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Objectives: Recent evidence demonstrated that
lipocalin (LCN)2 is induced in many types of human
cancer, while detection of i1ts complex with matrix
metalloproteinase (MMP)-9 is correlated with the
cancer-disease status. We attempted to evaluate
plasma expressions of LCN2, MMP-9, and their complex
(LCN2/MMP-9) during the diagnostic work-up of
patients with oral squamous cell carcinoma (0SCC) and
investigated their correlations with disease
progression.

Methods: In total, 195 patients with OSCC and 81
healthy controls were recruited. Expression levels of
LCN2, MMP-9, and LCN2/MMP-9 were determined with
immunoenzymatic assays.

Results: Patients with OSCC exhibited significantly
higher levels of LCN2, MMP-9, and LCN2/MMP-9 compared
to healthy controls (LCN2: p<0.001, MMP-9: p<0.001,
LCN2/MMP-9: p<0.01). Plasma levels of LCN2, MMP-9,
and LCN2/MMP-9 in OSCC patients were significantly
correlated with each other and were associated with
more-advanced clinical stages (p<0.05) and/or a
larger tumor size (p<0.05), but were not associated
with positive lymph node metastasis or distal
metastasis.



Conclusions: Our results suggest that plasma levels
of LCN2 and the LCN2/MMP-9 complex may be useful in
non-invasively monitoring OSCC progression, while
supporting their potential role as biomarkers of oral
cancer disease status.

Lipocalin 2, Matrix metalloproteinase-9, Oral
squamous cell carcinoma
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Abstract

Objectives: Recent evidence demonstrated that lipocalin (LCN)2 is induced in many
types of human cancer, while detection of its complex with matrix metalloproteinase
(MMP)-9 is correlated with the cancer-disease status. We attempted to evaluate
plasma expressions of LCN2, MMP-9, and their complex (LCN2/MMP-9) during the
diagnostic work-up of patients with oral squamous cell carcinoma (OSCC) and
investigated their correlations with disease progression.

Methods: In total, 195 patients with OSCC and 81 healthy controls were recruited.
Expression levels of LCN2, MMP-9, and LCN2/MMP-9 were determined with
immunoenzymatic assays.

Results: Patients with OSCC exhibited significantly higher levels of LCN2, MMP-9,
and LCN2/MMP-9 compared to healthy controls (LCN2: p<0.001, MMP-9: p<0.001,
LCN2/MMP-9: p<0.01). Plasma levels of LCN2, MMP-9, and LCN2/MMP-9 in
OSCC patients were significantly correlated with each other and were associated with
more-advanced clinical stages (p<0.05) and/or a larger tumor size (p<0.05), but were
not associated with positive lymph node metastasis or distal metastasis.

Conclusions: Our results suggest that plasma levels of LCN2 and the LCN2/MMP-9
complex may be useful in non-invasively monitoring OSCC progression, while

supporting their potential role as biomarkers of oral cancer disease status.



Introduction

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 (Cowland & Borregaard, 1997). 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 (Bratt,
2000).

LCN2 participates in iron trafficking (Yang et al., 2002) 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) (Goetz et al., 2000).
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 (Saiga et al.,
2008). 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 (Gwira et al., 2005, Mori et al., 2003). 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
(Devireddy et al., 2005). In line with its involvement in carcinogenesis processes,
LCN2 synthesis is induced by factors promoting the development of neoplasias (Bratt,
2000, Stoesz et al., 1998), and its overexpression was found in several malignancies
including breast (Bauer et al., 2008, Stoesz et al., 1998), gastric (Kubben et al., 2007),
esophageal squamous cell (Zhang et al., 2007), colorectal (Nielsen et al., 1996),

pancreatic (Furutani et al., 1998, Laurell et al., 2006), lung (Friedl et al., 1999), and



ovarian cancers (Lim et al., 2007). 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 (Hiromoto et al., 2011).

It was established that LCN2 forms a complex with matrix metalloproteinase
(MMP)-9, thereby preventing MMP-9 autodegradation and increasing its activity in
vitro (Yan et al., 2001). MMP-9 plays a critical role in cancer progression, invasion,
and metastasis in several neoplastic diseases including oral cancer (Choi & Myers,
2008). Since MMP-9 is implicated in both early and late processes of tumor
progression through the degradation of the extracellular matrix and basement
membranes (Somiari et al., 2006), the question of whether LCN2 and the
LCN2/MMP-9 complex contributes to tumor progression was raised. Fernandez et al.
investigated the role of the LCN2/MMP-9 complex in breast tumor growth and its
presence in the urine of breast-cancer patients (Fernandez et al., 2005). Their findings
suggested that detection of the urinary LCN2/MMP-9 complex might represent an
independent predictor of the disease status. Recently, Smith and coworkers reported
significant elevations in MMP-9 and LCN2/MMP-9 in brain-tumor patients. Their
expressions were correlated with the presence of disease and the response to therapy
and could be detected in both tumor tissues and urine samples (Smith et al., 2008). An
association between the LCN2/MMP-9 complex and gastric cancer was also
suggested since expression of the complex in tumor tissues of gastric-cancer patients
was highly associated with worse survival and was related to the histological and
genetic typing of gastric cancer (Kubben et al., 2007). In comparison to other tumor

types, data regarding the correlation between the LCN2/MMP-9 complex and OSCC



progression are still scarce.

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. LCN2 and
MMP-9 are stored in specific granules in neutrophils, while MMP-9 is also found in
gelatinase granules. It was suggested that MMP-9 and LCN2 are mainly secreted into
the blood by neutrophils infiltrating a tumor, and are subsequently excreted in the
urine (Yan et al., 2001). Although detecting LCN2 and its complex with MMP-9 in
systemic circulation seems reasonable, few studies on LCN2 and LCN2/MMP-9 in
plasma are currently available (Haase-Fielitz et al., 2009, Tsai et al., 2011). The aim of
our study was to evaluate plasma levels of LCN2, MMP-9, and the LCN2/MMP-9
complex in patients with OSCC and investigate their correlations with OSCC

progression.



Materials and Methods

Subjects and specimen collection

We recruited 195 patients (189 males and 6 females with a mean age of 53.56 +
11.43 years) at Chung Shan Medical University Hospital in Taichung and Changhua
Christian Hospital in Changhua, Taiwan as a case group between 2008 and 2011. For
a control group, we randomly chose 81 non-cancer individuals (77 males and 4
females with a mean age of 51.16 + 11.52 years) who visited those same hospitals and
were from the same geographic area. For both cases and controls, we used a
questionnaire to obtain exposure information about betel quid chewing and tobacco
use. Medical information on the cases, including TMN clinical staging, primary tumor
size, lymph-node involvement, and histological grade, was obtained from their
medical records. Oral-cancer patients were clinically staged at the time of diagnosis
according to the TNM staging system of the American Joint Committee on Cancer
(AJCC) Staging Manual, seventh edition. Tumor differentiation was examined by a
pathologist according to the AJCC classification. Whole-blood specimens collected
from the controls and OSCC patients were placed in tubes containing
ethylenediaminetetraacetic acid (EDTA), immediately centrifuged, and stored at -80
°C. Before conducting this study, approval was received from the Institutional Review
Board of Chung Shan Medical University Hospital, and informed written consent to

participate in the study was obtained from each individual.

Measurements of plasma LCN2, MMP-9, and LCN2/MMP-9 levels by an
enzyme-linked immunosorbent assay (ELISA)
LCN2, MMP-9, and LCN2/MMP-9 levels in plasma samples were respectively

analyzed using human LCN2, MMP-9, and LCN2/MMP-9 ELISA kits (R&D Systems,



Abingdon, UK). From each plasma sample, 100 pL was directly transferred to the
microtest strip wells of the ELISA plate and then assayed according to the
manufacturer's instructions. The absorbance was measured at 450 nm in a microtest
plate spectrophotometer, and LCN2, MMP-9, and LCN2/MMP-9 levels were
quantified with a calibration curve using human LCN2, MMP-9, and LCN2/MMP-9

as standards.

Statistical Analysis

The Mann-Whitney U-test was used to test for statistical significance of
differences in LCN2, MMP-9, and LCN2/MMP-9 between the 195 patients with
OSCC and the 81 normal controls. Least squares means were calculated to predict the
adjusted LCN2, MMP-9, and LCN2/MMP-9 levels for our study subjects with
different betel quid chewing status and smoking habits. Correlations of LCN2,
MMP-9, and LCN2/MMP-9 with clinicopathologic parameters of OSCC were
examined by Pearson's x test. Spearman’s rank correlation analysis was used to
evaluate the correlations of these parameters. The SPSS statistical package vers. 12.0
(SPSS, Chicago, IL) was used for the statistical analysis. A p value of <0.05 was

considered statistically significant.



Results

Patient Characteristics

The study included two different study groups, OSCC patients and healthy control
subjects. Table 1 presents the demographic data, which showed that 11 of 81 healthy
control subjects (13.6%) and 151 of 195 patients with oral cancer (77.4%) had chewed
betel nuts, and 37 of 81 healthy control subjects (45.7%) and 158 of 195 patients with
oral cancer (81.0%) had smoked. The distributions of betel nut chewing (p<0.001),
and tobacco consumption (p<0.001) between healthy control subjects and patients

with oral cancer significantly differed.

Plasma Levels and Correlations of LCN2, MMP-9, and LCN2/MMP-9 Complex in
Different Study Groups

Table 1 also presents the mean plasma levels of LCN2, MMP-9, and
LCN2/MMP-9 complex in healthy control subjects and patients with OSCC. Patients
with OSCC exhibited significantly increased levels of all three molecules compared to
healthy control subjects (LCN2: p=0.001, MMP-9: p<0.001, LCN2/MMP-9: p= 0.032)
after adjusting for betel nut chewing and smoking habits. Among the 195 patients with
OSCC, significant positive correlations between plasma levels of LCN2/MMP-9 and
LCN2 and between LCN2/MMP-9 and MMP-9 were observed (Spearman's rank
correlation coefficient y=0.362, p<0.0001; y=0.717, p<0.0001, respectively; Figure
1A, B). Moreover, a significant correlation was also found between plasma levels of
LCN2 and MMP-9 in OSCC patients (Spearman's rank correlation coefficient y=0.223,

p=0.0018; Figure 1C).

Associations of Plasma LCN2, MMP-9, and LCN2/MMP-9 Levels with Clinical



Parameters of Patients and Histopathological Properties of the Tumor

Table 2 presents associations of LCN2, MMP-9, and LCN2/MMP-9 with
clinicopathological parameters. A higher plasma level of LCN2 was significantly
associated with a more-advanced TNM stage (p=0.035) and a larger tumor size
(p=0.009). The mean level of plasma LCN2 in T1 or T2 status was significantly lower
than that in T4 status (p=0.012 and 0.046, respectively; Figure 2A), and the LCN2
level in stage I or II was significantly lower than that in stage IV (p=0.032 and 0.042,
respectively; Figure 2B). In addition, a higher plasma level of LCN2 was more
prevalent in the older group (=52 y) of OSCC patients (p=0.036). Furthermore,
plasma MMP-9 levels were positively correlated to advanced TNM stage (p=0.041),
while plasma LCN2/MMP-9 complex levels to tumor size (p=0.034). Moreover, no
significant association was found among these three molecules with patient gender,
smoking status, betel nut chewing habit, lymph node metastasis, distal metastasis, or

the tumor differentiation status (Table 2).



Discussion

This is, to the best of our knowledge, the first study to investigate peripheral blood
levels and potential roles of LCN2, MMP-9, and the LCN2/MMP-9 complex in
OSCC. In this study, we found that plasma levels of these three molecules in patients
with OSCC were higher compared to those in healthy controls. Moreover, plasma
levels of these three molecules in OSCC patients were significantly correlated with
each other and were associated with more-advanced clinical stages and/or a larger
tumor size.

Elevated levels of LCN2 expression were detected in several kinds of human
tumors (Bauer et al., 2008, Friedl et al., 1999, Furutani et al., 1998, Laurell et al.,
2006, Stoesz et al., 1998). Lim et al. reported that tissue expression of LCN2 in
ovarian tumors changes with the disease grade, and this is also reflected in serum
levels (Lim et al., 2007). The role of LCN2 was also investigated in esophageal
squamous cell carcinoma (ESCC), and it was reported that its tissue expression was
significantly higher in ESCC than in normal mucosa, and was positively correlated
with cell differentiation (Zhang et al., 2007). Recently, it was also demonstrated that
the expression of LCN2 in OSCC tissue was significantly correlated with the
cancer-cell differentiation status and morphological patterns (epithelial-mesenchymal
transition, EMT) (Hiromoto et al., 2011). In Hiromoto’s study, they analyzed LCN2
expression by IHC from 30 OSCC specimens and found that LCN2 is predominantly
expressed in well-differentiated OSCC tissues, with lower expression in moderately or
poorly differentiated OSCC tissues. The staining scores differed significantly between
well-differentiated and moderately differentiated OSCC, as well as between
well-differentiated and poorly differentiated OSCC. However, the significant

correlation between LCN2 expression level and OSCC differentiated status can not be
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observed in our study. This discrepancy might be due to the different sample size,
specimen source, and methods used for LCN2 detection.

It was reported that LCN2 can prevent MMP-9 degradation, increasing its activity
by binding and forming the LCN2/MMP-9 complex. Tumor cells excrete elevated
levels of LCN2 resulting in an increase in the local concentration of MMP-9, which
can affect various aspects of tumor progression (Yan et al., 2001). Moreover, it was
reported that tumor cell-secreted MMP-9 promotes angiogenesis in Vvivo in a
breast-cancer model where the vascular endothelial growth factor (VEGF)/VEGF
receptor 2 association was shown to be dependent on MMP-9 activity (Mira et al.,
2004). In oral cancer, previous reports showed a good correlation between increased
tumor vascularity and tumor progression in OSCC (Alcalde et al., 1995, Macluskey et
al., 2000, Williams et al., 1994). Previous reports also indicated that VEGF is a vital
regulator of OSCC tumor angiogenesis, as evidenced by the high expression level of
VEGF in oral cancerous tissues and several OSCC cell lines (Shintani et al., 2004)
and the angiogenic inhibition potential of the soluble form of the VEGF 2 receptor in
vivo (Okada et al., 2010). In this study, we found a significant correlation between
plasma levels of LCN2 and LCN2/MMP-9 in patients with OSCC. We further found
that plasma levels of LCN2 and the LCN2/MMP-9 complex in OSCC patients were
significantly correlated with a larger tumor size. We propose that regulation of OSCC
tumor growth by LCN2 might be through increased MMP-9 activity which further
promotes VEGF-mediated angiogenic regulation. However, in this study, we did not
determine if the higher expression of LCN2 was associated with the often highly
vascular OSCC specimens or the role of LCN2 in tumor angiogenesis of OSCC. In
our future work, we will collect plasma and tumor tissues from OSCC patients, and

further validation studies with LCN2 and the endothelial cell marker, CD 31,

11



antibodies should be conducted to characterize the role of LCN2 in angiogenesis
using a larger cohort of OSCC specimens.

In addition to tumor growth regulation, recent evidence suggests that LCN2
expression is associated with the progression of cancer invasion. For example, it was
reported that LCN2 serum levels were significant higher in patients with invasive
breast cancer while moderate in patients with ductal carcinoma in situ, atypical ductal
hyperplasia, and sclerosing adenosis compared to healthy controls (Provatopoulou et
al., 2009). Moreover, knockdown of LCN2 in cholangiocarcinoma cells was reported
to suppress their invasive ability through reducing LCN2/MMP-9 complex formation
(Nuntagowat et al., 2010). Overexpression of LCN2 can promote the invasive ability
of colon carcinoma cells through activating Racl signaling (Hu et al., 2009). In
contrast to promoting invasion, LCN2 was also reported to inhibit adhesion and
invasion in pancreatic cancer, suggesting that LCN2 may be a suppressor of
pancreatic cancer progression (Tong et al., 2008).

Limitations of this study are a small sample size, and the age and gender not being
well matched between the controls and cases. In a future study, we will increase of
specimen number and take more OSCC risk factors into account in the analysis to see
if we can precisely validate these findings. Additionally, the functional role of LCN2
in OSCC growth or invasion is worth further investigation. We will establish LCN2
knockdown clones to elucidate the possible function of LCN2 (proliferation, cell
cycle regulation, angiogenesis, migration, invasion, EMT) in OSCC cell lines, and
further investigate their underlying mechanisms. Moreover, the LCN2 knockdown
clones will be applied for the different animal models to investigate the role of LCN2
on tumor growth and metastasis in vivo in our future work.

Improved non-operative diagnostic techniques enable the detection of oral cancer

12



at an earlier stage. At the same time, serum or plasma measurements represent a
non-invasive, easily accessible method for the study of biomarkers as screening tools
for risk assessment, diagnosis, and prognosis of oral cancer. The present study was
designed in an effort to reveal specific biomarkers associated with OSCC progression.
Our data suggest that plasma LCN2 and the LCN2/MMP-9 complex are positively
correlated with OSCC progression, with potential clinical utility as biomarkers of the

OSCC status.
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Table 1. Demographic characteristics and clinical features of oral squamous cell carcinoma
(OSCC) patients and healthy controls

OSCC patients Controls p value
Variables n=195 n=81
Age (years) 53.56+11.43° 51.16 £ 11.52 0.114
Gender: male (%) 189 (99.0%) 77 (95.1%) 0.102
Betel nuts chewing
Yes 151 (77.4%) 11 (13.6%) <0.001
No 44 (22.6%) 70 (86.4%)
Smoking status
Yes 158 (81.0%) 37 (45.7%) <0.001
No 37 (19.0%) 44 (54.3%)
LCN2 (ng/mL) 51.12+2.37 34.88 +3.99 0.001°
MMP-9 (ng/mL) 122.63+5.19 68.03 + 8.80 <0.001°
LCN2/MMP-9 complex 45.17+2.72 32.68 £4.60 0.032°
(ng/mL)
Tumor T status
T1 58 (29.7%) -
T2 61 (31.3%) -
T3 26 (13.3%) -
T4 50 (25.6%) -
Lymph node status
NO 137 (70.3%) -
NI 30 (15.4%) -
N2 27 (13.8%) -
N3 1 (0.5%) -
Metastasis
MO 193 (99.0%) -
M1 2 (1.0%) -
Cell differentiation
Well differentiated 23 (11.8%) -
Moderately or poorly 172 (88.2%) -
differentiated
Stage
I 52 (26.7%)
1 42 (21.5%)
11 33 (16.9%)
v 68 (34.9%)

#Mean = standard deviation.

® After adjusting for betel nut chewing and smoking habits.
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Table 2. Correlations of lipocalin (LCN)2, matrix metalloproteinase (MMP)-9, and the
LCN2/MMP-9 complex plasma levels with clinicopathological parameters in 195 oral
squamous cell carcinoma (OSCC) patients

Variables LCN2 p value MMP-9 p value LCN2/MMP-9 p value
(ng/mL) (ng/mL) complex (ng/mL)
n=195 n=195 n=195

Age (years)
<52.0  (n=90) 4547+3191  0.036 126.66 +81.90  0.523 49.69 + 51.48 0.191
>52.0 (n=105) 56.01 +36.98 119.69 + 70.10 42.13 £26.75

Gender
male (n=192) 28.57+10.71  0.262 124.43 +56.54  0.972 46.75 +5.89 0.961
Female (n=3) 51.50 £35.18 122.88 +76.03 45.60 + 40.48

Smoking status
No (n=37) 46.26 £27.70  0.348 118.58 £76.91  0.700 42.93 +36.70 0.652
Yes  (n=158) 52.29 +36.53 123.92 + 75.57 46.25 +£41.03

Betel nut chewing
No (n=44) 50.04 +£31.89  0.813 12423 +64.93  0.895 43.59 +23.89 0.705
Yes  (n=151) 51.47 +36.00 122.52 +78.70 46.21 +43.84

Tumor T status
T1+T2 (n=119) 4593 +28.19  0.009* 11533+ 66.42  0.080 40.75 +24.49 0.034*
T3+T4 (n=76) 59.30 +42.61 134.78 + 87.36 53.24 +55.98

Lymph node status
NO (n=137) 49.70 £35.47 0376 116.80 £ 67.44  0.083 43.48 +31.02 0.255
NI+N2+N3 (n=58)  54.57 +34.06 137.34 +91.25 50.67 +56.21

Metastasis
MO (n=193) 50.87 £34.79  0.275 12225+7525  0.236 45.32 +40.22 0.311
M1 (n=2) 78.13 £ 65.81 186.17 + 123.18 74.33 +29.69

Stage
[+1I (n=94) 45.68 £27.48  0.035% 11146 £ 64.46  0.041* 4023 +24.27 0.071
[I+1V (n=101) 56.23 +40.32 133.57 + 86.68 50.62 +50.30

Cell differentiation
Well differentiated 46.01 £27.29  0.456 115.07+£70.90  0.598 41.64 +27.69 0.615
(n=23)

Moderately or poorly  51.83 +35.96 123.96 £ 76.41 46.15 +41.59

differentiated (N=172)

* p<0.05.
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Figure legends

Figure 1. Correlations among plasma lipocalin (LCN)2, matrix metalloproteinase
(MMP)-9 and the LCN2/MMP-9 complex expressions in 195 oral squamous cell
carcinoma (OSCC) patients. (A) There was a significant correlation between plasma
LCN2 and the LCN2/MMP-9 complex (Spearman correlation coefficients y=0.362,
p<0.0001) in the 195 OSCC patients. (B) There was a significant correlation between
plasma MMP-9 and the LCN2/MMP-9 complex (Spearman correlation coefficients
v=0.717, p<0.0001) in the 195 OSCC patients. (C) There is a significant correlation
between plasma LCN2 and MMP-9 levels (Spearman correlation coefficients y=0.223,

p=0.0018) in the 195 OSCC patients.

Figure 2. Comparison of plasma lipocalin (LCN)2 expression with various tumor
sizes and at various stages in 195 OSCC patients. (A) LCN2 levels were compared
according to the tumor size and results showed that LCN2 levels at T4 significantly
differed between those at T1 and T2. (B) LCN2 levels were compared according to
the stage, and results showed that LCN2 levels in stage IV significantly differed from

those at stages I and II.
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Figure 1C
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Figure 2A
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Abstract:

Objectives: Recent evidence demonstrates that lipocalin 2 (LCN2) is induced in
many types of human cancer, while detection of its complex with matrix
metalloproteinase-9 (MMP-9) is correlated with cancer disease status. We aim to
evaluate the plasma expression of LCN2, MMP-9, and their complex (LCN2/MMP-9)
during the diagnostic work-up of patients with oral squamous cell carcinoma (OSCC)
and investigate their correlation with disease severity.

Methods: A total of 195 patients with OSCC and 81 healthy controls were recruited.
Expression levels of LCN2, MMP-9, and their complex LCN2/MMP-9 were
determined with immunoenzymatic assays.

Results: Patients with OSCC exhibited significantly increased levels of LCN2,
MMP-9, and LCN2/MMP-9 compared to healthy controls (LCN2: p < 0.001, MMP-9:
p < 0.001, LCN2/MMP-9: p < 0.01). The plasma levels of LCN2, MMP-9, and
LCN2/MMP-9 in OSCC patients were significantly correlated with each other and
were associated with more-advanced clinical stages (p < 0.05) and/or a larger tumor
size (p < 0.05), but were not associated with positive lymph node metastasis or distal
metastasis.

Conclusions: Our results suggest that the plasma measurement of LCN2 and MMP-9
may be useful in non-invasively monitoring OSCC progression, while supporting

their potential role as biomarkers of oral cancer disease status.



Introduction

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 (Cowland & Borregaard, 1997). 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 (Bratt,
2000).

LCN2 participates in iron trafficking (Yang et al., 2002) 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) (Goetz et al., 2000).
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 (Saiga et al.,
2008). 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 (Gwira et al., 2005, Mori et al., 2003). 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
(Devireddy et al., 2005). In line with its involvement in carcinogenesis processes,
LCN2 synthesis is induced by factors promoting the development of neoplasias (Bratt,
2000, Stoesz et al., 1998), and its overexpression was found in several malignancies
including breast (Bauer et al., 2008, Stoesz et al., 1998), gastric (Kubben et al., 2007),
esophageal squamous cell (Zhang et al., 2007), colorectal (Nielsen et al., 1996),

pancreatic (Furutani et al., 1998, Laurell et al., 2006), lung (Friedl et al., 1999), and



ovarian cancers (Lim et al., 2007). 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 (Hiromoto et al., 2011).

It was established that LCN2 forms a complex with matrix metalloproteinase
(MMP)-9, thereby preventing MMP-9 autodegradation and increasing its activity in
vitro (Yan et al., 2001). MMP-9 plays a critical role in cancer progression, invasion,
and metastasis in several neoplastic diseases including oral cancer (Choi & Myers,
2008). Since MMP-9 is implicated in both early and late processes of tumor
progression through the degradation of the extracellular matrix and basement
membranes (Somiari et al., 2006), the question of whether LCN2 and the
LCN2/MMP-9 complex contributes to tumor progression was raised. Fernandez et al.
investigated the role of the LCN2/MMP-9 complex in breast tumor growth and its
presence in the urine of breast-cancer patients (Fernandez et al., 2005). Their findings
suggested that detection of the urinary LCN2/MMP-9 complex might represent an
independent predictor of the disease status. Recently, Smith and coworkers reported
significant elevations in MMP-9 and LCN2/MMP-9 in brain-tumor patients. Their
expressions were correlated with the presence of disease and the response to therapy
and could be detected in both tumor tissues and urine samples (Smith et al., 2008). An
association between the LCN2/MMP-9 complex and gastric cancer was also
suggested since expression of the complex in tumor tissues of gastric-cancer patients
was highly associated with worse survival and was related to the histological and
genetic typing of gastric cancer (Kubben et al., 2007). In comparison to other tumor

types, data regarding the correlation between the LCN2/MMP-9 complex and OSCC



progression are still scarce.

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. LCN2 and
MMP-9 are stored in specific granules in neutrophils, while MMP-9 is also found in
gelatinase granules. It was suggested that MMP-9 and LCN2 are mainly secreted into
the blood by neutrophils infiltrating a tumor, and are subsequently excreted in the
urine (Yan et al., 2001). Although detecting LCN2 and its complex with MMP-9 in
systemic circulation seems reasonable, few studies on LCN2 and LCN2/MMP-9 in
plasma are currently available (Haase-Fielitz et al., 2009, Tsai et al., 2011). The aim
of our study was to evaluate plasma levels of LCN2, MMP-9, and the LCN2/MMP-9

complex in patients with OSCC and investigate their correlations with OSCC severity.



Materials and Methods

Subjects and specimen collection

We recruited 195 patients (189 males and 6 females with a mean age of 53.56 +
11.43 years) at Chung Shan Medical University Hospital in Taichung and Changhua
Christian Hospital in Changhua, Taiwan as a case group between 2008 and 2011. For
a control group, we randomly chose 81 non-cancer individuals (77 males and 4
females with a mean age of 51.16 + 11.52 years) who visited those same hospitals and
were from the same geographic area. For both cases and controls, we used a
questionnaire to obtain exposure information about betel quid chewing and tobacco
use. Medical information on the cases, including TMN clinical staging, primary tumor
size, lymph-node involvement, and histological grade, was obtained from their
medical records. Oral-cancer patients were clinically staged at the time of diagnosis
according to the TNM staging system of the American Joint Committee on Cancer
(AJCC) Staging Manual, seventh edition. Tumor differentiation was examined by a
pathologist according to the AJCC classification. Whole-blood specimens collected
from the controls and OSCC patients were placed in tubes containing
ethylenediaminetetraacetic acid (EDTA), immediately centrifuged, and stored at -80
°C. Before conducting this study, approval was received from the Institutional Review
Board of Chung Shan Medical University Hospital, and informed written consent to

participate in the study was obtained from each individual.

Measurements of plasma LCN2, MMP-9, and LCN2/MMP-9 levels by an
enzyme-linked immunosorbent assay (ELISA)
LCN2, MMP-9, and LCN2/MMP-9 levels in plasma samples were respectively

analyzed using human LCN2, MMP-9, and LCN2/MMP-9 ELISA kits (R&D Systems,



Abingdon, UK). From each plasma sample, 100 pL was directly transferred to the
microtest strip wells of the ELISA plate and then assayed according to the
manufacturer's instructions. The absorbance was measured at 450 nm in a microtest
plate spectrophotometer, and LCN2, MMP-9, and LCN2/MMP-9 levels were
quantified with a calibration curve using human LCN2, MMP-9, and LCN2/MMP-9

as standards.

Statistical Analysis

The Mann-Whitney U-test was used to test for statistical significance of
differences in LCN2, MMP-9, and LCN2/MMP-9 between the 195 patients with
OSCC and the 81 normal controls. Least squares means were calculated to predict the
adjusted LCN2, MMP-9, and LCN2/MMP-9 levels for our study subjects with
different betel quid chewing status and smoking habits. Correlations of LCN2,
MMP-9, and LCN2/MMP-9 with clinicopathologic parameters of OSCC were
examined by Pearson's y’ test. Spearman’s rank correlation analysis was used to
evaluate the correlations of these parameters. The SPSS statistical package vers. 12.0
(SPSS, Chicago, IL) was used for the statistical analysis. A p value of <0.05 was

considered statistically significant.



Results

Patient Characteristics

The study included two different study groups, OSCC patients and healthy control
subjects. Table 1 presents the demographic data, which showed that 11 of 81 healthy
control subjects (13.6%) and 151 of 195 patients with oral cancer (77.4%) had chewed
betel nuts, and 37 of 81 healthy control subjects (45.7%) and 158 of 195 patients with
oral cancer (81.0%) had smoked. The distributions of betel nut chewing (p<0.001),
and tobacco consumption (p<0.001) between healthy control subjects and patients

with oral cancer significantly differed.

Plasma Levels and Correlations of LCN2, MMP-9, and LCN2/MMP-9 Complex in
Different Study Groups

Table 1 also presents the mean plasma levels of LCN2, MMP-9, and
LCN2/MMP-9 complex in healthy control subjects and patients with OSCC. Patients
with OSCC exhibited significantly increased levels of all three molecules compared to
healthy control subjects (LCN2: p=0.001, MMP-9: p<0.001, LCN2/MMP-9: p= 0.032)
after adjusting for betel nut chewing and smoking habits. Among the 195 patients with
OSCC, significant positive correlations between plasma levels of LCN2/MMP-9 and
LCN2 and between LCN2/MMP-9 and MMP-9 were observed (Spearman's rank
correlation coefficient y=0.362, p<0.0001; y=0.717, p<0.0001, respectively; Figure
1A, B). Moreover, a significant correlation was also found between plasma levels of
LCN2 and MMP-9 in OSCC patients (Spearman's rank correlation coefficient y=0.223,

p=0.0018; Figure 1C).

Associations of Plasma LCN2, MMP-9, and LCN2/MMP-9 Levels with Clinical



Parameters of Patients and Histopathological Properties of the Tumor

Table 2 presents associations of LCN2, MMP-9, and LCN2/MMP-9 with
clinicopathological parameters. A higher plasma level of LCN2 was significantly
associated with a more-advanced TNM stage (p=0.035) and a larger tumor size
(p=0.009). The mean level of plasma LCN2 in stage T1 or T2 was significantly lower
than that in stage T4 (p=0.012 and 0.046, respectively; Figure 2A), and the LCN2
level in stage I or II was significantly lower than that in stage IV (p=0.032 and 0.042,
respectively; Figure 2B). In addition, a higher plasma level of LCN2 was more
prevalent in the older group (=52 y) of OSCC patients (p=0.036). Furthermore,
plasma MMP-9 levels were positively correlated to advanced TNM stage (p=0.041),
while plasma LCN2/MMP-9 complex levels to tumor size (p=0.034). Moreover, no
significant association was found among these three molecules with patient gender,
smoking status, betel nut chewing habit, lymph node metastasis, distal metastasis, or

the tumor differentiation status (Table 2).



Discussion

This is, to the best of our knowledge, the first study to investigate peripheral blood
levels and potential roles of LCN2, MMP-9, and the LCN2/MMP-9 complex in
OSCC. In this study, we found that plasma levels of these three molecules in patients
with OSCC were higher compared to those in healthy controls. Moreover, plasma
levels of these three molecules in OSCC patients were significantly correlated with
each other and were associated with more-advanced clinical stages and/or a larger
tumor size.

Elevated levels of LCN2 expression were detected in several kinds of human
tumors (Bauer et al., 2008, Friedl et al., 1999, Furutani et al., 1998, Laurell et al.,
2006, Stoesz et al., 1998). Lim et al. reported that tissue expression of LCN2 in
ovarian tumors changes with the disease grade, and this is also reflected in serum
levels (Lim et al., 2007). The role of LCN2 was also investigated in esophageal
squamous cell carcinoma (ESCC), and it was reported that its tissue expression was
significantly higher in ESCC than in normal mucosa, and was positively correlated
with cell differentiation (Zhang et al., 2007). Recently, it was also demonstrated that
the expression of LCN2 in OSCC tissue was significantly correlated with the
cancer-cell differentiation status and morphological patterns (epithelial-mesenchymal
transition, EMT) (Hiromoto et al., 2011).

It was reported that LCN2 can prevent MMP-9 degradation, increasing its activity
by binding and forming the LCN2/MMP-9 complex. Tumor cells excrete elevated
levels of LCN2 resulting in an increase in the local concentration of MMP-9, which
can affect various aspects of tumor progression (Yan et al., 2001). Moreover, it was
reported that tumor cell-secreted MMP-9 promotes angiogenesis in Vivo in a

breast-cancer model where the vascular endothelial growth factor (VEGF)/VEGF
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receptor 2 association was shown to be dependent on MMP-9 activity (Mira et al.,
2004). In oral cancer, previous reports showed a good correlation between increased
tumor vascularity and tumor progression in OSCC (Alcalde et al., 1995, Macluskey et
al., 2000, Williams et al., 1994). Previous reports also indicated that VEGF is a vital
regulator of OSCC tumor angiogenesis, as evidenced by the high expression level of
VEGEF in oral cancerous tissues and several OSCC cell lines (Shintani et al., 2004)
and the angiogenic inhibition potential of the soluble form of the VEGF 2 receptor in
vivo (Okada et al., 2010). In this study, we found a significant correlation between
plasma levels of LCN2 and LCN2/MMP-9 in patients with OSCC. We further found
that plasma levels of LCN2 and the LCN2/MMP-9 complex in OSCC patients were
significantly correlated with a larger tumor size. We propose that regulation of OSCC
tumor growth by LCN2 might be through increased MMP-9 activity which further
promotes VEGF-mediated angiogenic regulation. However, in this study, we did not
determine if the higher expression of LCN2 was associated with the often highly
vascular OSCC specimens or the role of LCN2 in tumor angiogenesis of OSCC. In
our future work, we will collect plasma and tumor tissues from OSCC patients, and
further validation studies with LCN2 and the endothelial cell marker, CD 31,
antibodies should be conducted to characterize the role of LCN2 in angiogenesis
using a larger cohort of OSCC specimens.

In addition to tumor growth regulation, recent evidence suggests that LCN2
expression is associated with the progression of cancer invasion. For example, it was
reported that LCN2 serum levels were significant higher in patients with invasive
breast cancer while moderate in patients with ductal carcinoma in situ, atypical ductal
hyperplasia, and sclerosing adenosis compared to healthy controls (Provatopoulou et

al., 2009). Moreover, knockdown of LCN2 in cholangiocarcinoma cells was reported

11



to suppress their invasive ability through reducing LCN2/MMP-9 complex formation
(Nuntagowat et al., 2010). Overexpression of LCN2 can promote the invasive ability
of colon carcinoma cells through activating Racl signaling (Hu et al., 2009). In
contrast to promoting invasion, LCN2 was also reported to inhibit adhesion and
invasion in pancreatic cancer, suggesting that LCN2 may be a suppressor of
pancreatic cancer progression (Tong et al., 2008). Limitations of this study are a small
sample size, and the age and gender not being well matched between the controls and
cases. In a future study, we will increase of specimen number and take more OSCC
risk factors into account in the analysis to see if we can precisely validate these
findings. Additionally, the functional role of LCN2 in OSCC invasion is worth further
investigation in our future work.

Improved non-operative diagnostic techniques enable the detection of oral cancer
at an earlier stage. At the same time, serum or plasma measurements represent a
non-invasive, easily accessible method for the study of biomarkers as screening tools
for risk assessment, diagnosis, and prognosis of oral cancer. The present study was
designed in an effort to reveal specific biomarkers associated with OSCC progression.
Our data suggest that plasma LCN2 and the LCN2/MMP-9 complex are positively
correlated with OSCC progression, with potential clinical utility as biomarkers of the

OSCC status.
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Table 1. Demographic characteristics and clinical features of oral squamous cell carcinoma
(OSCC) patients and healthy controls

OSCC patients Controls p value
Variables n=195 n=81
Age (years) 53.56+1143° 51.16 £ 11.52 0.114
Gender: male (%) 189 (99.0%) 77 (95.1%) 0.102
Betel nuts chewing
Yes 151 (77.4%) 11 (13.6%) <0.001
No 44 (22.6%) 70 (86.4%)
Smoking status
Yes 158 (81.0%) 37 (45.7%) <0.001
No 37 (19.0%) 44 (54.3%)
LCN2 (ng/mL) 51.12+2.37 34.88 +3.99 0.001°
MMP-9 (ng/mL) 122.63 +5.19 68.03 + 8.80 <0.001°
LCN2/MMP-9 complex 45.17+2.72 32.68 £4.60 0.032°
(ng/mL)
Tumor T status
T1 58 (29.7%) -
T2 61 (31.3%) -
T3 26 (13.3%) -
T4 50 (25.6%) -
Lymph node status
NO 137 (70.3%) -
NI 30 (15.4%) -
N2 27 (13.8%) -
N3 1 (0.5%) -
Metastasis
MO 193 (99.0%) -
M1 2 (1.0%) -
Cell differentiation
Well differentiated 23 (11.8%) -
Moderately or poorly 172 (88.2%) -
differentiated
Stage
I 52 (26.7%)
I 42 (21.5%)
11 33 (16.9%)
v 68 (34.9%)

#Mean = standard deviation.

® After adjusting for betel nut chewing and smoking habits.
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Table 2. Correlations of lipocalin (LCN)2, matrix metalloproteinase (MMP)-9, and the
LCN2/MMP-9 complex plasma levels with clinicopathological parameters in 195 oral
squamous cell carcinoma (OSCC) patients

Variables LCN2 p value = MMP-9 p value LCN2/MMP-9 p value
(ng/mL) (ng/mL) complex (ng/mL)
n=195 n=195 n=195

Age (years)
<52.0  (n=90) 4547+3191  0.036 126.66 +81.90  0.523 49.69 + 51.48 0.191
>52.0 (n=105) 56.01 +36.98 119.69 + 70.10 42.13 £26.75

Gender
male  (n=192) 28.57+10.71  0.262 12443 +56.54  0.972 46.75 +5.89 0.961
Female (n=3) 51.50 £35.18 122.88 +76.03 45.60 + 40.48

Smoking status
No  (n=37) 46.26 £27.70  0.348 118.58 £76.91  0.700 42.93 +36.70 0.652
Yes (n=158) 52.29 +36.53 123.92 + 75.57 46.25 +£41.03

Betel nut chewing
No  (n=44) 50.04 £31.89  0.813 12423 +64.93  0.895 43.59 +23.89 0.705
Yes (n=151) 51.47 £36.00 122.52 +78.70 46.21 +43.84

Tumor T status
T1+T2 (n=119) 4593 +28.19  0.009* 11533+ 66.42  0.080 40.75 +24.49 0.034*
T3+T4 (n=76) 59.30 +42.61 134.78 + 87.36 53.24 +55.98

Lymph node status
NO (n=137) 49.70 £35.47 0376 116.80 £ 67.44  0.083 43.48 +31.02 0.255
NI+N2+N3 (n=58)  54.57 +34.06 137.34 +91.25 50.67 +56.21

Metastasis
MO (n=193) 50.87 £34.79  0.275 12225+7525  0.236 45.32 +40.22 0.311
M1 (n=2) 78.13 +65.81 186.17 + 123.18 74.33 £29.69

Stage
I+II (n=94) 45.68 £27.48  0.035% 11146 £ 64.46  0.041* 4023 +24.27 0.071
[I+1V (n=101) 56.23 +40.32 133.57 + 86.68 50.62 +50.30

Cell differentiation
Well differentiated 46.01 £27.29  0.456 115.07+£70.90  0.598 41.64 +27.69 0.615
(n=23)

Moderately or poorly ~ 51.83 +35.96 123.96 £ 76.41 46.15 +41.59

differentiated (N=172)

* p<0.05.

21



Figure legends

Figure 1. Correlations among plasma lipocalin (LCN)2, matrix metalloproteinase
(MMP)-9 and the LCN2/MMP-9 complex expressions in 195 oral squamous cell
carcinoma (OSCC) patients. (A) There was a significant correlation between plasma
LCN2 and the LCN2/MMP-9 complex (Spearman correlation coefficients y=0.362,
p<0.0001) in the 195 OSCC patients. (B) There was a significant correlation between
plasma MMP-9 and the LCN2/MMP-9 complex (Spearman correlation coefficients
v=0.717, p<0.0001) in the 195 OSCC patients. (C) There is a significant correlation
between plasma LCN2 and MMP-9 levels (Spearman correlation coefficients y=0.223,

p=0.0018) in the 195 OSCC patients.

Figure 2. Comparison of plasma lipocalin (LCN)2 expression with various tumor
sizes and at various stages in 195 OSCC patients. (A) LCN2 levels were compared
according to the tumor size and results showed that LCN2 levels at T4 significantly
differed between those at T1 and T2. (B) LCN2 levels were compared according to
the stage, and results showed that LCN2 levels in stage IV significantly differed from

those at stages I and II.
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Figure 1A
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Figure 1C

MMP-9 concentration (ng/mL)

500 -

400 +

300 A

200 A

r=0.223
p=0.0018

100 150 200

LCN2 concentration (ng/mL)

24

250



Figure 2A
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