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in human oral cancer cells were determined by western
blotting and gRT-PCR. Cell viability and migration
ability were determined by MTT and boyden chamber
assay.

Results: Functional analyses revealed that the stable
overexpression of Lipocalin 2 reduced the migration
ability in SCC-9 cells. Moreover, Lipocalin 2
overexpression inhibits focal adhesion kinase (FAK)
phosphorylation and downregulation of Src, JNK
activity. Furthermore, Lipocalin 2 overexpression
potently decreased HIF-1a and CAIX synthesis.
Conclusions: We showed that Lipocalin 2 may function
as a putative metastasis suppressor in oral cancer
cells.
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Abstract

Objectives: Lipocalin 2 is a secreted, iron-binding glycoprotein that is abnormally

expressed in some malignant human cancers. However, the roles of Lipocalin 2 in oral

cancer cells are still unknown.

Methods: Expression of Lipocalin 2 protein and mRNA in human oral cancer cells

were determined by western blotting and gRT-PCR. Cell viability and migration

ability were determined by MTT and boyden chamber assay.

Results: Functional analyses revealed that the stable overexpression of Lipocalin 2

reduced the migration ability in SCC-9 cells. Moreover, Lipocalin 2 overexpression

inhibits focal adhesion kinase (FAK) phosphorylation and downregulation of Src,

JNK activity. Furthermore, Lipocalin 2 overexpression potently decreased HIF-1a and

CAIX synthesis.

Conclusions: We showed that Lipocalin 2 may function as a putative metastasis

suppressor in oral cancer cells.



1. Introduction

Oral squamous cell carcinoma (OSCC) is the most common head and neck

cancer, with poor prognosis due to frequent lymph node metastasis and local invasion

[1]. Cancer invasion and metastasis, the spread of cancer cells from the primary

neoplasm to distant sites and their growth there, are the major causes of death in

various cancer patients including OSCC [2]. Metastasis of cancer cells involves

multiple processes and various cytophysiological changes, including changing

adhesion capabilities between cells and the extracellular matrix (ECM) and damaging

intercellular interaction. Thus, degradation of the ECM and components of the

basement membrane caused by a concerted action of proteinases, such as matrix

metalloproteinases (MMPs), cathepsins, and plasminogen activator (PA), play a

critical role in tumor invasion and metastasis [3, 4]. MMPs are overexpressed in

almost all human cancers [5, 6] including OSCC [7]. Of the MMPs, MMP-2, MMP-9

and their upstream enzyme, urokinase-PA (u-PA), are the most vital enzymes for the

degradation of the main constituent of the basement membrane, type IV collagen

[8-10], and deeply involved in cancer invasion and metastasis. The inhibition of

migration or invasion mediated by MMP-2, -9 or u-PA could, therefore, putatively

provide a preventive measure against cancer metastasis [8].



Lipocalin (LCN)2, also known as neutrophil gelatinase-associated lipocalin,

neu-related lipocalin, oncogene 24p3, and uterocalin, is a 25-kDa protein which is

stored in the granules of human neutrophils [11]. It belongs to the lipocalin family,

which comprises more than 50 members, all of which are characterized by the ability

to bind and transport small lipophilic substances [12]

LCN2 participates in iron trafficking [13] and increases cytoplasmic levels of this

mineral by capturing and transporting iron particles to cell interiors after interacting

with specific membrane receptors (24p3 and megalin) [14]. Its role in iron delivery to

cells underlies the multiple effects attributed to LCN2. Released by activated

neutrophils, this protein participates in an iron-depletion strategy exploited by the

immune defense against bacterial pathogens [15]. In addition, LCN2 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 [16, 17]. Finally, LCN2 seems to

participate in carcinogenesis by favoring iron uptake from extracellular spaces within

malignant cells, a fundamental process for maintaining neoplastic cell multiplication

[18]. In line with its involvement in carcinogenesis processes, LCN2 synthesis is

induced by factors promoting the development of neoplasias [12, 19] and its

overexpression was found in several malignancies including breast, gastric,



esophageal squamous cell, colorectal, pancreatic, lung, and ovarian cancers [19-27].

Regarding oral squamous cell carcinoma (OSCC), Hiromoto and coworkers recently

investigated the expression levels of LCN2 in oral cancer tissues, found that LCN2

expression is high in well-differentiated cancer, and suggested that LCN2 might be a

useful diagnostic marker of tumor-cell differentiation in OSCC [28]. To date, most

studies focused on LCN2 and LCN2/MMP-9 tissue expressions, while only a few

investigated the clinical utility of their urinary levels. The purposes of our study were

to investigate the association of LCN2 and its probable one of downstream genes,

carbonic anhydrase 1X, and their correlations with metastatic phenotypes such as cells

migration and signal transduction pathway in OSCC cells.

2. Materials and Methods

2.1. Materials.

Cell culture materials and fetal bovine serum (FBS) were obtained from

Gibco-BRL (Gaithersburg, MD). An enhanced chemiluminescence kit was purchased

from Amersham (Arlington Heights, IL). Antibodies specific for CA 1X, HIF-1a,

lipocalin 2 and B-actin were obtained from Santa Cruz Biotechnology Inc. (Santa

Cruz, CA, USA). Unless otherwise specified, other chemicals used in this study were

purchased from Sigma Chemical Co. (St. Louis, MO).



2.2. Cell culture

SCC-9, a human tongue squamous cell carcinoma cell line obtained from ATCC
(Manassas, VA, USA), was cultured in Dulbecco’s modified Eagle’s medium
supplemented with a nutrient mixture, F-12 Ham’s medium (Life Technologies, Grand
Island, NY, USA), 10% fetal bovine serum (Hyclone Laboratories, Logan, UT, USA),
2 mM glutamine, 100 U/mL penicillin, 100 pg/mL streptomycin, and and 25 mM

HEPES (pH 7.4) in a humidified 37 °C incubator.

2.3. Cell migration assays

Cell migration was assayed according to the methods described by Yang et al.
SCC-9 cell and stable lipocalin 2 overexpression SCC-9 cancer cell lines were
harvested and seeded in a Boyden chamber (Neuro Probe, Cabin John, MD, USA) at a
density of 10* cells/well in serum free medium, and then incubated for 24 h. The
invaded cells were fixed and stained with 5 % Giemsa. Cell numbers were counted

under a light microscope.

2.4. RNA preparation and TagMan quantitative real-time PCR

Total RNA was isolated from oral cancer cells using Trizol (Life Technologies,



Grand Island, NY) according to the manufacturer’s instructions. Quantitative

real-time PCR analysis was carried out using Tagman one-step PCR Master Mix

(Applied Biosystems). 100 ng of total cDNA was added per 25 ul reactions with

lipocalin 2, carbonic anhydrase IX or GAPDH primers and Tagman probes. The

lipocalin 2, carbonic anhydrase 1X and GAPDH primers and probes were designed

using commercial software (ABI PRISM Sequence Detection System; Applied

Biosystems). Quantitative real-time PCR assays were carried out in triplicate on a

StepOnePlus sequence detection system. The threshold was set above the

non-template control background and within the linear phase of target gene

amplification to calculate the cycle number at which the transcript was detected.

2.5. Western blot analysis

The total cell lysates were prepared as previously described. Western blot

analysis was performed using primary antibodies against CA IX, HIF-1a, lipocalin 2

and B-actin. The relative photographic densities were quantitated by scanning the

photographic negatives using a gel documentation and analysis system (Alphalmager

2000, Alpha Innotech Corporation, San Leandro, CA, USA).

2.6. Transfection and carbonic angydrase 1X promoter-driven luciferase assays



SCC-9 cells were seeded at a concentration of 5 x10* cells per well in 6-well cell
culture plates. After 24 h of incubation, pGL3-basic (vector) and pCA IX-luciferase
(Luc) were co-transfected with a B-galactosidase expression vector (pCH110) into
cells using Turbofect (Fermentas, Carlsbad, CA). The cell lysates were harvested, and
luciferase activity was determined using a luciferase assay kit. The value of the
luciferase activity was normalized to transfection efficiency and monitored by

B-galactosidase expression.

2.8. Statistical analysis

Statistical significances of differences throughout this study were analyzed by
One-way ANOVA test to compare differences between treatments and followed up
using Dunnett’s multiple comparison post-hoc test. A p value < 0.05 was considered to
be statistically significant. Values represent the means + standard deviation and the

experiments were repeated three times.

3. Results

3.1. Relationships among cells migration and invasion and lipocalin 2
We transfect lipocalin 2 gene into SCC-9 cancer cells to establish lipocalin 2
overexpressing cancer cell lines L1 and L7. Stable lipocalin 2 overexpression SCC-9

cancer cell lines (L1 and L7 cancer cells) increased lipocalin 2 protein levels and



MRNA expression as compared to their negative control cell line pcDNA3.1 (P3
cancer cells) (Figure 1A and 1B). Using a cell migration assay with a Boyden
chamber, we showed that stable lipocalin 2 overexpression SCC-9 cancer cell lines

reduced the migration ability while compared to SCC-9 cancer cells (Figure 2).

3.2. Relationships between carbonic anhydrase 1X as well as HIF-1a and
lipocalin 2

Figure 3A shows a western blotting analysis of the protein levels of carbonic
anhydrase 1X and HIF-1a protein levels were adjusted with B-actin. Protein levels of
carbonic anhydrase IX and HIF-1a decreased significantly by stable lipocalin 2
overexpression manners. Testing of MRNA, quantitative real-time PCR, and promoter
reporter assays evaluated the inhibitory effects of stable lipocalin 2 overexpression on
carbonic anhydrase 1X expression in SCC-9 cells. The results shown that the mRNA
and report activity of carbonic anhydrase IX was decreased (p < 0.01 and p < 0.01,
respectively; Figure 3B and 3C), as compared to their negative control cell line
pcDNA3.1 (P3 cancer cells). Furthermore, carbonic anhdrase 1X overexpressing
cancer cells increased their migration while compared to lipocalin 2 overexpression

SCC-9 cancer cells (Figure 4).

3.3. Effect of MAPK and PI3K/Akt pathways by overexpression of lipocalin 2
Because the inhibitory effect of lipocalin 2 overexpression on the cell migration
was revealed, the effects of lipocalin 2 overexpression on the expressions of MAPK
and PI3K/Akt pathways have been investigated by western blotting to clarify their
underlying mechanisms. Western blotting showed that lipocalin 2 overexpression
could reduce the phosphorylation of focal adhesion kinase (FAK) and downregulation

of Src, INK activity in SCC-9 cells. (Figure 5)
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Figure 3A
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