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Abstract
Background: Accumulating evidence has revealed that circulating microRNAs (miRNAs) can serve as non-invasive biomarkers for
cancer diagnosis. This study aimed to identify differentially expressed miRNAs in serum which might become potential biomarkers
for non-invasive diagnosis of papillary thyroid carcinoma (PTC).
Methods: The experiment was carried out between 2015 and 2017. In the screening stage, the ExiqonmiRNA quantitative real-time
polymerase chain reaction (qPCR) panel was applied to select candidate miRNAs. In the following training, testing, and external
validation stages, the serum samples of 100 patients and 96 healthy controls (HCs) were analyzed to compare the expression levels of
the identified miRNAs. The areas under the receiver operating characteristic curves (AUCs) were calculated to assess the diagnostic
value of the identified signature.
Results: Three miRNAs (miR-25-3p, miR-296-5p, and miR-92a-3p) in serum were consistently up-regulated in PTC patients
compared with HCs. A three-miRNA panel was constructed by logistic regression analysis and showed better diagnostic
performance than a single miRNA for PTC detection. The AUCs of the panel were 0.727, 0.771, and 0.862 for the training, testing,
and external validation stage, respectively. Meanwhile, the panel showed stable capability in differentiating PTC patients from
patients with benign goiters, with an AUC as high as 0.969. For further exploration, the three identified miRNAs were analyzed in
tissue samples (23 PTC vs. 23 HCs) and serum-derived exosomes samples (24 PTC vs. 24 HCs), and the altered expression in the
tumor also indicated their close relationship with PTC disease.
Conclusion: We identify a three-miRNA panel in serum which might serve as a promising biomarker for PTC diagnosis.
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Introduction

Thyroid cancer is one of the most prevalent malignant
tumors in the endocrine system.[1,2] It can be classified into
three main types based on histopathological character-
istics: papillary thyroid carcinoma (PTC), follicular
thyroid carcinoma (FTC), and anaplastic thyroid carcino-
ma (ATC). PTC is the most common type, accounting for
about 85% to 90% of all thyroid cancer cases.[3] Surgery
remains the major treatment option for most cases,
especially those with non-invasive and small tumors.[4]

The accurate diagnosis of PTC plays a very important
role in reducing disease risk and obtaining a better
prognosis.[5] Most PTC cases are discovered in a routine
health examination. Fine-needle aspiration biopsy (FNA)
is widely conducted to determine the properties of
the masses.[6] Ultrasound imaging, positron emission
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tomography–computed tomography (PET-CT), and other
image evaluation methods also help a lot in diagnosis.[7]

However, these strategies still have their limitations of
being expensive, invasive, time-consuming, or overly
dependent on precise instrument and technical level of
medical staff.[8,9] Therefore, novel non-invasive detecting
methods are in great demand for PTC diagnosis.

MicroRNAs (miRNAs) are classes of endogenous small
non-coding RNAs with the length of about 22 nucleotides.
They are important regulatory molecules, functioning in
post-transcriptional regulation of gene expression by
targeting mRNA or mediating mRNA degradation.[10]

The stable existence of miRNAs in body fluids have been
detected, and the relationship between circulating miRNAs
and cancers has also been continuously discovered, which
indicates their potential roles as non-invasive diagnostic
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Table 1: Clinical characteristics of the 100 PTC patients and 96 healthy controls.

Screening stage Training stage Testing stage External validation stage

Cases Controls Cases Controls Cases Controls Cases Controls
Variables (n = 20) (n = 10) (n = 34) (n = 35) (n = 48) (n = 45) (n = 18) (n = 16)

Gender
Male 8 (40) 4 (40) 13 (38.2) 16 (45.7) 8 (16.7) 12 (26.7) 7 (38.9) 6 (37.5)
Female 12 (60) 6 (60) 21 (61.8) 19 (54.3) 40 (83.3) 33 (73.3) 11 (61.1) 10 (62.5)

Age (years)
<45 5 (25) 3 (30) 15 (44.1) 15 (42.9) 17 (35.4) 18 (40.0) 8 (44.4) 8 (50)
≥45 15 (75) 7 (70) 19 (55.9) 20 (57.1) 31 (64.6) 27 (60.0) 10 (55.6) 8 (50)

TNM stage
I 13 (65) 21 (61.8) 32 (66.7) 10 (55.6)
II 1 (5) 1 (2.9) 4 (8.3) 3 (16.7)
III 2 (10) 5 (14.7) 4 (8.3) 3 (16.7)
IV 4 (20) 7 (20.6) 8 (16.7) 2 (11)

Data are presented as n (%). PTC: Papillary thyroid carcinoma; TNM: The T (tumor) N (nodes) M (metastases) classification of malignant tumor.
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biomarkers for various cancers, including PTC.[11-16]

However, these results are still inconsistent due to the
varied study cohorts, sample sizes, or testing procedures.
The present study conducted four-stage experiments to
explore the patterns of serum miRNA expression among
100 PTC patients and 96 healthy controls (HCs) by
quantitative real-time polymerase chain reaction (qRT-
PCR). The expression levels of the identified miRNAs in
serum were also compared between PTC and nodular
goiter (NG) patients. Moreover, the miRNA expression
levels were further analyzed in tissue specimens and serum-
derived exosomes to improve our understanding. We
expect to discover novel circulating miRNA signatures that
may be more reliable and sensitive for PTC diagnosis.
Methods

Ethical approval

The study was conducted with the approval of the
Institutional Review Board and the Ethics Committee of
Nanjing Medical University (No. 2016-SRFA-148).
Patients and samples

A total of 100 PTC patients, 30 NG patients, and 96
healthy donors were recruited from the First Affiliated
Hospital of Nanjing Medical University during 2015 and
2017. All the patients were pathologically confirmed as
PTC. The blood samples were taken without any
therapeutic intervention such as surgery, radiotherapy,
or drug treatment. The clinical characteristics of the
participants were listed in Table 1. There was no significant
difference in the distribution of age or gender between
patients and HCs in any stage (P > 0.05). The written
informed consent was obtained from each participant
before samples were taken.

All the blood samples were stored in serum separation
tubes (SST) advance tubes (Becton, Dickinson and
Company, NJ, USA) after collected. Then a centrifugal
process (1600 � g for 10 min) was followed to separate
serum from whole blood within 6 h. The serum samples
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were kept at �80°C for future processing. The tissue
specimens were stored in liquid nitrogen.
Study design

The study was carried out in four stages: the screening,
training, testing, and external validation stage [Figure 1]. In
the initial screening stage, we randomly selected 20 serum
samples of PTC patients, 20 of patients with NG, and 10 of
HCs, and then gathered them together into 2PTC, 2NG, and
1HCpools (per 10 individual samples into one pool sample).
According to the manufacturer’s protocol, approximately
25 ng total RNA was extracted from each serum pool
sample and then reverse transcribed to cDNA using the
miRCURYLockedNucleicAcid (LNATM)UniversalReverse
Transcription (RT) miRNA PCR, Polyadenylation and
cDNA synthesis kit (Exiqon, Vedbaek, Denmark). The
Exiqon-miRCURY-Ready-to-Use-PCR-Human-panel-I+II-
V1.M (Exiqon, Vedbaek, Denmark) which could detect 179
miRNAs in serum/plasma was then applied for the
preliminary screening of differentially expressed miRNAs.
The platformwas applied to compare themiRNAexpression
levels of each PTC orNGpool with theHCpool. In this step,
miRNAs that meet all the three criteria could be included in
the candidate list and further evaluated in the following
stages: (i) the Ct-value was less than 37; (ii) the Ct-value was
at least five lower than that of the negative control; (iii) the
expression levelwas significantly altered inbothPTCsamples
compared to the HC pool sample with the fold change (FC)
being more than 1.5 or less than 0.67. Meanwhile, the four
miRNAs (miR-95-5p, miR-190a-5p, miR-151a-5p, and
miR-222-3p) reported in literature were also included in
the candidate list.[12,17,18] For the precise verification of the
dysregulated miRNAs, 69 serum samples (34 PTC vs. 35
HCs) in the training stage and 93 serum samples (48 PTC vs.
45 HCs) in the testing stage were analyzed by quantitative
real-time polymerase chain reaction (qRT-PCR). In the
external validation stage, a cohort containing the serum
samples of 18 PTC cases and 16 HCs was detected to verify
the diagnostic value of the identified miRNA signatures.
Meanwhile, the serum samples of 30 PTC and 30 NG cases
were further analyzed to evaluate the differential diagnostic
ability of the identified miRNAs.
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Figure 1: The flow chart of the experiment design. PTC: Papillary thyroid carcinoma; HC:
Healthy control; NG: Nodular goiter; qRT-PCR: Quantitative real-time polymerase chain
reaction.
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In addition, the expression levels of the identified miRNAs
were further explored in 23 pairs of PTC tissues and the
matched adjacent normal tissues, and 59 pairs of PTC
tissue samples from the TCGA database (http://cancer
genome.nih.gov/). Serum-derived exosomes were isolated
from 24 PTC patients and 24 HCs to analyze miRNAs
expression to better understand the existing form of the
identified signatures.

Isolation of exosomes

Exosomes were isolated from serum using the ExoQuick
Exosome Precipitation Solution (System Biosciences, Moun-
tain View, CA, USA). According to the manufacturer’s
protocol, 200 mL serum and 50 mL ExoQuick exosomes
precipitation solution were mixed and then kept at 4°C for
30 min before centrifuged by 12,000 � g for 2 min. The
supernatants were removed and the exosomes pellets were
lysed in 200 mL RNase-free water for future analysis.
RNA extraction

Total RNAwas extracted from 200 mL serum or exosomes
using the mirVana PARIS Kit (Ambion, Austin, TX, USA)
following the given protocol. 5 mL of synthetic C.elegans
miR-39 (5 mmol/L, RiboBio, Guangzhou, China) was
added for sample-to-sample normalization after the
addition of denaturing solution (Ambion, Austin, TX,
USA). Total RNA of tissue samples was obtained using
Trizol (Invitrogen, Carlsbad, CA, USA) according to the
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manufacturer’s protocol. After being extracted, total RNA
was dissolved in 100 mL RNase-free water and stored at
�80°C until analysis. The concentration and purification
of the RNA sample were assessed by the ultraviolet
spectrophotometer.
Quantitative real-time polymerase chain reaction (qRT-PCR)

MiRNAs were amplified using the specific primers of
reverse transcription (RT) and polymerase chain reaction
(PCR) from Bulge-LoopTM miRNA qRT-PCR Primer Set
(RiboBio, Guangzhou, China). The RT reaction was
performed in the condition of 42°C for 60 min, and then
70°C for 10 min. The qRT-PCR reaction was carried out
under the process of 95°C for 20 sec, 40 cycles of 95°C for
10 s followed by 60°C for 20 s, and then 70°C for 10 s. The
reaction was performed triply on 384-well plates on the
LightCycler® 480 Real-Time PCR System (Roche Diag-
nostics, Mannheim, Germany). The amount of PCR
product was evaluated by the level of fluorescence emitted
by SYBR Green (SYBR® Premix Ex TaqTM II, TaKaRa,
Dalian, China). Melting analysis was finally added to
evaluate the specificity of the PCR products. The
expression levels of miRNAs were quantified by the
2�△△Ct method (DCt = CtmiRNA� Ctcel-miR-39). For tissue
specimens, RNU6B (U6) was regarded as the endogenous
reference for sample normalization.
Statistical analysis

The difference of miRNAs expression between PTC
patients and HCs was evaluated using Mann-Whitney U
test. x2 test was used to compare the demographic and
clinical characteristics of participants. A logistic regression
model was built for the construction of the diagnostic
panel. The diagnostic value of the identified signature was
evaluated by receiver operating characteristic (ROC) curve
analysis and the area under the ROC curve (AUC). All the
statistical analyses were processed using SPSS software
(version 25.0, IBM, North Castle, NY, USA) and Graph-
Pad Prism 7.0 (GraphPad Software, CA, USA). A two-
sided P< 0.05was considered to be statistically significant.
Results

miRNA profiling in the screening stage

In this stage, we identified 40 differentially expressed
miRNAs (36 up-regulated and four down-regulated) using
the Exiqon miRNA panel [Supplementary Table 1, http://
links.lww.com/CM9/A342]. These miRNAs were selected
with more than 1.5-fold or less than 0.67-fold altered
expression in both 2 PTC pools compared with the HC
pool sample. In addition, four miRNAs (miR-95-5p, miR-
190a-5p, miR-151a-5p, and miR-222-3p) once reported in
previous literature were added and formed a candidate list
containing 44 candidate miRNAs.[12,17,18]
Confirmation of the candidate miRNAs by qRT-PCR

For the further validation of the 44 candidate miRNAs, we
detected miRNA expression in the serum samples of 34
PTC patients and 35 HCs by qRT-PCR, and screened out
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Table 2: The expression levels of the three serum miRNAs in the training and testing stages.

Training stage Testing stage

miRNA Cases Controls FC Z P Cases Controls FC Z P

miR-25-3p �1.478
(�3.230, 1.353)

0.925
(�1.559, 1.521)

2.430 �1.194 0.035 2.713
(2.061, 3.132)

3.355
(2.385, 4.871)

1.542 �3.286 0.001

miR-296-5p 2.166
(1.703, 2.948)

3.641
(1.903, 4.515)

2.055 �2.612 0.008 4.419
(3.153, 5.254)

5.226
(4.876, 5.492)

2.017 �2.341 0.019

miR-92a-3p 1.458
(0.805, 2.241)

2.216
(1.603, 3.278)

1.773 �2.793 0.005 2.571
(1.911, 3.247)

3.391
(2.948, 3.686)

1.714 �4.572 <0.001

Data are presented as median (P25, P75). DCt: relative to cel-miR-39; FC: Fold change.
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nine consistently up-regulated miRNAs (let-7b-5p, miR-
150-5p, miR-204-5p, miR-485-3p, miR-139-5p, miR-
200a-3p, miR-20a-5p, miR-92b-3p, and miR-93-5p) in
the training stage. Then, we analyzed the serum samples of
48 PTC patients and 45HCs in the testing stage and finally
confirmed three differentially expressed miRNAs (miR-25-
3p, miR-296-5p, and miR-92a-3p) with mean fold change
(FC)>1.5 and P< 0.05 [Table 2]. The expression levels of
the miRNAs that failed to pass through the following two-
stage screening were shown in Supplementary Table 2,
http://links.lww.com/CM9/A342. In the external valida-
tion stage, we verified the expression levels of miR-25-3p,
miR-296-5p, and miR-92a-3p in 18 PTC patients and
16 HCs. The expression difference turned out to be
consistent [Supplementary Table 3, http://links.lww.com/
CM9/A342]. We combined the data of the three stages and
found that all the three miRNAs were significantly up-
regulated in PTC compared to HCs (miR-25-3p: P <
0.001, Z = �4.086; miR-296-5p: P < 0.001, Z = �3.577;
miR-92a-3p: P < 0.001, Z = �5.295) [Figure 2].
Diagnostic value of the identified miRNAs in serum

The diagnostic value of each identified miRNA was
evaluated by ROC curve analysis. As shown in Supple-
mentary Figure 1, http://links.lww.com/CM9/A341, when
the data of the three stages were combined, the AUCs of
miR-25-3p, miR-296-5p, and miR-92a-3p were 0.623
(95% confidence interval[CI]: 0.542–0.704, sensitivity:
64.1%, specificity: 60.4%), 0.621(95% CI: 0.540–0.703,
sensitivity: 75%, specificity: 50.5%), and 0.702(95% CI:
0.626–0.778, sensitivity: 67.4%, specificity: 69.2%),
respectively. Since combined biomarkers might perform
better than an individual one in diagnosis, a diagnostic
panel consisting of the three identified miRNAs was
constructed using a multiple logistic regression model. The
formula to calculate the predicted probability of PTC was
‘Logit(P)=1.768 – 0.009�miR-25-3p – 0.187�miR-296-
5p – 0.797 �miR-92a-3p’. The values of probability were
used to construct ROC curves, and the AUCs for the three-
miRNA panel in each stage were calculated separately:
0.727 (95% CI: 0.600–0.855, sensitivity: 65.7%, specific-
ity: 73.3%, Figure 3B) for the training stage, 0.771(95%
CI: 0.669–0.874, sensitivity: 88.9%, specificity: 68.9%,
Figure 3C) for the testing stage, and 0.862(95%CI: 0.734–
0.990, sensitivity: 93.3%, specificity: 66.7%, Figure 3D)
for the external validation stage. When data of the three
stages were combined, the AUC of the panel was 0.775
2546
(95% CI: 0.707–0.843, sensitivity: 84.8%, specificity:
62.2%, Figure 3A), representing a better diagnostic ability
than any individual miRNA.
Differential diagnosis between PTC and NG

To further assess the differential diagnostic capability of
the miRNA panel, patients with NG were also analyzed in
the study. None of the three identified miRNAs was found
to be differentially expressed in the pool profile conducted
between NG and HCs (2 NG pools vs. 1 HC pool)
[Supplementary Table 4, http://links.lww.com/CM9/
A342]. Then the diagnostic value of the three-miRNA
panel was evaluated in the serum samples of 30 PTC and
30 NG patients. It was confirmed that all the three serum
miRNAs were significantly up-regulated in PTC patients
compared to patients with NG [Supplementary Figure 2,
http://links.lww.com/CM9/A341], while no significant
difference was found between NG and HCs. Finally, the
three-miRNA panel could also perform well in discrimi-
nating PTC patients from NG patients with the AUC being
as high as 0.969 (95% CI: 0.927–1.000, Supplementary
Figure 3, http://links.lww.com/CM9/A341).
Evaluation of miRNA expression in tissue samples

We further detected the expression levels of the three
miRNAs in 23 pairs of tissue samples (23 PTC vs. 23 HCs)
to explore the relationship between tissue and serum
miRNA expression patterns. As showed in Figure 4, the
expression levels of miR-25-3p (P = 0.025, t = �2.405)
and miR-92a-3p (P = 0.043, t = �2.152) were conversely
decreased in tumor tissue samples, while miR-296-5p (P =
0.225, t = �1.246) showed no statistical significance. The
TCGA miRNA sequencing data of 59 pairs of PTC tumor
tissues and the matched normal tissues were further
analyzed for validation. In this cohort, the expression of
miR-25 and miR-296 was much lowered in PTC tumor
tissues than those in normal tissues [Supplementary
Figure 4, http://links.lww.com/CM9/A341].
Evaluation of miRNA expression in serum exosomes

To explore the potential form of the identified miRNAs,
we further analyzed miRNA expression in the serum-based
exosomes samples (24 PTC vs. 24 HCs) by qRT-PCR.
As shown in Figure 5, miR-296-5p was still significantly
up-regulated (P = 0.019, Z = �2.340), while miR-25-3p
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Figure 2: Expression levels of the three miRNAs in the serum of 100 papillary thyroid carcinoma (PTC) patients and 96 healthy controls (HCs). Horizontal line: Mean with 95% confidence
interval;

∗
P < 0.001, Z = �4.086; †P < 0.001, Z = �3.577; ‡P < 0.001, Z = �5.295.
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(P< 0.001, Z =�3.980) and miR-92a-3p (P = 0.006, Z =
�2.722) were down-regulated in serum-derived exosomes.
Bioinformatics analysis of candidate miRNAs

We applied DIANA-TarBasev7.0 to explore the potential
target genes of each miRNA. Then the DIANA-miRPath
v3.0 (a pathway analysis web-server) was used to
investigate the miRNA-involved pathways within the
Kyoto Encyclopedia of Genes and Genomes (KEGG)
and Gene Ontology (GO) datasets. The KEGG analysis
revealed the roles of these miRNAs in several tumor-
related biological processes, such as viral carcinogenesis,
lysine degradation, and cell cycle. The results of GO
analysis also showed several cancer-related biological
processes involved by the three miRNAs, including cell
death, cellular nitrogen compound metabolic process, and
protein binding transcription factor activity. The heatmaps
of the targeted pathways were shown in Figure 6.
Discussion

PTC is the most common malignant tumor of the
thyroid.[3] With a growing incidence rate in recent years,
it has posed great health danger for more and more people
worldwide, especially for females.[2] Although most cases
have a favorable prognosis after timely treatment, there is
still a considerable proportion of patients with high-grade
malignancy and poor overall survival.[19] A previous study
has validated the stable existence of miRNAs in blood
circulation.[20] Circulating miRNAs have a great advan-
tage of being stable and non-invasive as diagnostic
biomarkers for PTC. Accumulating studies have also
focused on the roles of circulating miRNAs in PTC
development. For example, Lee et al[21] reported that
circulating miR-222 and miR-146b might be correlated
with PTC tumorigenesis and recurrence. Shuang et al[12]

found that serum let-7e, miR-151-5p, and miR-222 were
significantly up-regulated in PTC patients compared with
HCs. However, these studies are still incomplete and
usually have poor consistency. For further exploration, we
designed a four-stage study and established a serum three-
miRNA panel which might contribute to the non-invasive
diagnosis of PTC.

Briefly, 44 candidate miRNAs (40 identified by the Exiqon
miRNA qPCR panel and four identified by the previous
kinds of literature) were screened out in the screening
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stage. According to the manufacturer’s introduction, the
Exiqon platform is designed for the profiling analysis of
179 human miRNAs in serum/plasma samples. Over
1 million in-house and collaborative data points from
serum/plasma samples of healthy and diseased individuals
have been used in the selection of the 179 miRNAs list for
the panel, which enhances its reference value for prelimi-
nary screening. Several previous studies have also
confirmed its advantage for the detection of clinical
samples with low miRNA abundance, such as serum
samples.[22,23] The expression levels of the candidate
miRNAs were further evaluated by qRT-PCR in the
following training, testing, and external validation stages.
Finally, we identified three miRNAs in serum (miR-25-3p,
miR-296-5p, and miR-92a-3p) which were consistently
up-regulated in PTC patients compared to HCs. A three-
miRNA panel was thus constructed and showed impres-
sive specificity and sensitivity in PTC discrimination.
Meanwhile, the identified biomarker also had a good
differential diagnostic capability in identifying PTC
patients from patients with NG.

Bioinformatics analysis using the DIANA-miRPath v3.0
was conducted for the preliminary exploration of mecha-
nisms. The role of miR-25-3p in tumorigenesis and
metastasis of thyroid cancer has been explored by many
researchers. Min et al[14] found that for PTC patients, the
expressing levels of miR-25-3p in plasma and tumor tissues
were much higher than those with benign nodules or HCs,
and could decrease significantly after tumor excision.
However, with a limited sample size, the results were short
of conviction to some extent. Mei et al[24] reported that
miR-25 could promote the migration and proliferation of
thyroid cancer by mediating the inhibition of SOCS4.
Aherne et al[25] discovered that the dysregulation of miR-
25 might affect the gene expression of TRAIL and MEK4
in thyroid cells. According to Esposito et al,[26] the down-
regulation of miR-25 could facilitate the development of
thyroid carcinoma by influencing the EZH2 protein level.
For miR-296-5p, Chi et al[27] found its down-regulation in
FTC tissues compared with follicular thyroid adenoma
(FA) tissues. It also functioned as an important regulator in
the promotion or suppression of various cancers. For
example, by interacting with the 3’-UTR of PIN1 mRNA,
miR-296-5p could suppress the development of prostate
cancer; while in non-small cell lung cancer, miR-296-5p
inhibited cancer progression by regulating PLK1 expres-
sion.[28,29] On the contrary, Li et al[30] suggested that
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Figure 4: The expression levels of the three miRNAs in 23 pairs of tumor tissues. Horizontal line: Mean with SEM.

Figure 3: Receiver-operating characteristic (ROC) curves for the three-miRNA panel to discriminate papillary thyroid carcinoma (PTC) patients from healthy controls (HCs). (A) the combined
training, testing and external validation stages (100 PTC vs. 114 HCs), 95% CI: 0.707–0.843, P< 0.001; (B) the training stage (34 PTC vs. 35 HCs), 95% CI: 0.600–0.855, P= 0.002; (C) the
testing stage (48 PTC vs. 45 HCs), 95% CI: 0.669–0.874, P< 0.001; (D) the external validation stage (18 PTC vs.16 HCs), 95% CI: 0.734–0.990, P = 0.001. AUC: Areas under the curve; CI:
Confidence interval.
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Figure 6: Heatmap of KEGG (A) and GO (B) analysis with the experimentally validated target genes of the three miRNAs. KEGG: Kyoto Encyclopedia of Genes and Genomes; GO: Gene
Ontology.

Figure 5: The expression levels of the three miRNAs in the serum exosomes of 24 papillary thyroid carcinoma (PTC) patients and 25 healthy controls (HCs). Horizontal line: Mean with SEM.
∗P < 0.001, Z = �3.980; †P = 0.019, Z = �2.340; ‡P = 0.006, Z = �2.722.
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overexpressed miR-296-5p could reduce the anti-growth
effect ofCDX1 and promoted cell growth in gastric cancer.
The conflicting results in different studies indicate that
miR-296-5p may have complex functions in cancer
development, but evidence in PTC is still quite limited
up to now. The potential of circulating miR-92a as a
biomarker was reported in several cancers, like colorectal
cancer, breast cancer, and hepatocellular carcinoma.[31-33]

According to Todorović et al,[34] the dysregulation of miR-
92a in PTC tissues was correlated with the change of VHL
(a tumor suppressor gene) expression. However, it is worth
noting that the molecular mechanisms of the three
identified miRNAs in PTC are still unclear and requires
more research in the future.

Furthermore, to compare the expression levels of the
identified miRNAs in tissues, we further analyzed 23 pairs
of PTC tumor tissues and the matched adjacent normal
tissues. Interestingly, the expression of miR-25-3p and
miR-92a-3p were down-regulated in PTC tumor tissues,
contrary to the results found in serum. miRNA expression
alterations between tissue and blood samples have been
frequently observed in previous studies.[35-37] In fact, the
expression patterns of circulating miRNAs may greatly
differ from their respective parental cells regardless of their
origins, and not all circulating miRNAs can be found in the
originating cells.[38,39] We suspected that the phenomenon
could be partly due to the communication of miRNAs
between tumor, tumor microenvironment, and peripheral
blood circulation. Different biological states of tumors, the
influence of other non-tumor cells, or change of immuno-
logical states might also alter the expression of miRNAs.
Moreover, the profiles of circulating miRNAs might reflect
the general change in the body fluids of patients, while the
profiles of intracellular miRNAs might just reflect
the disorder in local organs. In addition, according to
the results of TCGA analysis, the expression levels of
miR-25 and miR-296 were significantly lowered in tumor
tissues. The result was only partly overlapped with our
findings. We suspected that such discrepancy might be
caused by different racial types, specimen origins, and
limited sample sizes. Thus, still a larger number of tissue
samples especially serum-tissue matched samples were in
demand for further validation.

Exosomes, released from many cell types, are small
membrane-bound vesicles present in nearly all kinds of
body fluids.[40] The stable existence of miRNAs has been
identified in exosomes.[41] Exosomes-based miRNAs may
serve as signaling molecules that can reveal the physiologi-
cal state of cells of origin, or serve as potential biomarkers
for various diseases including cancers.[42] Therefore, to
explore the potential form of miRNAs in the blood
circulation and further detect their capability to be PTC
biomarkers, we isolated exosomes from serum samples (24
PTC vs. 24 HCs) and detected miRNA expression levels by
qRT-PCR. As a result, only miR-296-5p was consistently
up-regulated in serum-derived exosomes, while miR-25-3p
and miR-92a-3p were significantly down-regulated. The
inconsistency of miRNA expression between serum
samples and serum exosomes samples might be due to
the varied existing form of circulating miRNAs. Recently,
a study by Arroyo et al.[43] revealed that some specific
2550
miRNAs in serum (ie, miR-25-3p, miR-92a-3p) were
mainly carried by the Argonaute2 complexes rather than
exosomes, which could partly explain the discrepancy of
miRNA expression levels between serum and exosomes
samples. Our findings also suggested that the existing form
of miRNAs in blood circulation is really complicated and
requires further exploration.

In this study, we identified a three-miRNA signature in
serum for PTC diagnosis. However, there are still some
limitations to this research. First, the sample size was not
large enough especially for tissues and exosomes samples,
and study on larger cohorts was still essential for further
validation. Second, the roles of these miRNAs in the
biological process of PTC were still unclear, and deeper
research was needed to explore the exact inner mecha-
nisms. In addition, miRNA expression in other pathologi-
cal types including FTC and ATC is worthy to explore for
the confirmation of the specificity and sensitivity of the
identified signature. Last but not least, our study was
preclinical research, and there will be a long way to go for
future clinical applications.

In conclusion, we identified a three-miRNA signature
(miR-25-3p, miR-296-5p, and miR-92a-3p) in serum for
PTC diagnosis. This panel could probably serve as a stable,
sensitive, and non-invasive biomarker for PTC detection.
Further studies with larger cohorts are needed and should
focus on the exploration of the exact mechanisms of these
miRNAs in PTC in the future.
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