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Abstract. Regional metastasis is an important prognostic 
factor for patients with head and neck squamous cell 
carcinoma (HNSCC). Neuromedin U (Nmu) is a secreted 
neuropeptide, named due to its potent uterine contrac-
tion-inducing activity. The aim of the present study was to 
analyze the significance of Nmu in the regional metastasis of 
HNSCC. The characteristics of 240 patients recruited from 
the Department of Otolaryngology Head and Neck Surgery, 
Renmin Hospital of Wuhan University (Wuhan, China) were 
summarized retrospectively. The positive rate of neck dissec-
tion was analyzed according to the material. The expression 
levels of Nmu in human tumor samples were analyzed using 
immunohistochemistry. Subsequently, the expression of Nmu 
was investigated using a tissue microassay to analyze the 
association between Nmu protein expression and Tumor Node 
Metastasis (TNM) status. The positive rate of neck dissec-
tion was 51.4% in the study sample. The expression levels of 
Nmu in primary tumors with regional metastasis were higher, 
compared with those without metastasis. There was increased 
protein expression of Nmu in the advanced tumor tissues. 
The data obtained in the present study demonstrated that the 
expression of Nmu was correlated with regional metastasis 
and TNM status. Overexpression of Nmu may be involved in 
the process of regional metastasis of HNSCC, and may serve 
as a novel and valuable biomarker for predicting regional 
metastasis in patients with HNSCC.

Introduction

Head and neck squamous cell carcinoma (HNSCC) is a 
broad term for cases of SCC arising in the paranasal sinuses, 
nasal cavity, oral cavity, pharynx and larynx. The majority 
of these are epithelial malignancies (1), and tobacco and 
alcohol consumption are the most important risk factors (2). 
Regional lymph node metastasis is a prominent characteristic 
of HNSCC and is an important prognostic factor for patients 
with HNSCC. Patients with regional metastasis have mark-
edly reduced survival rates, compared with those without. 
Neck dissection is a standard technique used for the treat-
ment of regional metastasis, however, predicting metastasis at 
early stages of HNSCC remains a challenge clinically, as the 
technology using to detect regional metastasis is not totally 
reliable. In patients with an N0 tumor status, 20-30% have 
been found to show occult metastasis during elective neck 
dissection, but remained pathologically N0 (3). In addition, 
cervical lymph node metastasis cannot be accurately judged 
or predicted.

Currently, biomarkers, including A15-3 and carcinoem-
bryonic antigen, can be used as indices for the detection of 
tumor progression and metastasis. However, novel biomarkers 
are urgently required, particularly for detecting metastasis in 
early stage cancer. Neuromedin U (Nmu) is a secreted neuro-
peptide, which is isolated from the porcine spinal cord (4). It is 
named due to its potent uterine contraction-inducing activity. 
Following its identification, multiple physiological roles have 
been suggested. The first biological function of Nmu to be iden-
tified was smooth muscle contraction of the uterus (5). Current 
evidence suggests that Nmu is involved in pain, regulation of 
feeding and energy homeostasis, stress and immune-mediated 
inflammatory diseases, including asthma (6-11). Nmu has 
been shown to exist in several peripheral and central activities. 
Two types of Nmu receptor have been identified in humans; 
Nmu-R1 is expressed predominantly in the periphery, whereas 
Nmu-R2 is predominantly expressed in the central nervous 
system (12).

Until now, few studies have examined the role of Nmu in 
cancer. Pharmacological unmasking of HNSCC and esopha-
geal squamous cell carcinoma revealed that the expression of 
Nmu was silenced in these tumors (13,14). The downregula-
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tion of genes encoding Nmu indicates that Nmu is potentially 
involved in preventing the action of tumor suppressors (15). 
Several studies have reported that Nmu is overexpressed in 
several types of cancer (16-19). Furthermore, Nmu has a close 
correlation with metastasis. It is a Rho GDP Dissociation 
Inhibitor 2-regulated gene, which appears to be important 
in lung metastasis (18). It may be involved in the hepatocyte 
growth factor-c-Met paracrine loop regulating cell migration 
and the invasiveness of pancreatic cancer (16). In addition, 
Rani et al (20) defined Nmu as a candidate drug response 
biomarker for HER2-overexpressing cancer, and as a candi-
date therapeutic target to limit metastatic progression.

In the present study, the potential role for Nmu as a novel 
biomarker of metastasis was investigated to determine whether 
it may offer value as a novel therapeutic target to inhibit the 
tumor growth and metastasis of HNSCC. The results demon-
strated overexpression of the Nmu protein in the metastatic 
tissues of HNSCC, and this was correlated with the Tumor 
Node Metastasis (TNM) stage of HNSCC.

Materials and methods

Patient selection and tissue microassay. The study was 
approved by the ethics committee of  Renmin Hospital of 
Wuhan University (Wuhan, China). A total of 240 patients 
were recruited between 2012 to 2014, who were histologically 
diagnosed with HNSCC and were analyzed retrospectively at 
the Department of Otolaryngology Head and Neck Surgery 
of Renmin Hospital of Wuhan University (Table I). The group 
contained 236 men and four women. The average age of the 
patients was 60 years old (range, 31-80 years old). Tumor 
localization included the larynx, pharynx and nasopharynx. 
None of the patients received preoperative radiotherapy, and 
neck dissection had been performed on all patients during 
surgery. The patients were divided into two groups, consisting 
of those who had regional metastasis and those who did not, 
which was confirmed histologically. Detailed information, 
including tumor type, age, gender, differentiation grade and 
regional metastasis were obtained (Table I). The present 
study was approved by the appropriate ethical committees 
of the institutions in which the study was performed. Formal 
consent was not required

A total of 180 paraffin-embedded tissue blocks from 
the primary tumors of the patients were obtained, which 
was consistent with the retrospective samples selected 
from the Pathology Department of Renmin Hospital of 
Wuhan University. The paraffin-embedded tissue blocks 
were divided into two groups: Primary tumor with neck 
lymph node metastasis; and primary tumor without neck 
lymph node metastasis. All paraffin-embedded tissue 
blocks were cut and dried on 4 µm‑thick paraffin slides for 
immunohistochemistry.

An independent t issue microassay (TMA) was 
purchased from US Biomax, Inc. (Rockville, MD, USA; 
cat. no. HN803b). The TMA consisted of three types of 
tumors, including tongue carcinoma, laryngeal carcinoma 
and nasal carcinoma. Normal tissues were also included. In 
total, 62 men and 18 women formed the group, and the mean 
age was 53.4 years old (range, 18-90 years old). Detailed 
information of the TMA is shown in Table II.

Immunohistochemical staining. The tissue sections and 
the TMA tissues were deparaffinized with standard pure 
xylene for 15 min three times at room temperature, and 
hydrated in graded alcohols. Phosphate-buffered saline 
(PBS) was used to wash the sections. Antigen retrieval was 
performed in boiling citrate buffer (pH 6.0) for 15 min. The 
sections were then cooled down to room temperature in the 
buffers. Following washing the sections in PBS for 5 min 
three times, 0.3% hydrogen peroxide phosphate-citrate 
buffer was used to block endogenous peroxidase activity for 
10 min. The sections were then rinsed with PBS for 5 min, 
following which they were incubated with primary Nmu 
antibody (cat. no. HPA025926; Sigma‑Aldrich; St. Louis, 
MO, USA; dilution 1:100) for 12 h at 4˚C. The sections were 
then incubated with horseradish peroxidase-conjugated goat 
anti-rabbit antibody (cat. no. KIT‑9710; Maixin-bio, Fuzhou, 
China) for 30 min at room temperature. The slides were then 
stained with diaminobenzidine for 5 min. Hematoxylin was 
used to counterstain the nuclei, followed by dehydration and 
mounting. Images of the sections were captured using an 
Olympus BX40 microscope and CC-12 Soft-Imaging system 
(Olympus Corporation, Tokyo, Japan).

Evaluation of immunohistochemical staining. The staining 
revealed that Nmu was expressed in the cytoplasm and 
membrane. To further analyze the results, all the immunos-
tained sections and TMAs were quantified and scored for 
intensity (0-3) and frequency (0-4). The intensity was scored 
as follows: Grade 0, negative; grade 1, weak intensity; grade 2, 
moderate intensity; grade 3, strong intensity. The frequency 
scores were respectively assigned as 1, 2, 3 and 4 when 0-25, 
26-50, 51-75 and 76-100% of the tumor cells were positive. 
To perform statistical analysis, the Nmu protein intensity 
and frequency were transformed into a composite expression 
score (CES) utilizing the following formula: CES = inten-
sity x frequency. The CES range was between 0 to 12, with 
scores of 0 considered negetive, 1-4 considered weakly posi-
tive, 5-8 considered positive and 9-12 considered strongly 
positive.

Statistic analysis. All values are expressed as the mean ± stan-
dard deviation. All statistical analysis was performed using 
SPSS software (version 19; IBM SPSS, Armonk, NY, USA).  
The expression levels of Nmu in primary tumor tissues 
were analyzed using a χ2 test. The expression levels of Nmu 
measured in the TMA was analyzed by one-way of analysis 
of variance and Bonferroni's multiple comparison tests among 
groups. P<0.05 was considered to indicate a statistically 
significant difference.

Results

Characteristics of the retrospectively selected patients 
and the TMA. The characteristics of all patients recruited 
in the clinic and the TMA are presented in Tables I and II, 
respectively. Of the patients recruited from the Department 
of Otolaryngology Head and Neck Surgery at Renmin 
Hospital of Wuhan University, men formed the majority of 
the group and the average age was 60 years old. No statis-
tically significant differences between gender or age and 
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metastasis were observed. The glottis was the most common 
site of tumor formation (85.0%), and 93.3% patients exhibited 
well-differentiated tumors.

In the present study, all patients underwent neck dissection. 
A total of 123 patients were confirmed to have regional metas-
tasis using histological examination following surgery. The 
positive rate of neck dissection was only 51.3%, with 48.7% 
of the patients confirmed as having negative lymph nodes 
histologically. These data suggested that certain patients may 
avoid unnecessary neck dissection.

Analysis of the expression of Nmu in primary tumors. The 
present study first identified the expression of Nmu in the 
clinical tissue sections of HNSCC. The frequency and inten-
sity of the immunohistochemical staining in all tissue sections 
were analyzed. Representative images of the expression of 
Nmu in the tissues are shown in Fig. 1A. Nmu was expressed 
in the cytoplasmic membrane. The expression level of Nmu 
was transformed into a single numerical measurement, CES. 
A significant increase in CES was noted in the primary tumor 
with metastasis group, compared with the group without 
metastasis (P<0.01; Fig. 1B). From the images, it appeared 
that the Nmu protein was expressed predominantly among 
the carcinoma nests in primary tumors with metastasis. These 
data suggested that Nmu may be involved in the process of 
metastasis in HNSCC.

Analysis of the expression of Nmu in a TMA of HNSCC. 
Following completion of the analysis of Nmu using the 
clinical samples of HNSCC, A TMA, which contained three 
types of head and neck cancer (tongue, larynx and nose) was 
performed to provide a subset analysis, which also included 
normal tissues. As shown in Fig. 2, integral images of 
immunohistochemical staining of the TMA with an anti-Nmu 

Table I. Characteristics of patients selected.

 Metastasis No metastasis
Characteristic group (n=123) group (n=117) P-value

Gender   0.123
  Male 123 113 
  Female 0 4 
Age at diagnosis (years)   0.085
  Median (range) 59.6 (31-73) 60.5 (41-80) 
Tumor type   0.023
  Glottis 105 99 
  Hypopharynx 10 10 
  Supraglottis 3 1 
  Nasopharynx 5 2 
  Tonsil 0 1 
Differentiation grade   0.065
  Well differentiated 118 106 
  Moderate 5 7 
  Poor 0 0 
  Total 123 117 
 

Table II. Characteristics of the tissue microassay comprising 
80 samples.

Characteristic n (%)

Age (years) 53.4±10.5
Localization 
  Tongue 42 (52.5)
  Larynx 31 (38.6)
  Nose 7 (8.9)
T classification 
  T1 5 (8.3)
  T2 30 (50.0)
  T3 17 (28.3)
  T4 8 (13.3)
N classification 
  N0 42 (68.9)
  N1 16 (26.2)
  N2 3 (5.0)
Differentiation 
  1 12 (16.7)
  2 36 (50.0)
  3 24 (33.3)
Staging 
  Ⅰ 5 (0.81)
  Ⅱ 33 (54.1)
  Ⅲ 14 (23.0)
  Ⅳ 9 (14.8)
  Metastasis 8 (10.0)
  Normal adjacent tongue tissue 2 (2.5)
  Normal 9 (11.2)
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antibody were captured. The immunohistochemical (IHC) 
score of every sample in the TMA was determined. The 
expression of Nmu among the T-stage, N-stage and grades of 
differentiation were compared, respectively.

For the T-stage, representative images of the expression 
of Nmu are shown in Fig. 3. The protein expression of Nmu 
had a significantly increased CES in T1 tissues, compared 
with the normal tissues (P<0.05), and the CES in the T2, T3 
and T4 tissues was markedly increased, compared with T1 

tissues (P<0.01). There was a statistically significant differ-
ence between T3 and T2 tissues, however, no statistically 
significant differences were observed between T2 and T1 
tissues or between T3 and T4 tissues, These data suggested 
that the expression of Nmu was correlated with T-stage, and 
an increase in the expression of Nmu was found in HNSCC 
at a high T-stage.

The N-stage represents the lymph node metastasis. The 
present study analyzed the correlation between the N-stage 

Figure 2. Nmu microarray. (A) Map of the microarray. (B) Representative images of immunohistochemical staining of a head and neck cancer tissue micro-
array with anti‑Nmu antibody. This tissue microarray includes Ton, Lar and Nos carcinomas. NATs and normal tissue are also included. Nmu, neuromedin U; 
Ton, tongue; Lar, larynx; Nos, nose; liv, liver; NAT, normal adjacent tissue.

  A   B

Figure 1. (A) Representative images of IHC staining for Nmu protien in human primary tumors with metastasis and without metastasis (Magnification, x200). 
(B) IHC index (intensity x percentage of tumor cells) showed that the expression of Nmu in the primary tumor tissues with metastasis was higher, compared 
with the tissues without metastasis (**P<0.01). Nmu, neuromedin U IHC, immunohistochemical.

  A

  B
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and the expression levels of Nmu, for which representative 
images are shown in Fig. 4A. The CES of the Nmu protein 
showed that there was a statistically significant difference 
in the expression of Nmu in the N0 tissues, compared with 
normal tissues (P<0.05). There was also a statistically signifi-
cant difference between the N1 and N0 tissues (P<0.01). In 
addition, a statistically significant difference in the expres-
sion of Nmu was observed between the N2 and N1 tissues 
(P<0.01; Fig. 4B).

Finally, the expression levels of Nmu between tumor 
grades were compared. Grades 1, 2 and 3 represented well, 
moderate and poorly differentiated tumor tissues, respec-
tively. The CES was significantly increased in all three 
grades, compared with the normal tissues (P<0.05), however, 
no statistically significant difference was found among the 
grades. Representative images and the IHC indices are shown 
in Fig. 5A and B. The results suggested that the expression of 
Nmu was not correlated with tumor grade.

Discussion

Clinically, the importance of regional metastasis is well 
recognized. However, the positive rate of selective neck 

dissection requires further improvement, particularly for 
early stage cancer. Ferlito at al showed that only three of 
211 patients diagnosed with laryngeal cancer with clinical 
N0 in the neck were confirmed to have positive lymph node 
metastasis (21), suggesting that certain aspects of undesir-
able selective neck dissection in the clinic may be avoided. 
In the present study, the positive rate of neck dissection was 
51.4%, and >40% of patients were confirmed to have nega-
tive lymph nodes histologically. This suggested that areas in 
these patients may have been overtreated. This increases the 
potential for the incidence rate of surgical complications, and 
reduces quality of life in patients with HNSCC. Therefore, 
techniques to detect regional metastasis more accurately 
requires further investigation.

Biomarkers offer potential for predicting tumor 
progression and metastasis during the process of cancer 
therapy in the future. At present, no clinic biomarkers are 
used for the precise prediction of regional metastasis in 
HNSCC. The role of Nmu in cancer remains to be fully 
elucidated. Several studies have reported that Nmu acts as 
a tumor suppressor gene (15), and Nmu and its receptors are 
reported to be correlated with cancer (22). Euer et al (23) 
investigated the transcriptional profile of 11 ovarian tumor 

Figure 3. Representative images of IHC staining for Nmu protein in a tissue microassay of tissues at different T-stages. Normal tissue stained negative for Nmu 
protein. T1 showed weak positive staining, T2 stained positively, T3 and T4 showed strongly positive staining. (Image magnification, x100; enlarged area in top 
right corner, magnification, x200) IHC index (intensity x percentage of tumor cells) showed a statistically significant difference between T1 and normal tissues, 
and between T2 and T1 tissues. Data are expressed as the mean ± standard deviation (*P<0.05, **P<0.01). Nmu, neuromedin U; IHC, immunohistochemistry.
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cell lines and two immortalized ovarian surface epithelial 
cell lines using GeneChip technology, and identified Nmu 
as an ovarian cancer-associated antigen. Using the same 
method, Nmu was revealed as an oncogene, which had not 
been previously implicated, in oral cancer (15). Although 
Nmu has been shown to have a potential role in preventing 
the action of tumor suppressor genes (15), its functions in 
cancer require further investigation.

In the present study, the overexpression of Nmu was iden-
tified in clinical tissue sections of HNSCC. The expression 
of Nmu was increased in primary tumors with metastasis, 
compared with those without metastasis. A TMA was then 
performed to confirm the expression of Nmu in HNSCC. 
Analysis of the pathological specimens demonstrated for 
the first time, to the best of our knowledge, that Nmu was 
correlated with tumor progression and regional metastasis. 
As further conformation, the TMA found that Nmu was 

overexpressed in advanced tumor tissues. These results indi-
cated that Nmu may be a potential biomarker of tumor and 
metastasis in HNSCC. Currently, computed tomography and 
magnetic resonance imaging are important technologies for 
the detection of metastases clinically. However, statistics have 
shown that the results of all the pretreatment examinations 
are significantly different from histopathological results (24). 
Thus, combining these two forms of examination are likely 
to improve accuracy when predicting regional metastasis, 
and may increase the positive rate of neck dissection.

Generally, poorly differentiated tumors show a higher rate 
of metastasis, however, in the present study, no statistically 
significant difference was observed in the expression of Nmu 
among tumor grades. It was concluded that Nmu was not 
correlated with tumor grade, possibly due to the fact that the 
poorly differetiated tumor may be in the early stage, whereas 
well differentiated tumors may be of a later stage. In addition, 

Figure 4. (A) Representative images of IHC staining for Nmu protien in a tissue microassay of tumor tissues of different N-stages. Normal tissue stained 
negative for Nmu protein. N0, N1 and N2 stages showed weak positive, positive and strongly positive staining, respectively. (Images, magnification, x100; 
enlarged area of image in top right corner, magnification, x200). (B) IHC index (intensity x percentage of tumor cells). Expression levels of Nmu in the N0 
tissues were significantly higher, compared with those in normal tissues. There was a statistically significant difference between N1 and N0, and the N2 index 
was significantly higher, compared with the N1 index Data are expressed as the mean ± standard deviation (*P<0.05 and **P<0.01). Nmu, neuromedin U; IHC, 
immunohistochemistry.

  A

  B
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the present study found that the protein expression of Nmu in 
the T4 tissues was decreased, compared with the T3 tissues, 
although there was no statistical significance between them.

It is important to note that, despite increased data 
confirming the function of Nmu in metastasis, the mechanism 
underlying the contribution of Nmu to metastasis remains to 
be fully elucidated. Further investigations on this mechanism 
are required in the future to provide a strategy in targeted 
therapy for metastasis. It may be that the sensitivity of 
detecting metastasis using the single biomarker of Nmu 
is low, and the identification of additional biomarkers is 
required to improve the positive rate of detecting regional 
metastasis.

In conclusion, the results of the present study suggested 
that Nmu may be used as a biomarker of regional metastasis. 
It may be also used as a therapeutic target in the treatment of 
regional metastasis.
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