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Abstract: Lysyl oxidase (LOX) has been reported to regulate tumor metastasis and has been found to involve in 
modification of extracellular matrix (ECM) in the context of tumorigenesis. The aim of this study is to determine 
the prognostic significance of LOX in non-small cell lung cancer (NSCLC) patients and to examine the correlation 
between LOX expression and ECM remodeling-associated MMP2/MMP9 in NSCLC tissues. The mRNA expression of 
LOX, MMP2 and MMP9 was investigated by quantitative real-time reverse transcriptase-polymerase chain reaction 
(qRT-PCR) in 30 NSCLC patients. The protein expression of LOX was measured by immunohistochemistry (IHC) in 
110 paraffin-embedded tissues with NSCLC and the protein expression of MMP2/MMP9 was measured by in 30 
NSCLC patients. The correlation between LOX expression and clinical parameters and MMP2/MMP9 was analyzed 
by appropriate statistics. The Kaplan-Meier method, univariate and multivariate regression analysis was used to 
analyze the correlation between LOX expression and overall survival (OS). The relative mRNA expression or protein 
expression of LOX were significantly higher in NSCLC tumor tissues than in the corresponding noncancerous tissues 
(P < 0.05). High LOX expression was significantly associated with MMP2, MMP9, tumor size, lymph node metastasis, 
pathological stage and OS (P < 0.05). Univariate and multivariate analysis showed that LOX was an independent 
prognostic factor for OS. Our results indicate that LOX may play a role in the metastasis of NSCLC by promoting 
MMP2/MMP9 expression. LOX expression is an independent prognostic factor in OS in NSCLC.
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Introduction 

Non-small cell lung cancer (NSCLC), the most 
common type of lung cancer, is nowadays the 
leading cause of cancer-related death world-
wide [1]. Despite the recent advances in treat-
ment of NSCLC, 5-year survival rate of lung can-
cer was approximately lower than 15% [2] and 
the most common cause of all cancer deaths 
are the result of local invasion or distant metas-
tases, rather than the primary tumors. There- 
fore, it is of great significance to make a better 
understanding of the molecular biology of 
NSCLC invasion and metastasis, and to identify 
novel molecular markers for the improvement 
of clinical management of patients with NSCLC.

Mounting evidences supports the view that 
tumor microenvironment plays a critical role in 

tumorigenesis [3, 4]. Although there is a wide 
range of biological functions of tumor microen-
vironment in cancer, an important characteris-
tic is the remodeling and stiffening of the extra-
cellular matrix (ECM) [5, 6]. Nowadays, interest 
in the role of lysyl oxidase (LOX) in modulating of 
cancer ECM has grown increasingly [7, 8]. LOX, 
an extracellular copper-dependent amine oxi-
dase, catalyzes the exchange of an amine to 
aldehyde group on a peptidyl lysine, producing 
hydrogen peroxide (H2O2) and ammonia as by-
products of catalytic activity. The function of 
LOX is the covalent cross-linking of collagens or 
elastin to increase ECM tensile strength. Its 
expression is essential for normal connective 
tissue function, embryonic development and 
wound healing [9, 10]. Additionally, aberrant 
LOX expression or enzymatic activity is also 
involved in carcinogenesis and cancer progres-
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sion [8]. Both increased and decreased LOX 
expressions have been reported in different 
cancer cell lines and primary tumors [11], which 
suggest the function of LOX may depend on the 
type of cancer or the specific tumor microenvi-
ronment. However, accumulating evidences 
indicated LOX is prone to promote tumor pro-
gression and metastasis by regulating collagen 
crosslinking and stiffness in breast cancer [7], 
colorectal cancer [12] and lung cancer [13].

Matrix metalloproteinases (MMPs), which rep-
resent the most prominent family of proteinas-
es associated with tumorigenesis, are a family 
of zinc-dependent endopeptidases [14]. MMP-
mediated ECM degradation has also been 
shown to lead to cancer cell invasion and 
metastasis. Although the direct mechanism 
has not yet been elucidated, there is evidence 
to indicate that LOX-mediated ECM crosslinking 
may function in synergy with MMPs to remodel-
ing of the ECM to promote cancer metastasis 
[15]. Previously, we have demonstrated LOX 
over expression is strongly linked to poor pro-

went surgery for histologically verified NSCLC at 
the Department of Thoracic Surgery, Tongji 
Hospital, Tongji Medical College, Huazhong 
University of Science and Technology, between 
2007 and 2009 were enrolled in this study. 
This study was approved by The Ethics 
Committee of Tongji Hospital, Tongji Medical 
College and written informed consent was 
obtained from each patient. TNM classification 
was performed according to 7th edition of AJCC 
TNM classification. None of these patients 
received any anticancer therapy prior to sample 
collection. Of these patients, 9 were excluded 
due to death within 60 days of surgery to 
reduce the confounding variable of periopera-
tive mortality. The 60-day cut-point was used in 
our study as it has been used to exclude post-
operative mortality in several previous studies 
in NSCLC [17, 18]. The pathologic classification 
of each sample was confirmed by a review of 
hematoxylin-and-eosin-stained sections. The 
clinicopathological characteristics of the includ-
ed 110 patients are summarized in Table 1.

Table 1. Relationship between LOX expression and 
clinicopathological characteristics of NSCLC patients
Characteristics Total cases

(n = 110)
LOX protein P value

+ -
Age
    ≤65 86 56 30 0.327
    >65 24 13 11
Gender
    Male 75 47 28 0.985
    Female 35 22 13
Pathological type
    Squamous 41 26 15 0.909
    Adenocarcinoma 69 43 26
Differentiation
    Well 37 23 14 0.930
    Moderate + Poor 73 46 27
Tumor size (cm)
    ≤3 42 20 22 0.010
    >3 68 49 19
Lymph node involvement
    No 48 24 24 0.015
    Yes 62 45 17
TNM stage
    I 25 8 17 0.001
    II 44 32 12
    III 41 29 12

gression free survival in NSCLC [16]. 
However, the relationship between the 
LOX expression and overall survival (OS) 
with NSCLC has not been investigated. 
Furthermore, the possibility that LOX might 
have a role in patients with NSCLC by pro-
moting MMPs has not been investigated.

In the present study, using immunohisto-
chemistry (IHC) staining, we observed high 
LOX expression was significantly associat-
ed with poor OS in patients with NSCLC 
and multivariate analysis showed that 
high LOX expression was an independent 
predictor of OS. Meanwhile, we found that 
the expression of LOX in primary NSCLC 
was positively correlated with MMP2 and 
MMP9.

Materials and methods

Patients and specimens

For quantitative real-time reverse tran-
scription polymerase chain reaction (qRT-
PCR) analysis, we collected 30 paired 
fresh NSCLC tumor tissue samples and 
corresponding adjacent noncancerous tis-
sue samples from patients who underwent 
surgery between 2010 and 2011. In addi-
tion, a total of 119 patients who under-
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RNA isolation, reverse transcription and qRT-
PCR 

Total RNA of NSCLC and paired noncancerous 
tissues were extracted using Trizol (Invitrogen, 
Carlsbad, USA). The concentration of RNA was 
measured by a spectrophotometer (ND 2000, 
Nanodrop Inc, Wilmington, Del). One micro-
grams of RNA was used for reverse transcrip-
tion. RNA was reverse-transcribed using Sup- 
erScript First Strand cDNA System (Invitrogen, 
Carlsbad, CA) according to the manufacturer’s 
instructions. LOX, MMP2, MMP9 and β-actin 
genes were amplified in a fluorescence reader 
ABI Stepone system (Applied Biosystems, 
Foster City, CA, USA). The amplification was car-
ried out in a total volume of 10 µl containing 5 
µl Fast SYBR Green Master Mix (Applied 
Biosystems, Foster City, CA, USA), 3 µl sterile 
water, 1 µl cDNA and 0.5 µl of each primer. 
Cycling conditions were as follows: initial 
enzyme activation at 95°C for 20 s, followed by 
40 cycles of denature at 95°C for 3 s, anneal/
extend at 60°C for 30 s. The primer sequences 
for LOX gene were: 5’-CCTGGTTCCTGAATCTGA- 
CT-3’ (forward) and 5’-CTTCAGAACACCAGGCA- 
CTG-3’ (reverse); the primer sequences for 
MMP2 gene were: 5’-CTTCTTCCCTCGCAAGCC-3’ 
(forward) and 5’-ATGGATTCGAGAAAACCG-3’ (re- 
verse); the primer sequences for MMP9 gene 
were 5’-ACGCAGACATCGTCATCC-3’ (forward) 
and 5’-AACCGAGTTGAACCACG-3’ (reverse); and 

the primer sequences for β-actin gene were: 
5’-GCAAATGCTTCTAGGCGGAC-3’ (forward) and 
5’-GCTGTCACCTTCACCGTTCC-3’ (reverse). The 
relative expression of the mRNA was calculated 
with the following formula: Ratio = 2-∆Ct, in which 
∆Ct = (Ct target gene - Ct β-actin). Each experi-
ment was carried out in triplicate.

Immunohistochemistry

All specimens were fixed with 4% formaldehyde, 
dehydrated, embedded and cut into 4 μm serial 
sections. Staining of paraffin-embedded sec-
tions was done as previously described [16]. 
Briefly, the sections were heated in a micro-
wave oven in citrate buffer (pH = 6.0) for 15 
min at 95°C and was then cooled to room tem-
perature. Endogenous peroxidase activity was 
blocked by incubation in 3% hydrogen peroxide 
for 20 min at room temperature. After washing wi- 
th PBS, non-specific binding sites were blocked 
with normal goat serum for 30 min at room 
temperature. The sections were then incubated 
overnight at 4°C with primary antibody (rabbit 
monoclonal anti-LOX, 1:400, Novus Biological, 
Inc., Littleton, CO, USA; rabbit polyclonal anti-
MMP2, 1:50, Boster, China; rabbit polyclonal 
anti-MMP9, 1:50, Boster Biological Technology, 
Wuhan, China). After washing with PBS, sec-
tions were incubated with secondary antibod-
ies for 30 minutes at 37°C. The sections were 
then washed three times with PBS and the sec-

Figure 1. LOX and MMP2/MMP9 are positively expressed in resected NSCLC tumors. Total RNA extracted from 30 
pairs of matched NSCLC samples was used for qRT-PCR analysis of mRNA expression. A. Upregulation of LOX mRNA 
expression in NSCLC tissues. The results were normalized to β-actin expression and expressed as fold change in tu-
mor compared with matched N (P < 0.001). B. Positive correlation between LOX mRNA and MMP2 mRNA in NSCLC 
tissues (P = 0.002). C. Positive correlation between LOX mRNA and MMP9 mRNA in NSCLC tissues (P = 0.003). N: 
non-tumor tissue; T: tumor tissue.
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tions were visualized with diaminnobenzidine-
tetrahydrochloride (DAB kit, Zhonshan Golden- 
bridge Biological Technology Co., LTD, Beijing, 
China). Finally, the sections were counter-
stained with hematoxylin and dehydrated. 
Negative controls were performed with PBS 
under the same experimental conditions.

Immunohistochemical staining was assessed 
independently by two investigators who were 
blinded to all clinicopathological features. Five 
different fields (×400) were randomly exam-
ined. The immunoreactivity score method to 
evaluate the immunostaining results has been 
previously described [16]. Stain intensity is as 
follows: no staining (score 0), weak staining 
(score 1), moderate staining (score 2), or strong 
staining (score 3). Staining area is as follows: 
less than 10% (score 1), 11%-50% (score 2), 
51%-80% (score 3), 81%-100% (score 4). Points 
for staining intensity and percentage of positive 
tumor cells were added and the overall score 
were grouped into four categories: negative 
(≤10% of tumor cells stained positive, regard-
less of intensity), weak expression (score 3), 
moderate expression (score 4 to 5), and strong 
expression (score 6 to 7). Moderate and strong 
expression was rated as positive, while weak 
expression was rated as negative for analysis.

Statistical analysis

Statistical analysis was performed using SPSS 
statistical software 11.0 for windows. Data 
were presented as mean ± standard deviation. 
Difference/correlations between two groups 
were assessed by student’s t test, x2 tests, and 
Pearson’s correlation test. Survival curves were 
calculated using the Kaplan-Meier method and 
the statistical significance was assessed using 
the log-rank test. Multivariate survival analysis 
based on the Cox proportional hazard model 
was carried out to identify the significant inde-
pendent prognostic factors. Differences at P < 
0.05 were considered to be statistically 
significant.

Results

Expression of LOX mRNA by qRT-PCR in NSCLC 
tissues

Our qRT-PCR results showed that LOX mRNA 
expression was upregulated in 25 of 30 NSCLC 
samples compared with corresponding adja-
cent noncancerous tissues. The mean expres-
sion value of mRNA in NSCLC tissues was sig-
nificantly higher than the value in paired normal 
tissues (Figure 1A).

Figure 2. Cytoplasm localization of LOX, MMP2 and MMP9 in NSCLC. Immunohistochemistry was performed to 
examine the expression of LOX, MMP2 and MMP9 protein in tumor tissues (×400). A. Positive expression of LOX 
protein in NSCLC. B. Positive expression of MMP2 in NSCLC. C. Positive expression of MMP9 in NSCLC. D. Negative 
expression of LOX protein in NSCLC. E. Negative expression of MMP2 protein in NSCLC. F. Negative expression of 
MMP9 protein in NSCLC.
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Correlation of LOX expression with clinicopath-
logical characteristics

In agree with our previous study [16], we have 
observed that LOX protein expression was 
localized in cytoplasm of tumor cells (Figure 2), 
and positive LOX protein expression in tumor 
tissues (22/30, 73.3%) of NSCLC was signifi-
cant higher than that in paired normal tissues 
(10/30, 33.3%, P = 0.002). In order to analyze 
the correlation between LOX and clinicopath-
logical characteristics, IHC staining was per-
formed in 110 archived paraffin-embedded 
NSCLC samples. As shown in Table 1, LOX pro-
tein was positively correlated with tumor size (P 
= 0.010), lymph node involvement (P = 0.015), 
and TNM stage (P = 0.001); however, no signifi-
cant associations were detected for LOX 
expression with patient age, sex, histological 
grade (all P>0.05).

Relationship between the expressions of LOX 
and MMP2/MMP9 in NSCLC

To determine the relationship between LOX and 
MMP2/MMP9, we analyzed 30 pairs of NSCLC 
clinical specimens. The expression of LOX 
mRNA positively correlated with that of MMP2 

mRNA, and that of MMP9 mRNA levels (Figure 
1B and 1C). The similar results were also 
observed between LOX protein and MMP2/
MMP9 protein by IHC staining, which indicates 
that the increase in LOX protein expression is in 
keeping with the increase of MMP2/MMP9 pro-
tein expression in NSCLC samples (Table 2).

Prognostic significance of LOX expression in 
NSCLC

To investigate the prognostic significance of 
LOX protein in NSCLC has an impact on patients 
overall survival (OS), we performed survival 
analysis using a Kaplan-Meier method with a 
log-rank test. Kaplan-Meier analysis indicated 
that LOX over-expression was significantly 
associated with poorer OS in NSCLC patients 
(Figure 3). Therefore, the over-expression of 
LOX may affect the prognosis of NSCLC 
patients. To evaluate whether overexpression 
of LOX could be an independent risk factor for 
poor prognosis in NSCLC, conventional clinico-
pathological characteristics and LOX protein 
level were assessed by Cox’s univariate and 
multivariate hazard regression model (Table 3). 
In the univariate analysis, lymph node involve-
ment, TNM stage and LOX protein level were 
significantly associated with poorer OS in 
NSCLC patients. In the multivariate analysis, 
LOX protein level, together with lymph node 
involvement, TNM stage was an independent 
prognostic factor for OS in NSCLC.

Discussion

Experimental evidences point at LOX as a 
potential target for cancer therapy [7, 12, 13]. 
However, the role of the extracellular matrix-
remodeling enzyme in solid tumor progression 
and survival is not fully understood. Therefore, 
the present work is an attempt to shed light 
into the involvement of LOX in NSCLC. With this 
purpose, we investigated the correlation 
between LOX expression in NSCLC and clinico-
pathological data. Moreover, we evaluated the 

Table 2. Correlation between LOX and MMP2/MMP9 protein in NSCLC tumor tissues
MMP2 expression rspearman P value MMP9 expression rspearman P value

Positive (n = 26) Negative (n = 4) Positive (n = 21) Negative (n = 9)
LOX expression
    Positive (n = 24) 23 1 0.539 0.002 19 5 0.400 0.028
    Negative (n = 6) 3 3 2 4

Figure 3. Kaplan-Meier survival curves of overall sur-
vival in NSCLC patients based on LOX expression. 
Patients with high LOX expression had poorer overall 
survival rate as compared to those with low LOX ex-
pression.
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correlation between LOX expression and ECM 
remodeling-associated MMP2/MMP9 expres-
sion and the prognostic value of LOX in NSCLC.

Recently, strong evidence has come forth for 
the role of LOX as a metastasis promoter [8]. In 
vivo and in vitro studies have shown that up-
regulation of LOX increased cancer cell inva-
sion and metastases in breast cancer [19] and 
colorectal cancer [12]. In addition to local 
effects on invasion, secreted LOX has been 
shown to accumulate within the lungs and to 
contribute to the formation of the premetastat-
ic niche by stimulating cross-linking collagen IV 
in the basement membrane and promoting the 
recruitment of bone marrow derived cells that 
stimulate angiogenesis [15]. In the present 
study, we showed an evident overexpression of 
LOX in NSCLC tumor tissues by qRT-PCR and 
IHC when compared to adjacent normal tis-
sues. Furthermore, analysis of the relationship 
between LOX protein expression in NSCLC tis-
sues and clinical characteristics of patients 
revealed that high LOX expression was signifi-
cantly correlated with prognosis-related fea-
tures, including tumor size, lymph node involve-
ment, and TNM stage. However, the impact of 
LOX in NSCLC is still unclear because decreased 
LOX expression has been reported to be with 
advancing tumor stage in patients with bron-
chogenic carcinoma. One possible explanation 
of this paradox may be the small sample size 
included in that study. Our findings are in accor-
dance to the work of other groups [20-23], 
which shown LOX is associated with tumor pro-
gression. Thus, it is likely that LOX may play a 
role in the development of NSCLC.

In order to evaluate the effect of LOX expres-
sion on the prognosis of the patients with 

NSCLC, NSCLC tissues from patients with sur-
vival data were analyzed by IHC for LOX expres-
sion. The Kaplan-Meier analysis indicated that 
post-operative OS period of the LOX positive 
group was notably shorter than that of the neg-
ative group. Cox model univariate analysis and 
multivariate analysis proved that LOX high 
expression was an independent factor affect-
ing prognosis, which demonstrated our propos-
al that LOX plays an important role in NSCLC 
development and progression. The pro-tumor 
effect has also been found in esophageal squa-
mous cell carcinoma [24], gastric cancer [21] 
and oral and oropharyngeal squamous cell car-
cinoma [22] where LOX was shown to be an 
independent prognostic factor for OS. In con-
trast, previous publications also reported the 
anti-tumor activity of LOX in animal and in 
human cells [25, 26]. This paradox may be 
accounted for the existence of multiple forms 
of LOX proteins. Actually, LOX is synthesized as 
a 50-kD pro-enzyme, secreted into the extra-
cellular environment. The pro-enzyme is clea- 
ved extracellular by bone morphogenetic pro-
tein-1 (BMP-1) into the mature 32-kD LOX pro-
tein and an 18-kD pro-peptide (LOX-PP) [27]. 
Recent evidence indicates that it is not the 
mature LOX protein that suppresses the neo-
plastic transformation, but rather the LOX-PP 
[28, 29]. Further studies are required to investi-
gate the potential mechanism of LOX and LOX-
PP in the development of cancer.

ECM dysregulation and remodeling are essen-
tial for the progression of the neoplastic pro-
cess and are characteristics of solid tumor [14]. 
Thus, the identification of biomarkers that influ-
ence ECM dysregulation and remodeling is 
emergence as it may provides avenues for 

Table 3. Univariate analysis and multivariate analyses of prognostic factors for overall survival in 
NSCLC patients
Variable Category Univariate Multivariate

HR 95% CI P value HR 95% CI P value
LOX Positive/negative 1.890 1.101-3.244 0.021 1.886 1.066-3.337 0.029
Age >65 years/≤65 years 1.112 0.622-1.988 0.719 1.211 0.642-2.282 0.555
Gender Female/male 0.784 0.454-1.355 0.383 0.767 0.405-1.454 0.416
Pathological type ADC/SCC 1.337 0.772-2.313 0.300 1.252 0.698-2.247 0.451
Differentiation Moderate + Poor/well 1.251 0.736-2.128 0.409 1.682 0.876-3.230 0.118
Tumor size >3 cm/≤3 cm 1.380 0.825-2.307 0.220 1.166 0.670-2.028 0.587
Lymph node involvement Yes/No 2.422 1.442-4.065 0.001 2.609 1.488-4.574 0.001
TNM stage II+III/I 1.958 1.160-3.303 0.012 2.783 1.570-4.932 < 0.001
HR: hazard ratio; ADC: Adenocarcinoma; SCC: Squamous cell cancer.
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practical therapeutic intervention. The expres-
sion of LOX, an extracellular matrix-remodeling 
enzyme, was found to be significantly associat-
ed with MMP2/MMP9 expression in a variety of 
human cancers. Erler et al. have reported that 
the activation of MMP2 is strongly correlated 
with LOX expression in breast cancer [15]. It 
has also been shown that LOX secreted by 
hypoxic epithelial ovarian cancer cells may con-
tribute to cell migration and invasion by upregu-
lating the expression of MMP2 and MMP9 [20]. 
Similar conclusions have been drawn by Yang 
et al. in study of cervical cancer cells [30], 
which suggests inhibition the enzyme activity 
of LOX by β-aminopropionitrile reduces the 
expression of MMP9. Taken together, these 
results show that LOX may promotes ECM 
remodeling-associated MMP2 and MMP9 
expression in tumor. Although the direct mech-
anism between LOX and matrix metalloprotein-
ases has not yet been elucidated, our present 
study reported the correlation between LOX 
and MMP2/MMP9 for the first time. However, 
considering the complicated intracellular and 
extracellular function of LOX, the critical impor-
tance of LOX in ECM remodeling in tumor micro-
environment needs to be further explored.

In conclusion, our results indicate that LOX 
overexpression in NSCLC may play a pivotal 
role in tumor progression, and LOX expression 
was significantly correlated with both MMP2/
MMP9 and serves as an independent biomark-
er for poor survival. According to our results, 
LOX may be an important target for the therapy 
of NSCLC. Further investigations are necessary 
to clarify and understand the mechanisms of 
LOX in ECM remodeling in NSCLC.
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