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Abstract

Background: To investigate the relationship between the levels of nuclear factor (NF)-xB p50
and NF-kB p65 and tumour characteristics in patients with thyroid carcinoma.

Methods: This prospective study enrolled consecutive patients with thyroid carcinoma. Tumour
samples were collected and the levels of NF-xB p50 and NF-«xB p65 protein and mRNA were
measured using immunohistochemistry and quantitative real-time reverse transcription—polymer-
ase chain reaction (QRT-PCR).

Results: A total of 73 patients with thyroid carcinoma were included in the study (20 males; 53
females; mean &= SD age, 44.8 £ 12.7 years, range, 18-76 years). There were no significant differ-
ences in sex, age and pathological type between the NF-«xB p50 positive group and the NF-xB p50
negative group, but tumour diameter and lymph node metastasis were significantly higher in the
NF-xB p50 positive group compared with the NF-xB p50 negative group. Similar findings were
observed for NF-kB p65. The levels of NF-xB p50 were positively correlated with NF-xB p65 in
samples of thyroid carcinoma (r;=0.653).

Conclusion: The levels of NF-xB p50 and NF-kB pé5 in samples of thyroid carcinoma were
positively associated with tumour diameter and the presence of lymph node metastasis.

Keywords
Thyroid cancer, nuclear factor-«xB p50, nuclear factor-xB p65, immunohistochemistry, quantitative
real-time reverse transcription—polymerase chain reaction

Date received: 26 April 2018; accepted: 29 May 2018

3Department of Reproduction and Fertility, Jiangxi
Maternal & Child Health Care Hospital, Nanchang,
Jiangxi Province, China

'Department of Head and Neck Surgery, Jiangxi Cancer Corresponding author:

Hospital, Nanchang, Jiangxi Province, China Fei Le, Department of Head and Neck Surgery, Jiangxi
’Department of Head and Neck Surgery, The First Cancer Hospital, 519 East Beijing Road, Nanchang,
Affiliated Hospital of Nanchang University, Nanchang, 330029, Jiangxi Province, China.

Jiangxi Province, China Email: Fei.Le@yahoo.com

Creative Commons Non Commercial CC BY-NC: This article is distributed under the terms of the Creative

DM Commons Attribution-NonCommercial 4.0 License (http://www.creativecommons.org/licenses/by-nc/4.0/) which
permits non-commercial use, reproduction and distribution of the work without further permission provided the original work is
attributed as specified on the SAGE and Open Access pages (https://us.sagepub.com/en-us/nam/open-access-at-sage).


mailto:Fei.Le@yahoo.com
http://uk.sagepub.com/en-gb/journals-permissions
http://dx.doi.org/10.1177/0300060518785846
journals.sagepub.com/home/imr

Le et al.

4093

Introduction

Thyroid carcinoma has become one of
the most common malignant tumours in
the head, neck and endocrine system
worldwide.! Thyroid carcinoma is mainly
diagnosed by pathological examination.
However, this method has certain difficul-
ties when diagnosing some types of atypical
thyroid cancers or small thyroid cancers.’
With the development of technology,
molecular biology methods have been
applied in clinical practice, which may
play an important role in the molecular
diagnosis and therapeutic evaluation of thy-
roid cancer.®> Nuclear factor (NF)-«B is an
important nuclear transcription factor.
For example, it has been demonstrated
that the loss of NF-kB is associated with
malignant tumours, inflammation, viral
infections, septic shock and other types of
diseases.*> NF-«xB has five subtypes in the
human body, of which p50 and p65 are the
most important subunits.>” This study
aimed to investigate the levels of NF-xB
p50 and p65 in thyroid carcinoma using
both immunohistochemistry and quantita-
tive real-time reverse transcription—poly-
merase chain reaction (QRT-PCR) and to
determine their relationship with clinical
malignancy and prognosis.

Patients and methods

Patient population

This prospective study enrolled consecutive
patients with thyroid carcinoma in the
Department of Head and Neck Surgery,
Jiangxi Cancer Hospital, Nanchang,
Jiangxi Province, China between January
2016 and March 2017. The inclusion crite-
ria were as follows: (i) patients diagnosed
using postoperative pathological histology;
(i1) patients with no prior history of thyroid
surgery. Demographic and clinical charac-
teristics were recorded for all patients.

The study was approved by Ethics
Department of Jiangxi Cancer Hospital (no.
2016-019). All patients participating in the
study provided written informed consent.

Immunohistochemical detection of NF-xB
p50 and NF-«xB pé5

Formalin-fixed, paraffin-embedded tumour
samples were obtained from each patient in
order to undertake immunohistochemical
staining for NF-xB p50 and NF-xB p65
proteins. In brief, tumour tissue was fixed
in 30% formalin, dehydrated in ethanol and
embedded in paraffin wax. All specimens
were sectioned (4-um thick) and the sections
deparaffinized. After epitope (antigen)
retrieval by proteinase K  digestion
(Thermofisher Scientific, Rockford, IL,
USA), nonspecific sites were blocked using
a blocking kit (Thermofisher Scientific).
The sections were incubated with either
rabbit antihuman NF-xB p50 or rabbit
antihuman NF-xB p65 primary antibody
(1:100;  Cell Signaling Technology®,
Danvers, MA, USA) at 4°C overnight.
The sections were then washed in 10 mM
phosphate-buffered saline (PBS; pH 7.4)
(Thermofisher Scientific) at room tempera-
ture three times and then incubated with
goat antirabbit horseradish peroxidase
(HRP)-conjugated I1gG secondary antibody
(1:10000; Cell Signaling Technology®) at
room temperature for 30 min. Then the sec-
tions were washed in 10 mM Tris-buffered
saline (pH 8.4) three times for 2 min each at
room temperature and 10 mM PBS (pH 7.4)
three times at room temperature. The sec-
tions were then incubated with 200 ul 3,3’-
diaminobenzidine substrate (Thermofisher
Scientific) to completely cover the sample
for 5 min at room temperature, followed
by washing with distilled water at room tem-
perature for 5 min. Immunohistochemistry,
counterstaining and scoring were performed
by a pathologist (F.L.). The level of immu-
nostaining in the tissue samples was
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evaluated using a standard scoring system
based on the proportion of positively stained
cells and the level of staining intensity. In
brief, 10 different sections were chosen ran-
domly for each tissue sample and 100 cells
were examined in each section. The scores
were based on the proportion of positively-
stained cells as follows: < 5% was scored 0,
5-25% was scored 1, 26-50% was scored
2,>50% was scored 3. For staining intensi-
ty, no staining of the cytoplasm was scored
0, light brown was scored 1, brown was
scored 2, and dark brown scored 3. The
staining intensity and positivity scores were
multiplied to give an overall score: 0—1 was
negative, 2-3 was weakly positive, 4-6 was
positive, and > 6 was strongly positive.

Tissue RNA preparation

Formalin-fixed, paraffin-embedded tumour
samples were obtained using similar methods
described above. Total RNA from 1 mg of
thyroid tumour was extracted using TRIzol®
reagent (Invitrogen, Carlsbad, CA, USA)
and chloroform based on an organic extrac-
tion protocol that had been optimized in-
house. The RNA quality and quantity were
verified using a Bioanalyzer 2100 system
(Agilent Technologies, Santa Clara, CA,
USA). The RNA was reverse transcribed to
c¢DNA using superscript 1V with poly-dT
selection (Thermofisher Scientific).

Real-time gRT-PCR

TagMan® primer sets and the probes for
NF-kB p50, NF-kB p65 and f-actin (internal
reference control) were designed using
Primer3 software and synthesized by
Integrated DNA Technologies (San Diego,
CA, USA). Primer3 is a widely used program
for designing PCR primers. The primers were
as follows: f-actin forward 5-TGAGA
GGGAAATCGTGCGTG-3, reverse 5-TG
CTTGCTGATCCACATCTGC-3'; NF-«xB
p50 forward 5-TGGACAGCAAATCCGC

CCTG-3/, reverse 5-TGTTGTAATGA GT
CGTCATCCT-3'; NF-kB p65 forward 5'-A
GGCAAGGAATAATGCTGTCCTG-3,
reverse 5-ATCATTCTCTAGTGTCTGGT
TGG-3. The c¢DNA was mixed with
TagMan® universal gene expression buffer
and the qRT-PCR cycle was undertaken as
recommended by the manufacturer using
an Applied Biosystems™ ABI 7900HT
real-time thermal cycler (Thermofisher
Scientific). The cycling programme involved
preliminary denaturation at 95°C for 10
min, followed by 36 cycles of denaturation
at 98°C for 30 s, annealing at 60°C for 60 s,
and elongation at 72°C for 15 s, followed by
a final elongation step at 72°C for 5 min.
After qRT-PCR, the cycle threshold (CT)
was calculated and the relative fold change
was calculated using the standard delta
CT method.

Statistical analyses

All statistical analyses were performed
using IBM SPSS Statistics for Windows®,
version 19.0 (IBM Corp, Armonk, NY,
USA) by a dedicated statistician (F.L.).3
Demographic and clinical data were com-
pared between the groups using y°-test or
Student’s ¢-test as appropriate. A Pearson
correlation coefficient analysis of qRT-
PCR and immunohistochemical protein
levels was undertaken as an internal cross
validation between the two methods
(PCC=0.97, data not shown). Spearman’s
rank correlation coefficient analysis was
undertaken to determine if there was a sig-
nificant correlation between NF-xB p50
and NF-«B p65 levels in thyroid carcinoma
samples. A P-value < 0.05 was considered
statistically significant.

Results

This study included 73 patients with thyroid
carcinoma, of which 20 patients were male
and 53 were female. The mean+SD age
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was 44.8 +12.7 years (range, 18-76 years).
The pathological types were as follows:
42 papillary carcinomas, 15 follicular carci-
nomas and 16 medullary carcinomas.
The mean £+ SD tumour diameter was 1.7
+1.5 cm (range, 0.4-3.5 cm). Of the
73 patients, there were 37 with lymph
node metastasis and 36 without lymph
node metastasis.

Tumour samples from patients were
immunohistochemically stained for NF-xB
p50 and NF-xB p65 proteins (Figure 1).
A total of 53 of 73 patients (72.6%) were
NF-xB p50 positive and 20 of 73 patients
(27.4%) showed no staining of NF-xB p50
protein. A total of 61 of 73 patients (83.6%)
were NF-xB p65 positive and 12 patients
(16.4%) showed no staining of NF-kB
p65 protein.

Using qRT-PCR, the levels of NF-xB p50
and NF-xB 65 relative to the f-actin refer-
ence control were determined (Figure 2).
The NF-kB p50 or NF-kB p65 levels were
considered positive when the relative fold
change compared with f-actin was>2.
A total of 51 of 73 patients (70%) of patients
showed positive levels of NF-xB p50 and
59 of 73 patients (81%) of the patients were
NF-kB p65 positive.

(@)

There were no significant differences in
sex, age and pathological type between the
NF-xB p50 positive group and the NF-«xB
p50 negative group (Table 1). Tumour
diameter and lymph node metastasis were
significantly increased in the NF-xB p50
positive group compared with the NF-«xB
p50 negative group (P<0.05 for both
comparisons).

There were no significant differences in
sex, age and pathological type between the
NF-xB p65 positive group and the NF-xB
p65 negative group (Table 2). Tumour
diameter and lymph node metastasis were
significantly increased in the NF-xkB p65
positive group compared with the NF-«xB
p65 negative group (P<0.05 for both
comparisons).

There was a significant positive correla-
tion between NF-xB p50 and NF-xB p65
levels in thyroid carcinoma samples using
Spearman’s rank correlation coefficient
analysis (r,=0.653, P <0.05).

Discussion

In this present study, the levels NF-xB p50
and NF-xkB p65 were measured in 73
patients with thyroid carcinoma using

(b)

Figure |. Representative photomicrographs showing positive immunohistochemical staining (arrows) for
nuclear factor (NF)-xB p50 (a) and NF-«xB p65 (b) proteins in paraffin wax-embedded sections of thyroid
carcinoma. Sections were counter-stained with haematoxylin. The colour version of this figure is available at:

http://imr.sagepub.com. Scale bar 25 pm.
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Figure 2. The levels of nuclear factor (NF)-xB p50 (a) and NF-xB p65 (b) mRNA as quantified by real-time
reverse transcription—polymerase chain reaction relative to the ff-actin reference control. The NF-xB p50

or NF-xB pé5 levels were considered positive when the relative fold change compared with f-actin was > 2.
The solid central horizontal line in each box is the median and the broken central horizontal line is the mean.
The extremities of the boxes are the 25th and 75th percentiles. The diamond shape on each box represents the
standard deviation. The circle above the p65 negative box in Figure B represents an extreme outlier.

immunohistochemistry and qRT-PCR. The type, but there were significant correlations
results showed that NF-«xB p50 and NF-xB with tumour diameter and the occurrence
p65 levels in thyroid carcinoma samples of lymph node metastasis. The reason
were not related to sex, age or pathological for these findings might be that NF-xB
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Table |I. Demographic and clinical characteristics of patients with thyroid carcinomas (n =73) stratified
according to the immunohistochemical identification of positive staining of nuclear factor (NF)-kB

p50 protein.
NF-xB p50 positive NF-xB p50 negative Statistical

Characteristic group n=53 group n=20 significance®
Sex, male/female 14/39 6/14 NS
Age, years 47.1 134 463+ 128 NS
Pathological types, papillary/follicular/ 33/9/11 9/6/5 NS

medullary carcinoma
Tumour diameter, cm 32+ 1.7 20+1.8 P=0.0100
Lymph node metastasis, yes/no 32/21 5/15 P=10.0074

Data presented as mean =+ SD or n of patients.

Groups were compared using y’-test (pathological type and lymph node metastasis) or Student’s t-test (sex, age and

tumour diameter) as appropriate.

NS, no statistically significant between-group difference (P > 0.05).

Table 2. Demographic and clinical characteristics of patients with thyroid carcinomas (n =73) stratified
according to the immunohistochemical identification of positive staining of nuclear factor (NF)-kB

p65 protein.

NF-xB p65 positive NF-kB p65 negative Statistical

Characteristic group n=61 group n=12 significance®
Sex, male/female 17/44 3/8 NS

Age, years 46.5+ 14.7 48.8+ 15.1 NS
Pathological types, papillary/follicular/ 37/11/13 5/3/4 NS

medullary carcinoma

Tumour diameter, cm 34+ 1.6 1.8+ 1.5 P=0.0021
Lymph node metastasis, yes/no 35/26 2/10 P=10.0099

Data presented as mean =+ SD or n of patients.

2Groups were compared using y’-test (pathological type and lymph node metastasis) or Student’s t-test (sex, age and

tumour diameter) as appropriate.

NS, no statistically significant between-group difference (P > 0.05).

p50 and NF-xB p65 play a synergistic
role in the development of thyroid carcino-
ma and lymph node metastasis, but the
specific mechanisms involved require fur-
ther research.

Thyroid carcinoma is currently the most
common thyroid cancer and thyroid cancers
account for approximately 1% of all malig-
nant tumours in the body.” The incidence of
thyroid cancer has increased rapidly in recent
years, which has resulted in it becoming more
common in clinical practice.'” Like other
malignancies, pathological examination is

the most important method for the diagnosis
of thyroid cancer. However, this method is
not applicable to some atypical thyroid can-
cers or small thyroid cancers. Molecular biol-
ogy techniques may play an important role in
thyroid cancer diagnosis.

Nuclear factor-xB is an important nucle-
ar transcription factor in eukaryotic cells.
For example, it plays a role in initiating
gene transcription by binding to a fixed
nucleotide sequence in the promoter
region.'" NF-«xB plays an important role
in cell proliferation and differentiation,
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tumour formation, tumour invasion and
tumour metastasis.'?> In addition, NF-xB
is also involved in the response of cells to
stimuli such as free radicals, ultraviolet
radiation, cytokines, bacterial or viral anti-
gens; and it plays a key role in regulating
the immune system’s response to infec-
tion.'>'* At present, NF-xB is considered
to be uncontrolled and associated with
malignancy, inflammation, viral infections,
septic shock and other types of diseases.*>
NF-xB family members have five subunits
in humans: Rel, RelB, p50, p52 and p65."
Among the five subunits, p50 is the DNA
binding site and p65 can regulate transcrip-
tional activity and promote the binding of
p50 and DNA, through the coordination of
Rel homologous domains.®” Therefore NF-
kB p50 and NF-xB p65 are the most impor-
tant members of the NF-xB family.

The detection of NF-«xB p50 and NF-«xB
p65 levels has been widely used in many
malignant tumours such as breast cancer,
liver cancer, oesophageal squamous cell
carcinoma and gastric cancer, but there
are few reports on its expression in thyroid
cancer.'® A previous study reported that 91
of 122 patients (74.6%) with thyroid papil-
lary carcinoma were positive for NF-xB
p65."7 When the tumour diameter was > 1
cm, the rate of NF-xB p65 positivity was
significantly higher.'!” There were significant
differences in thyroid extravasation, lymph
node metastasis, and BRAF(V600E) muta-
tion between the NF-xB p65 positive group
and the NF-kB p65 negative group
(P <0.05)."” The positivity rates of NF-xB
p50 and NF-xB p65 expression in thyroid
carcinoma were reported to be 73.0% and
74.0%, respectively.'®

This study had several limitations.
First, the sample size was relatively small.
Secondly, the immunohistochemistry might
have been subject to false positive or false
negative staining. Currently, patients are
being enrolled into a larger cohort study
to improve future analyses.

In conclusion, this current study demon-
strated that there were significant associa-
tions between NF-xB p50 and NF-kB p65
levels and tumour diameter and the occur-
rence of lymph node metastasis in patients
with thyroid carcinomas.
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