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Abstract

NGAL, also known as lipocalin-2, is a secretory glycoprotein encoded by LCN2 gene and found to be expressed majorly in kidney diseases. In recent 
years, NGAL is procuring enormous attention as a cancer biomarker with its differential expression pattern. In breast cancer, NGAL binds with MMP9 and 
promotes invasion. High expression of NGAL is strongly involved in the progression of colorectal cancer, esophageal cancer, chronic myeloid leukemia, 
hepatocellular carcinoma, gastric and endometrial cancers. However, in other cancers such as pancreatic cancer and oral cancer, downregulation of NGAL 
leads to disease progression. Interestingly, a cell surface receptor for NGAL, NGALR was identified and the co-expression of both NGAL and NGALR has 
been implicated in different cancers. Therefore, understanding the function of NGAL in the development of cancer would provide us new insights to cancer 
development. This would also help us to develop biomarkers for cancer diagnosis and prognosis. This review article discusses the role of NGAL and NGALR 
in malignant diseases.
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proteins include retinol transport, cryptic coloration, olfaction, 
pheromone transport, enzymic synthesis of prostaglandins, regulation 
of the immune response and mediation of cell homoeostasis [1]. 
Members of this family share a common secondary and tertiary 
structure known as “the lipocalin fold”. The lipocalin fold is a barrel 
like structure, consisting of eight antiparallel beta sheets linked 
with hydrogen bonds and helps enormously in ligand binding. The 
connection of one beta sheet to another is facilitated by seven short 
loops [2]. Literature reveals that few members of this protein family 
exhibit association with cancer. In this review, we mainly focus on 
NGAL (Neutrophil gelatinase-associated lipocalin), an important 
member of lipocalin protein family and its role in cancer.

NGAL, also known as lipocalin-2 (LCN2), is a 24 kDa secreted 
glycoprotein in humans encoded by LCN2 gene located on 

Abbreviations 

CML: Chronic Myeloid Leukemia; C/EBP: CCAAT-Enhancer-
Binding Proteins; EGFR: Epidermal Growth Factor Receptor; 
ESCC: Esophageal Squamous Cell Carcinoma; iAS: Inorganic 
Arsenic; MMP9: Matrix Metalloproteinase 9; NF-κB: Nuclear Factor 
Kappa B expressed in neutrophils; NGAL: Neutrophil Gelatinase- 
associated Lipocalin; NGALR: Receptor NGAL; PaCa: Pancreatic 
Cancer; pNGAL: Plasma NGAL; STAT3- Signal Transducer and 
activator of Transcription 3; SV40: Simian Virus 40; TPA: 12-O 
tetradecanoylphorbol-13-acetate; TRE: TPA Responsive Element.

Introduction 
The lipocalin protein family is a huge group of small secreted 

glycoproteins with functional diversity. Various functions of these 
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chromosome locus 9q34.11. It was first purified from a culture 
of mouse kidney cells infected with simian virus 40 (SV40) and 
subsequently from supernatant of human neutrophils [3]. NGAL is a 
small molecule which binds and aids in the transport of hydrophobic 
ligands. It plays a significant role in generating innate immune 
response and safeguards against bacterial infections by sequestering 
iron [4]. In addition to ligand binding, it is also involved in protein-
protein interactions and hence, sometimes appears to be complexed 
with matrix metalloproteinase-9 (MMP9). Depending on the free 
state or bound state of this glycoprotein, it is termed as “apo” or 
“holo” NGAL Include respectively. It is expressed in neutrophils, 
kidney, prostate, epithelia of the respiratory and alimentary tracts and 
is majorly used as a biomarker in kidney injury [5,6]. The putative 
mouse and rat homologues of NGAL are 24p3 and neu-related 
lipocalin (NRL) respectively. Mouse 24p3 is synthesized in the liver 
and exerts elevated expression in response to inflammation [7]. A 
comparison between amino acid sequence of NGAL homologues 
in different species revealed that human NGAL is highly similar 
to chimpanzees (98% identity) than mouse and rat (62% and 63% 
identity respectively) [2].

NGAL is also expressed in several adult normal tissues like breast 
ducts, liver, lungs, trachea, small intestine, bone marrow, thymus, 
adipose tissue and macrophages. Negligible expression of NGAL is 
observed in the normal pancreas, endometrial glands and peripheral 
blood leukocytes. However, NGAL is completely absent in brain, 
heart, skeletal muscle, spleen, testes, colon and ovary [2]. 

NGALR- Receptor NGAL

NGALR is highly conserved in human and is predicted to have 
twelve transmembrane helices [8,9]. A murine NGAL receptor known 

as 24p3R was first isolated from FL5.12 cells. This receptor binds to 
both apo and holo NGAL and enables their internalization. Although, 
24p3R internalizes both apo and holo NGAL by endocytosis, 
interestingly each results in totally different biological processes. The 
internalization of holo-NGAL by 24p3R receptor donates iron to the 
cells and thus prevents apoptosis successfully, whereas in the case of 
apo-NGAL it creates an iron efflux inducing apoptosis [8,9].  

Role of NGAL in malignancy 

Overexpression of NGAL was first identified in SV40 tumour 
virus infected quiescent mouse primary kidney cells [10]. It is also 
referred as protumorigenic protein and, induces tumor progression 
and chemoresistance in cancer cells. Recently, it has emerged as a 
biomarker for several benign and malignant diseases. However, it 
showed differential expression pattern in different cancers (Figure 1). 
COSMIC database has reported few mutations in LCN2 gene which 
encodes this protein [13] (Figure 2).

NGAL in breast cancer

Breast cancer represents the most prevalent type of malignancy 
in women and led to 14% of the total cancer deaths in 2008 [14]. 
Despite the significant advances made by constant investigation in 
the development of biomarkers for the diagnosis of breast cancer, 
the severity of the disease remains the same. Recently, NGAL was 
detected in the urine sample of breast cancer patients and has been 
identified as a biomarker for this cancer [15,16]. In the urine of breast 
cancer patients, NGAL was found to be complexed with MMP-9, 
protecting it from degradation and thereby preserving its enzymatic 
activity [17,18]. This urinary detection of MMP-9/NGAL might 
open new avenue for non-invasive prediction of disease status in 

Figure 1: Differential expression and role of NGAL in various cancers; ↑   Upregulation, ↓,   Downregulation 
* in tumor relapse patients reduced levels of NGAL leads to tumor progression
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breast cancer patients [18]. MMP9/NGAL complex in the urine of 
breast cancer patients showed no relationship with the tumor size, 
TNM stage, patient’s age, menopause status and ER status, but it 
showed a strong correlation with lymph node metastasis and can be 
used as a prognostic factor in early screening of disease status [19]. 
Provatopoulou et al., 2009 [16] reported the presence of NGAL and 
MMP9 in the serum of breast cancer patients and concluded that it 
can be used in non-invasive monitoring of breast cancer progression, 
supporting its role as a biomarker in breast cancer. In a study, 
MMTV-ErbB2 (V664E) mice lacking LCN2 gene showed notable 
delay in mammary tumor formation, metastasis and reduced MMP9 
activity in blood [20]. Moreover, NGAL expression was enhanced 
by HER2/phosphoinositide 3-kinase/AKT/NF-κB pathways [20,21]. 
Reporter assays of full-length or deletion constructs of the NGAL 
promoter suggested that the production of NGAL is STAT3 and C/
EBPβ dependent [22]. The dependency of NGAL on C/EBPβ was 
confirmed as the overexpression of C/EBPβ downregulated NGAL 
and inhibited the migration and invasion of breast cancer [23]. 
These studies indicate that NGAL plays a crucial role as a biomarker 
in breast cancer and also imply its significance in increasing the 
invasiveness of this disease.

NGAL in colorectal cancer

Colorectal cancer is the third most common cancer in the world. 
It is equally prevalent in both men and women and accounts for 
9% of total cancer incidences [24]. There are many proteins that 
are responsible for driving the progression of this disease to the 
metastatic stage. NGAL is one such protein that is overexpressed 
and led to the poor prognosis of colorectal cancer patients [25,26]. 
High expression of NGAL was observed in both colorectal carcinoma 
cell lines and xenograft mouse models of this disease [26,27]. Plasma 
NGAL (pNGAL) levels were remarkably higher in colorectal cancer 
patients when compared to healthy individuals. This elevated pNGAL 
was associated with higher tumor volume, characteristics of invasion 
and recurrence, evidencing its prognostic utility in metastatic 
colorectal cancer patients [28]. In colon carcinoma cell lines, 
overexpression of NGAL led to subcellular localization of E-cadherin 
and catenins, decreased E-cadherin mediated cell-cell adhesion, 

enhanced cell-matrix attachment, increased cell motility and in vitro 
invasion while downregulation of NGAL entailed reduced in vitro 
invasion [26]. Contrastingly, KM12SM- a highly metastatic human 
colon cancer cell line showed decreased expression of NGAL while 
ectopically expressing, it suppressed in vitro invasion and repressed 
liver metastasis in BALB/c nude mice [29]. In infectious colitis, 
downregulation of PPARγ led to the accumulation of lipocalin-2, 
hence stabilizing MMP9 causing stern colitis. Moreover, mice lacking 
LCN2 gene stayed protected even at the later stages of infection [30].

 However, NGAL cannot be used as a biomarker for determining 
the disease progression in colorectal cancer as the marked difference 
in its expression was found only in its early stages [31].

NGAL in esophageal squamous cell carcinoma

Esophageal squamous cell carcinoma is the seventh most 
common cancer in the world. Upregulation of NGAL led to the 
activation of differentiation pathway and invasive progression of 
esophageal squamous cell carcinoma [32]. Zhang et al., 2007 [32] 
immunohistochemically stained the tissues of different stages of 
ESCC and reported a weak positive signal in normal esophageal 
epithelium and altered expression in dysplasia. However, in 
esophageal squamous cell carcinoma, NGAL was complexed with 
MMP9 and the enzymic activity of this complex was much elevated 
in ESCC than in normal mucosa and significantly correlated with 
tumor invasion [33]. High expression of NGAL has been observed to 
be responsible for malignant transformation of human immortalized 
esophageal epithelial cell line SHEE to esophageal carcinoma cell line 
SHEEC [33-35]. Blocking the expression of NGAL in SHEEC cell 
lines suppressed invasion in nude mice [34]. 

NGALR is also overexpressed in esophageal squamous cell 
carcinoma [35,36]. Cui et al., 2008 [36] reported a high level of 
NGALR expression on tumor cell membrane and in the cytoplasm. 
NGALR hypomethylation contributed to its overexpression in 
esophageal squamous cell carcinoma [36]. This overexpression 
of both NGAL and NGALR led to the poor survival of esophageal 
squamous cell carcinoma patients [37].

Mutations

CCC     GAC   CTG                     TGT   GGC  CTC        TTC   CTCTAC    TCG                CCAATC    GAC

CGC     TAC    ATG                      TAT   GGG CTT TTG ATCTAT TTG                  TCAGTC     GAT

5            64           79                       287    330      381          459      469 474        497                  571 574          591 

Chromosome 9 

9q
34

.1
1

LCN2 gene

Figure 2: Mutations detected in the gene LCN2. Data based on cosmic database [13].
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NGAL in pancreatic cancer

Pancreatic cancer is one of the main leading causes of death and 
has the lowest survival rate [38]. The low survival rates are due to 
difficulty in diagnosis at its early stage as the patients show non-
specific symptoms. This necessitates immediate identification of 
biomarkers for proper diagnosis of this disease at initial stage. Various 
reports suggested that NGAL can successfully be used as a biomarker 
in pancreatic cancer [39,40]. Moniaux et al., 2008 [39] reported that 
NGAL was upregulated 27 fold in pancreatic cancer cells as compared 
to normal ductal cells. Differential expression of NGAL in different 
stages of pancreatic cancer was examined by immunostaining. The 
results showed that NGAL was strongly upregulated in pancreatic 
cancer and moderately in pancreatitis, but relatively weak expression 
was detected in healthy pancreas. However, its expression was 
observed only in well and moderately differentiated pancreatic 
adenocarcinoma but not in poorly differentiated carcinomas. Serum 
NGAL level was found to be high in both pancreatic cancer and acute 
and chronic pancreatitis patients [39]. In an in vitro study, remarkably 
high level of expression of NGAL was observed in well to moderately 
differentiated PaCa cells (AsPC-1, BxPC-3, and Capan-2), whereas 
in the case of moderate to poorly differentiated PaCa cells (PANC-1 
and MIAPaCa-2) expression level of NGAL was nearly undetectable. 
Overexpression of NGAL reduced focal adhesion kinase (FAK) 
tyrosine-397 phosphorylation without effecting PaCa cells’ survival, 
viability and their response to chemotherapeutic drugs in vitro. It 
also suppressed metastasis, reduced tumor volume and angiogenesis 
in vivo. These results indicated NGAL to be a potential suppressor 
of invasion and angiogenesis in advanced pancreatic cancer [41]. 
Later the same group [42] showed that EGF efficiently blocked NGAL 
expression through activation of the EGFR signaling pathway, which 
in turn downregulated E-cadherin along with subsequent reduction in 
NF-κB activation. It has also been reported that NGAL is responsible 
for gemcitabine resistance in pancreatic ductal adenocarcinoma [43].

NGAL in thyroid carcinoma

Thyroid cancer is a rare type of cancer originating from follicular 
or parafollicular thyroid cells. It is much more common in women 
than in men. Barresi et al., 2012 [44] described NGAL to be a potent 
marker in the identification of malignant follicular cell derived thyroid 
tumors. NGAL is highly expressed in the human thyroid carcinoma 
FRO cell line and other poorly differentiated thyroid cancer cell lines 
[45]. Iannetti et al., 2008 [45] reported that NF-κB helps in thyroid 
tumor cell survival by controlling iron uptake via NGAL. 

NGAL in chronic myeloid leukemia (CML)

Chronic myeloid leukemia  (CML), also known as chronic 
granulocytic leukemia is a cancer of the white blood cells. Fusion 
protein BCR/ABL formed due to reciprocal translocation of 
chromosomes 9 and 22 plays a key role in the development of CML 
[46]. Levels of NGAL expression is correlated with BCR/ABL induced 
tumorigenesis. Leng et al., 2008 [47] studied the role of 24p3 (Mouse 
NGAL) and BCR/ABL in leukemia and reported that the mice 
receiving both BCR/ABL and 24p3 developed leukemia. In addition, 
primary stable cell line from wild-type mouse marrow cells expressing 
BCR/ABL caused solid tumors in nude mice whereas a similar BCR/

ABL+ cell line from 24p3 null mice did not develop any tumor. Plasma 
levels of NGAL in both leukemic mice and CML patients were high 
[47]. Similarly, blood and serum of different stages of CML patients 
showed elevated NGAL mRNA and protein expression [48]. 

It was also evidenced that BCR/ABL oncoprotein upregulated 
apo-NGAL and at the same time suppressed the receptor NGAL 
(NGALR), which resulted in cells unresponsiveness to secreted apo-
NGAL. Therefore, treating the cells with BCR/ABL inhibitor- imatinib 
upregulated NGALR resulting in apo-NGAL mediated apoptosis [8].

NGAL in oral cancer

Oral cancer is the sixth most common cancer in the world. The 
5 year survival rate of this cancer is only 50%. The death rate due to 
this cancer has been increasing tremendously over past 30 years. So 
there is an urgent need for the development of novel biomarkers for 
early diagnosis of this fatal disease. NGAL holds enormous prospects 
to serve as a biomarker with an expression profile associated with the 
degree of differentiation of tumors. Interestingly, it was found that the 
expression of NGAL decreases from well differentiated to moderately 
differentiated and completely lost in poorly differentiated tumors 
[49]. Similar results have also been observed in oral cancer cell lines 
of different grades of invasiveness. Expression of NGAL was found 
to be high in weakly invasive (SCCKN, HSC-2 and OSC-20), weak in 
mildly invasive (HSC-3, OSC-19, and SCC-25) and negative in highly 
invasive (HOC-313 and TSU) oral squamous cell carcinoma cell 
lines. Moreover, the expression of NGAL was found to be inversely 
correlated with E-cadherin and MMP-9 [49].

NGAL in other common cancers

In addition to the above mentioned cancers, expression of NGAL 
was studied in other commonly occurring cancers like kidney tumors, 
hepatocellular carcinoma, lung cancer, endometrial cancer and 
gastric cancer. In hepatocellular carcinoma, overexpression of NGAL 
and/ or NGALR resulted in poor prognosis and poor survival. The 
overexpression of NGALR can serve as an independent prognostic 
factor for this disease [50]. In the case of non-small cell lung cancer, 
NGAL was responsible for the development of erlotinib resistance 
[51]. In A549 lung cancer cell line, NGAL served as a survival factor 
by reducing PDK1 inhibitor induced cell death [52]. The expression 
of NGAL was also increased with the progression of endometrial 
cancer [53]. In bladder cancer, high expression of NGAL was detected 
in the urine of patients. Elevated mRNA transcript and protein levels 
were found in bladder cancer tissues compared to normal tissues 
[54,55]. In inorganic arsenic (iAs) treated urothelial cells and bladder 
cancer tissues expression of LCN2 was enhanced by promoter 
hypomethylation and mutations at the binding sites for NF-κB and c/
eBP-α remarkably decreased LCN2 promoter activity [56]. Moreover, 
overexpression of LCN2 in inorganic arsenic treated urothelial cells 
enhanced their oncogenic potential. Thus, NGAL offers beneficial 
prospect to be used as an early diagnostic marker in bladder cancer. 
High expression of NGAL was observed in advanced gastric cancer 
patients resulting in poor prognosis [57]. Du et al., 2011 [58] studied 
the mechanism of expression of NGAL in gastric cancers before 
and after 12-O-tetradecanoylphorbol-13-acetate (TPA) induction. 
Overexpression of NGAL upon induction with TPA evidenced the 
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binding of C/EBPβ to the TPA responsive element (TRE) which is 
present upstream to the transcription initiation site of NGAL thereby 
boosting its mRNA level [58]. 

Conclusion
Despite the phenomenal development made in the field of 

cancer diagnostics and therapy through continual investigation 
and appraisal, there is no significant improvement in the survival 
rate of cancer patients. Lack of biomarkers for the early detection 
of disease, tumor relapse and chemoresistance are the major factors 
that contribute to the poor prognosis. It is well established that 
alterations in the expression of many proteins are responsible for the 
development of cancer. NGAL is one such vital protein which plays a 
crucial role in various cellular processes and can be successfully used as 
a biomarker. Elevated expression of NGAL increases the invasiveness 
of certain cancers, on the contrary, decreases the invasiveness of some 
other cancers. It also serves as a biomarker and usually detected in 
the urine of patients with breast and kidney tumors.  However, the 
role of this protein in some cancers is poorly understood. Therefore, 
deciphering the role of NGAL can provide new insights to the cancer 
diagnosis and treatment. 
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