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Downregulation of miR-381 is associated with  
poor prognosis in papillary thyroid carcinoma
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Abstract: Circulating microRNAs (miRNAs) are potential biomarkers for papillary thyroid carcinoma (PTC). The aim of 
this study was to evaluate the diagnostic and prognostic value of serum miR-381 in PTC. A total of 87 patients with 
PTC, 50 cases with benign thyroid nodules (BTN) and 50 healthy volunteers were enrolled. The expression levels of 
serum miR-381 were measured using quantitative reverse transcription-polymerase chain reaction (qRT-PCR). The 
results indicated that serum miR-381 expression was significantly decreased in PTC patients compared to that of 
BTN patients or healthy controls. Moreover, serum miR-381 showed good performance to differentiate PTC cases 
from controls. Next, reduced serum miR-381 expression was positively correlated with aggressive clinical features 
and shorter overall survival. Furthermore, serum miR-381 levels were greatly elevated in 21 patients with advanced-
stage (stage III/IV) PTC after surgery. Finally, univariate and multivariate Cox regression analysis confirmed that miR-
381 in serum was an independent prognostic indicator for OS in PTC patients. Collectively, serum miR-381 might 
serve as a non-invasive biomarker for the diagnosis and prognosis of PTC.
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Introduction

Thyroid cancer is the most frequent type of 
endocrine-related cancer, and its incidence 
and prevalence is steadily rising around the 
world in the past decades. Papillary thyroid car-
cinoma (PTC) is the most common malignancy 
of the thyroid, which accounts for 85%-90%  
of all thyroid cancer [1, 2]. Although PTC is a  
relatively indolent and highly curable disease, 
about 10% of the patients would eventually die 
of this disease [3, 4]. Therefore, it is important 
to identify novel disease biomarkers for strati-
fying the PTC patients and making tailored ther-
apeutic options accordingly.

MicroRNAs (miRs) are small, highly conserved 
non-coding RNA molecules with 18-25 nucleo-
tides in length that negatively regulate gene 
expression at a post-transcriptional level [5]. 
MiRNAs downregulate the specific target genes 

either through translational repression or direct 
degradation. These small molecules have been 
demonstrated to involve in many biological pro-
cesses such as proliferation, differentiation, 
survival and apoptosis. Therefore, deregulated 
expression of miRNAs is closely linked to the 
many human diseases including cancer [6, 7]. 
There is an increasing amount of evidence that 
miRNAs play a critical role in the carcinogenesis 
of PTC, either act as tumor growth promoters or 
suppressors [8, 9].

miR-381 is located within a 20 kb genomic 
region (cluster-14-miRNAs) on chromosome 
14q32.31 [10]. Aberrant expression of miR-
381 is implicated in various types of cancers, 
suggesting that miR-381 might exert either 
oncogenic or tumor-suppressive functions. So- 
me studies show that miR-381 acts as a tumor 
suppressor in hepatocellular carcinoma [13], 
colorectal cancer [14], epithelial ovarian cancer 
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[15], lung adenocarcinoma [16], colon cancer 
[17], breast cancer [18], gastric cancer [19] and 
pituitary tumor [20]. On the contrary, some 
reports suggest that miR-381 exhibits onco-

a thyroid adenoma. Moreover, 50 healthy vol-
unteers were recruited as controls. The cancer 
stage was determined based on the 7th edition 
AJCC TNM staging system. Detailed informa-
tion of the PTC cases were summarized in Table 
1.   

Serum samples and RNA extraction

Venous blood (approximately 5 mL) was taken 
from all participants prior to any treatment. 
Within 1 hour after collection, all samples were 
processed and centrifuged at 3000 g for 15 
min. Subsequently, the separated supernatant 
was aliquoted into cryotubes and stored at 
-80°C until RNA extraction.

Total RNA was isolated from blood samples 
using the miRVana PARIS kit (Ambion, Austin, 
TX, USA). For normalization of sample-to-sam-

Table 1. Expression of serum miR-381 in subgroups divided by clini-
cal characteristics in PTC patients

Characteristics Number of  
patients

Low miR-381 
(n=42)

High miR-381 
(n=45) P-value

Gender    0.1543
    Male 18 6 12
    Female 69 36 33
Age 0.0937
    <45 50 28 22
    ≥45 37 14 23
Tumor size 0.0820
    ≤1.0 cm 28 9 19
    1.0-2.0 cm 35 18 17
    ≥2.0 cm 24 15 9
Lymph node metastasis 0.0252*
    No 46 17 29
    Yes 41 25 16
Extrathyroidal invasion 0.0009*
    No 43 13 30
    Yes 44 29 15
Tumor multifocality 0.6123
    No 62 31 31
    Yes 25 11 14
TNM stage 0.0006*
    I, II 66 25 41
    III, IV 21 17 4
Tumor bilaterality 0.2318
    No 67 30 37
    Yes 20 12 8
*P value <0.05.

Figure 1. Serum miR-381 levels differ significantly be-
tween the PTC group and the BTN or control groups. 

genic property in osteosar-
coma [21] and glioma [22]. 
However, the expression pa- 
ttern and clinical significa- 
nce of miR-381 in PTC re- 
mains unclear. The aim of 
current study was to investi-
gate the potential prognos-
tic value of miR-381 in PTC.

Materials and methods

Study population 

The study protocol was ap- 
proved by the Ethics Com- 
mittee of Drum Tower Cli- 
nical Medical College of 
Nanjing Medical University 
and written informed con-
sent was obtained from all 
participants. Eighty-seven 
PTC patients who sched-
uled to receive surgical re- 
section, and 50 patients 
with benign thyroid nodules 
(BTN) were enrolled in this 
study. Of the 87 cases of 
PTC, 62 cases of classical 
variant, 16 cases of follicu-
lar variant, and 9 cases of 
tall cell variant. Among 50 
BTN subjects, 16 subjects 
showed a classical nodular 
goiter and 34 subjects had 
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ple variation, 25 fmol of synthetic C. elegans 
miRNA cel-miR-39 (Qiagen, Mississauga, ON, 
Canada) was added to each denatured sam- 
ple. The RNA concentration and quality was 
determined on a Nanodrop spectrophotometer 
(NanoDrop Products, Wilmington, DE, USA).

Quantitative reverse-transcription polymerase 
chain reaction

2 µg total RNA was used in the reverse tran-
scription reaction and first strand cDNA was 

synthesized using a Reverse Transcription kit 
(Takara, Dalian, China). Quantitative real-time 
PCR analysis was analyzed with SYBR® Green 
PCR Master Mix (Takara) on a 7500 Real-Time 
PCR system (Applied Biosystems) according to 
the manufacturer’s protocol. All experiments 
were conducted in triplicate and the relative 
serum miR-381 expression levels were calcu-
lated using the 2-ΔΔCt method. The sequences of 
the PCR primers were as follows: miR-381 for-
ward, 5’-AGTCTATACAAGGGCAAGCTCTC-3’, miR-
381 reverse, 5’-ATCCATGACAGATCCCTACCG-3’.

Statistical analysis

Statistical analysis was performed with Med- 
Calc 17.4 (MedCalc Software, Ostend, Belgium) 
and GraphPad Prism 5 (GraphPad Software,  
La Jolla, CA, USA). The Mann-Whitney U test  
or Kruskal-Wallis test was used to compare  
the difference of miR-381 expression between 
groups. Chi-square test was used to compare 
miR-381 levels and various clinicopathological 
parameters of PTC. Receiver operating charac-
teristic (ROC) curve and the area under the 
curve (AUC) was performed to analyze the diag-
nostic value of serum miR-381 expression. The 
overall survival (OS) curves were calculated 
using the Kaplan-Meier method with log-rank 
test. The correlations between risk factors and 
OS were evaluated by univariate and multivari-
ate Cox proportional hazard analysis. A p-value 
less than 0.05 was considered to be statisti-
cally significant.

Results

Serum miR-381 was significantly reduced in 
PTC patients and ROC analysis

The present study used qRT-PCR to determine 
the expression level of serum miR-381 from all 
participants. The results indicated that serum 
miR-381 levels in PTC patients were significant-
ly lower than those in BTN subjects and con-
trols, while there was no significant difference 
between BTN patients and healthy controls 
(Figure 1). In addition, serum miR-381 expres-
sion was markedly downregulated in PTC cases 
with lymph node metastasis compared to those 
without (p<0.05, Figure 2A). Also, PTC patients 
with extrathyroidal invasion had a lower serum 
miR-381 level than that of those without 
(p<0.05, Figure 2B). Moreover, serum miR-381 
expression levels were dramatically increased 
in patients with early-stage PTC compared to 

Figure 2. A. Serum miR-381 levels in PTC patients 
with lymph node metastasis were decreased com-
pared to those without. B. Serum miR-381 levels in 
PTC patients with extrathyroidal invasion were de-
creased compared to those without. C. Serum miR-
381 levels in PTC patients with higher TNM stage 
were lower than those with lower TNM stage.
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those with advanced-stage disease (p<0.05, 
Figure 2C). 

Next, ROC analysis was processed to evaluate 
the diagnostic value of serum miR-381. We 
found that serum miR-381 had an AUC of 
0.851, with 81.6% sensitivity and 82.0% spe- 
cificity (Figure 3). The results suggested that 
serum miR-381 could well differentiate PTC 
subjects from normal controls.

Correlation of serum miR-381 and clinicopath-
ological characteristics of PTC

To determine the correlation of serum miR-381 
in PTC subjects with clinical features, all 87 PTC 
patients were classified into two groups based 

on the median serum miR-381 expression 
level. The low expression group had 42 cases 
and the high expression group had 45 cases. 
As shown in Table 1, serum miR-381 expres-
sion was closely associated with lymph node 
metastasis (p=0.0252), extrathyroidal invasion 
(p=0.0009) and TNM stage (p=0.0006). How- 
ever, no significant differences were found be- 
tween serum miR-381 expression with gender 
(p=0.1543), age (p=0.0937), tumor size (p= 
0.0820), tumor multifocality (p=0.6123) and 
tumor bilaterality (p=0.2318).

Dynamic monitoring of serum miR-381 of PTC 
patients before and after surgery

To investigate the alteration of serum miR-381 
levels in PTC patients, we obtained plasma 
samples from 21 PTC cases of stage III/IV for 
qRT-PCR analysis one month after surgery. 
Compared to preoperative blood specimen, 
miR-381 expression levels in postoperative 
plasma samples were greatly increased (p< 
0.01, Figure 4).

Correlation of serum miR-381 and prognosis 
in PTC patients

Figure 5A showed that the PTC cases in high 
serum miR-381 expression group had lon- 
ger OS than those in low expression group 
(p=0.042). Additionally, Kaplan-Meier curves 
were constructed to assess OS for all PTC 
patients based on several clinical variables.  
No significant relationship was found between  
OS and lymph node metastasis (Figure 5B, 
p=0.057), and extrathyroidal invasion (Figure 
5C, p=0.061). Whereas, patients with higher 
TNM stage was strongly associated with worse 
OS (Figure 5D, p=0.018). 

As shown in Table 2, univariate analysis dem-
onstrated that extrathyroidal invasion (HR= 
5.53, 95% CI=2.89-8.27, p=0.017), serum 
miR-381 (HR=4.76, 95% CI=2.28-7.29, p= 
0.039) and TNM stage (HR=6.63, 95% CI= 
3.42-10.15, p<0.001) were significant prog- 
nostic factors. Moreover, multivariate analysis 
identified lymph node metastasis (HR=4.88, 
95% CI=2.35-7.50, p=0.035), extrathyroidal 
invasion (HR=6.06, 95% CI=3.12-9.16, p= 
0.009), serum miR-381 (HR=5.14, 95% CI= 
2.53-7.91, p=0.026) and TNM stage (HR= 
7.58, 95% CI=3.74-11.62, p<0.001) as inde-
pendent risk factors for OS in PTC patients.

Figure 3. ROC analysis using miR-381 for distinguish-
ing PTC patients from controls.

Figure 4. Levels of serum miR-381 in 21 patients 
with stage III/IV PTC were greatly upregulated one 
month after surgery.
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Discussion

PTC is an endocrine disease and has one of the 
highest familial risk ratios of all cancer types 
[11, 12]. To the best of our knowledge, the pres-
ent study was the first report regarding the role 
of miR-381 in PTC. In this study, we found that 
serum miR-381 expression was significantly 
downregulated in PTC patients compared to 
that of BTN patients or healthy controls. PTC 
cases with lower miR-381 expression experi-
enced more frequent lymph node metastasis, 
extrathyroidal invasion, and were correlated 
with advanced clinical stage. Moreover, ROC 
curve analysis proved that serum miR-381 
could effectively differentiate PTC subjects 
from normal controls. Furthermore, decrease 
serum miR-381 expression was positively asso-
ciated with aggressive clinical characteristics 
and shorter OS. Next, serum miR-381 levels in 
blood samples from 21 patients with stage III/
IV PTC were markedly increased after treat-
ment. Also, serum miR-381 expression was 
identified to be an independent prognostic indi-
cator for PTC. All these findings strongly sug-
gested that miR-381 might exert a tumor-sup-
pressing role in PTC. 

MiR-381 had been reported to play a tumor 
suppressive role in several cancers. For in- 
stance, miR-381 expression was greatly re- 
duced both in hepatocellular carcinoma tissues 
and cell lines. Upregualtion of miR-381 signifi-
cantly suppressed hepatocellular carcinoma 
tumorigenic potential by targeting liver receptor 
homolog-1 [13]. In colorectal cancer, decreased 
miR-381 expression was observed in cancer-
ous tissues and closely associated with poor 
clinical variables. Inhibition of miR-381 mark-
edly promoted cancer cell invasion, migration 
and epithelial-mesenchymal transition through 
regulating Twist1 [14]. In epithelial ovarian can-
cer, Xia et al reported that miR-381 was dra-
matically downregulated in cancer tissues and 
cell lines. Moreover, restoration of miR-381 
reduced tumorigenicity by degrading YY1 [15]. 
In lung adenocarcinoma, a reduction in miR-
381 expression was found in cancer tissues 
and correlated with shorter survival. Enhanced 
miR-381 expression suppressed carcinogene-
sis via inversely regulating ID1 [16]. Liang and 
others revealed that miR-381 expression was 
decreased in colon cancer tissues. MiR-381 
overexpression attenuated cellular prolifera-
tion in vitro and tumor growth of nude mice in 

Figure 5. A. PTC patients in high serum miR-381 ex-
pression group had longer OS. B. The association be-
tween OS and lymph node metastasis. C. The associ-
ation between OS and extrathyroidal invasion. D. PTC 
patients in advanced stage (III/IV) had poorer OS.
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vivo [17]. In breast cancer, Xue and others dem-
onstrated that miR-381 expression was dra-
matically downregulated in cancer tissues and 
cell lines. Additionally, ectopic miR-381 expres-
sion significantly decreased cancer cell prolif-
eration, epithelial-to-mesenchymal transition 
and metastasis by silencing CXCR4 expression 
[18]. In gastric cancer, downregulation of miR-
381 was found both in cancerous tissues and 
cell lines, and correlated with poor clinical char-
acteristics and prognosis. MiR-381 inhibition 
promoted tumorigenesis in vitro and in vivo  
by regulating TMEM16A [19]. Liang et al found 
that miR-381 was greatly underexpressed in 
pituitary tumors and loss of miR-381 enhanced 
pituitary tumor cell tumorigenesis. Moreover, 
PTTG1 was identified as a downstream target 
of miR-381 [20].

Conversely, some previous studies had de- 
monstrated that miR-381 played an oncogenic 
role in various types of cancer. In osteosarco-
ma, Li et al revealed that patients with high 
miR-381 expression had worse prognosis. Sil- 
encing miR-381 restrained tumor cell prolifera-
tion and invasion ability by directly regulating 
LRRC4, and improved the chemotherapeutic 
drugs sensitivity of osteosarcoma cells [21]. In 
glioma, Tang and others reported that forced 
miR-381 expression induced cancer cell prolif-
eration in vitro and promoted tumor growth in 
vivo. Furthermore, LRRC4 was reported as a 
target gene of miR-381 [22]. Thus, the role of 
miR-381 in tumorigenesis appears to be very 
complex.

In conclusion, this study confirmed that serum 
miR-381 could serve as a promising marker for 
diagnosis and treatment monitoring for PTC 
patients. Nonetheless, the small sample size is 

a limitation of this current study. Thus, future 
analysis in a large cohort of PTC patients will be 
required.

Acknowledgements 

This study was supported by Nanjing Medical 
Science and Technology Development Project 
(YKK15082).

Disclosure of conflict of interest 

None.

Address correspondence to: Dr. Jianfeng Sang, De- 
partment of General Surgery, Nanjing Drum Tower 
Hospital, 321 Zhongshan Road, Gulou District, 
Nanjing 210008, Jiangsu Province, China. Tel: +86-
25-68182222; E-mail: ndth_jfsang@sina.com; Dr. 
Yifen Zhang, Department of Pathology, Affiliated 
Hospital of Nanjing University of Chinese Medicine, 
Jiangsu Province Hospital of Traditional Chinese 
Medicine, 155 Hanzhong Road, Qinhuai District, 
Nanjing 210009, Jiangsu Province, China. E-mail: 
zhangyifen1990@163.com 

References

[1]	 Siegel R, Naishadham D, Jemal A. Cancer sta-
tistics, 2012. CA Cancer J Clin 2012; 62: 10-
29. 

[2]	 Chen AY, Jemal A, Ward EM. Increasing inci-
dence of differentiated thyroid cancer in the 
United States, 1988-2005. Cancer 2009; 115: 
3801-3807.

[3]	 Kojic KL, Kojic SL, Wiseman SM. Differentiated 
thyroid cancers: a comprehensive review of 
novel targeted therapies. Expert Rev Antican-
cer Ther 2012; 12: 345-357.

[4]	 Schlumberger M, Sherman SI. Clinical trials for 
progressive differentiated thyroid cancer: pa-

Table 2. Univariate and multivariate analyses of parameters predictive of overall survival in 87 PTC 
patients

Parameters
Univariate Multivariate

HR (95% CI) P HR (95% CI) P 
Gender, female vs. male 1.05 (0.83-1.27) 0.452 1.24 (0.95-1.58) 0.374
Age, <45 vs. ≥45 1.18 (0.92-1.45) 0.416 1.33 (1.02-1.72) 0.361
Tumor size, ≥2 vs. <2 2.25 (1.31-3.26) 0.276 2.56 (1.40-3.82) 0.243
Lymph node metastasis, yes vs. no 4.52 (2.17-7.14) 0.058 4.88 (2.35-7.50) 0.035*
Extrathyroidal invasion, yes vs. no 5.53 (2.89-8.27) 0.017* 6.06 (3.12-9.16) 0.009*
TNM stage, III/IV vs. I/II 6.63 (3.42-10.15) <0.001* 7.58 (3.74-11.62) <0.001*
MiR-381 in serum, low vs. high 4.76 (2.28-7.29) 0.039* 5.14 (2.53-7.91) 0.026*
*P value <0.05; CI=confidence interval; HR=hazard ratio.

mailto:ndth_jfsang@sina.com
mailto:zhangyifen1990@163.com


Value of serum miR-381 in papillary thyroid carcinoma

11616	 Int J Clin Exp Pathol 2017;10(12):11610-11616

tient selection, study design, and recent ad-
vances. Thyroid 2009; 19: 1393-1400.

[5]	 Bartel DP. MicroRNAs: genomics, biogenesis, 
mechanism, and function. Cell 2004; 116: 
281-297.

[6]	 Lu J, Getz G, Miska EA, Alvarez-Saavedra E, 
Lamb J, Peck D, Sweet-Cordero A, Ebert BL, 
Mak RH, Ferrando AA, Downing JR, Jacks T, 
Horvitz HR, Golub TR. MicroRNA expression 
profiles classify human cancers. Nature 2005; 
435: 834-838.

[7]	 Zhang B, Pan X, Cobb GP, Anderson TA. mi-
croRNAs as oncogenes and tumor suppres-
sors. Dev Biol 2007; 302: 1-12. 

[8]	 Ma Y, Qin H, Cui Y. MiR-34a targets GAS1 to 
promote cell proliferation and inhibit apoptosis 
in papillary thyroid carcinoma via PI3K/Akt/
Bad pathway. Biochem Biophys Res Commun 
2013; 441: 958-963. 

[9]	 Minna E, Romeo P, De Cecco L, Dugo M, Cassi-
nelli G, Pilotti S, Degl’Innocenti D, Lanzi C, 
Casalini P, Pierotti MA, Greco A, Borrello MG. 
MiR-199a-3p displays tumor suppressor func-
tions in papillary thyroid carcinoma. Oncotar-
get 2014; 5: 2513-2528.

[10]	 Formosa A, Markert EK, Lena AM, Italiano D, 
Finazzi-Agro’E, Levine AJ, Bernardini S, Ga-
rabadgiu AV, Melino G, Candi E. MicroRNAs, 
miR-154, miR-299-5p, miR-376a, miR-376c, 
miR-377, miR-381, miR-487b, miR-485-3p, 
miR-495 and miR-654-3p, mapped to the 
14q32.31 locus, regulate proliferation, apop-
tosis, migration and invasion in metastatic 
prostate cancer cells. Oncogene 2014; 33: 
5173-5182.

[11]	 Risch N. The genetic epidemiology of cancer: 
interpreting family and twin studies and their 
implications for molecular genetic approach-
es. Cancer Epidemiol Biomarkers Prev 2001; 
10: 733-741. 

[12]	 Czene K, Lichtenstein P, Hemminki K. Environ-
mental and heritable causes of cancer among 
9.6 million individuals in the Swedish family-
cancer database. Int J Cancer 2002; 99: 260-
266.

[13]	 Zhang Q, Zhao S, Pang X, Chi B. MicroRNA-381 
suppresses cell growth and invasion by target-
ing the liver receptor homolog-1 in hepatocel-
lular carcinoma. Oncol Rep 2016; 35: 1831-
1840. 

[14]	 He X, Wei Y, Wang Y, Liu L, Wang W, Li N. MiR-
381 functions as a tumor suppressor in 
colorectal cancer by targeting Twist1. Onco 
Targets Ther 2016; 9: 1231-1239. 

[15]	 Xia B, Li H, Yang S, Liu T, Lou G. MiR-381 inhib-
its epithelial ovarian cancer malignancy via 
YY1 suppression. Tumour Biol 2016; 37: 9157-
9167. 

[16]	 Rothschild SI, Tschan MP, Jaggi R, Fey MF, Gug-
ger M, Gautschi O. MicroRNA-381 represses 
ID1 and is deregulated in lung adenocarcino-
ma. J Thorac Oncol 2012; 7: 1069-1077. 

[17]	 Liang Y, Zhao Q, Fan L, Zhang Z, Tan B, Liu Y, Li 
Y. Down-regulation of MicroRNA-381 promotes 
cell proliferation and invasion in colon cancer 
through up-regulation of LRH-1. Biomed Phar-
macother 2015; 75: 137-141. 

[18]	 Xue Y, Xu W, Zhao W, Wang W, Zhang D, Wu P. 
miR-381 inhibited breast cancer cells proli- 
feration, epithelial-to-mesenchymal transition 
and metastasis by targeting CXCR4. Biomed 
Pharmacother 2017; 86: 426-433. 

[19]	 Cao Q, Liu F, Ji K, Liu N, He Y, Zhang W, Wang L. 
MicroRNA-381 inhibits the metastasis of gas-
tric cancer by targeting TMEM16A expression. 
J Exp Clin Cancer Res 2017; 36: 29.

[20]	 Liang HQ, Wang RJ, Diao CF, Li JW, Su JL, 
Zhang S. The PTTG1-targeting miRNAs miR-
329, miR-300, miR-381, and miR-655 inhibit 
pituitary tumor cell tumorigenesis and are in-
volved in a p53/PTTG1 regulation feedback 
loop. Oncotarget 2015; 6: 29413-29427. 

[21]	 Li Y, Zhao C, Yu Z, Chen J, She X, Li P, Liu C, 
Zhang Y, Feng J, Fu H, Wang B, Kuang L, Li L, Lv 
G, Wu M. Low expression of miR-381 is a favor-
ite prognosis factor and enhances the chemo-
sensitivity of osteosarcoma. Oncotarget 2016; 
7: 68585-68596. 

[22]	 Tang H, Wang Z, Liu Q, Liu X, Wu M, Li G. Dis-
turbing miR-182 and -381 inhibits BRD7 tran-
scription and glioma growth by directly target-
ing LRRC4. PLoS One 2014; 9: e84146. 


