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Abstract
AIM
To study the levels of neutrophil gelatinase associated 
lipocalin (NGAL) in head and neck squamous cell car-
cinoma (HNSCC).

METHODS
This was a non randomized case control study conducted 
at Department of Biochemistry, in collaboration with 
Regional Cancer Center over a period of one year. The 
study population included 50 adult newly diagnosed 
HNSCC patients reporting in outpatient department at 
Regional Cancer Center and compared with 50 healthy 
controls. NGAL was estimated by ELISA technique. 
Student t  test and χ 2 test were applied for comparison 
of means of study groups. Correlations between groups 
were analyzed using Pearson correlation coefficient (r ) 
formula.

RESULTS
Patients with HNSCC exhibited significantly increased 
levels of NGAL (P < 0.05) as compared to healthy controls 
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(978.88 ± 261.39 ng/mL vs  34.83 ± 7.59 ng/mL). Out 
of 50, 26 patients (52%) were in stage Ⅳ, 21 (42%) in 
stage Ⅲ, 1 (2%) patient in stage Ⅱ and 2 (4%) patients 
were in stage Ⅰ. Metastasis was absent in 98% patients 
and mean NGAL levels were highest in these patients 
but P  value was not significant. Mean NGAL levels were 
highest in stage Ⅳ [1041.54 ± 222.15 ng/mL (stage Ⅳ) 
vs 1040 ± 0.00 ng/mL (stage Ⅰ); 900 ± 0.00 ng/mL (stage 
Ⅱ) and 1031.90 ± 202.55 ng/mL (stage Ⅲ)] and χ 2 test 
was highly significant (P  < 0.001). Thirty-six patients 
(72%) were having moderately differentiated HNSCC and 
mean NGAL levels were maximum in patients with well 
differentiated HNSCC (1164 ± 315.64 ng/mL vs 1013.33 
± 161.19 ng/mL in moderately differentiated and 890 ± 
11.55 ng/mL in poorly differentiated) and the results were 
also highly significant (P < 0.001, χ 2 test). 

CONCLUSION
The present work demonstrates a potential role of NGAL 
as cancer biomarker and its use in monitoring the HNSCC 
progression. 
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Core tip: Neutrophil gelatinase associated lipocalin 
might play a significant role as a biomarker in head and 
neck squamous cell carcinoma.
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INTRODUCTION
Head and neck squamous cell carcinoma (HNSCC) is 
the sixth most common cancer worldwide, affecting 
600000 new patients each year. The molecular alterations 
observed in HNSCC are mainly due to oncogene activation 
and tumor suppressor gene inactivation, leading to 
dysregulation of cell proliferation. These alterations include 
gene amplification and over expression of oncogenes such 
as ras, myc, epidermal growth factor receptor (EGFR) and 
cyclin D1 and mutations and deletions leading to p16 and 
TP53 tumor suppressor genes inactivation[1].

Neutrophil gelatinase associated lipocalin (NGAL) is 
a small molecule of 178 amino acids that belongs to the 
superfamily of lipocalins, which are proteins specialized 
in binding and transporting small hydrophobic molecules. 

It is also known as lipocalin 2, protumorigenic protein. 
Increased expression of NGAL was first identified in 
SV 40 tumour virus infected quiescent mouse primary 
kidney cells. It plays a significant role in inducing tumour 
progression and chemoresistance in cancer cells. It acts 
mainly as a biomarker of kidney injury but now a day 
it has emerged as a biomarker for several benign and 
malignant diseases[2]. Lipocalin 2 is thought to be an acute 
phase protein[3], the expression of which is upregulated 
in epithelial cells under diverse inflammatory conditions 
including appendicitis, inflammatory bowel disease and 
diverticulitis[4]. Lipocalins affect cellular proliferation and 
differentiation and may be involved in the development of 
carcinomas[5].

Levels of lipocalin 2 is upregulated or downregulated 
in different cancers, i.e., lung, colon, pancreas, breast, 
prostate, etc[4,6-8]. But studies are scarce in head and 
neck carcinoma particularly with respect to its involve-
ment in invasion and metastasis. Five year survival rate 
of HNSCC is only 50%[9]. Early diagnosis can improve 
the outcome. So, there is an urgent need for the develop-
ment of novel biomarkers for timely diagnosis of this fatal 
disease. Therefore this study was planned to estimate 
NGAL levels in HNSCC. 

MATERIALS AND METHODS
This was a non randomized case control study conducted 
at Department of Biochemistry, in collaboration with 
Regional Cancer Center over a period of one year from 
September 2013 to September 2014. A total of 50 newly 
diagnosed patients were selected for the study. Group 
A consisted of 50 HNSCC patients and 50 apparently 
healthy age and sex matched volunteers acted as 
controls (Group B).

After taking care of all ethical issues, 12 h fasting 
venous blood samples without application of tourniquet 
were collected aseptically from median antecubital vein. 
Serum was separated and stored at -20 ℃ till analysis. 
Serum-NGAL was measured using ELISA (Bioporto, 
Gentofte, Denmark)[10].

Data was subjected to appropriate statistical analysis. 
Values are shown in the text, tables and figures as 
mean ± SD. Student t test and χ 2 test were applied for 
comparison of means of study groups. A value of P < 0.05 
was considered significant. Correlations between groups 
were analyzed using Pearson’s correlation coefficient (r) 
formula.

RESULTS 
The mean age of the patients in group A was 57.40 ± 
11.33 years (35-95 years), while in group B was 40.01 
± 10.8 years (37-90 years). Out of 50 patients, 40 
were males and 10 were females in group A while there 
were 38 males and 12 females in group B. Both the 
groups were statistically comparable in age and gender 
distribution. The biochemical parameters are shown in 
Table 1. Serum NGAL levels were significantly raised 
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in HNSCC patients (P < 0.05) as compared to controls 
(978.88 ± 261.39 ng/mL vs 34.83 ± 7.59 ng/mL) 
(Figure 1). 

Out of 50, 26 patients (52%) were in stage Ⅳ, 
21(42%) in stage Ⅲ, 1 (2%) patient in stage Ⅱ and 2 
(4%) patients were in stage Ⅰ. Relation between NGAL 
and various study variables is shown in Table 2. Mean 
NGAL levels were highest in stage Ⅳ and χ2 test was 
highly significant (P < 0.001). Metastasis was absent 
in 49 patients (98%). Only 1 patient (2%) was having 
metastasis of unknown origin in head and neck area with 
occult primary. Results were not significant but mean 
NGAL levels were highest in patients with no metastasis. 
Ratio of smokers to non smokers in HNSCC patients was 
40:10 while in controls it was 12:38. Smoking history 
seemed to have no effect on systemic levels of NGAL 
as P = 0.097. Thirty six patients (72%) were having 
moderately differentiated HNSCC and mean NGAL levels 
were maximum in patients with well differentiated HNSCC 
and the results were also highly significant (P < 0.001, χ2 
test). 

In our study larynx was the most common site in-
volved (38%), other sites being base of tongue (36%), 
tonsils (22%) and cheek mucosa (4%). Serum NGAL 
values were significantly higher in patients with base of 
tongue involvement (P < 0.001, χ 2 test).

DISCUSSION
Various studies have shown different levels of NGAL 
levels in many carcinomas, i.e., lung, colon, pancreas, 
breast, prostate, etc. But very few reports are available 
for head and neck cancer. A significant increase was 
observed in serum NGAL levels in HNSCC patients as 
compared to healthy controls (P < 0.05). Moreover, 
levels were significantly raised in stage Ⅳ (P < 0.001) 
and well differentiated HNSCC carcinoma patients 
(P < 0.001). Metastasis was absent in 98% patients 
and mean NGAL levels were highest in these patients 
showing anti-metastatic effect of NGAL. Majority of 
patients in our set up usually present in advanced stage 
of the disease due to lack of awareness or resources or 
both.

Previous studies have shown increased levels of 
NGAL in adenocarcinoma of lung, colon, pancreas and 
decreased levels in renal cell carcinomas and prostate 

cancers[11]. Role of NGAL in cancer is controversial. NGAL 
has been shown to have a pro-tumoral effect in breast, 
stomach and esophagus cancer. Some studies show 
that NGAL exert an anti-tumoral and anti-metastatic 
effect in ovarian and pancreatic cancers similar to 
present study[12]. These increased levels may be due 
to increased synthesis induced by factors promoting 
the development of carcinoma. NGAL and pro-matrix 
metalloprotein-9 (MMP-9) bind to integral membrane 
proteins on tumour cells and leads to pro or anti tumour 
effect on growth, migration, invasion, survival and 
angiogenesis depending on the type of cancer[13]. In 
vitro studies in human breast and lung cancer cells 
have revealed that NGAL expression is significantly up 
regulated in response to multiple apoptosis inducing 
agents in an attempt to survive the apoptotic stimulus 
rather than a pro-apoptotic response[14].

Metastasis was absent in 49 patients and an over 
expression of NGAL, as obvious by increased levels in all 
these. Only 1 patient was having metastasis of unknown 
origin in head and neck area. We assumed the primary 
center being head and neck site. So, it is assumed that 
over expressed NGAL levels are responsible for reduction 
in distant metastasis of HNSCC cells as seen in many 
other cancers also though nothing can be concluded as 
sample size being very small[15]. The mechanisms by 
which NGAL regulates tumor metastasis are still unclear. 
Down-regulation of epithelial proteins and the induction 
of mesenchymal proteins (EMT) enhance the metastatic 
potential of epithelial tumors. 

Lipocalin 2 is an epithelial inducer, which stimulates 
the epithelial phenotype in ras transformed cells and 
reverses their metastatic potential[16]. NGAL has sidero-
phore chelating capacity. It binds to intracellular iron 
and this complex then interacts with NGAL-R (NGAL 
receptor) leading to internalization of complex. After 
entering cytoplasm, it releases iron leading to iron 
accumulation and regulating specific iron-dependent 
genetic pathways. These events induce proliferation and 

Table 1  Biochemical parameters in head and neck squamous 
cell carcinoma patients and healthy controls

Parameter HNSCC patients Healthy controls

n 50 50
Age (yr) 57.40 ± 12.61 40.01 ± 10.8
Gender (M:F) 40:10 38:12
Smoker:non-smoker 40:10 12:38
Serum NGAL (ng/mL) a978.88 ± 261.39 34.83 ± 7.59

aSignificant; all values are in mean ± SD. HNSCC: Head and neck squamous 
cell carcinoma; NGAL: Neutrophil gelatinase-associated lipocalin.
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Figure 1  Mean serum neutrophil gelatinase-associated lipocalin levels in 
head and neck squamous cell carcinoma patients (group A) and healthy 
controls (group B). NGAL: Neutrophil gelatinase-associated lipocalin.
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epithelial transformation[17]. It inhibits focal adhesion 
kinase phosphorylation and vascular endothelial growth 
factor synthesis leading to decreased cell adhesion, 
invasion and angiogenesis[12]. NGAL also suppresses c-Jun 
N-terminal kinase (JNK) and phosphoinositide 3-kinase 
(PI3)/AKT signalling pathways, thereby, decreasing meta-
stasis in HNSCC[13].

Lipocalin 2 levels were significantly higher in well 
differentiated carcinoma as compared to moderately 
and poorly differentiated HNSCC (P < 0.001). Similar 
results have been reported by another study in which 
it was shown by immuno-histochemical examinations 
that NGAL expression was strongly up-regulated in well-
differentiated oral squamous cell carcinoma (OSCC) 
tissues and moderately to weakly up-regulated in 
moderately to poorly differentiated OSCC tissues as 
compared to normal mucosa and leukoplakia showing 
very weak expressions. Western blot analysis showed 
positive correlation of NGAL expression levels with cell 
morphology patterns and loss of E-cadherin[18]. So, NGAL 
levels may be raised as an effect or cause of tumor. 
NGAL may act as biomarker for diagnosis of HNSCC and 
for assessment of its severity.

Some limitations of our study include small sample 
size, lack of follow up and monitoring of the effect of 
treatment on NGAL outcome that will make part of our 
future project.

Our analysis demonstrates a potential role of NGAL as 
cancer biomarker which may be useful in monitoring the 
HNSCC progression. Many drugs which induce lipocalin 
2 can be of therapeutic benefit in HNSCC to prevent 
metastasis and further spread. 
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