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Background: NUCB2, a novel multifunctional protein containing several functional domains,
was newly found to play important roles in many cancers, but its role in papillary thyroid cancer
(PTC) is not well investigated. Therefore, our study was performed to explore the functions
of NUCB2 in PTC.

Methods: NUCB2 protein level was analyzed by immunohistochemistry. Data analyses were
made by performing chi-squared test. Quantitative reverse-transcription PCR, Western blot,
colony formation, MTT, and transwell invasion assays were performed to test the expression
levels and functions of NUCB2 in PTC.

Results: In PTC tissues, NUCB2 protein expression level was positively correlated with
extrathyroidal extension, TNM stage, and tumor size of PTC patients. In vitro experiments
demonstrated that knockdown of NUCB?2 using specific shRNA for NUCB2 significantly
impaired cell proliferation and invasion of PTC cell lines. In vivo, silencing of NUCB2 inhibited
the growth of tumors in mice.

Conclusion: These results suggested a novel function of NUCB?2 in the process of proliferation
and invasion in PTC. NUCB2 may be considered a potent prognostic factor in PTC.
Keywords: NUCB?2, papillary thyroid cancer, proliferation, invasion

Introduction

The incidence of thyroid cancer is gradually increasing in recent years.! Nowadays,
thyroid cancer is the fifth most common cancer in women in the USA, and over 53,990
cases have been newly diagnosed in men and women in 2018.% This rise may be partly
due to the widespread and developmental screening. Thyroid cancer is a malignant
disease exhibiting heterogenicity, with several histological types and subtypes. The
preferred treatment for most patients with thyroid cancer is still surgery and thyroid-
stimulating hormone suppression,® while other options include radioactive iodine
therapy. Papillary thyroid cancer (PTC) is well-differentiated and usually associated
with good prognosis and therapeutic response; nevertheless, about 10% of patients die
from recurrences and distant metastasis after several years of diagnosis.* Nowadays,
research on cancer genomics, risk markers, and targeted therapies may be the key to
resolving the problem.

NUCB2/nesfatin-1, first identified by Ohi et al in 2006, was originally found in
hypothalamic nuclei and play important role in food intake and energy homeostasis.’
NUCB?2 protein consists of several functional domains such as a signal peptide, a
Lew/Ile rich region, two Ca?* binding EF-hand domains separated by an acidic amino
acid rich region, and a leucine zipper,®’ and is associated with basic cellular func-
tions.>*® Recently, several studies have indicated that NUCB2 is also expressed in
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several human peripheral tissues, including the stomach,
pancreas, testis, and adipose tissues.®!' Other related
metabolic functions of NUCB2 include insulin release,
adipocyte differentiation, and myocardial performance.'?
Additionally, many studies have identified that NUCB2
may be associated with tumor behavior.** Until recently,
a study found an upregulation of NUCB2 in thyroid cancer
by transcriptome analysis.'® However, there is still a short-
age of studies investigating the correlation between NUCB2
and thyroid cancer.

In this study, we systematically investigated the roles of
NUCB?2 in PTC. We demonstrated that NUCB2 expression
is significantly positively correlated with PTC progression.
We further reported that knockdown of NUCB2 impaired
cell proliferation and invasion. Moreover, NUCB2 ablation
inhibits thyroid tumorigenesis in mice. Our results strongly
support a tumor-promoting role for NUCB2 in PTC.

Materials and methods

Patients and samples

A total of 155 patients with thyroid cancer who have been
diagnosed by pathology were incorporated into the study
which was approved by our institutional research ethics
committee. Fresh samples were collected just after surgery
and fixed in 10% formalin before being embedded in paraf-
fin wax. Patients’ clinical and pathological data including
age, gender, extrathyroidal extension, TNM stage, tumor
size, lymph metastasis, and multifocality were collected.
The histopathology of each specimen was reviewed by the
board-certified pathologists of our institution. This study was
reviewed and approved by the Ethics Committee of Tianjin
Medical University Cancer Institute and Hospital. Written
informed consent for the collection of tumor tissues for the
study purpose was obtained from all patients. All the experi-
ments in this study were conducted according to the 2013
Declaration of Helsinki guidelines.

Immunohistochemistry

The paraffin-embedded tissues were sliced into 4 um sec-
tions and baked at 75°C for 45 minutes. The sections were
de-waxed in xylene and rehydrated in graded ethanol. Then,
the slices were incubated in EDTA (pH =8.0) and 3% H,0O,
in methanol for 10 minutes. The tissue sections were treated
with anti-NUCB?2 antibodies (rabbit polyclonal antibody to
NUCB2, ab224348; Abcam, Cambridge, UK) at 1:1,000
dilution and incubated overnight at 4°C. Then the secondary
antibody was added and incubated at room temperature for

30 minutes. After diaminobenzidine staining, the sections
were counterstained using hematoxylin, dehydrated, and
cleared with xylene. For the analysis of results, a semi-
quantitative H-score was computed for each sample by
multiplying the staining intensities (0: negative, 1: weak
staining, 2: moderate staining, 3: strong staining) and distri-
bution areas (0%—100%).'7 All samples were classified into
high-expression group and low-expression group according
to the distribution of H-score.

Cell culture and transfection

Both human thyroid cancer cell lines (TPC-1 and K1) used
in this study were purchased from the Cell Bank of the Chi-
nese Academy of Sciences (Shanghai, PR China). K1 was
cultured in RPMI-1640 medium while TPC-1 was cultured
in DMEM. Both contained 1% penicillin streptomycin and
10% FBS. Cells were maintained at 37°C with 5% CO,. For
in vitro study, both TPC-1 and K1 cells were transfected
with shRNA against NUCB?2 to silence NUCB2 according
to the manufacturer’s instructions. The NUCB2 shRNA plas-
mids were transfected into thyroid cancer cells using Lipo-
fectamine® 2000 (Thermo Fisher Scientific, Waltham, MA,
USA). The specific shRNA with the sequence of AAGCT-
GTGCCTATTGACATAGAC (Cat# SH817843; Vigene
Biosciences, Rockville, MD, USA) to target NUCB2 and
scrambled sequence (negative control) were used. The cells
were seeded at 50,000 cells/well in six-well plates according
to the manufacturer’s protocol, and three experimental groups
were included: sh-NUCB2 group, which was transfected with
shRNA targeting NUCB2; negative control group, which was
transfected with scrambled sequence; and mock group, which
was treated without transfection (data not shown). Silencing
efficiency was measured by reverse-transcription PCR (RT-
PCR) and Western blot after 48 hours of transfection. These
cells were used to explore the association between NUCB2
and cell proliferation and cell invasion. Then, the NUCB2
cell lines showing stable depletion were screened and used
for the in vitro and in vivo assays.

To select the stable clones, transfected cells were selected
and maintained in a medium containing 2 pg/mL puromycin.
The stable cell lines were then verified by RT-qPCR and
Western blot and used for later experiments.

Reverse-transcription PCR

The total RNA was extracted from tumor tissues and
cells by using TRIzol® reagent (Thermo Fisher Scientific)
according to the protocol. After measuring the content by
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ultraviolet analysis, RNA was reverse-transcribed to cDNA
for qPCR analysis. Quantitative PCR was performed on a
Smart Cycler using SGExcel FastSYBR Mixture (With Low
ROX) Plus (Sango Biotech, Shanghai, PR China). To further
analyze the real-time PCR data, we applied a comparative
threshold cycle (Ct) method which compares differences in
Ct values between target RNA and common control.'® The
sequences of primers are as follows: NUCB2: (forward)
5"-TCTTGGAGCCAGATAGCTGG-3" and (reverse)
5'-AGCTTCTGAGCCTCCAGTTG-3"; GAPDH: (for-
ward) 5’-GAGTCAACGGATTTGGTCGT-3’ and (reverse)
5-TTGATTTTGGAGGGATCTCG-3".

Western blot

Tissues and cells were lysed in RIPA lysis buffer, and pro-
tein concentrations were determined using the bicinchoninic
acid method. Totally, 50 ng of each protein was loaded per
lane and separated on SDS-PAGE gels, and then transferred
onto polyvinylidene fluoride membranes. After blocking
with 5% dry milk for 1 hour at room temperature, primary
monoclonal antibodies including NUCB2, mouse anti-[3-
actin (1:1,000 dilution, ab8226; Abcam), rabbit anti-Ki67
(1:1,000 dilution, ab16667; Abcam), mouse anti-PCNA
(1:500 dilution, ab29; Abcam), mouse anti-MMP2 (1:1,000
dilution, ab37150; Abcam), and mouse anti-MMP9 (1:1,000
dilution, ab38898; Abcam) were used. The samples were then
incubated with the secondary antibody (polyclonal goat anti-
rabbit/mouse, 1:10,000 dilution; Rockland Immunochemicals
Inc, Gilbertsville, PA, USA) for 30 minutes at 37°C and
detected by chemiluminescence.

Colony formation assay

Both TPC-1 and K1 cells were seeded at a density of
500 cells/well and cultured on 60 mm? dishes. Each group
was measured in three parallel wells. After 10 days, cells were
washed with PBS and then fixed with 10% formaldehyde
for 10 minutes. Cells were then stained with Giemsa stain
for 10-20 minutes. The number of colonies was counted by
using an optional microscope.

MTT assay

Both TPC-1 and K1 cells were seeded into 24-well dishes at
a density of 3,000 cells/well, and 0.01 mL of 5 mg/mL MTT
reagent was added into each well and incubated for 4 hours
at 37°C. After that, the medium was replaced with dimethyl
sulfoxide (Sigma-Aldrich Co., St Louis, MO, USA) and
kept for another 10 minutes. Microplate spectrophotometer

(Thermo Fisher Scientific) was employed to measure the
OD at 570 nm. All experiments were performed in triplicate.

Transwell invasion assay

Matrigel invasion chambers (Corning Incorporated, Corning,
NY, USA) were used for the invasion assay. About 3x10°
TPC-1 and K1 cells were isolated before adding to the upper
chamber of transwell coated with Matrigel (BD Bioscience,
Mountain View, CA, USA). After incubation for 24 hours
at 37°C in 5% CO,, the cells under the surface of the lower
chamber were fixed with 4% paraformaldehyde solution and
stained with 1% crystal violet. The numbers of invading cells
were counted from five different randomly selected fields
under a microscope (magnification, X200).

Animal studies

Five-week-old BALB/c nude mice (Slac Laboratory Animal
Co. Ltd, Shanghai, PR China) were used for the tumorige-
nicity assay. About 1x107 K1 cells transfected with NUCB2
shRNA and controls were injected subcutaneously into
the right rear flank of each mouse. Tumor volumes were
measured using a caliper every week after 2 weeks by using
the formula, tumor volume =1/2x (length x width?). Seven
weeks later, mice were sacrificed and tumors were harvested.
All animal experiments in our research were approved by
the Animal Experimentation Ethics Committee of Tianjin
Medical University Cancer Institute and Hospital.

Statistical analyses

All the data in our study were analyzed by using SPSS 22.0.
Data are presented as mean + standard error of the mean.
Student’s t-test was used for continuous variables, and
chi-squared test was applied to analyze categorical variables.
In this study, P-values <0.05 were considered to be statisti-
cally significant.

Ethics approval and consent to
participate

All applicable international, national, and/or institutional
guidelines for the care and use of human specimens and
animals were followed. The animal study was carried out
in accordance with the guidelines approved by the Animal
Experimentation Ethics Committee of Tianjin Medical
University Cancer Institute and Hospital. The protocol was
approved by the committee, all surgeries were performed
under sodium pentobarbital anesthesia, and all efforts were
made to minimize the suffering.
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Results
Correlation between NUCB?2 and

clinicopathological variables of PTC

We investigated the correlation between NUCB2 protein
expression status and clinicalpathological characteristics of
patients via immunohistochemistry of tumor tissues from
155 patients with PTC. Both the nuclei and the cytoplasm
of tumor cells were stained and showed typical strong and
weak staining of NUCB2 (Figure 1A), while the NUCB2
expression was negative in the normal tissue adjacent to
cancer (Figure 1B). The associations between NUCB2 pro-
tein expression and clinicopathological features are shown in
Table 1. Besides, the results showed that NUCB2 was signifi-
cantly associated with extrathyroidal extension, TNM stage,
and tumor size (P<<0.05, respectively, Table 1). However, no
associations were found between NUCB2 and age, gender,
and lymph node metastasis (P>0.05, respectively, Table 1).
Collectively, these results demonstrate the potential role of
NUCB2 in PTC.

Knocking down NUCB2 in TPC-1 and

K1 cell lines

To investigate the roles of NUCB2 in malignant biologi-
cal behavior of PTC, we aimed to inhibit the expression
of NUCB?2 in thyroid cancer cells. NUCB2 expression
was knocked down in both TPC-1 and K1 cell lines using
NUCB2 shRNA. RT-qPCR and Western blot were per-
formed to identify the expression of NUCB2 in shRNA
and control groups. As shown in Figure 2A and B, the

7258 ‘:

expression of NUCB2 was dramatically decreased in
shRNA group compared to control group, which meant
that we successfully knocked down NUCB2 expression in
both cell lines.

Downregulated expression of NUCB2

inhibited the proliferation of tumor cells
Colony formation and MTT assays were performed to
identify the role of NUCB2 in tumor cell proliferation.
As indicated in Figure 3A and B, downregulation of the
expression of NUCB2 significantly inhibited the prolifera-
tion of TPC-1 and K1 cells when compared to controls
(P<0.05). We then examined the expression status of some
proliferation-related proteins including Ki67 and PCNA to
explore the mechanism of action of NUCB?2 in tumor cell
proliferation. As expected, the expressions of Ki67 and
PCNA were decreased when we silenced NUCB2, which
was confirmed by Western blot (Figure 3C and D, P<<0.05).
In summary, we found that downregulated expression of
NUCB?2 inhibited tumor cell proliferation via regulat-
ing the expression of proliferation-related proteins Ki67
and PCNA.

Downregulated expression of NUCB2

inhibited tumor cell invasion

Transwell assay was applied to explore whether NUCB2
also regulates migration and invasion, and we found that
the invasion ability of shRNA group was dramatically
decreased than that of the control group (Figure 4A,

100%

200x i 77

Figure | The expression of NUCB2 in human thyroid cancer and in the tissues adjacent to cancer.
Notes: (A) Represents immunohistochemical images of tissues showing high and low NUCB2 expression in human thyroid cancer at 100x and 200x optical magnifications.
(B) Immunohistochemical images of NUCB2 expression in human tissues adjacent to cancer tissue at 100x and 200x optical magnifications.
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Table | Relationship of NUCB2 with clinicopathological characteristics in 155 patients with papillary thyroid cancer

N=I55 NUCB2 expression x? P-value
Low High
Age (year) 0.025 0.874
<55 75 30 45
=55 80 33 47
Gender 1.241 0.265
Male 34 I 23
Female 121 52 69
Extrathyroidal extension 6.500 0.011*
Yes 113 39 74
No 42 24 18
TNM stage 4.057 0.044*
I+ 135 59 76
H+v 20 4 16
Tumor size 6.575 0.010*
<l cm 67 35 32
=| cm 88 28 60
Lymph node metastasis 0.085 0.771
Yes 76 30 46
No 79 33 46
Multifocality 1.008 0.315
Yes 59 21 38
No 96 4?2 54
Note: *P<<0.05.
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Figure 2 Knocking down of NUCB2 by shRNA in both TPC-1 and K| cells.
Notes: RT-PCR (A) and Western blot (B) showed lower expression level of NUCB2 in shRNA group (n=3, P<0.05, respectively), compared to the control group. *P<<0.05.
Abbreviation: RT-PCR, reverse-transcription PCR.
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Figure 3 Knocking down NUCB2 in papillary thyroid cancer cells inhibited tumor cell proliferation by regulating Ki67 and PCNA.

Notes: (A) Typical images of colony-forming assay and its quantification demonstrated that colony rate of shRNA group was significantly lower than control group
(n=3, P<0.05, respectively). (B) OD value of MTT assay suggested that cell proliferation rate of shRNA group was lower than control group (n=3, P<<0.05, respectively).
(C and D) Western blot and its quantification showed that the expression of Ki6é7 and PCNA was decreased in shRNA group when compared to control group (n=3, P<0.05,
respectively). *P<<0.05.
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Figure 4 Downregulated expression of NUCB?2 inhibited the migration and invasion of thyroid cancer cells by regulating MMP2 and MMP9.
Notes: (A) Transwell assay demonstrated that the ability of invasion in shRNA group was significantly decreased comparing to control group (n=3, P<<0.05, respectively).
(B and C). Western blot of MMP2 and MMP9 and its quantification showed that the expression of MMP2 and MMP9 were reduced in shRNA group when compared to

control group (n=3, P<0.05, respectively). *P<<0.05.

P<0.05). To further explore the mechanism, we evaluated
the expression of proteins related to tumor cell migration
and invasion. By knocking down NUCB2, the expressions
of MMP2 and MMP9 proteins were significantly decreased
(Figure 4B and C, P<<0.05). In conclusion, we indicated that
NUCB2 could promote the migration and invasion of thyroid
tumor cells via modulating the expression of relevant proteins
such as MMP2 and MMP9.

Knocked down the expression of
NUCB?2 suppressed the tumorigenicity

of PTC cells in vivo

To further assess whether the in vitro behavior of NUCB2
could translate into abnormal tumorigenesis in vivo, cells
from NUCB2 shRNA group and control group were injected
subcutaneously into athymic mice. The tumor volumes
were measured every week after 2 weeks. As shown in
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Figure 5 The influence of NUCB2 on tumor growth of thyroid cancer in mice.

Control shRNA

Notes: (A) Representative images of tumors from both groups are shown. Tumor volumes of shRNA group were smaller than those of the control group (n=6, P<<0.05).
(B and C) Both immunohistochemistry and Western blot demonstrated that the expression of NUCB2 was dramatically decreased in mice tumors (n=6, P<<0.05, respectively),
which suggested a successful construction of NUCB2 knocked down model in mice. *P<0.05.

Figure 5A, tumor growth in shRNA group was slower than
that of the control group (P<<0.05). Besides, we also per-
formed Western blot and immunohistochemistry analysis
to detect the expression of NUCB2 in subcutaneous tumors.
As shown in Figure 5B and C, NUCB2 expression was
dramatically decreased in shRNA group, which indicated that
an effective and stable knocking down of NUCB2 occurred
in mice tumors.

Discussion

In this study, we investigated the expression of NUCB2 pro-
tein in human PTC tissues. Furthermore, we explored the func-
tion of NUCB2 in PTC aggression. PTC is well-differentiated
and usually associated with good prognosis; nevertheless,
about 10% of patients die from recurrences and distant
metastasis after several years of diagnosis.* A major clinical
challenge is how to reliably distinguish patients who need
aggressive treatments to reduce mortality from those who
do not." Therefore, more studies on molecular modulation
of thyroid cancer are needed to improve diagnosis and treat-
ment in patients with clinically aggressive cancers.

NUCB2, an important protein broadly expressed in
human hypothalamic nuclei and peripheral tissues, has drawn
increasing attention because of its participation in multiple
pathophysiological processes like nocturnal feeding and
body weight regulation.'> However, a few recent studies have
shown that there may be a correlation between NUCB2 and
tumor behavior. Zeng et al found that NUCB2 protein was
decreased in paired metastatic lymph node, with the positive
expression rate being 82% in primary breast cancer tissue
and 47% in paired metastatic lymph nodes. Furthermore,
the overall survival time of patients with positive expres-
sion of NUCB2 protein was shorter compared to those with
negative NUCB2 expression.?” These findings indicate that
NUCB2 could be employed as a potential biomarker and a
prognostic predictor for breast cancer. In addition, Zhang et al
reported that high NUCB2 expression was positively related
to seminal invasion, lymph node metastasis, and higher
Gleason score in prostate cancer. They showed that patients
with low NUCB?2 protein expression had significantly better
overall survival and biochemical recurrence-free survival
compared with patients with high NUCB2 expression.?!
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Besides, NUCB2 was found to be related to tumor pathology
and cancer-specific survival in renal cell carcinoma.'” In our
study, the results suggested that high expression of NUCB2
was correlated with clinical pathological characters such
as pTNM stage, extrathyroidal extension, and tumor size.
All these results indicated that NUCB2 might be a poten-
tial prognostic marker and might play important roles in
tumor progression.

Previous studies have revealed that NUCB2 is involved
in tumor progression via regulation of cell proliferation and
apoptosis in several cancers.!*!%?22 In addition, Takagi et al
reported that NUCB2 was associated with aggressiveness
of endometrial carcinomas by promoting proliferation and
migration of endometrial carcinoma cells.? In vitro, down-
regulation of NUCB?2 facilitated cell apoptosis and reduced
the invasion rate in renal carcinoma.'** Similarly, in our
research, knocking down of NUCB2 could significantly
inhibit the proliferation and invasion of PTC cells in vitro.
Moreover, the growth of tumors subcutaneously injected
into mice was dramatically restricted by knocking down
NUCB2. In conclusion, similar with other studies, our study
indicated that NUCB?2 functioned as a tumor promoter and
could promote the progression of tumors both in vivo and
in vitro.

There were still several limitations in our study. Fore-
most, to confirm whether NUCB2 could be used as a novel
predictor of diagnosis, the finite sample size required another
randomized study to investigate the correlation between
NUCB?2 expression and clinicopathological variables. In
addition, our study only examined the proliferation and
invasion of cells in which NUCB2 was downregulated. The
relative specific signaling pathway requires more subsequent
clarification.

Conclusion

Our study was the first to show the role of NUCB?2 in tumor
progression of PTC. As the results indicated, we speculated
that NUCB2 was a tumor promoter in PTC, similar to its
function in other carcinomas. However, more studies are
required to verify and explore the exact mechanism underly-
ing the function of NUCB2 in thyroid cancer in the future.

Data sharing statement
The dataset supporting the conclusion of this article is
included within the article.
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