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Background: Lymph node metastasis (LNM) is associated with increased risk of recurrence

and poor prognosis in papillary thyroid cancer (PTC). Novel non-invasive biomarkers for the

prediction of LNM in PTC patients are still urgently needed. In this study, the relationship

between the expression of plasma exosomal microRNAs (miRNAs) and LNM was analyzed.

Further, we aimed to explore if exosomal miRNAs can serve as indicators of LNM in PTC

patients.

Methods: A total of 64 PTC patients who underwent total thyroidectomy and neck dissec-

tion from June 2018 to July 2018 in West China Hospital were enrolled in this study. Plasma

exosomes were isolated by exoRNeasy Serum/Plasma Maxi Kit. The levels of selected

exosomal miRNAs were detected by real-time quantitative PCR (qRT-PCR). Cox propor-

tional hazard analyses and receiver operating characteristic (ROC) curves were conducted to

evaluate the predictive efficiency. Furthermore, PTC cell lines with transfection of miRNA

mimics/inhibitors were used to verify the functions of exosomal miRNAs.

Results: 49 PTC patients with LNM and 15 without LNM were included in the present

study. Exosomal miR-146b-5p and miR-222-3p were both significantly upregulated in

patients with LNM (P values were 0.008 and 0.015, respectively). ROC analyses revealed

that the areas under the curves (AUCs) of miR-146b-5p and miR-222-3p for LNM prediction

were 0.811 and 0.834, respectively. Moreover, the AUC increased to 0.895 when the two

miRNAs used together. Wound healing assays and transwell assays showed that miR-146b-

5p and miR-222-3p significantly enhanced the migration and invasion ability of PTC cells

in vitro.

Conclusion: Plasma exosomal miR-146b-5p and miR-222-3p could serve as potential

biomarkers for LNM in PTC.
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Introduction
Papillary thyroid cancer (PTC), the most prevalent histological type of thyroid

cancer, is defined as a differentiated neoplasia and accounts for approximately 85%

of thyroid cancer.1,2 PTC is a relatively indolent disease with a low mortality rate

compared to other cancers.3 However, the prevalence of lymph node metastasis

(LNM), which is as high as 20–50%,4 is associated with recurrence5 and is

a prognostic factor in PTC patients.6 Prophylactic lymph node dissection is effective

in reducing postoperative recurrence,7,8 but it increases the frequency of complica-

tions, such as hypoparathyroidism and recurrent laryngeal nerve injury.9,10 As
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examinations with neck ultrasonography (may be positive

in both inflammatory and neoplastic diseases11) or com-

puted tomography (low sensitivity of 30%12) has limited

value for the prediction of cervical LNM, it is necessary to

identify novel biomarkers that can be used for the prediction

of LNM and as a benchmark for optimizing therapy and

long-term follow-up care.

Liquid biopsy monitors circulating tumor cells, DNA,

and exosomes that are released into the plasma and repre-

sents a novel non-invasive approach for different

diseases.13 Exosomes have an endosomal origin and

a typical diameter of 30–150 nm, containing lipids, pro-

teins, various types of RNAs, and DNAs, which mediate

the intercellular transmission of biologically active

molecules.14 Circulating exosomal cargos can be promis-

ing biomarkers due to their high stability and low com-

plexity. MicroRNAs (miRNAs) are small noncoding

single-stranded RNAs that negatively regulate gene

expression by binding to the 3ʹ-untranslated region (3ʹ-

UTR) of the mRNAs of specific genes. They can regulate

tumor pathogenesis and progression in a variety of tumors

including thyroid cancer.15,16

Previous studies have reported that miR-21-5p, miR-146b-

5p, miR-204-5p, miR-221-3p, miR-222-3p, miR-451a, miR-

7-5p, miR-30a-3p, miR-138-5p and miR-199a-3p may be

related to LNM in PTC patients,2,17–21 but their expression

in exosomes has not been well explored. Thus, in the present

study, we aimed to explore if the selected exosomal miRNAs

could be potential biomarkers for predicting LNM in PTCs.

Patients and Methods
Patients and Clinical Samples
All PTC patients who were scheduled to undergo total

thyroidectomy and neck dissection by a unique surgical

team in the department of thyroid surgery in West China

Hospital from June 2018 to July 2018 was prospectively

included. The protocol of this study was approved by the

Ethics Committee of West China Hospital of Sichuan

University. All included patients provided written

informed consent, in accordance with the Declaration of

Helsinki. 10 mL peripheral blood was collected for each

included patient the day before surgery. Blood samples

were centrifuged at 300 g for 15 min and then

1500 g for 15 min at 4°C. Plasma was carefully isolated

and stored at −80°C until use. Based on histopathology, 64

patients were divided into two groups: 49 patients with

LNM and 15 patients without LNM.

Exosomal Total RNA Extraction and

Quantitative Real-Time PCR of miRNAs
Exosomal RNA was extracted by exoRNeasy Serum/

Plasma Maxi Kit (QIAGEN, Germany). The RNA con-

centration and purity were confirmed using absorbance

measurements with a NanoDrop 2000 (Thermo

Scientific, USA). qRT-PCR was performed to detect

the expression levels of selected exosomal miRNAs

(miR-21-5p, miR-146b-5p, miR-204-5p, miR-221-3p,

miR-222-3p, miR-451a, miR-7-5p, miR-30a-3p, miR-

138-5p and miR-199a-3p). U6 was used as control.

The expression level was calculated by the 2-△△CT

method and analyzed with statistics.

Cell Lines and Cell Culture
Two human PTC cell lines, K1 and BCPAP, were pur-

chased from Guangzhou Cellcook Biotech Co., Ltd. K1

was cultured in Dulbecco’s Modified Eagle’s Medium

(DMEM; Invitrogen) and BCPAP was cultured in RPMI-

1640 (Invitrogen). All media were supplemented with 10%

fetal bovine serum. The cultures were routinely maintained

at 37°C with 5% CO2.

Wound Healing Assays
Wound healing assays were performed to assess cell

migration. Briefly, K1 and BCPAP cells were placed

into 6-well plates. At 70–80% confluency, the cells

were transfected with miRNA mimics/inhibitors using

Lipofectamine 3000 (Invitrogen) according to the man-

ufacturer’s instructions. Then, the plates were washed

with PBS after making a scratch in each well using

a sterile pipette tip when the cells reached 90–95%

confluency, and the well was filled with serum-free

DMEM or RPMI-1640. The cultures were incubated

for 24 h and were photographed. The migration distance

between the leading edge of the migrating cells and the

edge of the wound was compared. The experiments

were repeated at least 3 times, and representative images

were shown.

Transwell Assays
Cellular invasion was evaluated using a transwell cham-

ber assay according to the manufacturer’s protocol.

A total of 200 μL of serum-free medium containing 5x104

cells (transfected with miRNA mimics/inhibitors) was

plated in the top chamber of a transwell with a Matrigel

(2 mg/mL)-coated membrane with 8-μm-diameter pores,
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and 600 μL of medium with 10% fetal bovine serum was

placed in the lower chamber. After incubation at 37°C for

48 h, the cells on the upper membrane surface were

scraped off. The cells on the lower side of the member

were fixed and then stained with 0.1% crystal violet, and

the number of cells was counted in five random fields.

The invasion ability was described as the number of

invading cells. Each experiment was performed at least

three times.

Statistical Analysis
Statistical analysis was performed using SPSS software,

version 20.0 (SPSS, Chicago, IL, USA). Continuous vari-

ables were expressed as the means ± standard deviations

(SDs) or the medians, and differences were compared

using Student’s t-test, ANOVA or the rank test.

Categorical variables were presented as numbers, and dif-

ferences were compared using the chi-square test or

Fisher’s exact chi-square test. Potential predictive factors

for LNM were evaluated by univariate and multivariate

Cox proportional hazard analysis. A receiver operating

characteristic (ROC) curve was constructed to determine

the predictive efficacy of exosomal miR-146b-5p and

miR-222-3p. A P value <0.05 was considered indicative

of statistical significance.

Results
The Clinicopathological Characteristics of

the Patients
The baseline characteristics of the subjects are summar-

ized in Table 1. A total of 64 PTC patients were

recruited to our study cohorts. Among the 64 partici-

pants, fifteen patients were placed into the non-LNM

group, and the remaining 49 patients were placed in

the LNM group. The proportion of patients treated

with postoperative radioiodine therapy was higher in

the LNM cohort than that in the non-LNM cohort

(P =0.007). Another clinicopathological features were

similar between two groups.

Differential Exosomal miRNA Expression

in PTC with LNM
Then the expression levels of selected exosomal miRNAs

were evaluated and compared between two cohorts. As

shown in Figure 1, expressions of exosomal miR-21-5p,

miR-146b-5p, miR-204-5p, miR-221-3p, and miR-222-3p

were markedly higher in the LNM group than that in the

non- LNM group (all P <0.05).

Univariate and Multivariate Cox

Proportional Hazard Analysis for PTC

with LNM
Exosomal miRNAs identified by qRT-PCR were exam-

ined as potential variables for predicting LNM in uni-

variate analysis. The results demonstrated that exosomal

miR-21-5p, miR-146b-5p, miR-221-3p and miR-222-3p

expression was significantly positively related to

LNM in PTC (all P <0.05, Table 2). The potential

Table 1 Clinical and Pathological Characteristics Between Two

Groups

Variables PTC

Without

LNM

PTC with

LNM

P value

15 49

Age at diagnosis (mean±SD,

years)

42.2 ±13.0 41.0 ±12.7 0.759

≥55/<55 4/11 5/44 0.238

Gender (male/female) 1/14 13/36 0.204

BMI (mean±SD, kg/m2) 24.07 ± 4.81 22.92 ± 2.95 0.266

≥24/<24 3/12 17/32 0.450

Hypertension (yes/no) 1/14 6/43 0.894

Prediabetes or diabetes (yes/

no)

0/15 5/44 0.460

Nodular goiter (yes/no) 8/7 29/20 0.192

Autoimmune thyroid disease

(yes/no)

3/12 15/34 0.637

Graves’s disease (yes/no) 1/14 3/46 0.940

Primary tumor size (mean

±SD, mm)

10.6 ± 4.2 13.5 ± 5.5 0.311

>20/≤20 mm 2/13 8/41 0.777

Tumor location (isthmus/left/

right/both)

1/8/6/0 3/21/20/5 0.400

BRAF mutation (yes/no/

unknown)

2/0/13 7/0/42 0.926

Extent of surgery (TT/

Lobectomy)

12/3 44/5 0.577

p T(T1/T2/T3/T4) 11/1/2/1 25/5/12/7 0.651

Multifocality (yes/no) 3/12 17/32 0.450

RAI postoperatively (yes/no) 2/13 28/21 0.007*

Recurrence (yes/no) 0/15 3/46 1.000

Note: *statistically significant difference.

Abbreviations: PTC, papillary thyroid cancer; LNM, lymph node metastasis;

SD, standard deviation; BMI, body mass index; p, pathological; RAI, Radioactive

iodine,
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LNM-associated variables identified by univariate ana-

lysis were included in the Cox proportional hazard

model. The exosomal expression of miR-146b-5p

(hazard ratio (HR) 1.71; 95% confidence interval (CI)

1.16–2.56, P = 0.012) and miR-222-3p (HR 1.86; 95%

CI 1.21–2.89, P = 0.002) were independent risk factors

for LNM by multiple Cox proportional hazard analysis

(Table 2).
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Figure 1 (A–J) Relative expressions of ten exosomal miRNAs in PTC patients with or without LNM by qRT-PCR (exosomal miR-21-5p, miR-146b-5p, miR-204-5p, miR-221-

3p, miR-222-3p were significantly higher in LNM group when compared with the group without LNM).
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Analysis of theDiagnostic Value of Exosomal

miRNAs for Predicting PTC with LNM
To determine the diagnostic value of exosomal miR-146b-

5p and miR-222-3p in PTC with LNM, we plotted an ROC

curve to identify the optimal cutoff values of miR-146b-5p,

miR-222-3p and their combination with the maximum sen-

sitivity and specificity in 64 patients (shown in Figure 2).

Exosomal miR-146b-5p and miR-222-3p ROC analysis

showed AUCs of 0.811 and 0.834, respectively. The best

cutoff for 2−△△CT for exosomal miR-146b-5p to predict

LNM was 1.03, with the highest sum of the sensitivity and

specificity (76.6% and 86.7%, respectively). The best cutoff

for exosomal miR-222-3p was 2.22, with a sensitivity and

specificity of 78.7% and 80.0%, respectively. Combining

exosomal miR-146b-5p and miR-222-3p significantly

improved the diagnostic value and increased the AUC to

0.895, with a sensitivity and specificity of 85.1% and

80.0%, respectively.

miR-146b-5p and miR-222-3p Enhance

the Migration and Invasion Abilities of

PTC Cells
To explore the biological functions of exosomal miR-146b-5p

and miR-222-3p in PTC progression, K1 cells and BCPAP

cells were transiently transfected with miR-146b-5p and miR-

222-3p mimics/inhibitors. Wound healing assays demon-

strated that the K1 and BCPAP cell motility was enhanced

in the miR-146b-5p and miR-222-3p overexpression groups

compared to the negative control groups. In contrast, the

suppression of miR-146b-5p and miR-222-3p exerted the

opposite effect. Transwell assays showed that the ectopic

expression of miR-146b-5p and miR-222-3p in these two

PTC cell lines dramatically enhanced invasion, while the

expression of miR-146b-5p and miR-222-3p inhibitors

caused the marked attenuation of invasion capacities

(Figures 3 and 4). Collectively, our findings indicate that

miR-146b-5p and miR-222-3p significantly enhance the

migration and invasion activity of PTC cells in vitro.

Discussion
Numerous studies have shown that LNM is associated

with poor prognosis in PTC patients.22–24 Though lymph

node dissection can effectively reduce postoperative recur-

rence risk,7,8 it’s still controversial whether prophylactic

neck dissection is needed in clinically LNM-negative PTC

patients.25 Thus, non-invasive biomarkers are urgently

needed for preoperative LNM prediction to avoid unne-

cessary neck dissection. Exosomal miRNAs can be pro-

mising candidates due to the high stability and abundance.

To our knowledge, this is the first study exploring if

exosomal miRNAs could be potential biomarkers for pre-

dicting LNM in PTCs.

Table 2 Univariate and Multiple Cox Proportional Hazard Analyses of Predictive Exosomal miRNAs for LNM in PTC Patients

miRNAs Univariate Multivariate

HR (95% CI) P value HR (95% CI) P value

miR-21-5p 1.41 (1.12–1.78) 0.037* 1.11 (0.36–1.87) 0.584

miR-146b-5p 1.99 (1.34–2.76) 0.009* 1.71 (1.16–2.56) 0.012*

miR-204-5p 1.12 (0.47–1.32) 0.673

miR-221-3p 1.32 (1.09–1.64) 0.042* 1.08 (0.55–1.44) 0.649

miR-222-3p 2.24 (1.53–4.17) <0.001* 1.86 (1.21–2.89) 0.002*

Note: *statistically significant difference.

Abbreviations: PTC, papillary thyroid cancer; LNM, lymph node metastasis; CI, confidence interval; HR, hazard ratio.

Figure 2 Receiver operating characteristic curves for exosomal miR-146b-5p and

miR-222-3p to predict LNM.
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The abundance of exosomal miR-21-5p, miR-146b-5p,

miR-204-5p, miR-221-3p, and miR-222-3p in the LNM

group was significantly higher than that in the group with-

out LNM. Our univariate and multivariate analysis demon-

strated that exosomal miR-146b-5p and miR-222-3p could

predict LNM in PTCs independently, and ROC revealed

that these two miRs have high diagnostic value for pre-

dicting LNM in PTC patients. Consistently, we found that

exogenous overexpression of miR-146b-5p and miR-222-

3p could promote cell migration and invasion in PTC cells.
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Figure 3 (A–D) Overexpression of miR-146b-5p enhanced migration and invasion of PTC cells. **p values < 0.01; ***p values < 0.001.
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MiR-146b-5p is a product of the MIR146B gene,

which is located on chromosome 10 (q24.32).26 In

Geraldo’s study,27 miR-146b-5p disrupted TGF-β signal-

ing through the downregulation of its target SMAD4, thus

enhancing cell proliferation in PTC. Chou et al revealed

that PTC patients with higher miR-146b-5p expression

levels had significantly worse overall survival.28 Deng’s

study suggested that miR-146b-5p can stimulate cell

migration, invasion and epithelial-to-mesenchymal transi-

tion by enhancing Wnt/β-catenin signaling through the
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Figure 4 (A–D) Overexpression of miR-222-3p promoted migration and invasion of PTC cells. ***p values < 0.001.
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repression of ZNRF3 in PTC.29 However, in other tumor

types, the results were contradictory. For instance, Li and

his colleague demonstrated that a lower level of miR-

146b-5p expression was related to poor prognosis.

Further, Cox proportional hazards regression model ana-

lysis indicated that miR-146b-5p was an independent

prognostic indicator for patients with NSCLC.30 Scapoli

et al reported that miR-146b-5p was a poor prognostic

marker for patients with oral squamous cell carcinoma.31

Thus, miRNAs may play oncogenic or tumor suppressive

roles depending on the tissue type and specific targets, as

Fabbri described.32

MiR-222-3p is a component of the miR-221/222 cluster,

which is located on the X chromosome at position p11.3.33

MiR-222-3p is significantly associatedwith clinical and patho-

logical features, including LNM, in PTC. In Yu’s study,34 the

researchers found that higher plasma miR-222 levels were

significantly correlated with the frequency of LNM. Sun

et al reported that patients with cervical LNM and advanced

tumor-node-metastasis (TNM) stage presented higher expres-

sion of miR-222 than other patients.35 Yanrui et al found that

miR-222 could promote PTC invasion and metastasis by

targeting protein phosphatase 2 regulatory subunit B alpha.36

Additionally, higher expression levels of miR-222 were iden-

tified in PTC with vascular invasion and LNM than in patients

without these features in Acibucu’s study.37 Consistently,

Xiang et al also confirmed that miR-222 expression was sig-

nificantly higher in PTCs with advanced features like LNM,

larger tumor, and vascular invasion.38

Inevitably, our study also had some limitations. First,

larger cohorts are still needed to support our

findings. Second, the mechanisms underlying the altered

expression levels of exosomal miR-146b-5p and miR-222-

3p may need further investigation.

Conclusions
Taken together, we for the first time revealed that circulating

exosomal miR-146b-5p and miR-222-3p were significantly

upregulated in PTC patients with LNM. Overexpression of

these two miRNAs can enhance the migration and invasion

abilities of PTC cells. Thus, circulating exosomal miR-146b-

5p and miR-222-3p could serve as indicators of LNM

in PTC.
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