis, proliferation, migration and differentiation and 
have been identified as promising biomarkers in cancer [11, 
14, 16, 17]. Previously, studies were mostly tissue-based; 
nevertheless, a few studies were based on peripheral blood 
samples. Recently, several studies have reported circulating 
miRNA as a biomarker in cancer studies by using serum, 
plasma and whole blood [18–19]. For instance, Qu et al. 
demonstrated that circulating miR-21-5p had a relatively 
high diagnostic accuracy for the diagnosis of PC (sensi-
tivity 0.77, specificity 0.80 and an AUC 0.78 (95% CI: 
0.66–0.90)) and might be a promising diagnostic biomarker 
[20]. A gastric cancer study revealed that miR-19b-3p and 
miR-16-5p might be prospective biomarkers to detect 
gastric cancer and have great potential in applications for 
early screening and progression evaluation [21]. Accord-
ingly, we hypothesized that circulating miRNA-31-5p may 
also be aberrantly expressed in peripheral blood samples of 

Table 3. The expression of miR-31-5p in peripheral blood samples and 
clinical characteristics of NPC patients.

Clinical  
characteristics Samples (n)

Relative expression
of miR-31-5p

p-value

Gender
Male 21 0.610±0.222

0.121a

Female 34 0.717±0.265
Age

<50 27 0.745±0.318
0.149a

≥50 28 0.632±0.268
T classification

T1 6 0.906±0.125

0.036b
T2 9 0.667±0.322
T3 21 0.643±0.236
T4 19 0.576±0.205

Lymph node status
N0 7 0.923±0.172

0.002b
N1 2 0.734±0.109
N2 35 0.642±0.223
N3 11 0.409±0.241

Metastatic status
M0 36 0.677±0.238

0.288a

M1 19 0.602±0.261
TNM stage

I+II 8 1.035±0.179

0.001bIII 17 0.722±0.236

IV 30 0.571±0.273

Note: a, Student’s test; b one-way ANOVA test.

Figure 3. ROC analysis of circulating miR-31-5p in NPC patients and 
healthy controls: The AUC was 0.866 (95% CI: 0.801–0.932), and the sen-
sitivity and specificity were 78.2% (95% CI: 65.0–88.2) and 81.8% (95% 
CI: 69.1–90.9), respectively.
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patients with NPC. Fortunately, our results indicated that 
circulating miR-31-5p might act as a potential minimally 
invasive diagnostic biomarker for NPC.

However, there are still some limitations to our study. 
First, the sample size of the study was small, and larger-scale 
samples are needed for more profound investigations. Second, 
all patients were diagnosed with undifferentiated squamous 
cell carcinoma, and we failed to analyze the expression of 
miR-31-5p in different pathological types. Third, although 
decreased miR-31-5p levels were measured in NPC, the 
detailed mechanisms of miR-31-5p in tumors remain elusive. 
However, our relatively small case series unveiled that low 
expression of circulating miR-31-5p is associated with the 
progression of NPC and circulating miR-31-5p may provide 
insights into a potential minimally invasive biomarker for 
early diagnosis and an attractive therapeutic target for NPC 
patients.
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