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Abstract
The BRAFV600E mutation is the most prevalent genetic event in patients with papillary thyroid cancer (PTC). However, no study
has investigated the expression of PAQR3 in papillary thyroid tissues in relation to the BRAFV600E mutation and the clinico-
pathological features of PTC patients. Furthermore, the potential associations of the BRAFV600E mutation, PAQR3 expression
and clinicopathological parameters in the cancerous tissues of PTC patients have not been investigated. This study was conducted
on 60 patients with PTC who were treated surgically at our institution from 2017 to 2018. PCR was used to amplify DNA by the
amplification refractory mutation system (ARMS) method to detect BRAFV600E gene mutations. In addition, immunohistochem-
ical techniques were utilized to assess PAQR3 expression in tumor tissue sections. The BRAFV600E mutation was associated with
lymph node metastasis (LNM, p < 0.05) but not with other clinicopathological features. Low PAQR3 expression was associated
with extrathyroidal extension and LNM (χ2 = 7.143, p = 0.009; χ2 = 6.459, p = 0.014, respectively). Furthermore, a statistically
significant association was observed between chronic lymphocytic thyroiditis and LNM (χ2 = 5.275, p = 0.0250). A linear
relationship between the BRAFV600E mutation and PAQR3 protein expression has not been identified. These factors may be
independent risk factors of extrathyroidal extension and LNM in PTC and be used to indicate the invasiveness of PTC tumors.
Higher quality, multivariate analyses based on larger samples from around the world are urgently needed to further validate and
revise our findings in the future.
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Background

Papillary thyroid carcinoma (PTC) is the most frequent type of
thyroid cancer and accounts for approximately 80% of all
thyroid cancer cases [1]. PTCs are associated with activating
mutations of genes encoding RET or TRK tyrosine kinase
receptors as well as RAS genes [2]. Among these genetic
abnormalities, BRAF mutations are the most common genetic
alteration in thyroid cancer, occurring in approximately 45%
of sporadic PTCs [3–5]. Oncogenic activation of the protein
kinase BRAF drives tumor growth by promoting mitogen-
activated protein kinase (MAPK) signaling [6, 7].

PAQR3, also named Raf kinase trapping to Golgi (RKTG),
belongs to the progesterone and adipoQ receptor (PAQR) su-
perfamily [8]. PAQR3 is a type III membrane protein whose
N-terminus faces the cytosol, and multiple sequences are re-
sponsible for its localization to the Golgi apparatus and Raf-1
interaction. The PAQR3 N-terminus faces one side of the
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cytoplasm, while the C-terminus is directed toward the inner
cavity of the Golgi matrix, which is responsible for the trans-
mission and regulation of intracellular signals. Because it was
initially found to anchor intracellular free Raf kinases to Golgi
bodies, RKTG changes the subcellular localization of Raf-1 to
the Golgi apparatus and consequently represses Ras/MAPK
signaling [9]. Overexpression of PAQR3 inhibits the ERK
activation, cell proliferation and transformation of A375 hu-
man multiple myeloma (MM) cells that bear the BRaf V600E

mutation, the most common mutation in melanoma [10]. An
increasing number of scientific studies have suggested that
PAQR3 functions as a tumor suppressor by regulating the
biological behaviors of numerous human cancers, including
esophageal squamous cell carcinoma [11], human gastric can-
cers [12] and osteosarcoma [13]. Aberrant de novo or de-
creased PAQR3 expression has been correlated with the pro-
gression and prognosis of human gastric cancers [12], breast
cancers [14], hepatocellular carcinoma [15], and esophageal
squamous cell carcinoma [16].

However, to our knowledge, the relationship among
PAQR-3 expression, the BRAFV600E mutation status and the
clinicopathological features of Chinese patients with PTC has
not been studied. This study aimed to investigate the incidence
of BRAF gene mutations and PAQR3 in patients with PTC
and to explore the potential diagnostic and therapeutic value in
thyroid cancer.

Materials and Methods

Patients and Analysis of Clinicopathological
Parameters

Thyroid tissue specimens (tumor tissues and adjacent thy-
roid tissues) were collected from PTC patients who
underwent surgical treatment at The First Affiliated
Hospital of USTC from 2017 to 2018. Patients included
in the study were required to meet the following criteria:
i) no previous history of thyroid disease or any other
common cancer; ii) a final pathological diagnosis of pa-
pilla thyroid carcinoma or thyroid micropapilla carcino-
ma; iii) complete clinical trial data; iv) received either a
bilateral or unilateral thyroidectomy and underwent pre-
ventive or curative central lymph node dissection
(CLND); and v) therapeutic lateral lymph node dissection,
including levels II, III, IV and V, in the case of lateral
cervical lymph node metastasis (LNM). All protocols
were approved by the institutional review board. The pa-
tient information and clinicopathological parameters, such
as the patient’s age at onset, tumor size, lymphocytic thy-
roiditis, multifocality, extrathyroidal invasion, and pres-
ence of LNM, were analyzed retrospectively.

DNA Extraction

DNAwas extracted from paraffin sections. Three to five for-
malin-fixed, paraffin-embedded (FFPE) sections (5–10 μm
thick) were obtained from each subject. Tissue sections were
deparaffinized by xylene and ethanol and digested overnight
at 60 °C in 180 μL of Buffer DTL and 20 μl of Proteinase K
Solution. DNA was extracted using the AmoyDx® FFPE
DNA Kit (Amoy Diagnostics, China, ADx-FF01) according
to the manufacturer’s instructions. The DNA samples were
held at room temperature for 5 min and then collected by
centrifugation and stored at −80 °C until use.

Real-Time PCR-Based Assay to Detect the BRAFV600E

Mutation

The DNA samples were fully melted at room temperature and
then centrifuged at 12,000×g for 15 s at 4 °C. The sample
reaction mixture comprised 35 μl of V600E Reaction Mix
and 0.4 μl of BRAF Taq DNA Polymerase. We transferred
35 μl of the above solution mixture into the appropriate PCR
tubes, and 5 μL of the DNA sample or 5 μL of ddH2O (no-
template control, NTC) was added to the appropriate PCR
tubes. For paraffin-embedded samples, we used 10~15 ng of
template DNA (2~3 ng/μl) in each PCR tube depending on the
storage time needed. The tubes were briefly centrifuged and
placed into the real-time PCR instrument. The cycling pro-
gram was executed according to the manufacturer’s instruc-
tions (AmoyDx BRAFV600E Mutation Detection Kit, Amoy
Diagnostics, China, ADx-BR01/BR02).

Immunochemical Staining and Evaluation

According to the manufacturer’s protocol, immunohistochem-
istry was performed with a PAQR3 primary antibody
(sc515831HRP; Santa Cruz, CA, USA) that was diluted
1:100. The results were determined using a blind method,
and each slice was counted by two pathologists. The immu-
noreactive score (IRS) was calculated according to the stain-
ing intensity (SI) multiplied by the percentage of stained pos-
itive cells (PP). The detailed score standards were as follows:
SI (ranging from 0 to 3 scores): 0 was negative, 1 was weak, 2
was moderate and 3 was strong; the percent positivity was
scored as ‘0’ (<5%, negative), ‘1’ (5–25%, sporadic), ‘2’
(>25–50%, focal), and ‘3’ (>50%, diffuse). The IRS score
ranged from 0 to 9. High PAQR3 expression was defined as
IRS > 3, and low PAQR3 expression was defined as IRS ≤ 3.

Statistical Analysis

SPSS 19.0 software (SPSS, Inc., Chicago, IL, USA) was used
to perform statistical analyses. Quantitative data are expressed
as the mean ± standard deviation (SD). Pearson’s chi-square
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test or Fisher’s exact test was used to determine the relation-
ship between PAQR3 expression and the clinicopathological
factors of PTC patients. Associations between the BRAFV600E

mutation status and PAQR3 expression were analyzed using
the Kruskal-Wallis test or the chi-square test, and correlations
between LNM and clinicopathological factors were analyzed
using the chi-square test. P < 0.05 was regarded as statistically
significant.

Results

Associations Between the BRAFV600E Status
and Clinicopathological Features of PTC

As shown in Table 1, the expression of genes with the
BRAFV600E mutation was detected. Among 60 Chinese pa-
tients with PTC, 39 had the BRAFV600E mutation, accounting
for 65% of the study population; 11 were males (28%) and 28
were females (72%), with a mean age of 41.8 ± 10.9 years.
The mean tumor size was 16.9 ± 9.6 mm. Multiplicity and
extrathyroidal extensions were present in 13 (33.3%) and 15
(38.5%) out of the 39 cases, respectively. Among the 21 pa-
tients without the BRAFV600E mutation, 4 were males (19.0%)
and 17 were females (80.9%), with a mean age of 45.5 ±
12.8 years. The mean tumor size was 14.2 ± 9.2 mm.
Multiplicity and extrathyroidal extensions were present in 6

(28.6%) and 10 (47.6%) of the 21 cases, respectively
(Table 1). As partially shown in Table 1, the age distribution,
gender, tumor size, extrathyroid extension, multifocality and
lymphocytic thyroiditis did not differ significantly between
patients with and without the BRAFV600E mutation. The fig-
ures below show a negative (wild-type BRAF, Fig. 1a) and
positive result (mutant-type BRAF, Fig. 1b).

Association Between PAQR3 Expression
and Clinicopathological Parameters in Patients
with Thyroid Cancer

Analyses of the relationship between PAQR3 expression and
various clinicopathological parameters are shown in Table 2.
The expression level of PAQR3 was associated with a few
patient clinical characteristics (Table 2). The PAQR3 expres-
sion status in PTC samples was significantly correlated with
the extrathyroidal extension of the tumor (p < 0.009). The ab-
sence of PAQR3 expression as detected by immunohisto-
chemical analysis was closely correlated with extrathyroid
extension. No statistically significant relationships between
PAQR3 expression and age, tumor size or multiplicity were
observed. The diagnoses of all PTCs in our study were con-
firmed by hematoxylin and eosin (HE) staining after the op-
eration (Fig. 2a). Immunohistochemical analysis results (Fig.
2b–d) showed that PAQR3 mainly appeared in the cytoplasm
and was brown.

Table 1 Associations between the BRAFV600E mutation and clinicopathological features of papillary thyroid carcinomas

Parameter BRAF mutation + (%) BRAF mutation -(%) χ2/t value P value

No. of cases 39(65.0) 21(35.0)

Age, years 41.8 ± 10.9 45.5 ± 12.8 t = 1.172 0.246b

Age at diagnosis, y χ2 = 1.425 0.284b

Patients <45, n = 32 23(71.9) 9(28.1)

Patients ≥45, n = 28 16(57.1) 12(42.9)

Gender χ2 = 0.611 0.541b

Male 11(73.3) 4(26.7)

Female 28 (62.2) 17(37.8)

Tumor size (mm) 16.9 ± 9.6 14.2 ± 9.2 t = 1.069 0.290b

Multifocality χ2 = 0.143 0.778b

Present 13(68.4) 6(31.6)

Absent 26(63.4) 15(36.6)

Extrathyroidal-extension χ2 = 0.471 0.587b

Present 15(60.0) 10(40.0)

Absent 24(68.6) 11(31.4)

Lymphocytic thyroiditis χ2 = 0.012 0.775b

Present 14(70.0) 6(30.0)

Absent 25(62.5) 15(37.5)

a P < 0.05, statisticalsignificance
b P > 0.05, no statistical significance
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Relationship Between the Clinicopathological
Parameters and LNM

The incidence rate of LNM was 65% in patients with
PTC. The LNM rate was significantly increased in pa-
tients with lymphocytic thyroiditis (p < 0.05) and in

patients with mutant BRAF tumors (p < 0.01). The ex-
pression of PAQR3 was negatively correlated with LNM
(p < 0.05). Among 39 patients with LNM as confirmed
by pathology, 28 (71.8%) had low PAQR3-expressing
tumors. However, the LNM in PTC was not closely
related to gender, patient age, tumor size, multifocality,

Fig. 1 a Sample curve with the
wild-type BRAF gene; b Sample
curvewith themutant BRAF gene
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Table 2 The relationships between PAQR3 protein expression and the clinicopathological features in the papillary thyroid carcinomas

Clinical parameter PAQR3 expression(%)

Low expression High expression χ2/t value P value

No. of cases 36(60.0) 24(40.0)

Age (years) χ2 = 0.179 0.793b

Patients <45 20(62.5) 12(37.5)

Patients ≥45 16(57.1) 12(42.9)

Gender χ2 = 1.481 0.362b

Male 11(73.3) 4(26.7)

Female 25(55.6) 20(44.4)

Tumor size (mm) 17.3 ± 10.4 13.9 ± 7.6 t = 1.381 0.173b

Multiplicity χ2 = 1.849 0.257b

Present 9(47.4) 10(52.6)

Absent 27(65.9) 14(34.1)

Extrathyroidal-extension χ2 = 7.143 0.009a

Present 20(80.0) 5(20.0)

Absent 16(45.7) 19(54.3)

a P < 0.05, statistical significance
bP > 0.05, no statistical significance

Fig. 2 a PTC tissues without
immunohistochemical staining; b
PAQR3 protein expression in
peritumoral tissues; c Low
PAQR3 protein expression in
PTC; d High PAQR3 protein
expression in PTC(A, B, C andD-
original magnification: 400×)
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bilaterality or extrathyroidal extension. The BRAFV600E

gene mutation was positively correlated with LNM
(χ2 = 10.28, p = 0.002, Table 3).

Association Between the BRAFV600E Mutation
and PAQR3 Expression in the PTC Group

We successfully detected BRAF mutations and PAQR3 ex-
pression in 60 patients with thyroid cancer. Thirty-nine out
of 60 PTCs (65%) were positive for the BRAFV600E mutation.
PAQR3 expression was not significantly associated with the
presence of the BRAFV600E mutation (p > 0.05), with low ex-
pression being found in 21 out of 39 BRAF-mutated PTCs
(53.8%) and in 15 out of 21 BRAF wild-type PTCs (71.4%).
The correlation coefficient for the association of the two dif-
ferent factors was 0.123 (p = 0.270, Table 4).

Discussion

BRAF is a serine/threonine kinase that functions within the
Ras-Raf-MEK-MAPK pathway. This pathway normally reg-
ulates cell proliferation and survival under the control of
growth factors and hormones. Mutations in the BRAF gene
have been associated with the development of cancer.
Approximately 89% of BRAF mutations are missense muta-
tions that introduce an amino acid substitution at the valine
600 (V600) residue, and approximately 92% of BRAF V600
mutations are V600E (valine to glutamic acid). These muta-
tions cause permanent activation of the BRAF protein even in
the absence of growth factors, resulting in excessive cell pro-
liferation and resistance to apoptosis. The BRAFV600E muta-
tion occurs in 40% of papillary thyroid tumors. The search for
drugs that block oncogenic BRAF signaling is an active area
of pharmaceutical research and development. More recent

Table 3 Associations between lymph node metastasis and clinicopathological parameters of papillary thyroid carcinomas

Parameter Lymph node metastasis no.(%) χ2/t value P value

Yes N0

No. of cases 39(65) 21(35)

Age (years) χ2 = 1.425 0.284b

Patients <45 23(71.9) 9(28.1)

Patients ≥45 16(57.1) 12(42.9)

Gender χ2 = 0.024 1.000b

Male 10(66.7) 5(33.3)

Female 29(64.4) 16(35.6)

Tumor size (mm) 12.9 ± 7.7 17.6 ± 10.0 t = −1.910 0.061b

Multifocality

Present 14(73.7) 5(26.3) χ2 = 0.922 0.395b

Absent 25(61.0) 16(39.0)

Bilaterality

Present 13(72.2) 5(27.8) χ2 = 0.590 0.560b

Absent 26(61.9) 16(38.1)

Extrathyroidal-extension χ2 = 0.923 0.416b

Present 18(72.0) 7(28.0)

Absent 21(60.0) 14(40.0)

Lymphocytic thyroiditis

Present 17(85.0) 3(15.0) χ2 = 5.275 0.025a

Absent 22(55.0) 18(45.0)

Paqr3 expression χ2 = 6.459 0.014a

Low expression 28(77.8) 8(22.2)

High expression 11(45.8) 13(54.2)

BRAF mutation χ2 = 10.28 0.002a

Present 31(79.5) 8(20.5)

Absent 8(38.1) 13(61.9)

a P < 0.05, statistical significance
b P > 0.05, no statistical significance
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studies on select Asian populations have confirmed that the
mutation is a common genetic event in these populations.

The prevalence rate of the BRAFV600E mutation varies sig-
nificantly in different populations, ranging from 29 to 83% in
PTC; while the reason for this discrepancy is unclear, geo-
graphical, genetic and other factors potentially play roles
[17–19]. Our results showed that 65% (39/60) of PTCs har-
bored the BRAFV600E mutation, which is a moderate inci-
dence rate given the range mentioned above.Numerous stud-
ies have evaluated the associations between the BRAFV600E
mutation and both clinicopathological factors and poor clini-
cal outcomes in PTC; however, controversial and conflicting
results have been obtained for the correlations between the
BRAFV600E mutation and clinicopathological factors [20–22].

Furthermore, multiple previous studies have demonstrated
associations of the BRAFV600E mutation with an aggressive
clinical course and poor clinicopathological features, such as
extrathyroidal invasion, LNM, bilaterality and advanced stage
[23–26]. However, the clinical significance of this mutation in
terms of a prognostic marker in PTC is controversial because
several authors reported that this mutation was not correlated
with poor clinical outcomes or tumor aggressiveness [27–29].
The reasons for this discrepancy are unclear but may relate to
differences in geographic or genetic factors, assay conditions
and data analysis. However, the variation in these results may
also be due to a lack of prospective studies that reduce the
possible impact of selection bias, studies from a single center
with small sample sizes, univariate analysis and the various
histological subtypes within PTC [30]. Song JY conducted a
meta-analysis to evaluate pooled prognostic data and found a
significant association between the BRAFV600E mutation and
LNM (OR = 1.34; 95% CI: 1.09–1.65; p = 0.005) [31].
However, other studies did not demonstrate this correlation.
Kurtulmus N et al. indicated that the BRAFV600E mutation
was not significantly associated with the presence of LNM
(p = 0.14), and analysis showed that mutation-positive LNM
was significantly associated with an increased metastatic lymph
node diameter (p = 0.01) [32]. Different institutional surgery
protocols for PTC patients may result in bias in demonstrating
the association between BRAF mutations and LNM. In the
present study, to investigate the prognostic value of the

BRAFV600E mutation for LNM, we assessed PTC patients
who underwent total thyroidectomy or hemithyroidectomy
and routine CLND.We found that 39 of 60 (65%) PTC patients
harbored the BRAFV600E mutation, which was not statistically
associated with any clinicopathological characteristics except
for LNM.

The results of the present study did not demonstrate any
significant correlations between the BRAFV600E mutation and
the clinicopathological features of PTC, including age, gen-
der, tumor size, multiplicity, LNM and extrathyroidal exten-
sion. The conflicting results of these studies might be attrib-
utable to variations in the study populations in terms of size,
age distribution, histological variants, genetic factors, environ-
mental factors, clinical stage of the PTC patients at the time of
initial diagnosis, and methods or criteria used to detect the
BRAFV600E mutation [19, 33].

PAQR3, which belongs to the PAQR family, functions as a
spatial regulator of RAF1 kinase by sequestrating it to the
Golgi. Recent studies have revealed that PAQR3 may play a
potential tumor suppressive role in several human tumor
types. Studies have confirmed that the expression of PAQR3
was associated with the differentiation degree, lymphatic me-
tastasis and tumor infiltration depth [34]. A study by Zhao C
indicated that PAQR3 is a direct target of miR-15b-5p, and
overexpression of PAQR3 partially rescued miR-15b-5p-
induced cell proliferation, migration and invasion. PAQR3 is
a tumor suppressor gene that suppresses proliferation, migra-
tion, tumorigenicity, epithelial–mesenchymal transition
(EMT) and metastasis in different types of cancers [35].

PAQR3 can also significantly reduce the protein level of
Twist1, an essential transcription factor required to initiate
EMT and promote tumor cell metastasis and infiltration; this
process may be due to PAQR3-inhibited tumor cell metastasis
and an infiltration mechanism [36]. PAQR3 is involved in
tumor formation and development, participates in the regula-
tion of multiple signaling pathways, and inhibits the invasion
and metastasis of tumors. Because PAQR3 plays an important
role in tumor suppression, we examined its expression and
relationships with the clinicopathological outcomes of thyroid
cancer; we also investigated its role in cell invasion as well as
the other molecules involved in this process.

Table 4 Relationship between the BRAFV600E mutation and PAQR3 expression in the PTC group

Groups PAQR3

Low expression High expression Total P value K(coefficient)

BRAF gene 0.270a 0.123

Mutant type 21 18 39

Wild-type 15 6 21

Total 36 24 60

a P > 0.05, no statistical significance
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Although we did not confirm a correlation between the
BRAF mutation and PAQR3 expression, our research showed
that they both have certain clinical values in thyroid cancer
patients. The V600E mutation of the BRAF gene and the
PAQR3 protein can be used to predict extrathyroidal extension
and LNM and are thus very valuable for the diagnosis and
treatment of thyroid cancer.

In this study, we analyzed PAQR3 expression in a consec-
utive series of 60 PTCs, focusing on the correlation between
PAQR3 and clinicopathological features, such as tumor size,
age, gender, multifocality, presence of node metastases, de-
gree of neoplastic infiltration, and presence of lymphocytic
thyroiditis. Because the BRAF mutation is considered one of
the most important gene alterations found in PTC, we also
correlated its activation with the expression of PAQR3. A
previous study demonstrated that PAQR3 could bind and
translocate cytoplasmic wild-type B-Raf or mutated B-RAF
to the Golgi apparatus, resulting in the suppression of B-Raf-
stimulated ERK activation. Immunofluorescence and
coimmunoprecipitation assays demonstrated that both wild-
type B-Raf and B-RafV600E were found to associate with
PAQR3 in vitro. PAQR3 may play a suppressive role in hu-
man cancers that harbor oncogenic B-Raf mutations via neg-
atively regulating the Ras-Raf-MEK-ERK pathway [10].

In cases with BRAF mutations, PAQR3 seems to negative-
ly regulate the constitutive activation of the RAF/MEK/ERK
pathway. In this study, we hypothesized that the common
BRAFV600E mutation was associated with PAQR3 expression
and proliferation in PTC. In our samples, we found a strong
correlation between PAQR3 expression and the degree of neo-
plastic infiltration. We found low PAQR3 expression to be
associated with extrathyroidal extension. We speculate that
tumor infiltration of the thyroid capsule may represent a cru-
cial intermediate step in local invasion, and this process may
be modulated by PAQR3 expression. More specifically, we
found low PAQR3 expression to be associated with both
extrathyroidal extension and LNM. Our findings, together
with those of other authors, strongly suggest that PAQR3
may be a novel but important molecular marker for PTC
patients.

In conclusion, the present study revealed that the
BRAFV600E mutation was not significantly correlated with
any of the clinicopathological features of PTC except for
LNM. Although the BRAFV600E mutation has been reported
in 28–70% of PTCs, making it the most frequent genetic ab-
normality found in PTC, its long-term clinical significance is
not fully understood because numerous study results are con-
tradictory. This discrepancy may be due to the heterogeneity
of PTC at the molecular level or the overlapping phenotypes
due to different genetic variations. Here, we found that PTC
patients with LNM expressed lower levels of PAQR3 than
those without LNM, and PAQR3 expression was associated
with extrathyroidal extension. However, this cross-sectional

study could not evaluate the long-term clinical outcomes of
PTC patients with the BRAFV600E mutation. In the future, the
prognostic value of the BRAFV600E mutation and low PAQR3
expression should be further evaluated based on long-term
outcomes.
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