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Serum miR-22 may be a biomarker for papillary thyroid cancer
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Abstract. The present study aimed to examine whether serum
microRNA (miR)-22 may be considered a potential biomarker
to differentiate patients with papillary thyroid cancer (PTC)
from healthy controls. Reverse transcription-quantitative
polymerase chain reaction demonstrated that serum miR-22
expression was significantly enhanced in patients with PTC
compared with in patients with benign thyroid nodules (BTN)
and healthy controls. The expression levels of miR-22 were
also increased in the thyroid tissue of patients with PTC
compared with in patients with BTN. In addition, increased
miR-22 in the serum of patients with PTC was positively
associated with metastasis. Furthermore, miR-22 serum
levels were increased in patients with PTC and the B-Raf
proto-oncogene, serine/threonine kinase VOOOE mutation.
Meanwhile, compared with patients with PTC and <1 ng/ml
thyroglobulin (Tg)-fine needle aspiration biopsy (FNAB),
serum miR-22 was significantly enhanced in patients with
PTC and 1-10 ng/ml Tg-FNAB and >10 ng/ml Tg-FNAB. A
receiver operating characteristic analysis demonstrated that
serum miR-22 distinguished patients with PTC from patients
with BTN and healthy controls. In conclusion, to the best of
our knowledge, the present study was the first to demonstrate
that upregulation of serum miR-22 may be used as a poten-
tial biomarker to distinguish patients with PTC from healthy
controls.

Introduction

Thyroid cancer is a common endocrine malignant tumor, the
prevalence of which continues to increase worldwide (1). It has
been reported that ~40,000 patients succumb to thyroid cancer
per year, whereas ~300,000 new patients are diagnosed (1,2).
Papillary thyroid cancer (PTC) is the most common type
of thyroid cancer and is characterized by a differentiated
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neoplasia (3). BRAF mutations are highly prevalent in thyroid
carcinomas, especially B-Raf proto-oncogene serine/threonine
kinase (BRAF)Y°E (4). Distinguishing PTC from a benign
thyroid nodule (BTN), including thyroid adenoma and classical
nodular goiter, is crucial for clinicians. Currently, the two most
common examination methods, ultrasound (US) and computed
tomography, are used to analyze suspect thyroid nodules (5).
Furthermore, pre-operative US-guided fine-needle aspiration
cytology (FNAC) and intraoperative pathological examina-
tion are performed to further explore patients suspected of
having PTC (5). However, FNAC sampling is very invasive
and therefore limited since it requires multiple aspirations (6).
Therefore, the identification of novel non-invasive biomarkers
that do not require any invasive procedure is crucial for the
early screening of PTC.

MicroRNAs (miRNAs/miRs) are small non-coding RNAs
that are key regulators in various physiological and patholog-
ical processes, including cell proliferation, cell differentiation
and cell death (7-10). Recent studies have revealed that, since
circulating miRNAs are very stable in serum and plasma, and
present high sensitivity and specificity, they may be considered
as novel biomarkers (11,12). Xiong et al (13), demonstrated that
miR-126-3p is a tumor suppressor in the progression of thyroid
cancer. In addition, miR-375 has been reported to inhibit cell
proliferation in thyroid cancer cells by suppressing expres-
sion of erb-b2 receptor tyrosine kinase 2 (10). Furthermore,
miR-222 and miR-146b are positively correlated with the
development of PTC in patients with recurrent PTC (14).

The abnormal expression of miR-22 has been widely
reported in various types of cancer, including breast and
colorectal cancers (15,16). However, whether miR-22 is
dysregulated in PTC has not been investigated. The current
study aimed to evaluate the expression of miR-22 in patients
with PTC and to further elucidate whether it could be used as
a potential biomarker to differentiate patients with PTC from
patients with BTN and healthy controls.

Materials and methods

Patients. The present study was approved by the Research Ethics
Committee of the Hongqi Hospital Affiliated to Mudanjiang
Medical University (Mudanjiang, China) and all patients
provided written informed consent. A total of 150 patients
with primary PTC, 100 patients with BTN, and 40 age- and
sex-matched healthy controls from the Hongqi Hospital
Affiliated to Mudanjiang Medical University were enrolled in
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this study between April 2016 and November 2017. Written
informed consent was obtained from all participants. PTC or
BTN tissues were extracted from patients, 10% formalin-fixed
at room temperature for 24 h and paraffin-embedded, and
further analyzed for histopathological diagnosis and miRNA
examination. The embedded samples were then immedi-
ately frozen for total RNA extraction. In addition, blood
samples (5 ml) were taken from all subjects prior to surgery,
and additional blood samples were collected from six patients
after tumor resection and receiving appropriate treatment for
1 week. All blood samples were directly placed into tubes
containing sodium citrate. Then, blood samples were centri-
fuged at 3,000 x g for 15 min at 4°C. Clinical features of the
patients included in this study are listed in Table I.

US-guided FNAB. FNAB was performed to aspirate papillary
thyroid tissues by endocrinologists using a 25-gauge needle.
After each aspiration, the cytological material was immedi-
ately smeared onto slides. The slides were prepared by both
air-dried and alcohol-fixed methods (70% alcohol once, 95%
alcohol twice, absolute alcohol three times, each time for
1 min at room temperature). The air-dried smears were stained
using the Diff-Quik method (17) and immediately evaluated
by a cytopathologist, whereas the alcohol-fixed smears were
stained by the Papanicolaou method (18) in the cytology
laboratory. The sample slide obtained using the Diff-Quik
method was then evaluated and classified as ‘adequate (suffi-
cient lymphocytes),” ‘less than optimal (some lymphocytes),
or ‘inadequate (very few or no lymphocytes)’. Another FNA
pass was performed without smear, and the sample was
collected by rinsing the needle in a tube containing 1 ml Hank
balanced salt solution without heparin. The specimens were
immediately transferred to the clinical laboratory and stored
at -20°C for 0 to 4 days prior to thyroglobulin (Tg) analysis.
For each patient, all passes were performed by the same
endocrinologist.

Tg-FNAB antibody assays. The Tg measurements in the needle
washouts (Tg-FNAB) were carried out using a commercial
immunofluorometric assay (TRA-1-81, Baiao Bolai Bio.
Co, Beijing, China) with monoclonal antibodies (DELFIA®;
PerkinElmer, Inc., Waltham, MA, USA) and a functional
sensitivity of 1.0 ng/ml, according to the manufacturer's
protocol.

Sample acquisition and RNA extraction. Total RNA from
the serum and tissue samples was isolated with RNAVzol
LS (Vigorous Biotechnology Co, Beijing, China, http:/www.
vigorousbiol.com/) according to the manufacturer's protocol.
The quality, quantity and integrity of the RNA were monitored
using a NanoDrop spectrophotometer (ND-1000; NanoDrop
Technologies; Thermo Fisher Scientific, Inc., Wilmington,
DE, USA).

Reverse transcription-quantitative polymerase chain
reaction (RT-qPCR). The RNA was reverse transcribed
into cDNA using the Prime-Script one-step RT-qPCR kit
referring to the M-MLV cDNA first strand synthesis system
(cat no. C28025-032, Invitrogen; Thermo Fisher Scientific
Inc., Waltham, MA, USA) according to the manufacturer's
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protocol. qPCR was performed using SYBR Green Supermix
(Bio-Rad Laboratories, Inc., Hercules, CA, USA) in a Bio-Rad
iCycleriQ real-time PCR detection system. The qPCR proce-
dure was performed as follows: 95°C for 10 min, followed
by 50 cycles of 95°C for 10 sec, 55°C for 10 sec, 72°C for
5 sec, 99°C for 1 sec, 59°C for 15 sec and 95°C for 1 sec,
after which, samples were cooled to 40°C. U6 was used as an
internal reference gene. The relative expression levels were
calculated using the 2244 method (19), and the experiments
were repeated in triplicate. The primers used in the current
study were as follows: miR-22-RT, 5'-GTCGTATCCAGT
GCAGGGTCCGAGGTATTCGCACTGGATACGACTAAG
C-3; U6-RT, 5'-GTCGTATCCAGTGCAGGGTCCGAGGTA
TTCGCACTGGATACGACAAAATG-3"; miR-22, forward,
5-GCAGTTCTTCAGTGGCAAGC-3'; U6, forward, 5-GCG
CGTCGTGAAGCGTTC-3'; universal reverse primer, 5'-GTG
CAGGGTCCGAGGT-3". RT refers to the stem loop primer.

B-Raf proto-oncogene serine/threonine kinase (BRAF)"5%F
gene testing. Determination of the BRAFY*°F gene muta-
tion was carried out for all patients with PTC by PCR
techniques (20). DNA was isolated from PTC tissues using
a DNA Extraction kit (Promega Corporation, Madison, W1,
USA), and BRAF gene exon 15 was detected using a BRAF
mutant gene detection kit (Amoy Diagnostics Co., LTD,
Fujian, China) according to the manufacturer's protocol and
the ABI7500 real-time PCR amplifier (Applied Biosystems;
Thermo Fisher Inc., Waltham, MA, USA). The primers for
amplification of exon 15 of BRAF were designed as follows:
Forward, 5-TCATAATGCTTGCTCTGATAGGA-3' and
reverse, 5-GGCCAAAAATTTAATCAGTGGA-3"). All
procedures and analyses were carried out in the biomolecular
laboratory of the Hongqi Hospital Affiliated to Mudanjiang
Medical University.

Statistical analysis. Data are presented as the means + standard
deviation (SD). Each experiment was repeated with three
times. A two-tailed unpaired Student's t-test was used for
comparisons between two groups. One-Way Analysis of
Variance (SPSS 13.0; SPSS, Inc., Chicago, IL, USA) followed
by a Tukey post hoc test was used to compare more than two
groups. Receiver operating characteristic (ROC) curves were
used to assess miR-22 as a biomarker, and the area under the
curve (AUC) was reported (SPSS version 20.0; IBM Corp.,
Armonk, NY, USA). Spearman's correlation coefficient was
used to determine the correlation between serum miR-22 and
tissue miR-22, and serum miR-22 and Tg levels in the tissues
of patients with PTC. P<0.05 was considered to indicate a
statistically significant difference.

Results

Serum miR-22 is increased in patients with PTC. RT-qPCR
was carried out to detect the levels of miR-22 in the serum of
patients with PTC, patients with BTN and healthy controls.
Serum miR-22 was slightly increased in patients with BTN
(1.67+1.18, P>0.05) whereas it was significantly increased in
patients with PTC (24.65+6.58) compared with the healthy
controls (1.00+0.58) (Fig. 1A). In addition, serum miR-22 was
significantly increased in patients with PTC and metastasis
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Table I. Clinical features of patients with PTC and healthy
controls.

PTC BTN Healthy

Variable patients patients controls
Male/female 73177 52/48 19/21
Age (year) 553+113 495+162 53.8+79
Tumor size (cm)

<l 77 - -

>1 73 - -
Capsular invasion

Yes 62 - -

No 88 - -
Lymph node metastasis

Yes 65 - -

No 85 - -
No. of cancer foci

Single 86 - -

Multiple 74 - -
BRAFY"E gene

Mutant 98 - -

Wild type 52 - -

BRAF, B-Raf proto-oncogene serine/threonine kinase; BTN, benign
thyroid nodule; PTC, papillary thyroid cancer.

(9.57+5.35) compared with in patients with PTC who have no
metastasis (1.00+0.96) (P<0.01; Fig. 1B).

Levels of miR-22 in thyroid tissue are increased in
patients with PTC. Furthermore, miR-22 expression levels
were increased in the thyroid tissue of patients with PTC
(6.01£1.05) compared with in patients with BTN (1.00+0.56)
(Fig. 2A). In addition, miR-22 was increased in patients with
PTC and metastasis (3.86+0.85) compared with in patients
with PTC who have no metastasis (1.00+0.42) (Fig. 2B).
The correlation between serum and thyroid tissue levels of
miR-22 was also investigated. Serum miR-22 levels were
positively correlated with PTC tissue miR-22 levels (r=0.592,
P<0.001; Fig. 2C).

Serum miR-22 is enhanced in BRAFV600E mutant patients
with PTC. Patients with PTC were further divided according
to the presence of a BRAF gene mutation. As shown in
Table I, 98 patients were identified as BRAFV600E mutants
and 52 patients were identified as wild type BRAF patients.
Furthermore, serum miR-22 levels were increased in the
BRAFV600E mutant patients with PTC (18.86+5.12)
compared with in the BRAFV600E wild type patients with
PTC (1.00+0.79) (Fig. 3A). In addition, higher miR-22 levels
were identified in the thyroid tissues of BRAFV600E mutant
patients with PTC (6.87+1.35) compared with in the BRAFY60°F
wild type patients with PTC (1.00+0.65) (Fig. 3B).

miR-22 is positively correlated with Tg-FNAB levels. Tg
determination in the needle washouts (Tg-FNAB) is an
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Figure 1. Serum miR-22 is enhanced in patients with PTC. (A) Serum miR-22
was slightly increased in patients with BTN and was significantly increased
in patients with PTC compared with the healthy controls. (B) Serum miR-22
was significantly increased in patients with PTC and presenting metastasis
compared with in patients with PTC who have no metastasis. “P<0.01,
“"P<0.001 vs. healthy control; ##P<0.001 as indicated. BTN, benign thyroid
nodule; miR-22, microRNA-22; PTC, papillary thyroid cancer.

important method to determine malignancy in the lymph
nodes (LNs). The serum expression levels of miR-22 were
therefore compared in the different Tg-FNAB groups. Briefly,
30 patients were included in the <1 ng/ml Tg-FNAB group and
62 patients were included in the 1-10 ng/ml Tg-FNAB group,
whereas 58 patients were included in >10 ng/ml Tg-FNAB
group. As shown in Fig. 4A, serum miR-22 was much lower
in patients with PTC with <1 ng/ml Tg-FNAB (1.00+0.64).
Conversely, serum miR-22 was much higher in patients with
PTC with 1-10 ng/ml Tg-FNAB (5.23+1.03) and was highest
in patients with PTC with >10 ng/ml Tg-FNAB (16.24+4.36)
(Fig. 4A). Furthermore, serum miR-22 was demonstrated to
be positively correlated with Tg levels in patients with PTC
(r=0.423, P<0.001; Fig. 4B).

miR-22 differentiates patients with PTC from healthy
controls. Finally, a ROC analysis was carried out to evaluate
whether serum miR-22 expression could be used as a potential
biomarker to discern patients with PTC from healthy controls.
Data revealed that serum miR-22 could differentiate patients
with PTC from healthy controls, with an AUC of 0.942
(95% confidence interval: 0.858-1.000; P<0.001; Fig. 5).

Discussion

The identification of novel biomarkers for patients with PTC
is crucial (21,22). It has been reported that a BRAF mutation,
assessed after FNA, is an important biomarker for aggressive
PTC (23). Furthermore, p27, p21, cyclin DI, osteopontin and
E-cadherin have also been suggested as potential biomarkers
for the diagnosis of PTC (24,25). However, these biomarkers
are limited due to their poor clinical applications.

Due to their stability and abundance in the circulatory
system, circulating miRNAs have been revealed as important
biomarkers for various types of cancer (11,12). To the best of
our knowledge, the present study is the first to demonstrate
increased miR-22 levels in the serum of patients with PTC
compared with in patients with BTN and healthy controls.
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Similarly, the levels of miR-22 were increased in thyroid
tissues of patients with PTC compared with in patients with
BTN. These observations indicated that miR-22 may have an
oncogenic role in the development of PTC. In addition, cancer
metastasis is still a major cause of mortality for patients (26).
Identifying a novel diagnostic tool or therapeutic intervention
that would serve a key role in the prevention of PTC is there-
fore crucial (27). In the present study, serum and tissue miR-22
levels were significantly increased in patients with PTC and
metastasis compared with in patients with PTC who had no
metastasis.

The T1799A nucleotide mutation in the BRAF gene is
a key oncogenic mutation in patients with PTC (28,29). It

has been estimated that 45% of patients with PTC have this
mutation, which corresponds to a valine-to-glutamic acid
exchange in codon 600 of the BRAF protein (BRAFV600E).
This mutation increases serine/threonine protein kinase
activities and constitutively activates the mitogen-activated
protein kinase signaling pathway (30,31). Therefore,
BRAFV600E represents an important prognostic marker for
patients with PTC (30,31). The expression levels of miR-22
in serum and tissue samples from patients with PTC and the
BRAFV600E mutation were also analyzed and compared
with the wild type patients. Results demonstrated that serum
and tissue miR-22 levels were increased in patients with
PTC with the BRAFV600E mutation, thus indicating that
the upregulation of miR-22 may be positively associated
with the risk of PTC.

Furthermore, Tg-FNAB is another important method
for determining LN metastases (32,33). However, 5-10% of
FNABs have been demonstrated to have non-diagnostic value
and 6-8% to be false negatives (34). The present study revealed
that serum miR-22 expression was significantly augmented in
patients with PTC with 1-10 ng/ml Tg-FNAB and >10 ng/ml
Tg-FNAB, thus suggesting that serum miR-22 may be used
as an auxiliary non-invasive diagnostic method in line with
Tg-FNAB levels. The ROC analysis also demonstrated that
serum miR-22 expression was able to directly differentiate
patients with PTC from healthy controls.

A previous study proposed that circulating miR-22 is
associated with the etiology of liver injury in patients with
human immunodeficiency virus (HIV), which suggests that
miR-22 circulating levels may be an independent predictor
of liver injury in patients with HIV (35). Furthermore,
serum miR-22-5p is correlated with acute myocardial
infarction (AMI), which suggests that miR-22 could also
be a promising biomarker for the diagnosis of AMI (36). In
comparison with these studies, the present study attempted
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Figure 5. Receiver operating characteristic analysis reveals that microRNA-22
differentiates patients with papillary thyroid cancer from healthy controls.

to determine whether serum miR-22 expression could be
a potential biomarker for patients with PTC. Other condi-
tions may also cause an increase in serum miR-22 (1,2).
The present study mainly focused on miR-22 expression in
patients with PTC; a detailed analysis of miR-22 expression
in serum and tissues was conducted from patients previ-
ously categorized into different groups. miR-22 levels were
assessed in 150 patients with PTC, 100 patients with BTN
and 40 normal subjects. The results revealed a significant
increase in miR-22 expression in the serum and thyroid
tissues of patients with PTC, which was associated with the
presence of metastasis and the BRAFV600E mutation. ROC
analysis also demonstrated that serum miR-22 may be used

as a biomarker for screening patients with PTC. These novel
findings are interesting and may be of significant clinical
importance.

In conclusion, to the best of our knowledge, the present
study was the first to reveal that miR-22 serum levels may
represent a novel biomarker for patients with PTC that does
not involve any invasive procedure. However, a larger number
of samples should be included in a future study. In addition,
detailed analysis of the potential relationship between serum
levels of miR-22 and the clinicopathological features of
patients should be considered.
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