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Abstract: To examine the significance of the Neutrophil gelatinase-associated lipocalin (NGAL) in diagnosing head 
and neck squamous cell carcinoma (HNSCC) and predicting regional metastasis. We first used GEO dataset to ana-
lyze the NGAL gene expression in HNSCC. Then, we summarized the characteristics of patients retrospectively se-
lected in clinic. Expression of NGAL protein in human HNSCC tumor, lymph node and normal samples were analyzed 
using immunohistochemistry. Next, we further investigated the NGAL expression in a tissue microassay to analyze 
the relationship between NGAL protein expression and TNM stage. Finally, we tested the NGAL protein expression 
in head and neck cancer cell lines. Analysis of GEO dataset concluded that NGAL gene expression in HNSCC was 
lower than that in normal tissue (P<0.01). There was no statistically significant difference of NGAL gene expression 
between T-stage and N-stage (P>0.05). NGAL protein expression in tumor was lower than that in normal tissue 
(P<0.01). There was no statistically significant difference of NGAL protein expression between metastasis group 
and non-metastasis group (P>0.05). Expression of NGAL protein was not correlated with TNM stage of HNSCC. 
Aggressive HNSCC cell lines have lower NGAL protein expression. Our data demonstrated that the expression of 
NGAL protein was correlated with tumorigenesis of HNSCC, but not with regional metastasis. It may serve as a novel 
biomarker for prognostic evaluation of patients with HNSCC. 
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Introduction

Head and neck squamous cell carcinoma 
(HNSCC) is the sixth most frequent cancer in 
the world, more than 40,000 new cases are 
diagnosed every year in the United States [1]. 
Multidisciplinary treatment combining surgery, 
radiotherapy and chemotherapy is the conven-
tional treatment for HNSCC. In recent years, 
the 5 years survival rate was optimistically 
improved, 54.7% in 1992-1996, and increased 
to 65.9% in 2002-2006 [2], suggesting the 
enhancement of the treatment. However, for 
the purpose of improving the life quality of 
patients, the more effective way of prediction 
of early stage of cancer and regional metasta-
sis was urged to be found. Although the 
advanced techniques, such as CT and MRI, 
were widely used to detect the tumor, they were 

not totally reliable. Some biomarkers have been 
reported for diagnosis and prognosis of HNSCC, 
while none of them showed enough clinical 
efficacies. 

Neutrophil gelatinase-associated lipocalin 
(NGAL), a member of the lipocalin protein fami-
ly, also known as Lipocalin2 (LCN2), was initially 
discovered as constituent of human neutrophil 
specific granules and was function as anti-
microbial by blocking the trafficking of iron in 
bacteria [3]. It was a well recognized innate 
immunity protein expressed in most normal tis-
sues for anti-microbacteria. Innate immunity 
was the primary role of NGAL. In clinic, it has 
been reported as predictive role in early diagno-
sis of platin-reduced renal Injury or nephrotoxic-
ity [4, 5]. What’s interesting, NGAL has been 
found overexpression in many types of non-
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microbially-associated cancers in recent years, 
including pancreas [6], breast [7], and ovarian 
carcinomas [6]. Later, it was also found overex-
pression in many other types of cancers, such 
as esophageal [8, 9], gastric [10], lung [11]. In 
addition, NGAL promoted tumorigenesis 
through promoting tumor cell survival, prolifera-
tion, and possible metastasis [12]. One study 
reported NGAL could form a complex with 
MMP-9 to prevent its degradation and increase 
the MMP-9 activity [13]. Moreover, NGAL bound 
to siderophore and participated in iron metabo-
lism in mammalian. NGAL transported iron into 
epithelial cell in a transferrin-independent man-
ner. While the NGAL way of iron transport 
seemed to occur in response to stimuli, such as 
inflammation, bacterial infection or anemia 
[14]. Thus iron homeostasis was speculated to 
be involved with NGAL in promoting cancer.

However, the characteristics of NGAL expres-
sion in HNSCC remained to be explored; The 
aim of this work is to study the NGAL expres-
sion in HNSCC; meanwhile, to investigate the 
significance of NGAL as a biomarker of HNSCC.

Materials and methods

Gene expression profiles

Microarray data set GSE33205 (Control with 
HNSCC tumor and uvupopalatopharyngoplasty 
samples), GSE6631 (Analysis of paired normal 
tissues and tumor samples from patients with 
HNSCC), GSE39368 (A total of 163 samples 
were considered. A total of 138 tumor arrays 
remained after removing low-quality arrays, 
duplicate arrays, and arrays from non-HNSCC 
samples) was down-loaded from Gene 
Expression Omnibus (GEO), a public functional 
genomics data repository. Detailed information 
of the dataset was showed in Table 1. 
Annotation file was also acquired. The expres-
sion values of NGAL gene were transformed to 
relative expression.

Patients selected and tissue microassay

One hundred and ninety paraffin sections, 
including 70 cases of primary tumor of HNSCC, 
70 cases of lymph nodes and 50 cases of nor-
mal mucosa, were acquired from the Pathology 
Department of the Renmin Hospital of Wuhan 
University in China, collected from 2013 to 
2014. Sources of the lymph node were consis-
tent with the primary tumor. Tumor localization 
included larynx, pharynx and nasopharynx. 
None of the patients received preoperative 
radiotherapy. Patients selected were divided 
into two groups: HNSCC group and normal 
group. The clinical characteristic, tumor type, 
age, gender and differentiation grade were 
shown in Table 2. All paraffin-embedded tissue 
blocks were cut and dried on 4 micrometer 
thick paraffin slides for immunohistochemistry 
performance. In addition, primary tumor and 
lymph node were respectively divided into two 
groups: metastasis group and non-metastasis 
group. This study has been approved by the 
Ethical Committees of the hospital.

An independent tissue microassay (US Biomax 
company, USA) (Production number: HN803b) 
was purchased. The tissue microassay consist-
ed of 10 normal tissues, 32 tongue carcinoma, 
31 larynx carcinoma and 7 nose carcinoma, 
including 62 men and 18 women. The mean 
age was 53.4 years old (ranged from 18 to 90 
years old).

Cell culture

The human normal broncial epithelial cell line 
16HBE and human HNSCC cell lines CNE-1, 
CNE-2, FADU were cultured in RMPI1640 
(Invitrogen) with 10% fetal bovine serum at 
37°C, 5% CO2. Cells in logarithmic growth 
phase were used for western blotting.

Immunohistochemical staining

The tissue sections and the tissue microassay 
were deparaffined with standard pure xylene 

Table 1. Details of information of GEO dataset
Series  
accession Organism Type Platform

GSE33205 Homo sapiens Expression profiling by array Affymetrix Human Exon 1.0 ST Array

GSE6631 Homo sapiens Expression profiling by array, count, 2 disease state, 22 individual sets Affymetrix Human Genome U95 Version 2 Array

GSE39368 Homo sapiens Expression profiling by array; Genome variation profiling by SNP array Affymetrix Genome-Wide Human SNP 6.0 Array
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for 15 minutes three times at room tempera-
ture and hydrated in graded alcohols, phos-
phate buffer saline (PBS) was used to wash the 
sections. Antigen retrieval was performed in 
boiling citrate buffer (PH 6.0) for 15 minutes. 
Sections were then cooled down to room tem-
perature in the buffers. After washing sections 
in PBS for 5 minutes three times, 0.3% hydro-
gen peroxide phosphate-citrate buffer was 
used to block endogenous peroxidase activity 
for 10 minutes. Rinsed with PBS for 5 minutes, 
tissue sections were incubated with primary 
antibody NGAL (Sigma-Aldrich; dilution 1:100) 
for 12 hours at 4°C. The sections were incu-
bated with Poly-HRP Goat anti-rabbit (Maixin. 
Bio, FuZhou, China) for 30 minutes. Slides were 
dyed with diaminobenzidine for 5 minutes. 
Haematoxylin was used to counterstain the 
nucleus, followed by dehydtation and mounted. 
Images of sections were taken using an 
Olympus BX40 microscope and CC-12 Soft-
Imaging System (Olympus, Tokyo, Japan).

Evaluation of immunohistochemical staining

NGAL showed both cytoplasmic and membrane 
expression. All of the immunostained sections 
and tissue microarray were analyzed and 
scored for intensity (0-3) and frequency (0-4). 
The intensity was scored as grade (0), negative; 
grade (1), weak intensity; grade (2), moderate 

intensity; grade (3), strong intensity. The fre-
quency scores were respectively assigned 
when 0-25, 26-50, 51-75 and 76-100% of the 
tumor cell were positive. To use statistical anal-
ysis, NGAL protein intensity and frequency were 
transformed into a Composite Expression 
Score (CES) utilizing the formula CES = Intensity 
× Frequency. The range of CES was from 0 to 
12. The CES was scored as negative (0), weak 
positive (1~4), positive (5~8), strong positive 
(9~12).

Western blotting

The cells were rinsed twice with cold phos-
phate-buffered saline (PBS) and lysed in buffer 
containing 1% Nonidet-P40 supplemented with 
complete protease inhibitor ‘cocktail’ (Roche) 
and 2mM dithiothreitol. Lysates were resolved 
by 12% SDS-polyacrylamide gel, electrotrans-
ferred to nitrocellulose membranes and 
blocked in 5% nonfat dry milk in Tris-buffered 
saline. Membranes were immunoblotted with 
primary anti-NGAL monoclonal antibody 
(Sigma-Aldrich, USA, 1:300). Proteins were 
detected with enhanced chemiluminescence 
reagent (Thermo Scientific) after immunoblot-
ted with secondary antibodies; all experiments 
were carried out for at least three times.

Statistic analysis

All values were expressed as the mean ± SD. 
NGAL expression in primary tumor and lymph 
node was analyzed with t-test. NGAL expres-
sion measurements in tissue microassay and 
cell lines were analyzed by one-way of ANOVA 
and Bonferroni’s multiple comparison tests 
among groups. Probability values <0.05 were 
considered statistically significant. 

Results

Analysis of GEO dataset 

GEO dataset GSE33205 included the HNSCC 
and uvupopalatopharyngoplasty samples 
which were non-paired materials (Figure 1A). 
The relative expression of NGAL gene of the two 
groups was compared. The result showed that 
NGAL expression in tumor was lower than that 
in normal tissue (P<0.01). Then, data of paired 
samples from GEO dataset GSE6631 was ana-
lyzed, showing the same outcome (Figure 1B). 
These data indicated that NGAL gene was 
down-regulated in HNSCC. 

Table 2. Characteristics of patients selected

Characteristics
Primary 
tumor 
(n=70)

Lymph 
node 

(n=70)

Normal 
(n=50)

Sex
    Male 68 68 30
    Female 2 2 20
Localization
    Glottis 56 56 50
    Hypopharynx 6 6 0
    Supraglottis 5 5 0
    Nasopharynx 2 2 0
    Tonsil 1 1 0
Differentiation grade
    Well 65 62 0
    Moderate 4 5 0
    Poor 1 3
Samples
    Metastasis 35 35 0
    Non-metastasis 35 35 0
    Normal 0 0 50
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We further investigated the NGAL expression in 
T-stage, N-stage and different grade in patients 
with HNSCC. Data from GEO dataset GSE39368 
showed that there was no statistically signifi-
cant difference between T-stages or N-stages 
(P>0.05) (Figure 1C, 1D). While there was sta-
tistically significant difference between tumor 
grades; the NGAL expression in grade 1 was 
lower than that in grade 2/3 (P<0.05). But there 
was no statistically significance between grade 
2 and grade 3 (P>0.05) (Figure 1E). These 

results showed that NGAL expression in HNSCC 
tissues was correlated with grade but had no 
correlation with T-stage, N-stage.

Characteristics of patients retrospectively 
selected and TMA

The summary of baseline characteristics of all 
patients from the clinic was showed in Table 2. 
For patients with HNSCC collected from our 
institution, male was a predominance and the 

Figure 1. Analysis of gene relative expression of NAGL in HNSCC from GEO dataset. A. Analysis of the gene relative 
expression of unpaired HNSCC tumors and uvupopalatopharyngoplasty samples from patients with HNSCC. Normal 
tissue showed the higher expression of NGAL gene. B. Analysis of paired normal tissues and tumor samples from 
patients with HNSCC. Normal tissue showed the higher expression of NGAL gene. C. Gene expression in different 
T-stage of HNSCC, there was no statistically significance between different T-stages. D. Gene expression in different 
N-stage of HNSCC, there was no statistically significance between different N-stages. E. Gene expression in different 
grade of HNSCC, there was statistically significance between grade 2/3 and grade 1, while there was no statistically 
significance between grade 2 and grade 3.
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median age was 60.4 years old. Glottis was the 
most common place where tumor forms 
(80.0%). 92.8% patients showed a well 
differentiation.

The summary of characteristics of the TMA was 
shown in Table 3. The tissue microassay con-
sisted of 10 normal tissues, 32 tongue carci-
noma, 31 larynx carcinoma and 7 nose carci-
noma, including 62 men and 18 women. The 
mean age was 53.4 years old (ranged from 18 
to 90 years old). 

Analysis of NGAL expression in tumor and 
normal tissue

The intensity and frequency of immunohisto-
chemical (IHC) staining in all tissue sections 
was analyzed. We integrated intensity and fre-
quency into IHC index (CES) for a single numeri-

cal measurement. NGAL located at cytoplasmic 
membrane. Figure 2A showed the representa-
tive images of NGAL expression in tumor and 
normal tissue. A significant decreased CES was 
noted in primary tumor than that in normal tis-
sue (P<0.01) (Figure 2B). These data demon-
strated that NGAL was down-regulated in 
HNSCC, which was consistent with what we 
analyzed using the GEO dataset.

Correlation between NGAL expression and 
regional metastasis

To analyze the correlation between NGAL 
expression and regional metastasis, Tissue 
sections from primary tumor and lymph node 
which both contained metastasis and non-
metastasis group were used to test the NGAL 
protein expression. Representative images 
were shown in Figure 3A. Our result showed 
that there was no statistically significant differ-
ence between primary tumor or lymph node 
with metastasis and that without metastasis 
(P>0.05) (Figure 3B). These data indicated that 
NAGL may have no correlation with regional 
metastasis.

Analysis of NGAL expression in TMA of HNSCC 

In addition to completing an analysis of NGAL in 
clinic samples of HNSCC, we used tissue micro-
array contained three types of head and neck 
cancer (tongue, larynx and nose) to have a sub-
set analysis, normal tissues were also included 
in tissue microassay. T-stage, N-stage and 
grade were compared respectively. To better 
compare the results, we also use CES for 
measurement. 

We chose the images of NGAL expression from 
all the T-stage sections of TMA, representative 
images of NGAL expression were shown in 
Figure 3A. NGAL protein expression in T-stage 
sections showed weak positive. There were no 
statistically significant difference of NGAL 
expression between different stage (P>0.05) 
(Figure 3B). These data suggested that NGAL 
had no correlation with T-stage of HNSCC. 
N-stage was also compared using the same 
method. Representative images were shown in 
Figure 4A. The CES showed that there was no 
statistically significant difference between 
N-stages (P>0.05) (Figure 4B). These results 
were also consistent with what we analyzed 

Table 3. Details of the characteristics of Tis-
sue microassay (TMA)
Patients demographics Total N=80 

n (%)
Age, Mean 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)
NAT 2 (2.5)
Normal 9 (11.2)
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from the GEO dataset. As N+ represents region-
al metastasis of tumor, these results suggest-
ed that NGAL had no correlation with regional 
metastasis of HNSCC.

Finally, we compared the tumor grade. Tumor 
grade 1, 2, 3 represent high differentiation, 
moderately differentiation and poorly differen-
tiation, respectively. There was significantly 

Figure 2. A. Represent images of IHC staining for NGAL protein in human tumor and normal tissue. Samples were 
from our institution and TMA. A zoomed in ×200 magnification of a small area of the same section in the top right 
corner was showed the staining details. B. IHC index (intensity × % tumor cells) was showed that NGAL expression 
in tumor was lower than normal tissue (P<0.01).
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increased CES in grade 2 compared with grade 
1 (P<0.05), meanwhile, grade 3 have a mark-
edly increased CES than grade 2 (P<0.05). 
Representative images and the IHC index were 
shown in Figure 5A, 5B. 

NGAL expression in HNSCC cell lines

Tissue IHC staining confirmed that low expres-
sion of NGAL was found in HNSCC than normal 
tissues. We then tested the NGAL expression in 

Figure 3. A. Represent images of IHC staining for NGAL protein in human primary tumor and lymph node with metas-
tasis or without metastasis. All magnification 200×. B. IHC index (intensity × % tumor cells) was showed that there 
was no statistically significance between metastasis group and non-metastasis group (P<0.01).
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four types of cell lines (16-HBE, CNE-1, CNE-2 
and FADU). NGAL expression in tumor cells was 
lower than that in 16HBE cells (P<0.05). There 
were no statistically significant difference 
between different tumor cells (P>0.05). The 
results were shown in Figure 6A, 6B. The data 

was consistent with the results of immunohis-
tochemical staining.

Discussion

Head and neck cancer is a broad term that con-
tains epithelial malignancies that occur in the 

Figure 4. A. Represent images of IHC staining for NGAL protein in T-stage of TMA. All magnification 100×. A zoomed 
in ×200 magnification of a small area of the same section in the top right corner was showed the staining details. 
B. IHC index (intensity × % tumor cells) was showed that there was no statistically significance between T-stages. 
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paranasal sinuses, nasal cavity, oral cavity, 
pharynx and larynx. Most of these epithelial 
malignancies are squamous cell carcinoma. 
The complex anatomy and important physiolog-
ical role of the structures where tumor involved 
indicate that the goals of the treatment are not 
only to improve the survival but also to protect 
organ function. Nowadays, surgical techniques, 
chemotherapy and radiotherapy are the major 
method to improve the survival. Moreover, 
molecularly targeted agents like the epidermal 
growth factor receptor inhibitors have been 
successfully used in clinic [15]. New molecular 
targeted agents should be investigated to 
enhance the survival of HNSCC. Biomarkers 
with diagnostic and prognostic value for pre-
dicting HNSCC are crucial for determining treat-
ment method and may provide a strategy of 
targeted therapy of HNSCC.

NGAL was initially defined as a useful bacterio-
static agent actively against bacterial, it was 
found over-expressed in many types of cancers 
including breast, pancreatic and ovarian can-
cers [14]. We first analyze the data from GEO 
dataset, concluding that NGAL gene was down-
regulated in HNSCC tumor. Next, samples from 
our institution and tissue microassay were 
used for immunohistochemical staining. We 
found that NGAL expression in tumor tissue 
was lower than that in normal tissue. The 
results were consistent with what we analyzed 
from the GEO dataset. Finally, four types of cell 
lines 16-HBE, CNE-1, CNE-2 and FADU were 
chosen in the Westen blot assay for detection 
of NGAL protein, and the results supported the 
speculation. Tumor cell contained lower NGAL 
expression than normal cell. These result indi-
cated that down-regulation of NGAL in HNSCC 

Figure 5. A. Represent images of IHC staining for NGAL protein in N-stage of TMA. All magnification 100×. A zoomed 
in ×200 magnification of a small area of the same section in the top right corner was showed the staining details. 
B. IHC index (intensity × % tumor cells) was showed that there was no statistically significance between N-stages.
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may correlate with tumorgenesis; While several 
studies reported that NGAL was overexpres-
sion in many cancers, the detailed mechanism 
was not totally understood; We suggested that 
larger number cases were needed to be 
explored to confirm the result.

NGAL was reported to be involved in tumorigen-
esis and played potential role in metastasis 
[16]. One study demonstrated the metastatic 
potential of anaplastic thyroid carcinoma cells 
was regulated by NGAL [17]. Tung reported that 
the growth and invasion of prostate cancer 
cells were suppressed when knockdown of 
NGAL [18]. Chalinee showed that NGAL knock-
down by siRNA decreased the invasion of 
human cholangiocarcinoma cells [19]. Based 
on these researches, NGAL was speculated to 
be a new kind of metastasis biomarker. While 
there were also studies showing that NGAL had 
no correlation with metastasis. Several publica-
tions reported the negative correlation: there 
was no effect of NGAL on aggressiveness of 
cancer in the MMTV-PyMT/FVB/N mouse 
model for breast cancer [20], nodal metastasis 
of oral cancer seems to be not associated with 
NGAL [21, 22], and disruption of NGAL gene in 
mice suppressed primary mammary tumor for-
mation but did not decrease lung metastasis 
[23]. 

In our study, Analysis of GEO dataset showed 
that there was no statistically significant differ-

ence of NGAL expression between T-stage and 
N-stage, suggesting that NGAL may have no 
correlation with regional metastasis. To further 
explore the relationship between NGAL protein 
and metastasis, we compared the NGAL 
expression in primary tumor and lymph node 
confirmed metastasis with that without metas-
tasis. There was no statistically significant dif-
ference between the two groups. Meanwhile, 
TMA was used to have a subset analysis, there 
was no statistically significant difference 
between T-stage and N-stage, which was con-
sistent with the analysis from GEO dataset. 
Tumor grade had correlation with NGAL expres-
sion, while analysis of NGAL expression in TMA 
was a little different with what we got from GEO 
dataset. There may several reasons for this sit-
uation. First, The mechanisms of post-tran-
scriptional and translational which is compli-
cated and varied are not yet sufficient well 
understood. RNA and protein expression level 
may have the poor correlations, even have the 
opposite expression level. There may be some 
other reasons like tumor microenvironment 
that could influence the NGAL expression. 
Hypoxia is one factor that could activate NGAL 
expression [24]. During inflammation, NGAL is 
also strongly up-regulated in epithelial tissues 
[25]. Therefore, RNA levels cannot be used as 
substitute for corresponding protein levels. In 
addition, NGAL expression in tumor cell lines 
was assayed, there was no statistically signifi-
cant difference between tumor cells. Higher 
aggressive tumor cell did not showed more 
NGAL expression than low aggressive one. 

In a word, we concluded that NGAL protein cor-
related with tumorigenesis, but not with region-
al metastasis; These result may enhance the 
accuracy of diagnosing HNSCC.
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