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Thyroid cancer is a common cancer worldwide1 and the most common malignant
tumor of the endocrine system.2 Approximately 90,000 new cases and 6,800 deaths
from this cancer occurred in China in 2015.3 In addition, the incidence of thyroid
cancer has increased at a markedly higher rate than that of any other cancer types.4–6
Papillary thyroid carcinoma (PTC) is the most common type of thyroid cancer and
accounts for .80% of all thyroid cancer cases.7
Patients with PTC have satisfactory prognosis after surgical and radio-iodinated
therapy and an overall 10-year survival rate exceeding 90%.8 A portion of PTC patients
still exhibit poor prognosis, leading to disease recurrence and even death.9 Lymph node
metastasis (LNM) is a major factor of locoregional recurrence and a distinct risk factor
of mortality.10–12 Despite the excellent prognosis, the incidence of LNM is high and
ranges from 20% to 50%,13,14 leading to non-negligible possibilities of locoregional
recurrence and secondary surgery.15–17
Although previous studies have identified several molecular markers associated with LNM, such as BRAF,18,19 TERT,20,21 and PIK3CA,22,23 much still remain
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Background: In contrast to the excellent prognosis for papillary thyroid carcinoma (PTC),
the high incidence of lymph node metastasis (LNM) markedly increases the risk of recurrence
and secondary surgery. Thus, novel biomarkers must be urgently identified to assess LNM for
patients with PTC. NCOA5 is deeply involved in the progression of human cancer; however,
its role in thyroid cancer remains unknown.
Patients and methods: Quantitative real-time polymerase chain reaction was conducted to
investigate the expression of NCOA5 in PTC. RNA-seq data from The Cancer Genome Atlas
(TCGA) database were downloaded to further understand the role of NCOA5 in PTC and its
relationship with LNM.
Results: NCOA5 was significantly downregulated in PTC tissues when compared with that in
adjacent noncancerous thyroid tissues both in our local cohort and TCGA database. Reduced
expression of NCOA5 was significantly associated with aggressive clinicopathological features,
including histological type, tumor stage, BRAF-V600E mutation, LNM, extrathyroid extension, and clinical stage. Moreover, logistic analysis indicated that reduced expression of NCOA5,
age, histological type, and clinical stage are independent high-risk factors for LNM in PTC.
Conclusion: Our study provides new insights and evidence that NOCA5 was significantly
correlated with the progression of PTC and was particularly involved in LNM.
Keywords: thyroid cancer, NCOA5, lymph node metastasis
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unknown and require further study. In the present study, we
reported that nuclear receptor coactivator 5 (NCOA5) was
significantly related to LNM in PTC. NCOA5 was initially
identified as a unique coactivator that is independent of AF2
and can modulate ERa-mediated transcription.24,25 NCOA5
was reported to owning coactivator and corepressor functions, which could modulate ERα-mediated transcription.24–26
NCOA5 is also deeply involved in the progression of several
kinds of human cancer, including luminal breast cancer,27
esophageal squamous cell carcinoma,28 and hepatocellular
carcinoma.29,30 On the contrary, the role of NCOA5 in
thyroid cancer remains unknown. In this study, we aimed to
investigate the correlation between NCOA5 expression and
the clinicopathological features of PTC using large-scale
samples. In addition, the relationship between NCOA5
expression and LNM in PTC was further assessed by logistic
regression analysis.

Patients and methods
Patients and samples
Seventeen paired PTC tissues and matched noncancerous
thyroid tissues were resected during surgery. Tissue samples
were snap-frozen in liquid nitrogen immediately after
resection and then stored at −80°C for subsequent RNA
extraction. All the samples were reviewed retrospectively
by two pathologists to confirm histological diagnosis. The
study protocol and acquisition of tissue specimens used in
this study were approved by the Ethics Committee of the
First Affiliated Hospital of Wenzhou Medical University,
and written informed consent for the scientific use of tissue
samples was obtained from each patient.

RNA extraction and quantitative real-time
polymerase chain reaction (qRT-PCR)
Total RNA of 17 samples was isolated using TRIzol reagent
according to the manufacturer’s protocol (Thermo Fisher
Scientific, Waltham, MA, USA). RNA purity and concentration were detected by NanoDrop 2000 (Thermo Fisher
Scientific). cDNA was prepared using the ReverTra Ace
qPCR RT Kit (Toyobo, Osaka, Japan). qRT-PCR analysis
of NOCA5 expression was conducted in triplicate using
the THUNDERBIRD SYBR qPCR Mix (Toyobo) on
the Roche 480 System (Hoffman-La Roche Ltd., Basel,
Switzerland). The expression of GAPDH was used as an
internal control. The primer sequences for NOCA5 are as
follows: 5′-CAGTCAGCAGCAGTTACC-3′ (forward) and
5′-CAGAGTCTCAGAACCAACTT-3′ (reverse).
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The Cancer Genome Atlas (TCGA) data
RNA-seq data of NCOA5 gene for PTC and corresponding
clinical information, including total 503 PTC samples and
59 noncancerous thyroid tissues, were downloaded from
TCGA database.

Statistical analysis
Data on normal distribution were evaluated by Student’s
t-test. Clinicopathological characteristics were compared by
chi-square test. Univariate and multivariate logistic regression
analyses were conducted to assess the relationship between
NCOA5 expression and LNM in PTC. All P-values were
two sided, and a P-value of 0.05 was considered statistically
significant. Statistical analyses were performed using SPSS
Version 22.0 (IBM Corporation, Armonk, NY, USA) and
GraphPad Prism Version 6.01 (GraphPad Software, Inc.,
La Jolla, CA, USA).

Results
NCOA5 was significantly downregulated
in PTC
To investigate the role of NCOA5 in PTC, we first assessed the
mRNA expression of NOCA5 in 17 paired PTC tissues and
adjacent noncancerous thyroid tissues by qRT-PCR analysis.
Results showed that NOCA5 expression was significantly
downregulated in PTC tissues compared with that in the
adjacent noncancerous thyroid tissues (P,0.001, Figure 1).
RNA-seq data of NCOA5 gene for PTC from 503 PTC
samples and 59 noncancerous thyroid tissues were downloaded from TCGA database to further confirm this finding.
Accordingly, NCOA5 was significantly downregulated in
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Figure 1 The mRNA expression of NCOA5 in our local cohort (n=17).
Note: NOCA5 expression was significantly downregulated in PTC tissues compared
with the adjacent noncancerous thyroid tissues using qRT-PCR (P,0.001).
Abbreviations: CT, cycle threshold; PTC, papillary thyroid carcinoma; qRT-PCR,
quantitative real-time polymerase chain reaction.
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Table 1 The relationship between NCOA5 expression and
clinicopathological features in the TCGA cohort
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Figure 2 The mRNA expression of NCOA5 in TCGA cohort, including 503 PTC
samples and 59 adjacent noncancerous thyroid samples.
Note: NOCA5 expression was also significantly downregulated in PTC in TCGA
cohort (P,0.001).
Abbreviations: PTC, papillary thyroid carcinoma; TCGA, The Cancer Genome
Atlas.

PTC based on TCGA database (P,0.001, Figure 2). This
result indicated that NCOA5 may act as a tumor suppressor
gene in PTC.

NCOA5 expression and its relationship
with the clinicopathological features
in PTC
To determine the involvement of NCOA5 in the progression
of PTC, we investigated the relationship between NCOA5
expression and clinicopathological features. We categorized the 503 patients with PTC into low NOCA5 expression (n=251) and high NOCA5 expression (n=252) groups
according to the median value. As shown in Table 1, the
decreased expression of NCOA5 was associated with histological type (P,0.001), BRAF-V600E mutation (P,0.001),
advanced tumor stage (P=0.001), serious LNM (P,0.001),
extrathyroid extension (P,0.001), and advanced clinical
stage (P=0.034). High expression of NCOA5 was inclined
to classical and follicular subtype, whereas low expression of
NCOA5 was inclined to tall cell subtype (P,0.001, Table 1).
However, the two groups were not significantly different
in terms of age, gender, and multifocality (P.0.05). All of
these results supported NCOA5 to be a tumor suppressor
gene in PTC.

Low NCOA5 expression is correlated
with high risk of LNM in PTC
The relationship between NCOA5 expression and LNM was
further assessed by logistic regression analysis. Univariate logistic regression analysis showed that age Odds ratio (OR=0.614,
95% CI=0.424–0.891, P=0.010), gender (OR=1.541,
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Age (years)
Mean
.45
#45
Gender
Male
Female
Histological type
Classical
Follicular
Tall
BRAF-V600E mutation
Yes
No
Tumor stage
I
II
III
IV
Lymph nodes metastasis
Yes
No
Extrathyroid extension
Yes
No
Multifocality
Yes
No
Clinical stage
I + II
III + IV

Low
expression
(n=251) (%)

High
expression
(n=252) (%)

P-value

47.58±15.80
131 (52.2)
120 (47.8)

46.87±15.90
133 (52.8)
119 (47.2)

0.653
0.895

64 (25.5)
187 (74.5)

71 (28.2)
181 (71.8)

172 (68.5)
40 (15.9)
33 (13.1)

184 (73.0)
60 (23.8)
3 (1.2)

141 (56.2)
102 (40.6)

94 (37.3)
153 (60.7)

60 (23.9)
74 (29.5)
100 (39.8)
17 (6.8)

82 (32.5)
93 (36.9)
69 (27.4)
6 (2.4)

132 (52.6)
94 (37.5)

92 (36.5)
135 (53.6)

96 (38.2)
146 (58.2)

56 (22.2)
187 (74.2)

103 (41.0)
143 (57.0)

123 (48.8)
124 (49.2)

157 (62.5)
93 (37.1)

180 (71.4)
71 (28.2)

0.498

,0.001

,0.001

0.001

,0.001

,0.001

0.077

0.034

Abbreviation: TCGA, The Cancer Genome Atlas.

95% CI=1.016–2.337, P=0.042), histological subtype
(OR=0.699, 95% CI=0.512–0.955, P=0.025), clinical stage
(OR=1.598, 95% CI=1.340–1.907, P,0.001), extrathyroid
extension (OR=2.876, 95% CI=1.892–4.372, P,0.001),
BRAF-V600E mutation (OR=1.591, 95% CI=1.092–2.317,
P=0.016), and NCOA5 expression (OR=0.485, 95%
CI=0.334–0.706, P,0.001) were significantly related to LNM
(Table 2). Classical subtype was more inclined to LNM than
to other subtypes. In addition, multivariate logistic regression
analysis indicated that age (OR=0.026, 95% CI=0.009–0.079,
P,0.001), histological subtype (OR=0.566, 95% CI=0.388–
0.824, P=0.003), clinical stage (OR=6.246, 95% CI=3.683–
10.593, P,0.001), and NCOA5 expression (OR=0.568, 95%
CI=0.356–0.908, P=0.018) were independent high-risk factors
for LNM (Table 3). In summary, the low expression level of
NCOA5 can aggravate the risk of LNM in PTC.
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Table 2 Univariate logistic regression analysis for the lymph
node metastatic risk
Clinicopathological
features

OR

95% CI

P-value

Age
Gender
Histological type
Clinical stage
Multifocality
Extrathyroid extension
BRAF-V600E mutation
NCOA5 expression

0.614
1.541
0.699
1.598
1.381
2.876
1.591
0.485

0.424–0.891
1.016–2.337
0.512–0.955
1.340–1.907
0.950–2.008
1.892–4.372
1.092–2.317
0.334–0.706

0.010
0.042
0.025
,0.001
0.091
,0.001
0.016
,0.001

Abbreviation: OR, Odds ratio.

Discussion
Thyroid cancer is the most common endocrine malignancy
and one of the fastest growing types of human cancer.1,2
Although the prognosis of PTC is relatively favorable, the
high incidence of LNM at ~20%–50%,13,14 increases the possibility of locoregional recurrence and secondary surgery.15–17
To date, effective indicators that accurately evaluate lymph
node status remain lacking.
In this study, we first reported a gene named NCOA5,
which was significantly involved in LNM of PTC. The
mRNA expression of NOCA5 in PTC was first assessed by
qRT-PCR. NOCA5 expression was significantly downregulated in PTC tissues compared with that in adjacent noncancerous thyroid tissues. This finding is further confirmed by
the analysis of TCGA database with a large sample size.
In addition, the decreased expression level of NCOA5 was
significantly associated with aggressive clinicopathological
features, such as serious LNM and advanced clinical stage.
Logistic regression analysis showed that the low NOCA5
expression level was an independent high-risk factor for
LNM in PTC, with an odds ratio value of 0.568. All these
results confirm the role of NCOA5 as a tumor suppressor gene
in PTC and its critical function in the progression of LNM.

Table 3 Multivariate logistic regression analysis for the lymph
node metastatic risk
Clinicopathological
features

OR

95% CI

P-value

Age
Gender
Histological type
Clinical stage
Extrathyroid extension
BRAF-V600E mutation
NCOA5 expression

0.026
1.177
0.566
6.246
1.420
1.478
0.568

0.009–0.079
0.698–1.985
0.388–0.824
3.683–10.593
0.843–2.391
0.927–2.355
0.356–0.908

,0.001
0.540
0.003
,0.001
0.188
0.101
0.018

Abbreviation: OR, Odds ratio.
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NCOA5 was initially identified as a unique coactivator
that is independent of AF2 and can modulate ERa-mediated
transcription.24,25 NCOA5 is also involved in several human
diseases, including Behçet’s disease,31 type 2 diabetes,32 and
cholesterol metabolism.32 Recent studies have found that
NCOA5 is significantly related to human cancer. Gao et al
found that 18-month-old mice with haplo-insufficient
NCOA5 can develop hepatocellular carcinoma. In addition,
NCOA5 is significantly downregulated in human hepatocellular carcinoma29,33 and is involved in cell cycle regulation
in hepatocellular carcinoma.30 Chen et al showed that the
low expression level of NCOA5 is associated with the progression of esophageal squamous cell carcinoma and thus
could be used to predict poor prognosis.28 However, in our
previous study, NCOA5 was significantly upregulated in
luminal breast cancer tissues compared with that in adjacent
noncancerous tissues and the high NCOA5 expression is
correlated with poor prognosis in luminal breast cancer.27
In the present study, NOCA5 expression was significantly
downregulated in PTC. This finding is consistent with most
studies concerning human cancer and indicated that NOCA5
plays different roles in different kinds of human cancer.
The exact cellular mechanisms of NOCA5 must be further
explored. To the best of our knowledge, our study is the first
to present the significant role of NCOA5 in PTC.
Despite these inspiring findings, this work includes
certain limitations. First, in vitro and in vivo experiments are
further needed to reveal the biological effects of NCOA5 in
PTC. Second, the specific mechanism of NCOA5 inhibiting
LNM should be further studied.

Conclusion
NCOA5 was significantly downregulated in PTC. The low
expression of NCOA5 is correlated with a high risk of LNM
in PTC. NCOA5 may act as a promising tumor suppressor
gene and is worthy of further study.
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