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ABSTRACT

To determine the extent to which thyroid stimulating hormone receptor (TSHR)
mRNA in peripheral blood (PB) has diagnostic value for papillary thyroid carcinoma
(PTC). We obtained pre- and postoperative PB samples from 104 thyroid disease patients
and collected 11 healthy volunteers’ PB samples twice apiece at different times. We
used reverse transcription polymerase chain reaction (RT-PCR) to quantify TSHR mRNA
expression levels in the samples. T-test and chi-square test were used to compare
quantitative data and rates. The mean preoperative PB TSHR mRNA expression level of
the PTC patients was significantly higher than that of the healthy volunteers. However, on
the postoperative day 1, PB TSHR mRNA level of PTC patients significantly decreased but
not for healthy controls. Preoperative PB TSHR mRNA expression levels were significantly
associated with patient age, capsular invasion status, lymph node metastasis status, and
BRAF'%°°t mutation status (P < 0.05) but not gender, tumor size, number of cancer foci, or
Hashimoto thyroiditis status. Preoperative assessment of the PB TSHR mRNA expression
level combined with ultrasonography of the thyroid had better accuracy in the diagnosis
of PTC than either method alone did. Moreover, TSHR mRNA expression significantly
affected recurrence of PTC patients. Our findings suggest that PB TSHR mRNA expression
level is a promising novel biomarker for the early detection, diagnosis, and treatment of
PTC. It may serve as a noninvasive means of PTC detection and a prognostic biomarker
of residual tumor and help guide further treatment.
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INTRODUCTION

The incidence of papillary thyroid carcinoma (PTC),
the most common endocrine malignancy, has risen rapidly
in recent decades owing to widespread environmental
and dietary changes and an increasing rate of thyroid
papillary microcarcinoma (PTMC) [1]. At present, the
preoperative diagnosis of PTC is made primarily with
thyroid ultrasonography and/or fine needle aspiration
biopsy (FNAB) cytology. Both methods have limitations
in the diagnosis of PTC. Although improvements in
ultrasonography have increased the rate of accurate
diagnosis of patients with thyroid disease, some cases are
still difficult to identify with thyroid ultrasonography alone,
leading to misdiagnoses that have negatively influenced
patients’ prognosis and treatment. FNAB cytology is
invasive, and its rate of clinical application in many
hospitals in China had been considerably low until recently;
in addition, FNAB cytology has false positive and false
negative rates of about 5% each, which have contributed
to misdiagnoses in 10%—30% of suspected PTC cases [2].
Therefore, a new test for the diagnosis of PTC is necessary.

One pathway that plays an important role in PTC
development and progression is the mitogen-activated
protein kinase (MAPK) signaling pathway. Excessive
activation of the MAPK signaling pathway, which
increases the risk of PTC development and progression,
may be caused by mutations in the B-Raf proto-oncogene,
serine/threonine kinase gene, BRAF. BRAF mutations are
the most common gene mutations in PTC; in particular,
previous studies have suggested that more than 50% of
thyroid cancers have the BRAFYE mutation [3], which
is associated with lymph node metastasis, extrathyroidal
invasion, and advanced disease stage [4—6]. Therefore,
BRAF gene mutations may be associated with the high
invasiveness of PTC. Peripheral blood (PB) thyroid
stimulating hormone receptor (TSHR) mRNA is one of
circulating tumor markers, while it remains unclear if it is
affected by BRAF gene mutations. Some studies suggest
that BRAF gene mutations may be related with methylation
abnormality of TSHR gene, thus affecting the expression
of TSHR mRNA and TSHR protein in PTC tissues [7].

In the past 3 decades, although some tumor markers
were used in diagnosis and monitoring of thyroid cancer,
there were many problems and difficulties in monitoring
the development of thyroid cancer [8—11]. TSHR is
a transmembrane protein, which exists in the thyroid
follicular epithelial cells, and belongs to the G protein-
coupled receptor. It is involved in regulation of growth
and differentiation of thyroid follicular epithelial cells
in combination with TSH. In 1988, Ringel et al. [12]
used anti-TSHR antibodies and immunomagnetic
separation technology to detect circulating tumor cells
(CTCs) in thyroid cancer patients. However, the method
Ringel used had low sensitivity and specificity and was
difficult to apply clinically, due to few CTCs exist in

PB of patients with PTC, decreased expression in PTC
cell membrane and the restrictiveness of the enrichment
technology of CTCs. In this study, we applied the real-
time reverse transcription polymerase chain reaction
(RT-PCR) techniques to detect the PTC patients’ PB
TSHR mRNA. The PB TSHR mRNA in PTC patients
was more easily assessable and had a higher level than
that in CTCs. Furthermore, compared with enrichment
techniques of CTCs, RT-PCR technique was more mature
and easier for use. The purpose of the present study was
to assess the diagnostic value of preoperative PB TSHR
mRNA expression levels and investigate the effect of the
BRAFYF mutation on the expression level of PB TSHR
mRNA in PTC patients.

RESULTS

The 115 participants we recruited included 80
women and 35 men. The participants’ mean age was
44.77 £ 13.39 years (range, 22—77 years). Of the 104
patients with pathologically confirmed thyroid disease, 70
had PTC, The preceding information is given below and
in Table 1; and 34 had BTD (22 with nodular goiter; 7
with follicular cell neoplasia, and 5 with HT). All PTC
patients underwent unilateral lobectomy plus isthmectomy
and unilateral central cervical lymph node dissection. All
BTD patients underwent partial thyroidectomy or subtotal
thyroidectomy.

The characteristics of the 70 PTC patients are given
in Table 1. Of these 70 patients, 53 (76%) were women,
35 (50%) were > 45 years old, 37 (53%) had PTMC, 17
(24%) had capsular invasion, 44 (63%) had lymph node
metastasis, 16 (23%) had multiple cancer foci, 24 (34%)
had HT, and 51 (73%) had a BRAFV*°F mutation.

The results of the RT-PCR analysis quantifying pre-
and postoperative PB TSHR mRNA expression levels
are shown in Figure 1. The mean preoperative PB TSHR
mRNA level of the PTC patients (2.178 £+ 1.189 ng/ug)
was significantly higher than that of the BTD patients
(1.460 + 0.848 ng/ug; P =0.001) and that of the healthy
volunteers (1.011 £ 0.171 ng/ug; P = 0.001) (Figure 2).
The mean preoperative PB TSHR mRNA expression
levels of the BTD patients and healthy volunteers did not
differ significantly (P = 0.217). The mean postoperative
TSHR mRNA expression levels of the PTC patients, BTD
patients, and healthy volunteers did not differ significantly
(Table 2). In addition, for the PTC patients, the mean
postoperative PB TSHR mRNA expression level was
significantly lower than the mean preoperative TSHR
mRNA expression level was (P < 0.05).

In this study, our further analysis revealed that PTC
patients’ preoperative PB TSHR mRNA expression level
was associated with age, histological type, capsular invasion
status, lymph node metastasis status, and BRAFVE
mutation status (P < 0.05) but not gender, tumor size,
number of cancer foci, or HT status (P > 0.05) (Table 1).
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The mean level of preoperative PB TSHR mRNA
expression in the PTC patients with wild-type BRAF was
significantly lower than that in the PTC patients with the
BRAFYS"E mutation, while it was higher than that in the
BTD patients. In PTC patients, the preoperative PB TSHR
mRNA expression level was positively correlated with
lymph node metastasis rates (» = 0.387; and P = 0.001).

A ROC curve was constructed to assess the
diagnostic value of preoperative PB TSHR mRNA
expression levels for PTC (Figure 3). The area under the
ROC curve was 0.722, and the cut-off point of the TSHR
mRNA expression level was about 1.70. Using this cut-
off value, we found that the TSHR mRNA expression
level had an accuracy of 67.3%, sensitivity of 60.0%,
specificity of 82.4%, PPV of 87.5%, and NPV of 50.0%
in the diagnosis of PTC. We also found that thyroid
ultrasonography had an accuracy of 70.2%, sensitivity of
78.6%, specificity of 52.9%, PPV of 77.6%, and NPV of
54.5% in the diagnosis of PTC, indicating that the TSHR
mRNA expression level or thyroid ultrasonography
alone cannot detect all PTC. However, the TSHR mRNA
expression level plus thyroid ultrasonography had an
accuracy of 78.8%, sensitivity of 95.7%, specificity of
55.9%, PPV of 77.9%, and NPV of 83.3% in the diagnosis
of PTC, indicating that the combination detects PTC with
greater precision than either method alone does.

Furthermore, we followed up 70 PTC patients for
18 months and we found 9 patients were lost for follow

up. Among 61 PTC patients, there were 6 had disease
recurrence and 55 were recurrence-free. The multivariable
Cox proportional hazards regression analysis regarding the
association between TSHR mRNA expression and risk of
recurrence is shown in Table 3. Estimates of association
were adjusted for other potential confounders, such as
age, gender, stage, treatment, tec. Compared with patients
having low expression of TSHR mRNA, the patients
with high expression had significantly increased risk of
recurrence (HR, 4.1; 95% CI, 1.7-6.4).

DISCUSSION

By interacting with thyroid stimulating hormone,
TSHR regulates thyroid function, thyroid cell growth,
and thyroid cell differentiation. TSHR may also be
expressed in normal thyroid and PTC. But its expression
was different between normal thyroid and PTC. In 2002,
Gupta et al. posited that TSHR mRNA is a circulating
tumor marker for thyroid cancer patients [13]. In 2004,
Chinnappa et al. found that thyroid cancer patients had
a higher rate of TSHR mRNA expression in the PB than
normal thyroid did [14]. Wagner et al. [15], using RT-
PCR to detect TSHR mRNA in the PB of patients with
benign or malignant thyroid nodules, found that patients
with differentiated thyroid carcinoma had a higher level
of TSHR mRNA expression in the PB than benign thyroid
nodules did.
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Figure 1: Polymerase chain reaction signaling maps of preoperative thyroid stimulating hormone receptor (TSHR)
mRNA expression levels (Pre-op; top) and postoperative day 1 TSHR mRNA expression levels (POD1; bottom) in
patients with papillary thyroid carcinoma. The sets of curves on the left represent reference mRNA; the sets of curves on the right

represent TSHR mRNA.
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Table 1: Preoperative thyroid stimulating hormone receptor (TSHR) mRNA expression levels and
clinical features of 70 papillary thyroid carcinoma (PTC) patients

Mean TSHR mRNA Expression

Variable No. of Patients Level = SD P Value

Sex
Male 17 234+ 141 0.207
Female 53 2.13+0.11

Age, years
<45 35 1.97£0.92 0.005%*
>45 35 2.39+1.39

Histological type
PTC 70 2.18+0.14 0.002*
BTD 34 1.46 £0.15

Tumor size, cm
<1 37 2.01+0.19 0.349
> 1 33 2.32+0.21

Capsular invasion
Yes 17 2.69 +0.38 0.041*
No 53 2.01+0.14

Lymph node metastasis
Yes 44 2.40£0.19 0.033*
No 26 1.81+£0.20

No. of cancer foci
Single 54 2.08+0.15 0.242
Multiple 16 2.53+0.34

Hashimoto thyroiditis
Yes 24 1.82+0.15 0.063
No 46 2.37+0.20

BRAFV®E gene mutation
Mutant 51 2.38+0.17 0.012%*
Wildtype 19 1.63+0.23

TSHR: thyroid stimulating hormone receptor; PTC: Papillary Thyroid Carcinoma; BTD: benign thyroid disease.

Our results demonstrate the association between
TSHR mRNA expression and recurrence among patients
with PTC. We found that patients with the higher TSHR
mRNA expression had a significantly higher risk of disease
recurrence than did patients with the lower expression.
These results may help physicians make decision for
individualized treatment. If the association between the
TSHR mRNA expression and PTC disease recurrence is
confirmed, clinicians could use these expression profiling
as a biomarker to identify an important subgroup of
patients who are at high risk of recurrence. It is likely
that future targeted therapies will be designed (in part)
to counteract the effects of significantly higher TSHR
mRNA expression as well as individualized within the
PTC patients. Furthermore, it may be possible to intensify

treatment for patients in whom the higher expression is
identified before treatment begins, add adjuvant therapy
for those with higher expression identified immediately
after treatment, and intensify the workup for treatable
recurrent disease or in those who are found to have a high
risk of recurrence in follow-up. However, these potential
therapeutic options would each have to be tested in
clinical trials. It is hoped that the earlier recurrent disease
is detected the greater the chances of successfully treating
such disease. Ultimately, the findings this study may help
improve prognostication, facilitate more selective use of
systemic therapy, and hopefully, improve outcomes.

In this study, we confirmed that the preoperative
PB TSHR mRNA expression levels of PTC patients
are significantly higher than those of BTD patients and
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Table 2: Thyroid stimulating hormone receptor (TSHR) mRNA expression on postoperative day 1

Group No. of Participants Coxzszl?;ilggiz Iug P Value

BTD 34 1.41+0.52 >0.05

PTC 70 1.43+0.76 >0.05

HV 11 1.03+£0.10 >0.05
TSHR: thyroid stimulating hormone receptor; PTC: Papillary Thyroid Carcinoma; BTD: benign thyroid disease; HV: healthy
volunteers.

Table 3: Association between TSHR mRNA expression and recurrence in patients with PTC
(N=61)

TSHR mRNA expression No. of recurrences/No. of patients HR, 95% CI
Low' 3/14 1.0
High 3/47 4.1(1.7-6.4)

TReference group
HR (hazard ratio): adjusted by age, sex, stage, treatment etc.

healthy volunteers. This suggests that the PB TSHR
mRNA expression level could be used as an important
biological marker for the preoperative diagnosis of PTC.

which is consistent with the conclusions of a previous
report [16]
Previous studies have shown that preoperative

We also found that for PTC patients, the postoperative PB
TSHR mRNA expression levels were significantly lower
than preoperative PB TSHR mRNA expression levels;
in addition, postoperative PB TSHR mRNA expression
levels did not differ significantly among PTC patients,
BTD patients, and healthy volunteers (P = 0.881). These
findings suggest that the postoperative PB TSHR mRNA
expression level could be used as an evaluation index,

PB TSHR mRNA expression levels are higher in PTMC
patients than in BTD patients and healthy individuals. Those
studies’ findings suggested that the detection of PB TSHR
mRNA was useful in making a preoperative diagnosis of
PTMC [17-19]. Similarly, we found that PB TSHR mRNA
expression levels were significantly higher in PTMC
patients than in BTD patients and healthy volunteers but
did not differ significantly between patients with PTMC and
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Figure 2: Preoperative (Pre-op) and postoperative day 1 (POD1) thyroid stimulating hormone receptor (TSHR) mRNA
expression levels in patients with papillary thyroid carcinoma (PTC) and patients with benign thyroid disease (BTD).
Thyroid stimulating hormone receptor (TSHR) mRNA expression levels in healthy volunteers (HV) at different times.
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those with papillary thyroid non-microcarcinoma. These
results indicate that PB TSHR mRNA expression levels
could be used for the preoperative diagnosis of PTMC and
would not be affected by the size of the cancer foci.

Our study is the first to investigate the influence
of the BRAFV®E mutation on the preoperative PB
TSHR mRNA expression level. In a previous study
[20], we found that PTC patients had a BRAFV600E
gene mutation rate of about 78%. In the present study,
the PB TSHR mRNA expression levels of PTC patients
without BRAFV600E mutations were significantly
lower than those of PTC patients with BRAFV600E
mutations (P = 0.012) and significantly higher than those
of BTD patients (P < 0.01). These results suggest that
BRAFV600E mutation status does not affect the accuracy
of PB TSHR mRNA expression levels in the diagnosis
of PTC. This may be due to the fact that BRAFV"E
mutations induce abnormal TSHR gene methylation,
which negatively affects TSHR mRNA processing.
Previous studies suggested that BRAFV*E gene mutation
was associated with aggressive phenotype of PTC, such
as lymph nodes metastasis, extracapsular invasion, and
extrathyroid tissue invasion. Thus, we speculate that the
hematogenous metastasis more likely occurs when PTC
with BRAFV"F gene mutation and produces more CTCs,
thus leading to elevated levels of PB TSHR mRNA.

Generally, PTC has a favorable prognosis, with a
postoperative survival rate up to approximately 90%,
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while there are still some PTC to have robust invasion.
Ries et al. [21] suggested that patients with tumor capsular
invasion and/or lateral neck lymph nodes metastasis
had poor prognosis. Berber et al. [19] suggested that an
increasing PB TSHR mRNA expression level might be a
sign of aggressive disease in PTC patients. In our study,
an increasing PB TSHR mRNA expression level was
related to lymph node metastasis and capsular invasion,
which was positively associated with the rate of lymph
node metastasis. These findings, which are consistent with
those of the study of Berber et al. [19], indicate that the PB
TSHR mRNA expression level reflects the aggressiveness
of PTC.

PB TSHR mRNA test could be used for diagnosis
of PTC, as it might not be affected by nodule-type HT.
In recent years, the relationship between HT, a common
thyroid autoimmune disease, and thyroid cancer has
became a focus of new research. Gul et al. [22] analyzed
the clinical data of 613 patients who underwent thyroid
surgery and noted the difficulty of using thyroid
ultrasonography to differentiate between nodular HT
and malignant thyroid nodules. In the present study, we
found that the PB TSHR mRNA expression levels of PTC
patients with HT and those of PTC patients without HT did
not differ significantly (P = 0.063),which suggests that HT
does not affect preoperative PB TSHR mRNA expression.
Therefore, the detection of preoperative PB TSHR mRNA
may be used for the diagnosis of PTC and HT.
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Figure 3: Receiver operating characteristic (ROC) curve demonstrating the diagnostic value of preoperative peripheral
blood thyroid stimulating hormone receptor mRNA in papillary thyroid carcinoma patients. The area under the ROC

curve was 0.722.
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We also found that the value of the PB TSHR
mRNA expression level in the preoperative diagnosis
of PTC increased when it was combined with
thyroid ultrasonography. The accuracies of thyroid
ultrasonography or PB TSHR mRNA expression
level alone in the diagnosis of PTC were 70.2% and
67.3%, respectively, whereas the accuracy of the two
methods combined was substantially higher, at 78.8%.
Although FNAB cytology is still the gold standard for
the preoperative diagnosis of PTC, its accuracy can be
affected by puncture sites, tumor size, an insufficient
sample size, and overlapping factors of tumor cells
morphology [23-26]. In addition, because the accuracy
of FNAB cytology is closely related to the experience of
the pathologist, the diagnosis would be largely subjective,
resulting in many false positives and false negatives.
Recently, Ren et al. [27] found that the addition of the
PB TSHR mRNA expression level significantly improved
the sensitivity and specificity of FNAB cytology in the
preoperative diagnosis of PTC. This conclusion is
consistent with previous research from Wangner et al.
[15] and Chia et al. [16].

At present, the diagnosis of PTC relies mainly
on thyroid ultrasound and FNAB. Thyroid ultrasound
has many limits when thyroid nodules are small in size,
locate in dorsal aspect of thyroid, and are associated
with nodule-type HT. FNAB belongs to the invasive
examination and may also have some limits. For example,
when the diameter of thyroid nodule was less than 5 mm,
the location of thyroid nodule was close to important
blood vessels and/or recurrent laryngeal nerve. The test
of the PB TSHR mRNA expression level is a noninvasive
examination method. A high PB TSHR mRNA expression
level could indicate capsular invasion, lymph node
metastasis, and/or BRAFV®E mutations. The presence
of HT would not affect TSHR mRNA expression level
used to make a PTC diagnosis. However, this study has
relatively sample sizes and without follow up data of
study subjects. Therefore, we didn’t perform the analysis
on associations between PB TSHR mRNA and PTC
patients’ prognosis, and such studies on associations could
be one of our future research focuses.

In conclusion, our findings suggest that the PB
TSHR mRNA expression level can be used to help
make a preoperative diagnosis of PTC. Our findings
also suggest that the preoperative PB TSHR mRNA
expression level can supplement thyroid ultrasonography
in the evaluation of patients with suspected PTC. In
addition, the postoperative PB TSHR mRNA expression
level might be used to assess PTC patients for residual
tumor and guide postoperative treatment. Maybe the PB
TSHR mRNA expression levels is an effect marker for
predicting prognosis, evaluating surgical efficacy, planning
postoperative follow-up, and monitoring for recurrence in
PTC patients in future. Large and prospective studies and
long term follow-up are needed to validate our results.

MATERIALS AND METHODS

Study participants

We recruited 115 participants (104 previously
untreated patients with pathologically confirmed thyroid
disease and 11 healthy volunteers) seen in the Department
of Thyroid Surgery at Yantai Yuhuangding Hospital of
Qingdao University from April 2015 to December 2015.
Some patients were excluded if they 1) had non-papillary
thyroid carcinoma; 2) had other system malignant tumors
or severe system disease; 3) had abnormal PB leukocyte
count; 4) had past history of thyroid disease; and 5) had
underwent TSH inhibition or Iodine 131 treatment. During
that same period, the controls (11 healthy volunteers) had
been selected from healthy visitors who had accompanied
cancer patients to outpatient clinics at Yuhuangding
Hospital but who were genectically unrelated to the
patients. The inclusion criteria of healthy volunteers (HV)
were as following, if 1) the participants had no possibility
of benign and malignant thyroid nodules by B-ultrasonic
examination; 2) the thyroid function was normal; 3) the
subjects had no history of benign and malignant thyroid
diseases; and 4) the subjects had no history of other system
malignancies (lung cancer, colon cancer, prostate cancer,
etc). We collected the PB samples of HV twice at different
time points. We used the average values as the standard of
the PB TSHR mRNA in PTC and BTD patients. The study
was approved by the hospital’s ethics committee, and all
115 participants provided written informed consent to be
included in the study.

Each participant’s gender, age, pathologic disease
type, tumor size, capsular invasion status, lymph node
metastasis status, number of cancer foci, Hashimoto
thyroiditis (HT) status, and BRAFY°F gene mutation status
were recorded. Ultrasonography and common laboratory
tests were obtained for all 115 participants before surgery.
Patients with pathologically confirmed thyroid disease
were diagnosed with PTC or benign thyroid disease
(BTD) on the basis of pathological analysis of formalin-
fixed, paraffin-embedded tissue samples obtained during
diagnostic or therapeutic surgery. The tumor < 1 cm along
the largest diameter is defined as PTMC. A receiver
operating characteristic (ROC) curve was constructed to
assess the diagnostic value (Such as accuracy, sensitivity,
and specificity, positive predictive value (PPV) and
negative predictive value (NPV)) of preoperative PB
TSHR mRNA expression levels and ultrasonography
for PTC. And the diagnostic value of the combination of
ultrasonography and TSHR mRNA expression level was
compared with that of either method alone.

Sample collection

PB samples (8 ml each) were collected from patients
in ethylenediaminetetraacetic acid—containing tubes on the
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day of surgery preoperatively and in the morning of the day
after surgery under fasting conditions. The healthy volunteers
were collected PB samples (8 ml each) twice apiece at the
same times. The samples were then stored at 4°C.

TSHR mRNA measurement

Total RNA in blood samples was extracted by TRIzol
within 2—4 h, stored at —80°C, and subjected to real-time
fluorescent quantitative PCR (probe method) detection
within 1 week. We used RT-PCR to measure TSHR mRNA
levels in the PB samples. Total RNA was extracted from
the cellular fraction of the PB sample without serum
or erythrocytes. Amplification of TSHR mRNA was
performed using specifically designed primers (upstream
primer, 5-GCTTTTGAAGGGACATGCAATGAA-3;
downstream primer, 5-AAGGGCCAGTGACACTG
GTTTGAGA-3"). We used Tagman real time PCR
technique by ABI7500 (Thermo Fisher Scientific,
Waltham, MA USA). PCR included a total of 40 cycles,
each at 42°C for 30 min, 94°C for 5 min, 94°C for 15
sec, and 60°C for 60 sec. For each sample, TSHR mRNA
was quantified by normalization with glyceraldehyte-3-
phosphate dehydrogenase mRNA in a separate reaction
tube within the same run. The Ct value of the target
gene (TSHR) and internal gene (GAPDH) was obtained
by machine (ABI 7500 Real Time PCR System, ABI,
USA). The relative expression level of TSHR mRNA
was measured using the 22T method and reported as the
reference equivalent of TSHR mRNA in ng/ug. TSHR
mRNA levels > 1.7 ng/ug were interpreted as signifying
the presence of thyroid cancer by ROC analysis.

BRAFY*"® gene testing

The determination of BRAFY®F gene mutation
was performed for all PTC patients by PCR techniques.
DNA was extracted using DNA Extraction kit (Promega
Corporation, CA, USA) and BRAF gene exon 15 was
detected using BRAF mutant gene detection kit (Amoy
Diagnostics Co., LTD, China) and the ABI7500 real-
time PCR amplifier (Promega Corporation, CA, USA).
The primers for amplification of exon 15 of BRAF were
as follows: forward (5-TCATAATGCTTGCTCTGA
TAGGA-3") and reverse (5-GGCCAAAAATTT
AATCAGTGGA-3). All the procedures and analysis were
conducted in the biomolecular laboratory of our hospital.

Statistical analysis

Statistical analyses were performed using the
SPSS 17.0 software program. TSHR mRNA expression
levels in pre- and postoperative PB samples are given as
means + standard deviations. A ¢-test was used to compare
quantitative data between two groups. The chi-square
test was used to compare rates. The primary endpoint

in this study is recurrence. Time to recurrence will be
computed from date of end of treatment to date of last
follow-up or date of clinically detectable recurrent cancer.
Participants who are recurrence-free or lost to follow-
up will be considered censored. Medical record review
for follow-up status of all patients was performed under
direct supervision of staff head and neck surgeon. Primary
tumor subsite, clinical stage, treatment, and vital status
were reviewed from medical records as assessed between
the initial and final patient contact recorded. The cox
proportional hazards regression was applied to estimate
the individual hazard ratio (HR) for the recurrence.
Statistical significance was set at P < 0.05.

Abbreviations

TSHR: thyroid stimulating hormone receptor; PB:
peripheral blood; PTC: papillary thyroid carcinoma;
PTMC: papillary thyroid microcarcinoma; RT-PCR: real-
time reverse transcriptase polymerase chain reaction;
POD: postoperative day; HT: hashimoto thyroiditis;
FNAB: fine needle aspiration biopsy; BTD: benign thyroid
disease; ROC: receiver operating characteristic; PPV:
positive predictive value; NPV: negative predictive value.

Author contributions

RML, SLH, HZ, XCS and HTZ conceived and
developed the methodology; HZ, JHM and GJL performed
clinicopathological data acquisition and their statistical
analysis; RML and XL performed the laboratory work
including TSHR mRNA measurement and BRAFVF gene
testing. JX, XCL, JYN, YS and LXJ performed clinical and
surgical evaluation. All the co-authors discussed the results
with a major contribution of RML, SLH, XCS and HTZ.
The overall study was supervised by GJL, XCS and HTZ.

CONFLICTS OF INTEREST

The authors declare no conflicts of interest.

FUNDING

This work was supported by the Natural Science
Fund of Shandong Province, China (No: ZR2015HL092);
Key Research Project of Shandong Province, China (No:
2015GSF118090); Human Resources and Social Security
Department of Shandong Province, China (No: 2013-528);
and Municipal Scientific and Technological Development
Project of Yantai, China (No: 2015YT06000060)

REFERENCES

1. Jemal A, Siegel R, Xu J, Ward E. Cancer statistics, 2010.
CA Cancer J Clin. 2010; 60:277-300.

www.impactjournals.com/oncotarget

Oncotarget



10.

11.

12.

14.

Wang J, Jiang T, Li J, Mou Y, Hu Y, Wang B, You Q.
Evaluation of the inadequate diagnostic rate of ultrasound
guided fine needle aspiration cytology inthyroid calcified
nodules. [Article in Chinese] Zhonghua Yi Xue Za Zhi.
2014; 94:2948-50.

Li X, Abdel-Mageed AB, Kandil E. BRAF mutation in
papillary thyroid carcinoma. Int J Clin Exp Med. 2012;
5:310-315.

Lupi C, Giannini R, Ugolini C, Proietti A, Berti P,
Minuto M, Materazzi G, Elisei R, Santoro M, Miccoli P,
Basolo F. Association of BRAFY*E mutation with poor
clinicopathological outcomes in 500 consecutive cases
of papillary thyroid carcinoma. J Clin Endocrinol Metab.
2007; 92:4085-4090.

Xing M, Westra WH, Tufano RP, Cohen Y, Rosenbaum E,
Rhoden KJ, Carson KA, Vasko V, Larin A, Tallini G,
Tolaney S, Holt EH, Hui P, et al. BRAF mutation predicts a
poorer clinical prognosis for papillary thyroid cancer. J Clin
Endocrinol Metab. 2005; 90:6373—6379.

Kim SJ, Lee KE, Myong JP, Park JH, Jeon YK, Min HS,
Park SY, Jung KC, Koo H, Youn YK. BRAFY¢E mutation
is associated with tumor aggressiveness in papillary thyroid
cancer. World J Surg. 2012; 36:310-317.

Khan MS, Pandith AA, Masoodi SR, Wani KA, Ul
Hussain M, Mudassar S. Epigenetic silencing of TSHR
gene in thyroid cancer patients in relation to their BRAF
V600E mutation status. Endocrine. 2014; 47:449-455.

Kebebew E, Peng M, Reiff E, Duh QY, Clark OH,
McMillan A. ECM1 and TMPRSS4 are diagnostic markers
of malignant thyroid neoplasms and improve the accuracy of
fine needle aspiration biopsy. Ann Surg. 2005; 242:353-61.

Hunt JL. Molecular testing in solid tumors: an overview.
Arch Pathol Lab Med. 2008; 132:164-167.

Yip L, Nikiforova MN, Carty SE, Yim JH, Stang MT,
Tublin MJ, Lebeau SO, Hodak SP, Ogilvie JB, Nikiforov
YE. Optimizing surgical treatment of papillary thyroid
carcinoma associated with BRAF mutation. Surgery. 2009;
146:1215-1223.

Stang MT, Carty SE. Recent developments in predicting
thyroid malignancy. Curr Opin Oncol. 2009; 21:11-17.

Ringel MD, Ladenson PW, Levine MA. Molecular diagnosis
of residual and recurrent thyroid cancer by amplification
of thyroglobulin messenger ribonucleic acid in peripheral
blood. J Clin Endocrinol Metab. 1998; 83:4435-4442.
Chinnappa P, Taguba L, Arciaga R, Faiman C, Siperstein A,
Mehta AE, Reddy SK, Nasr C, Gupta MK. Detection of
circulating thyroid cells by reverse transcription-PCR for
thyroid-stimulating hormone receptor and thyroglobulin:
the importance of primer selection. Clin Chem. 2002;
48:1862—-1865.

Chinnappa P, Taguba L, Arciaga R, Faiman C, Siperstein A,
Mehta AE, Reddy SK, Nasr C, Gupta MK. Detection of
thyrotropin receptor messenger ribonueleie acid (mRNA)
and thymglobulin mRNA transcripts in peripheral blood

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

of patients with thyroid disease: sensitive and specific
markers for thyroid cancer. J Clin Endocrinol Metab. 2004;
89:3705-09.

Wagner K, Arciaga R, Siperstein A, Milas M, Warshawsky
I, Sethu S, Reddy K, Gupta MK. Thyrotropin receptor/
thyroglobulin messenger ribonucleic acid in peripheral
blood and fine-needle aspiration cytology: diagnostic
synergy for detecting thyroid cancer. J Clin Endocrinol
Metab. 2005; 90:1921-1924.

Chia SY, Milas M, Reddy SK, Siperstein A, Skugor M,
Brainard J, Gupta MK. Thyroid-stimulating hormone
receptor messenger ribonucleic acid measurement in blood
as a marker for circulating thyroid cancer cells and its
role in the preoperative diagnosis of thyroid cancer. J Clin
Endocrinol Metab. 2007; 92:468-475.

Qiu J, Zhang Y, Guo X, Zeng F, Zhao C, Qiu X, Wu X.
Quantitation of thyroid-stimulating hormone receptor
mRNA with real-time PCR for early diagnosis of papillary
thyroid microcarcinoma. Neoplasma. 2010; 57:360-364.
Aliyev A, Gupta M, Nasr C, Hatipoglu B, Milas M,
Siperstein A, Berber E. Circulating thyroid-stimulating
hormone receptor messenger rna as a marker of tumor
aggressiveness with papillary thyroid
microcarcinoma. Endocr Pract. 2015; 21:777-781.

Berber E, Aliyev A, Dural AC. The utility of thyrotropin
receptor messenger RNA detection in patients with papillary
thyroid microcarcinoma. Sci Papers: 2014 Clin Congress.
2014; 219:el1.

Haidi C, Haitao Z, Jian C. Association of B-rafV¢"E gene
mutation with clinicopathological of
papillary thyroid carcinoma. Chin J Oper Proc Gen Surg.
2015; 9:50-52. Electronic Edition.

Ries LA, Melbert D, Krapcho M, Stinchcomb DG,
Howlader N, Horner MJ, Mariotto A, Miller BA, Feuer EJ,
Altekruse SF, Lewis DR, Clegg L, Eisner MP, et al.
SEER Cancer Statistics Review, 1975-2005, National
Cancer Institute. Bethesda, MD, http://seer.cancer.gov/
csr/1975 2005/, based on November 2007 SEER data
submission, posted to the SEER web site, 2008.

Gul K, Dirikoc A, Kiyak G, Ersoy PE, Ugras NS, Ersoy R,
Cakir B.The association between thyroid carcinoma
and Hashimoto’s thyroiditis: the ultrasonographic and
histopathologic characteristics of malignant nodules.
Thyroid. 2010; 20:873-878.

Baloch ZW, Fleisher S, LiVolsi VA, Gupta PK. Diagnosis
of “follicular neoplasm™: a gray zone in thyroid fine-needle
aspiration cytology. Diagn Cytopathol. 2002; 26:41-44.
Akerman M, Tennvall J, Biorklund A, Martensson H,
Moller T. Sensitivity and specificity of fine needle aspiration
cytology in the diagnosis of tumors of the thyroid gland.
Acta Cytol. 1985; 29:850-855.

Alexander EK, Heering JP, Benson CB, Frates MC,
Doubilet PM, Cibas ES, Marqusee E. Assessment of
nondiagnostic ultrasound-guided fine needle aspirations

in patients

characteristics

WWW

.impactjournals.com/oncotarget

74137

Oncotarget



of thyroid nodules. J Clin Endocrinol Metab. 2002; 87: 27. Ren TT, Wu YJ, Jin YB. Investigation on peripheral blood

4924-4927. TSHR mRNA for differentiation of benign and malignant
26. McHenry CR, Walfish PG, Rosen IB. Non-diagnostic fine thyroid nodules. J Clin Endocrinol Metab. 2013; 2:112—115.

needle aspiration biopsy: a dilemma in management of

nodular thyroid disease. Am Surg. 1993; 59:415-4109.

www.impactjournals.com/oncotarget 74138 Oncotarget



