
Abstract. Neutrophil gelatinase-associated lipocalin (NGAL)
is a 25 kDa protein with roles in iron trafficking as well as
in carcinogenesis and progression of several human
neoplasias. Although the renal proximal tubule represents a
major source of NGAL synthesis under various injurious
stimuli to the kidney, NGAL expression has been rarely
evaluated in renal tumors up to now. In view of this, in the
present study we analyzed the expression of this protein in
renal tumors of different histotype and grade so as to
evaluate whether a role for NGAL might be also proposed in
the carcinogenesis of these neoplasms. NGAL immuno-
expression was analyzed in 30 surgically resected renal
tumors [18 clear cell, 5 papillary and 3 chromophobe renal
cell carcinomas (RCCs), 2 urothelial carcinomas and 2 onco-
cytomas] and in the peritoneal metastasis of a clear cell RCC.
A variable NGAL immunoexpression was found in 28/30
cases. High NGAL expression was significantly associated
with the papillary and chromphobe histotypes (P=0.016) and
with a higher histological grade of clear cell and papillary
RCC (P=0.004). Moreover, NGAL expression was retained
in the peritoneal metastasis of clear cell RCC. Our findings
demonstrate that NGAL is expressed in several histotypes of
renal tumors. Its highest expression in the papillary and
chromophobe histotypes might be related to a higher need in
iron uptake, which could be exploited in anti-cancer therapies
with iron chelators against these neoplasias. Further studies
are required to investigate the potential diagnostic utility of
NGAL in the early diagnosis of metastatic progression of
RCC.

Introduction

Neutrophil gelatinase-associated lipocalin (NGAL) is also
known as NRL (neu-related lipocalin), oncogene 24p3,
uterocalin and lipocalin 2 (LCN2). It is a 25 kDa protein,
which is stored in the granules of human neutrophils (1) and
which belongs to the lipocalin family that comprises more
than 50 members all of which are characterized by the ability
to bind and transport small lipophilic substances (2). NGAL
has been shown to participate in iron trafficking (3). Indeed,
this protein captures and transports the iron particles to the
inner cell after interaction with specific membrane receptors
(24p3, megalin), thus increasing the cytoplasmic levels of
this mineral (4). Its role in the iron delivery into the cells
underlies the multiple effects attributed to NGAL. Released
by activated neutrophils, this protein participates in the iron
depletion strategy exploited in the immune defense against
bacterial pathogens (5). In addition, NGAL seems to be
involved in the growth, development and differentiation of
several human tissues, as early as in the embryo, through its
regulation of iron responsive-genes which are important in
the differentiation of primordial cells (6,7).

Since NGAL synthesis is induced by factors promoting
the development of neoplasias (2,8,9), this protein has been
suggested to play a key role also in the carcinogenesis and
progression of human tumors (10), similarly to other
lipocalins (2). According to a recent theory, the increased
NGAL synthesis would favor iron uptake from extracellular
space within the malignant cells, a fundamental process for
the maintenance of neoplastic cells multiplication (11,12).
Moreover, NGAL is known to complex with matrix metallo-
proteinase-9, which is a promoter of carcinogenesis by
degrading the basement membranes and extracellular matrix,
liberating vascular endothelial growth factor (VEGF), and
thus enabling angiogenesis, invasion and metastasis
(13,15,16). In line with a pro-tumorigenic function of this
protein, NGAL overexpression has been found in several
tumors, including breast (17,18), thyroid (12) and colorectal
carcinomas (19,20), primary gastric adenocarcinomas (21),
esophageal squamous cell carcinomas (22) and human
pancreatic cancers (23).

Although NGAL is known to be expressed in the renal
proximal tubule epithelial cells (24) and massively released
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from these cells after various injurious stimuli to the kidney
(25,26), its expression in renal cell carcinomas has been
evaluated only in one study up to now (24).

In view of this, in the present study we assessed NGAL
expression in different types of renal tumors and analyzed its
correlations with clinicopathological parameters, including
the histological grade and histotype, so as to investigate
whether a role for NGAL might be also hypothesized in renal
tumors.

Materials and methods

Thirty cases of surgically resected sporadic renal tumors,
obtained from 14 female and 16 male patients (age range:
36-84 years; mean age 61.57 years), were taken from the
files of the Department of Human Pathology of the University
of Messina, Italy. All cases contained non-neoplastic and
non-infiltrated adjacent renal parenchyma. The histological

diagnosis was established according to the Heidelberg
Classification of Renal Cell Tumors (27). The cohort of the
study comprised: 18 clear cell renal cell carcinomas (RCCs)
(one of which displayed sarcomatoid differentiation), 5
papillary RCCs, 3 chromophobe RCCs, 2 urothelial carcinomas
and 2 oncocytomas. Clear cell and papillary RCRs were graded
according to the Fuhrman system (28). For each tumor, the
size and T stage were taken into consideration. T stage was
defined on the basis of the TNM Classification System (29).
A specimen representing the peritoneal metastasis of one
clear cell RCC (case no. 8) was also submitted to immuno-
histochemical analysis. The serum iron level of each patient
was known; values between 50 and 180 μg/dl were considered
as normal.

Immunohistochemistry. All specimens were fixed in 10%
neutral formalin for 24 h at room temperature, embedded in
paraffin at 55˚C and cut into parallel consecutive 4 μm
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Table I. Clinicopathological features and NGAL immunohistochemical data relative to the 30 analyzed renal tumors.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

Size NGAL NGAL NGAL ID Serum iron
Case Gender Age (cms) T stage Histotype Grade ASP IS score (μg/dl)
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
1 F 58 2.5 pT3 Clear cell G1 0 1 0 65
2 F 84 7 pT3 Clear cell G3 4 2 8 30
3 M 77 6 pT1 Papillary G2 2 2 4 46
4 F 60 8.5 pT2 Clear cell G2 4 1 4 43
5 M 77 3 pT1 Clear cell G1 3 1 3 125
6 M 60 4 pT1 Clear cell G3 3 2 6 61
7 F 70 3 pT1 Papillary G3 4 3 12 89
8 F 40 9 pT4 Clear cell G2 4 2 8 90
9 F 60 8 pT2 Papillary G3 4 2 8 32

10 F 75 9 pT3 Sarcomatoid G2 0 1 0 85
11 F 78 4.4 pT1 Clear cell G2 2 2 4 78
12 M 56 6.3 pT1 Clear cell G2 2 2 4 38
13 M 62 8 pT2 Clear cell G1 1 1 1 100
14 M 67 8 pT2 Clear cell G2 2 1 2 118

15 F 40 4 pT1 Oncocytoma 1 2 2 24
16 M 59 5 pT1b Clear cell G1 1 1 1 65
17 M 70 6.7 pT1b Clear cell G1 2 2 4 78
18 M 37 5 pT1 Clear cell G2 2 3 6 100
19 M 69 3 pT2 Clear cell G1 1 1 1 34

20 F 61 6 pT1 Oncocytoma 2 1 2 83
21 M 75 5 pT1 Clear cell G1 1 1 1 72
22 M 58 2.6 pT1 Urothelial 1 1 1 45
23 M 36 6 pT1 Clear cell G2 2 1 2 33
24 F 65 6 pT1 Papillary G3 3 2 6 21
25 M 56 8 pT2 Papillary G3 3 2 6 71
26 F 62 4 pT1 Clear cell G1 2 1 2 31
27 F 49 8 pT2 Urothelial 1 1 1 95
28 F 52 5 pT1b Chromophobe 4 2 8 45
29 M 64 4.5 pT1 Chromophobe 4 2 8 35
30 M 60 7 pT3a Chromophobe 4 2 8 65
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
ID, intensity distribution; ASP, area of staining positivity; IS, intensity of staining; F, female; M, male.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
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sections for the subsequent immunohistochemical study.
Briefly, the endogenous peroxidase activity was blocked with
0.1% H2O2 in methanol for 20 min; then, normal sheep serum
was applied for 30 min to prevent unspecific adherence of
serum proteins. Sections were successively incubated at 4˚C
overnight with the primary antibody against NGAL (Santa
Cruz Biotechnology, Santa Cruz, CA; w.d. 1:100). The
bound primary antibody was visualized by the envision
peroxidase detection system. To reveal the immunostaining,
the sections were incubated in darkness for 10 min with 3,3'
diaminobenzidine tetrahydrochloride (Sigma Chemical Co.,
St. Louis, MO, USA), 100 mg in 200 ml of 0.03% hydrogen
peroxide in phosphate-buffered saline (PBS). Nuclear
counterstaining was performed by Mayer's haemalum.
Specificity of the binding was assessed by omitting the
primary antiserum or replacing it with normal murine serum
or phosphate-buffered saline solution (PBS, pH 7.4). Proximal
tubules within the normal renal parenchyma adjacent to the
tumor were used as normal positive internal controls for the
immunoreactions (24,30).

The assessment of immuno-stained sections was performed
by two independent pathologists, blinded to the clinico-
pathological data. NGAL expression was based on the presence
of cytoplasmic and membranous staining. The intensity of
staining (IS) was graded as 0, negative; 1, weak; 2, moderate;
3, strong; the area of staining positivity (ASP), recorded as

percentage of neoplastic positive cells, was assessed by the
following values: 0 (≤10%), 1 (11-25%), 2 (26-50%), 3
(51-75%), 4 (>75%), according to the procedure described
by Moniaux et al (31). Then, an intensity-distribution (ID)
score was generated for each case by multiplying the values
of IS and ASP. Cases displaying an ID score 0 were
considered as negative for NGAL.

For the statistical analyses, samples were subdivided into
tumors characterized by low (ID score: <4) and high (ID
score: ≥4) NGAL expression by using the median NGAL ID
score (median ID score: 4) as the cut-off.

Fisher exact and Chi-square tests were performed to
assess the statistical correlations between NGAL expression
and various clinicopathological parameters, such as the age
and gender of the patients, or the size, the histotype, the
histological grade and the T stage of the tumors. Again,
Fisher exact test was used to analyze the correlation between
NGAL immunoexpression and serum iron.

P<0.05 was considered statistically significant. Data were
analysed using the SPSS package version 6.1.3 (SPSS Inc.,
Chicago, IL, USA).

Results

NGAL immunostaining was encountered in the normal tubules
adjacent to the tumors; in addition, a weak labelling was
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Figure 1 (a) Membranous staining in the neoplastic cells of a clear cell RCC (NGAL stain; original magnification, x200). NGAL immunoexpression in (b)
papillary RCC (NGAL stain; original magnification, x200), (c) oncocytoma (NGAL stain; original magnification, x200) and (d) chromophobe RCC (NGAL
stain; original magnification, x100). 
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evidenced in the epithelial cells of collector tubules and in
the urothelium of pelvis.

The immunohistochemical findings as well as the clinico-
pathological data relative to the 30 analyzed renal tumors
are shown in Table I. A variable NGAL immunoexpression
was found in 28/30 cases within the cytoplasm of neoplastic
cells (Fig. 1). A membranous staining was also evident in
14/16 clear cell RCCs (Fig. 1a). The peritoneal metastasis of
case no. 8 showed a high NGAL immunoexpression (ID
score: 8) similarly to the primary renal tumor.

With reference to the histotype of analyzed tumors, all
papillary and chromophobe RCCs were characterized by high
NGAL immunohistochemical expression (ID score: ≥4),
whereas low expression of this protein was evidenced in
all the oncocytomas and urothelial carcinomas. Statistical
analyses confirmed that high NGAL expression was
significantly associated with papillary and chromophobe
histotype of RCC (P=0.016) and showed also its significant
correlation with higher Fuhrman grade in clear cell and
papillary RCCs (P=0.004) (Table II). No significant
correlations were found between NGAL expression and the
age, gender or serum iron level of the patients or the size and
T stage of the neoplasms (Table II).

Discussion

NGAL has been recently demonstrated to be involved in
human cancer development; accordingly, a high expression
of this protein has been encountered in several types of human
tumors (12,17,20). Although the renal proximal tubule
represents a major source for NGAL synthesis (25,26,32),
NGAL expression in renal carcinoma was evaluated only in
one study previously (24). The authors reported a weak or
absent immunohistochemical staining for this protein in
neoplastic kidney; they did not mention the number and
histotype of the tumors submitted to the immunohisto-
chemical procedures (24). Therefore, in the present study, we
aimed to analyze whether NGAL is expressed in different
types of renal tumors such as clear cell, papillary and
chromophobe RCCs, or in oncocytomas and urotelial
carcinomas.

All types of renal neoplasias were found to express
NGAL, as did their normal counterparts. With reference to
papillary RCCs, it has been recently suggested that these
neoplasias originate from nephrogenic rests within the renal
parenchyma (33) and the nephrogenic progenitor cells have
also been demonstrated to express NGAL during embryonic
kidney development (34).

Intriguingly, a different pattern of labelling was found in
positive clear cell RCCs in comparison to the other neoplasias.
Apart from the immunoreaction at the cytoplasm of the
neoplastic cells, a membranous staining was evident in most
of these tumors. We may hypothesize that localization at the
plasma membrane of the neoplastic cells may indicate that
NGAL is bound to its membrane receptors and not yet
internalized. Nonetheless, whether its sub-cellular localization
corresponds to a different functional status of NGAL warrants
further investigation.

When the level of NGAL expression, reflected by the ID
score, was considered in the tumors of our cohort, we noted

that all papillary and chromophobe RCCs were characterized
by high NGAL immunoexpression, whereas oncocytomas
and urothelial carcinomas all displayed a low expression of
this protein. Then the presence of a significant association
between NGAL levels and the histotype of renal tumors was
confirmed by the statistical analysis. Since NGAL is involved
in iron uptake, we may hypothesize that higher NGAL
expression may reflect augmented iron requirement in some
RCCs in comparison to others. That papillary and chromo-
phobe histotypes may need higher iron uptake is also suggested
by the higher expression of other iron-related proteins, such
as lactoferrin (Lf), in these tumors in comparison to other
renal neoplasias (35,36). Besides, increased iron transport to
the inner cells may be at the basis of carcinogenesis of renal
tumors. Indeed, experimental data indicate that renal cell
carcinoma is produced by intraperitoneal injection of iron
chelates (37); moreover, in a recent review, the role of iron
overload in carcinogenesis, through the induction of
oxidative DNA damage, has been emphasized (38).
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Table II. Statistical correlations between NGAL immuno-
expression and clinicopathogical parameters.
–––––––––––––––––––––––––––––––––––––––––––––––––

NAGL
–––––––––––––––

Parameter Low High P-value
–––––––––––––––––––––––––––––––––––––––––––––––––
Gender

M 8 8
F 6 8 0.730

Age
≤60 years 6 8
>60 years 8 8 0.730

Size
≤6 cm 9 12
>6 cm 5 4 0.694

Stage
1-2 11 12
3-4 3 4 1.000

Histotype
Clear cell 10 8
Urothelial 2 0
Oncocytoma 2 0
Chromophobe 0 3
Papillary 0 5 0.016

Grade
G1 7 1
G2 3 6
G3 0 6 0.004

Serum iron
Low 5 8
High 9 8 0.48

–––––––––––––––––––––––––––––––––––––––––––––––––
F, female; M, male.
–––––––––––––––––––––––––––––––––––––––––––––––––
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In our study, high NGAL ID scores were significantly
associated with higher histological grade of clear cell and
papillary RCCs, in line to that observed in other malignancies,
such as thyroid and breast carcinomas, where NGAL levels
increase is parallel to the histological grade of the tumors
(12,14,18). We may suppose that high grade tumors need
higher iron uptake in order to support their increased
proliferative potential. It is known that iron depletion leads to
cell cycle arrest and apoptosis (39).

The correlation between NGAL immunohistochemical
expression and the histotype and grade of renal tumors might
have potential therapeutic and diagnostic utility. Tumors
characterized by higher NGAL content, such as the
chromophobe and papillary RCCs, may be better candidates
for anti-cancer agents working as iron chelators (39).
Moreover, since NGAL is detectable in the serum and urine
samples of subjects affected by NGAL expressing tumors at
levels corresponding to those revealed in their neoplastic
tissues (40,41), urinary or serum NGAL detection might be
the hallmark of metastatic disease in patients operated of
renal cancer. Indeed, we found that NGAL expression was
retained in the peritoneal metastasis of a clear cell RCC of
our cohort.

In conclusion, in the present study we demonstrated for
the first time that NGAL is expressed in several histotypes
of renal tumors, though at different levels. The highest
expression of this protein in papillary and chromophobe
RCCs may reflect a higher need of iron uptake, which might
be exploited in therapeutic strategies against these tumors
through the use of iron-chelators as anti-cancer agents.

If future studies confirm a correlation between NGAL
expression in renal tumors and the urinary or blood levels of
this protein, the determination of serum or urinary NGAL
level might be used for early diagnoses of renal tumor type
and grade as well as an indicator of metastatic disease in the
follow-up of the patients operated for renal carcinoma.
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