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Abstract. Nucleobindin 2 (NUCB2) is mainly expressed 
in the hypothalamic nuclei and has a proven role in energy 
homeostasis. It has also been recently reported to have a key 
role in tumor progression. However, the clinical significance 
of NUCB2 in colorectal cancer (CRC) remains unknown. In 
the present study, the level of NUCB2 mRNA was quanti-
fied by reverse transcription‑quantitative polymerase chain 
reaction (RT-qPCR) in 34 paired fresh tissues from patients 
with CRC. RT-qPCR was followed by immunohistochemical 
(IHC) staining of NUCB2 protein in tissue microarrays 
of 251 samples to evaluate the clinical significance of 
NUCB2 in CRC. The RT-qPCR indicated an upregulation 
of NUCB2 mRNA in CRC tissues compared with normal 
tissues (P=0.027). IHC staining indicated a positive asso-
ciation between elevated NUCB2 expression and lymph node 
metastasis or tumor-node-metastasis (TNM) stage. Patients 
with CRC and lymph node metastasis demonstrated a higher 
expression of NUCB2 (49.5%, 50/101) compared with those 
without lymph node metastasis (36.7%, 55/150; P=0.043). 
Furthermore, NUCB2 expression was also higher in patients 
with CRC and TNM stage III-IV compared with those 
with TNM stage I-II (50.9% vs. 35.0%; P=0.011). However, 
Kaplan‑Meier analysis indicated no significant association 
between NUCB2 expression and disease-free survival of 
patients. Additionally, multivariate analysis did not identify 
the upregulation of NUCB2 as an independent prognostic 
predictor in patients with CRC (P=0.755). In conclusion, the 
present study demonstrated that upregulation of NUCB2 is 
significantly associated with CRC metastasis, indicating that 

NUCB2 may be a cancer-associated oncogene associated with 
the aggressive progression of CRC.

Introduction

Colorectal cancer (CRC) is the third most commonly diag-
nosed cancer type, and it is also the third highest cause of 
cancer-associated mortalities globally (1). Of all cases of CRC, 
~20-25% are metastatic and 50-60% of the remainder even-
tually develop metastases as per statistical estimation (2,3). 
Therefore, it is important to identify novel CRC biomarkers 
to enhance the efficiency of early diagnosis and improve 
therapeutic strategies.

Nucleobindin 2 (NUCB2), a precursor of the hypothalamic 
neuropeptide nesfatin-1, is mainly expressed in the hypotha-
lamic nuclei, and it has specific roles in energy homeostasis (4). 
It is reportedly distributed in the central nervous system, 
gastrointestinal system, reproductive organs and adipose 
tissue (5). Additionally, NUCB2 has been indicated to serve 
an important role in cancer progression and metastasis (6-10). 
High levels of NUCB2 mRNA and protein are associated with 
shorter recurrence-free survival time in prostate cancer (6,7) 
and increased migration of prostate cancer cells compared 
with low expression of NUCB2 (8). High expression of NUCB2 
is also associated with metastasis and reduced overall survival 
in clear cell renal cell carcinoma (9). In addition, NUCB2 has 
been reported to be a potent prognostic factor for primary 
breast carcinoma as it is associated with its metastasis (10).

These findings strongly indicate that NUCB2 could 
serve a vital role in inducing metastasis in various types of 
cancer. However, a number of studies have also demon-
strated that NUCB2 inhibited the proliferation of human 
adrenocortical carcinoma and ovarian epithelial carcinoma 
cells (11,12). These conflicting results point towards a possible 
tissue‑specific regulatory function of NUCB2. Kan et al (8) 
indicated that NUCB2 promoted the migration, invasion and 
epithelial-mesenchymal transition (EMT) CRC cells in vitro 
and in vivo. Nevertheless, the exact underlying mechanism 
of NUCB2's action in CRC remains unclear. In the present 
study, the expression levels of NUCB2 mRNA and protein 
were analyzed in CRC tissues and adjacent non-cancerous 
tissues via reverse transcription-quantitation polymerase 
chain reaction (RT-qPCR) and immunohistochemistry (IHC), 
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respectively. The association between NUCB2 expression and 
the clinicopathological parameters of CRC was also evaluated 
to determine its clinical significance.

It was predicted that utilizing a larger sample size would 
generate more consistent data that would help improve the 
understanding of the role of NUCB2 in the pathological 
progression of CRC.

Materials and methods

Patients and tissue samples. The project was approved 
by the Ethics Committee of the First Affiliated Hospital, 
Zhejiang University School of Medicine (Hangzhou, China), 
and each patient was required to provide written informed 
consent. Samples of cancerous and adjacent non-cancerous 
colorectal tissue were collected between January 2010 and 
December 2010 from 34 patients (age range 45-68 years, 
mean age 55.7 years), comprising of 19 males and 15 females) 
with CRC admitted to the First Affiliated Hospital, Zhejiang 
University School of Medicine.

Tissue microarrays (TMA) with 251 CRC paraffin- 
embedded specimens were purchased from Shanghai Biochip 
Co. Ltd. (Shanghai, China), and were used for detection of 
NUCB2 expression by IHC staining. The TMAs included 
samples from 138 males and 112 females, and 1 of unknown 
sex, with a median age of 66 years (range, 27-91) at the time 
of operation. Tumor node metastasis (TNM) stage was classi-
fied using AJCC cancer staging manual (13). All patients were 
followed-up for >5 years following surgery, and the survival 
time was calculated from the date of surgery until the deadline 
for follow-up, or until the date of mortality. An additional 30 
samples of normal colorectal tissues were also collected from 
patients with CRC between January 2014 and December 2014 
(16 males and 14 females, age range 38-70 years, mean age 
58.6 years) at the First Affiliated Hospital, Zhejiang University 
School of Medicine (Zhejiang, China).

RT‑qPCR. Total RNA was extracted from fresh tissues 
using TRIzol® (Invitrogen; Thermo Fisher Scientific, Inc., 
Waltham, MA, USA) and the concentration was determined 
using Nanodrop™ 2000 spectrophotometer (Thermo Fisher 
Scientific, Inc.). The mRNA samples were stored at ‑80˚C. 
RT-qPCR was performed with iTaq™ Universal One-Step 
RT-qPCR kit (Bio-Rad Laboratories Inc., Hercules, CA, USA) 
according to the manufacturer's protocol. The NUCB2 primers 
used were: Forward, 5'-TCT TGG AGC CAG ATA GCT GG-3' 
and reverse, 5'-AGC TTC TGA GCC TCC AGT TG-3'. GAPDH 
was used as an internal control with the following primers: 
Forward, 5'-TGA AGG TCG GAG TCA ACG G-3' and reverse, 
5'-CTG GAA GAT GGT GAT GGG ATT-3'. All primers were 
purchased from Sangon Biotech Co., Ltd. (Shanghai, China). 
The following cycling conditions were used: 10 min at 50˚C 
for cDNA synthesis plus 1 min at 95˚C for reverse transcrip-
tion inactivation and Taq polymerase activation, followed by 
35 cycles of 10 sec at 95˚C denaturation and 30 sec at 58˚C 
for extension and data collection. The NUCB2 mRNA level 
was calculated relative to the internal GAPDH control with 
the ΔΔCq method (14). For each sample, the PCR was run 
in duplicates every time and was repeated for a total of three 
times.

Haematoxylin and eosin staining. Sections were stained with 
haematoxylin and eosin (H&E) prior to IHC staining. First, 
sections were de‑paraffinized with xylene, rehydrated in a 
graded alcohol series (100, 95 and 75%), and then washed 
briefly in distilled water and stained with hematoxylin for 
8 min at room temperature. Following this, the sections 
were washed in running tap water for 5 min and differenti-
ated in 1% acid alcohol for 30 sec at room temperature. The 
sections were washed in running tap water for 5 min and 
counterstained in eosin-phloxine solution for 30 sec to 1 min 
at room temperature. Then the sections were dehydrated and 
mounted.

IHC staining. Tissue were fixed by 10% formaldehyde for 
24 h at room temperature, and TMA sections was cut to 
3-4 µm thicknesses and then used for IHC. Briefly, TMA 
sections were first de‑paraffinized with xylene, rehydrated 
in graded alcohol (100, 95, 85 and 75% at room temperature) 
and autoclaved for 3 min in 0.01 M citrate buffer (pH 6.0) for 
antigen retrieval. The sections were then incubated with 3% 
(v/v) H2O2 for 10 min at room temperature in order to block 
endogenous peroxidase. This was followed by incubation 
with 10% (v/v) normal goat serum (Thermo Fisher Scientific, 
Inc.) for 15 min at room temperature to reduce nonspecific 
binding. Subsequently, the slides were incubated overnight 
with rabbit polyclonal antibody against human NUCB2 (dilu-
tion, 1:1,000; catalog no. HPA008395; Sigma-Aldrich, Merck 
KGaA, Darmstadt, Germany) at 4˚C. Following rinsing with 
phosphate-buffered saline (PBS) three times, the sections were 
incubated with biotin-labeled secondary antibody contained 
within the Histostain-Plus kit (HRP, Broad Spectrum) 
for IHC staining (ready-to-use, 859043; Thermo Fisher 
Scientific, Inc.) at room temperature for 20 min, followed 
by horseradish peroxidase-conjugated goat anti-rat antibody 
(ready‑to‑use, 859043; Thermo Fisher Scientific, Inc.) for an 
additional 20 min at room temperature. Finally, the sections 
were stained with 3,3-diaminobenzidine for 3 min at room 
temperature, counterstained with hematoxylin, dehydrated 
with graded alcohol (75, 85, 95 and 100%) and then mounted. 
For the negative control, PBS was used instead of the primary 
antibody.

Evaluation of IHC staining. The degree of immunostaining 
was semi-quantitatively evaluated by two independent expert 
pathologists who were blinded to the clinical data. The 
pathologists scored number of positively stained cells per 
field under a light microscope and viewed five fields under 
x200 magnification. The level of NUCB2 expression was 
calculated on the basis of the intensity of staining and the 
percentage of positively stained cells. The staining intensity 
was graded according to the following criteria: 0, no staining; 
1, weak staining; 2, moderate staining; and 3, strong staining. 
To determine the percentage of stained cells, the number of 
stained and unstained cells was counted per field under x200 
magnification, and the average of five fields was calculated. 
Based on the percentage of positive cells, the tumor score 
was graded as follows: 0, ≤5% positively stained tumor cells; 
1, 6-25% positive tumor cells; 2, 26-50% positive tumor 
cells; and 3, ≥51% positive tumor cells. The staining index 
was calculated by multiplying the staining intensity score 
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with the percentage of positive cells. For the final evalua-
tion, a staining index score of ≤3 was defined as low NUCB2 
expression, and a staining index score of ≥4 was defined as 
high NUCB2 expression.

NUCB2 staining in the tumor cells was also quantified 
as integrated optical density (IOD) by estimating the area of 
the objects and medium pixel intensity per object using the 
Image-Pro Plus software version 6 (Media Cybernetics, Inc., 
Rockville, MD, USA).

Statistical analysis. SPSS (version 13.0; SPSS, Inc., 
Chicago, IL, USA) was used to perform all statistical anal-
yses. For quantitative values with normal distribution, the 
paired-sample Student's t-test was used for comparison, and 
if the values were not distributed normally, the Wilcoxon 
Sign Rank test was used to compare two groups of paired 
values. χ2 or Fisher's exact test was used to analyze 
categorical data and evaluate the associations between 
the expression of NUCB2 and the clinicopathological 
parameters of CRC. The Kaplan-Meier method was used 
to perform univariate survival analysis, and the log-rank 
test was used to calculate differences between the survival 
curves. Multivariate survival analysis and Cox proportional 
hazards regression model were used to assess predic-
tors associated with prognosis. P<0.05 was considered to 
indicate a statistically significant difference.

Results

Detection of NUCB2 mRNA expression level. To detect 
NUCB2 mRNA expression level, a total of 34 paired fresh 
CRC specimens and their surrounding normal mucosal tissues 
were analyzed using RT-qPCR. NUCB2 upregulation was 
defined when the NUCB2 mRNA level was higher in the 
cancer tissue compared with the non-cancerous tissue from 
the same patient. Conversely, downregulation of NUCB2 was 
defined when a lower NUCB2 expression was detected in the 
cancer tissue compared with the non-cancerous tissue.

NUCB2 mRNA levels were upregulated in 73.5% of CRC 
(25/34) samples and downregulated in the remaining 26.5% of 
samples (9/34) (Fig. 1A). Paired Student's t-test demonstrated 
that the mean level of NUCB2 mRNA was upregulated in CRC 
tissues compared with the normal tissues (P=0.018). Depending 
on the extent of the relative change in NUCB2 mRNA level in 
the cancer tissues, the samples were divided into three groups 
(no change, ≥33% change and ≥50% change) and nearly half of 
the samples indicated a ≥50% change (Fig. 1B).

Association of NUCB2 expression with clinicopathological 
features of CRC. The presence and distribution of NUCB2 
in the tissues was assessed via IHC staining. The NUCB2 
protein was primarily localized in the cytoplasm and, to a 
lesser extent, in the membrane of the cancer cells (Fig. 2). High 

Figure 1. Gene expression of NUCB2 in CRC and adjacent normal tissues. (A) The relative mRNA levels of NUCB2 normalized to GAPDH in 34 paired 
specimens. (B) NUCB2 mRNA level normalized to GAPDH in CRC compared with normal tissues. CRC, colorectal cancer; NUCB2, nucleobindin 2.
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expression of NUCB2 was detected in 5/30 (16.7%) normal 
tissue samples, and in 105/251 (41.8%) CRC tissue samples, 
indicating a significant difference (χ2=7.124, P=0.008).

In order to assess the association between NUCB2 expres-
sion and colon cancer progression, the clinicopathological 
parameters of colon cancer was analyzed in samples that 
exhibited high levels of NUCB2. The results indicated a posi-
tive association between NUCB2 expression and lymph node 
metastasis and TNM stage (13) (Table I). Patients with lymph 
node metastasis had a higher expression of NUCB2 (49.5%, 
50/101) compared with those without lymph node metastasis 
(36.7%, 55/150; P=0.043). In addition, patients with TNM 
stage III‑IV exhibited significantly higher NUCB2 expression 
compared with those with TNM stage I-II (50.9% vs. 35.0%; 
P=0.011). The quantification of NUCB2 staining also indicated 
that the IOD values in tumors with lymph node metastasis and 
TNM stage III-IV were higher compared with those in tumors 
without lymph node metastasis and TNM stage I-II (Fig. 3; 
P<0.05).

Clinical significance of NUCB2 expression in prognosis of 
CRC. Univariate survival analysis demonstrated that the 3- and 
5-year cumulative survival rates of patients with high expres-
sion of NUCB2 were 64.3 and 52.0%, and the 3- and 5-year 
cumulative survival rates were 71.9 and 61.6% in those with 
no NUCB2 expression, respectively. The mean survival dura-
tion of patients with CRC with a high NUCB2 expression was 
56.27±3.42 months, and the mean survival duration of patients 
with low NUCB2 expression was 62.59±2.79 months (Fig. 4). 
In addition, the analysis indicated no significant association 
of NUCB2 expression with overall survival (Fig. 4; χ2=2.044, 
P=0.153).

Discussion

CRC is one of the most frequently occurring cancer types glob-
ally (15). Metastasis in patients with colon cancer is associated 
with poor prognosis at early stages of the disease and subse-
quent mortality (16). Therefore, it is vital to investigate the 
underlying molecular mechanisms of metastasis and develop 
therapeutic strategies specifically targeting this process (17). 
NUCB2 has a widespread expression pattern in the body 
and mainly participates in physiological processes, including 
nocturnal feeding and regulation of body weight (18). Recent 
reports have demonstrated the diverse functions of NUCB2 
in various tissues and in different cancer types (11-13,19). 
Takagi et al (19) reported that NUCB2 expression was posi-
tively correlated with Ki67 expression, and the knockdown of 
NUCB2 significantly inhibited the proliferation and migration 
of tumor cells in endometrial carcinoma. By contrast, NUCB2 
also inhibited cell proliferation in adrenocortical and ovarian 
epithelial carcinoma (11,12). Notably, Kan et al (8) determined 
that NUCB2 enhanced migration, invasion and EMT of cancer 
cells in colon cancer. Nevertheless, the clinical significance of 
NUCB2 in colon cancer remains unclear.

In the present study, RT-qPCR indicated an upregulation 
of NUCB2 mRNA levels in CRC tissues compared with the 
adjacent non-cancerous tissues, which was consistent with 
previous reports on prostate cancer (6,20). The association of 
NUCB2 protein expression with CRC progression was further 

investigated on the basis of a large clinical sample cohort. The 
results demonstrated an upregulation of NUCB2 in a large 
proportion of patients with CRC, and elevated NUCB2 protein 
level was associated with the TNM stage and lymph node 
metastasis. These results support the hypothesis that NUCB2 
may act as an oncogene in CRC with a key role in metastasis 
and progression.

A number of studies have also indicated an interac-
tion between NUCB2 and the mechanistic target of 
rapamycin (mTOR) or AMP-activated protein kinase 

Figure 2. IHC staining of NUCB2 in CRC tissues. (A) H&E staining of low 
expression of NUCB2 in normal tissues. (B) Low expression of NUCB2 
in normal tissues. (C) H&E staining of low NUCB2 expression in poorly 
differentiated CRC tissues. (D) Low NUCB2 expression in poorly differ-
entiated CRC tissues. (E) H&E staining of high expression of NUCB2 
in moderately differentiated CRC. (F) High expression of NUCB2 in 
moderately differentiated CRC. (G) H&E staining of the negative control 
of where the primary antibody was replaced by phosphate-buffered saline 
(H) Negative control of IHC where primary antibody was replaced by 
phosphate-buffered saline. CRC, colorectal cancer; NUCB2, nucleobindin 2; 
IHC, immunohistochemistry. All images are recorded at x200 magnification.

Figure 3. Quantification of NUCB2 staining in colorectal cancer tissues as 
detected with IOD. *P<0.05, **P<0.01. NUCB2, nucleobindin 2; IOD, inte-
grated optical density; TNM, tumor-node-metastasis.
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(AMPK) pathways (8,21). For example, treatment with 
Nestafin‑1/NUCB2 enhanced the phosphorylation of AMPK 
and TORC2 in the rat brain (21). Kan et al (8) also indicated 

that NUCB2 enhanced cell migration and invasion via the 
liver kinase B1/AMPK/transducer of CREB protein 1/ZEB1 
pathways in colon cancer. Therefore, the AMPK and mTOR 
pathways may serve an important role in metastasis.

A previous study by Zhang et al (7), which focused on 
the role of NUCB2 in cancer prognosis, demonstrated that 
high levels of the NUCB2 protein in prostate cancer was 
significantly associated with the biochemical recurrence‑free 
survival rate, and multivariate analysis also indicated that 
high NUCB2 levels could be an independent prognostic factor 
in patients with prostate cancer. NUCB2 expression level 
was also reported as an independent prognostic predictor 
in patients with renal cell carcinoma (9,22). However, in the 
present study, Kaplan‑Meier analysis indicated no significant 
association between disease-free survival of patients and 
NUCB2 expression. Several studies have demonstrated poorer 
prognosis in younger patients with CRC compared with 
older patients (23,24), whilst other studies have indicated the 
opposite (25,26). This may be due to certain characteristics of 
the younger patients, which vary across different regions (27) 
and ethnicities (28). For instance, a higher frequency of 

Table I. Association between NUCB2 expression and clinicopathological features of colorectal cancer.

 NUCB2 expression
 ---------------------------------------------------------------------------
Clinical parameters Negative (%) Positive (%) χ2 P-value

Sex   0.011 0.917
  Male 81 (58.3) 58 (41.7)  
  Female 66 (58.9) 46 (41.1)  
Age, years    0.077 0.781
  <60 37 (59.7) 25 (40.3)  
  ≥60 109 (57.7) 80 (42.3)  
Tumor diameter, cm   2.522 0.112
  <20 76 (63.3) 44 (36.7)  
  ≥20 70 (53.4) 61 (46.6)  
Differentiation   0.918 0.632
  High 32 (64.0) 18 (36.0)  
  Moderate 85 (56.3) 66 (43.7)  
  Poor 29 (58.0) 21 (42.0)  
TNM stage   6.442 0.011
  I + II 93 (65.0) 50 (35.0)  
  III + IV 53 (49.1) 55 (50.9)  
Lymph node metastasis   4.088 0.043
  No 95 (63.3) 55 (36.7)  
  Yes 51 (50.5) 50 (49.5)  
Distant metastasis   2.366 0.171
  No 143 (59.1) 99 (40.9)  
  Yes 3 (33.3) 6 (66.7)  
Liver metastasis   1.558 0.212
  Negative 144 (58.8) 101 (41.2)  
  Positive 2 (33.3) 4 (66.7)  

TNM, tumor-node-metastasis; NUCB2, nucleobindin 2.

Figure 4. Kaplan-Meier survival curve analysis in patients with NUCB2 
expression. There was no significant association between NUCB2 expression 
and overall survival (P=0.153). NUCB2, nucleobindin 2.
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colorectal neoplasia was observed among 40-49 year-old 
African Americans when compared with Hispanic Americans 
suggesting an increased susceptibility to CRC risk in this popu-
lation (28). In the present study, it was determined that there 
was no significant association between NUCB2 expression 
and the age of patients with CRC as well as clinical prognosis. 
It is possible that the clinicopathological features of the tissue 
samples are responsible for this finding. Further studies are 
required to continuously collect more clinical data, and larger 
samples are also needed in order to yield more accurate and 
consistent results in the future.

Furthermore, in the present study, multivariate analysis 
demonstrated that the upregulation of NUCB2 was also not 
an independent prognostic predictor in patients with CRC. 
In view of the limitations of the present study, caused by 
the sample size and collection, more clinical studies are 
being considered for future studies, which would include 
a larger cohort to investigate the role of NUCB2 in CRC 
prognosis.

In conclusion, a significant association was detected 
between high NUCB2 expression level and metastasis or poor 
clinical outcome of CRC. This strongly indicated that NUCB2 
is a cancer-associated oncogene, which is associated with 
aggressive progression in CRC. Additionally, NUCB2 may be 
useful a novel biomarker for the diagnosis, prognosis and as 
a potential therapeutic target for CRC. However, these results 
are based on a single Chinese cohort, and therefore further 
studies are required to validate the results.
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