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LOX expression in primary nasopharyngeal carcinoma: correlation
with prognostic parameters and outcome
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ABSTRACT

Lysyl oxidase (LOX) is an extracellular matrix-remodeling enzyme that plays
important roles in tumor development and progression. To evaluate the prognostic
value of LOX levels in primary nasopharyngeal carcinoma, we performed an
immunohistochemical analysis using 233 tissue biopsy specimens from as many
patients. We found that the extent of immunohistochemical LOX staining correlated
inversely with the clinicopathological features and survival. High LOX expression
correlated with decreases in 5-year survival, overall survival, distant metastasis-free
survival and disease-free survival (p < 0.05). Cox regression analysis confirmed
that LOX was a significant prognostic indicator of increased risk of 5-year mortality
for all patients (hazard ratio [HR], 1.670; 95% confidence interval [95% CI],
1.033-2.701 [p < .005]). Higher LOX expression was also an independent predictor
of poor prognosis in patients with nasopharyngeal carcinoma. These findings suggest
LOX may be a new biomarker predictive of NPC prognosis and may also be a useful

treatment target.

INTRODUCTION

Lysyl oxidase (LOX) is a copper-dependent amine
oxidase and the most studied member of a five-protein
family that includes LOX and four LOX-like proteins
(LOXL1-4) [1]. LOX functions in part extracellularly,
catalyzing the covalent cross-linkage of collagen and
elastin fibers within the extracellular matrix. LOX also
acts intracellularly to increase cell differentiation/motility,
adhesion and migration, as well as gene transcription [2—-5].

Aberrant LOX expression and activity has been
observed in various cancerous tissues and neoplastic cell
lines [6]. As a component of the extracellular matrix that
enhances cell motility and migration, LOX could play
a key role in tumor development and progression [7].
Several studies have shown that LOX transcription is
increased in tumors of the breast, central nervous system,
and head and neck, among others, as well as in various
cancer cell lines [7—11]. However, the contribution made
by LOX to the progression of nasopharyngeal carcinoma

(NPC) has not been examined previously. In the present
study, therefore, we assessed LOX expression in a cohort
of patients with NPC to determine its association with
survival.

RESULTS

Patient characteristics

Among the 233 patients studied, 173 (74.2%)
were male, and the median age was 46.27 years (range,
17—-76 years). Thirty-nine tumors (16.7%) were diagnosed
as non-keratinizing differentiated carcinoma (NKDC), 188
(80.7%) as non-keratinizing undifferentiated carcinoma
(NKUC), and 5 (2.1%) as keratinizing squamous cell
carcinoma (KSCC). Seventy patients (30.0%) were stage I or
IT, and 167 patients (70.0%) were stage III or IV. The median
follow-up time was 71.60 months (range, 6115 months).
During the follow-up period, 69 (29.6%) patients died and
77 (33.0%) experienced disease progression. Of the 77
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patients experiencing progression, 42 developed distant
metastasis, 26 developed local-regional relapse, and 9
experienced both distant metastasis and relapse. The detailed
clinical information is summarized in Table 1.

Different patterns of LOX expression in NPC

LOX expression was assessed in all 233 NPC
cases studied. The protein was localized predominantly
in the cytoplasm and nucleus of tumor cells. High LOX
expression was observed in 89 (38.20%) tumors. Of these,
21 cases had a score of 6, 38 cases had a score of 5 and

30 cases had a score of 4 (Figure 1). The associations
between clinicopathological factors and LOX expression
are summarized in Table 2.

Survival analysis and prognostic significance of
LOX expression

The results showed that patients strongly expressing
LOX had lower overall survival (61.44% vs. 76.88%,
p = 0.011), distant metastasis-free survival (62.12% vs.
75.66%, p = 0.013) and disease-free survival (62.12%
vs. 74.95%, p = 0.011) rates than those only weakly

Figure 1: Expression of LOX in primary nasopharyngeal carcinoma (IHC staining) Strong expression. (a) magnification,
x200; (A) magnification, x400; Moderate expression: (b) magnification, X200; (B) magnification, x400; Weak expression: (¢) magnification,
x200; (C) magnification, x400; Negative: (d) magnification, x200; (D) magnification, X400.
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Table 1: Characteristics of nasopharyngeal carcinoma patients (n = 233)

Characteristic NPC patients: n (%)

Gender

Female 60 (25.8%)

Male 173 (74.2%)
Age

Median (range) 46.27 (17-76)

Mean + SD 46.10 (11.0)
Clinical stage

I-I 70 (30.0%)

-1v 163 (70.0%)
T classification

T1+T2 101 (43.3%)

T3 +T4 132 (56.7%)
N classification

No 67 (28.8%)

N1 +N2+N3 166 (71.2%)
Progression

Yes 77 (33.0%)

No 156 (67.0%)
Death

Yes 69 (29.6%)

No 164 (70.4%)
WHO histological classification

NKUC 188 (80.7%)

NKDC 39 (16.7%)

KSCC 5(2.1%)
Missing 1 (0.4%)

SD, standard deviation; WHO, World Health Organization; NKUC, nonkeratinizing undifferentiated carcinoma; NKDC,
non-keratinizing differentiated carcinoma; KSCC, keratinizing squamous cell carcinoma.

expressing low LOX Figure 2 (Table 3). Kaplan-Meier
analysis also showed that age, T, N, clinical stage and
LOX expression significantly affected survival (p < 0.05;
Table 4). Cox multiple regression analysis showed that
age, clinical stage and LOX expression are independent
factors affecting survival (Table 4).

DISCUSSION

NPC is a common malignancy in southern China.
Radiotherapy has proven to be an effective treatment of
both primary and recurrent NPC, and the TNM stage is
still the most frequently used tool for determining the
prognosis of patients with NPC. This classification system
takes into account the extension of tumor invasion (T),
the involvement of lymph nodes (N) and the presence of
distant metastases (M). In the present study, univariate
analysis showed that age, extent of invasion, involvement

of lymph nodes and TNM stage are all associated with
prognosis, which was consistent with the results of earlier
studies [12, 13].

Our focus was on the role of LOX expression
in NPC. We showed that high LOX expression was
significantly associated with a low 5-year survival rate and
low disease-free survival. We further demonstrated that
LOX is an independent prognostic factor in primary NPC.
These results are consistent with other studies of head and
neck cancers and oral cancer. They are also consistent
with a study of oropharyngeal squamous cell carcinoma
(OSCC), in which LOX expression was shown to be an
independent prognostic biomarker predictive of lymph
node metastasis [2].

As they grow, solid tumors establish a patho-
physiologic microenvironment characterized by an
irregular microvascular network and regions of hypoxia
[14]. LOX staining was mainly in the cytoplasm and
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Table 2: Correlation between expression of LOX and clinicopathological parameters of NPC

. . Expression of LOX
Clinicopathological parameters - - - P value
Low expression (144) High expression (89)
Gender 0.759
Female 36 24
Male 108 65
Age
<46 74 39 0.282
>46 70 50
T classification 0.893
T1-2 63 38
T34 81 51
N classification 0.883
No 42 25
NI1-3 102 64
Clinical stage 1.000
-1 43 27
HI-1v 101 62
WHO histological classification 0.132
NKUC 121 67
NKDC 21 18
KSCC 1
Missing 1 0
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Figure 2: Overall survival curve, distant metastasis-free and disease-free survival curve according to LOX expression.
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Table 3: Correlation of LOX expression with the prognosis of patients with NPC

LOX expression Chi square
5-Year rate - P value
high (%) low (%)
LRCR 93.77 95.37 1.204 0.273
DMFS 62.12 75.66 6.190 0.013
DFS 62.12 74.95 6.464 0.011
OS 61.44 76.68 6.543 0.011

Table 4: Univariate and multivariate Cox regression analyses of predictors of overall survival

Variable R Cl1 (95%) P

Univariate analysis (n = 233)

Age 2.200 1.325-3.652 0.002
Gender 0.641 0.351-1.172 0.149
T stage (T1-2/T3-4) 2.300 1.355-3.903 0.002
N stage (NO/N1-3) 2414 1.267-4.601 0.007
Clinical stage (I-1/I11-1V) 2.958 1.512-5.786 0.002
Lox (low/high) 1.825 1.138-2.927 0.013
WHO histological classification 1.075 0.643-1.797 0.784
Multivariate analysis (n = 233)

Age 2.115 1.271-3.519 0.004
Clinical stage (I-1I/I1I-1V) 1.783 1.108-2.868 0.017
Lox (low/high) 3.159 1.612-6.191 0.001

HR, hazard ratio; 95% CI, 95% confidence interval; LOX, lysyl oxidase.

nucleus of NPC cells. It was previously shown that
extracellular LOX is able to enter the cytosol of smooth
muscle cells and then concentrate in the nucleus of
through an unknown mechanism [15]. The heterogeneous
distributions of LOX staining we observed in some
specimens may reflect the effect of hypoxia, whereas the
more homogeneous distribution is likely due to regulatory
factors other than hypoxia. LOX reportedly modifies the
tumor microenvironment to enhance cancer invasion and
metastasis [16, 17]. As a copper-dependent amine oxidase,
LOX catalyzes collagen and elastin cross-linking within
the extracellular matrix [3]. This stabilizes these fibrous
proteins and increases the stiffness of the matrix, which, in
the microenvironment of tumors, was recently recognized
to be an important determinant of tumor latency and
malignancy [6, 18]. This is particularly noteworthy as
LOX may also act intracellularly to enhance cell motility
and migration [3, 6, 19, 20].

High LOX expression is reportedly associated
with an increased recurrence rate and decreased overall
survival in breast cancer, prostatic cancer, renal cell cancer,
head and neck squamous cell cancer and gastric cancer
[2, 9, 18]. In breast cancer, LOX appears to facilitate cancer
cell migration and adhesion through hydrogen peroxide-
mediated regulation of FAK/Src signaling [8, 21]. We also
found that NPC patients with high LOX expression had a
poorer prognosis as indicated lower rates of overall survival,

distant metastasis-free survival and disease-free survival.
Notably, however, there was no significant correlation
between LOX expression and local-regional recurrence.
Still, these results suggest that LOX could potentially serve
clinically as one of several biomarkers of NPC prognosis.

There is some controversy concerning the biological
relevance of LOX to the molecular pathogenesis of
invasive carcinomas. Consistent with LOX playing an
important role is the finding that its expression is increased
in several types of malignant tumors as well as various
cancer cell lines [7-11]. On the other hand, LOX appears
to act as a tumor suppressor in human osteosarcoma and
NPC cell lines [22, 23], and decreased LOX activity
was noted in fibrosarcoma, rhabdomyosarcoma and
choriocarcinoma cell lines [20]. The reasons for the
contradictory results obtained for LOX in various
cancers is likely multifactorial. For example, changes
in gene expression patterns observed in vitro must be
interpreted with caution when applied in vivo. In addition,
LOX expression may vary during the different stages of
transformation as the molecular environment of the tumor
changes in the different tissue types [2].

In conclusion, the results of our study suggest that
high LOX expression is associated with tumor progression
and a poor prognosis in patients with primary NPC. They
also suggest LOX may be a new biomarker predictive of
NPC prognosis and may also be a useful treatment target.
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MATERIALS AND METHODS

Tissue specimens were obtained from pathological
biopsies of 233 consecutive patients with primary NPC
at Sun Yat-sen University Cancer Center between 2000
and 2001. The specimens were collected according
to a protocol approved by the Research Medical
Ethics Committee of Sun Yat-Sen University Cancer
Center. The cases were selected based on the following
criteria: pathologically confirmed diagnosis of NPC
with biopsy specimens available for tissue microarray
(TMA) construction; no previous malignant disease or
second primary tumor; and no history of radiotherapy,
chemotherapy or surgical treatment. The pathologic
stage and linear extent of invasion for each specimen
were determined by a panel of three pathologists. The
patient characteristics are shown in Table 1. Tumors were
restaged using the seventh edition of the American Joint
Committee on Cancer Staging manual. All patients were
treated with standard curative radiotherapy with or without
chemotherapy. All patients underwent radiotherapy using
a two-dimensional technique. The accumulated radiation
dose to the primary tumor was 68—70 Gy. The metastatic
lymph node-positive and lymph node-negative neck
tissues received radiotherapy to a total dose of 60—62 Gy
and 50 Gy, respectively. The follow-up period was defined
as the time from diagnosis to the date of death or to the
time of censure if the patient was still alive.

Disease progression was defined as death,
progressive disease after primary treatment or recurrence
(local progression) and/or the development of new distant
metastases (distant progression).

Tissue microarray construction

Tumor tissues were fixed in formalin and embedded
in paraffin in a tissue microarray (TMA) conformation
(Beecher Instruments, Silver Spring, MD). Two cylindrical
cores with diameters of 1.0 mm were removed from each
donor paraffin block and transferred to premolded recipient
paraffin blocks at defined array positions. Recipient paraffin
blocks contained holes of appropriate size in a grid pattern
that was maximally 11 holes wide by 14 holes long, allowing
for 154 tissue cores per block. This construction design
permitted multiple blocks with identical array patterns to
be constructed simultaneously, serially sectioned at 5 pm,
placed onto “charged” glass slides, and stored at 4°C.

Immunohistochemistry (IHC) and evaluation

IHC was performed to examine LOX expression in
NPC tissues using a primary LOX antibody (NB100—-2530)
(1:200 dilution; Novus Biologicals, USA). The IHC results
were evaluated and scored independently by three pathologists
without knowledge of the patients’ clinicopathological
outcomes. A semi-quantitative estimate was made using

a composite score obtained by adding the intensity of the
staining and the relative abundance of positive cells. Staining
intensity was graded as 0 (negative), 1 (weakly positive), 2
(moderately positive) or 3 (strongly positive). The abundance
of positive cells was graded from 0 to 3 (0, no positive cells;
1, 1-10%; 2, 11-50%; 3, 51—-100%). The two individual
parameters were added, resulting in an immunoreactivity score
(IRS) ranging from 0 to 6.

The immunohistochemical cut-off for high expression
of LOX was determined through receiver operating
characteristic (ROC) curve analysis. The sensitivity and
specificity for discriminating death and survival was
plotted for each IHC score, thereby generating a ROC
curve. The cut-off value was established as the point on the
ROC curve where the sum of the sensitivity and specificity
was maximized. We defined cases with IRS > 4 as high
expression and cases with IRS <4 as low expression.

For the Kaplan-Meier survival analysis, a composite
score greater than the median value was considered high
expression, and a composite score less than or equal to the
median value was considered low expression.

Statistical analysis

Statistical analysis was performed using SPSS 18.0
statistical software (Chicago, IL, USA). The last follow-
up date was 20 April 2012. The locoregional control rate
(LRCR), disease-free survival (DFS), distant metastasis-free
survival (DMFS) and overall survival (OS) were calculated
using the Kaplan-Meier method. Durations were calculated
from the date of treatment to the date of event occurrence
or date of last follow-up. The y? test was used to evaluate
the relationship between LOX expression and clinical and
pathological features. Univariate correlates were determined
using the log-rank test. Multivariate analysis was performed
using the Cox proportional hazards model. Values of
p <0.05 were considered statistically significant.

ACKNOWLEDGMENTS AND FUNDING

This study was supported by the National Natural
Science Foundation of China (No: 81425018, 81072226
and 81201629), the 863 Project (No: 2012AA02A501),
the National Key Basic Research Program of China
(No: 2013CB910304), the Special Support Plan of
Guangdong Province (No.2014TX01R145), the Sci-Tech
Project Foundation of Guangdong Province (No:
2014A020212103, 2011B080701034 and 2011B031800161),
the Sci-Tech Project Foundation of Guangzhou City (No:
2011J4300100), the Health and Medical Collaborative
Innovation Project of Guangzhou City (No. 20140000
0001),the National Science and Technology Pillar
Program during the Twelfth Five-year Plan Period
(No0.2014BAI09B10), the Sun Yat-sen University Clinical
Research 5010 Program and the Fundamental Research
Funds for the Central Universities.

www.impactjournals.com/oncotarget

8206

Oncotarget



CONFLICTS OF INTEREST

None.

REFERENCES

10.

I1.

12.

. Panchenko MV, Stetler-Stevenson WG, Trubetskoy OV,

Gacheru SN, Kagan HM. Metalloproteinase activity
secreted by fibrogenic cells in the processing of prolysyl
oxidase. Potential role of procollagen C-proteinase. The J
Biol Chem. 1996; 271:7113-7119.

Albinger-Hegyi A, Stoeckli SJ, Schmid S, Storz M,
Iotzova G, Probst-Hensch NM, Rehrauer H, Tinguely M,
Moch H, Hegyi I. Lysyl oxidase expression is an independent
marker of prognosis and a predictor of lymph node metastasis
in oral and oropharyngeal squamous cell carcinoma (OSCC).
Int J Cancer. 2010; 126:2653-2662.

Kagan HM, Li W. Lysyl oxidase: properties, specificity,
and biological roles inside and outside of the cell. J Cell
Biochem. 2003; 88:660-672.

Kagan HM, Trackman PC. Properties and function of lysyl
oxidase. Am J Respir Cell Mol Biol. 1991; 5:206-210.
Molnar J, Fong KS, He QP, Hayashi K, Kim Y, Fong SF,
Fogelgren B, Szauter KM, Mink M, Csiszar K. Structural
and functional diversity of lysyl oxidase and the LOX-like
proteins. Biochim Biophys Acta. 2003; 1647:220-224.

Payne SL, Hendrix MJ, Kirschmann DA. Paradoxical roles
for lysyl oxidases in cancer—a prospect. J Cell Biochem.
2007; 101:1338-1354.

Wilgus ML, Borczuk AC, Stoopler M, Ginsburg M,
Gorenstein L, Sonett JR, Powell CA. Lysyl oxidase: a
lung adenocarcinoma biomarker of invasion and survival.
Cancer. 2011; 117:2186-2191.

Erler JT, Bennewith KL, Nicolau M, Dornhofer N, Kong C,
Le QT, Chi JT, Jeffrey SS, Giaccia AJ. Lysyl oxidase is
essential for hypoxia-induced metastasis. Nature. 2006;
440:1222-1226.

Lapointe J, Li C, Higgins JP, van de Rijn M, Bair E,
Montgomery K, Ferrari M, Egevad L, Rayford W,
Bergerheim U, Ekman P, DeMarzo AM, Tibshirani R, , et
al. Gene expression profiling identifies clinically relevant
subtypes of prostate cancer. Proc Natl Acad Sci U S A. 2004;
101:811-816.

Stassar MJ, Devitt G, Brosius M, Rinnab L, Prang J,
Schradin T, Simon J, Petersen S, Kopp-Schneider A,
Zoller M. Identification of human renal cell carcinoma
associated genes by suppression subtractive hybridization.
Br J Cancer. 2001; 85:1372—-1382.

Weise JB, Rudolph P, Heiser A, Kruse ML, Hedderich J,
Cordes C, Hoffmann M, Brant O, Ambrosch P, Csiszar K,
Gorogh T. LOXL4 is a selectively expressed candidate
diagnostic antigen in head and neck cancer. Eur J Cancer.
2008; 44:1323-1331.

Tatsumi-Tamori A, Yoshizaki T, Miwa T, Furukawa M.
Clinical evaluation of staging system for nasopharyngeal

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

carcinoma: comparison of fourth and fifth editions of UICC
TNM classification. Ann Otol Rhinol Laryngol. 2000;
109:1125-1129.

Kalogera-Fountzila A, Karanikolas D, Katodritis N,
Samantas E, Sarafopoulos A, Ikonomou I, Zamboglou N,
Tselis N, Dimitriadis AS, Fountzilas G, Ajcc. Prognostic
factors and significance of the revised 6th edition of the AJCC
classification in patients with locally advanced nasopharyngeal
carcinoma. Strahlenther Onkol. 2006; 182:458-466.

Bertout JA, Patel SA, Simon MC. The impact of O2 availability
on human cancer. Nat Rev Cancer. 2008; 8:967-975.

Li W, Nellaiappan K, Strassmaier T, Graham L,
Thomas KM, Kagan HM. Localization and activity of lysyl
oxidase within nuclei of fibrogenic cells. Proc Natl Acad Sci
USA. 1997; 94:12817-12822.

Levental KR, Yu H, Kass L, Lakins JN, Egeblad M,
Erler JT, Fong SF, Csiszar K, Giaccia A, Weninger W,
Yamauchi M, Gasser DL, Weaver VM. Matrix crosslinking
forces tumor progression by enhancing integrin signaling.
Cell. 2009; 139:891-906.

Erler JT, Bennewith KL, Cox TR, Lang G, Bird D, Koong A,
Le QT, Giaccia AJ. Hypoxia-induced lysyl oxidase is a
critical mediator of bone marrow cell recruitment to form
the premetastatic niche. Cancer Cell. 2009; 15:35-44.

Cox TR, Bird D, Baker AM, Barker HE, Ho MW, Lang
G, Erler JT. LOX-mediated collagen crosslinking is
responsible for fibrosis-enhanced metastasis. Cancer Res.
2013; 73:1721-1732.

Zhang Q, Jin XS, Yang ZY, Wei M, Zhu XC, Wang P,
Liu BY, Gu QL. Upregulated expression of LOX is a novel
independent prognostic marker of worse outcome in gastric
cancer patients after curative surgery. Oncol Lett. 2013;
5:896-902.

JiF, Wang Y, Qiu L, Li S, Zhu J, Liang Z, Wan Y, Di W.
Hypoxia inducible factor lalpha-mediated LOX expression
correlates with migration and invasion in epithelial ovarian
cancer. Int J Oncol. 2013; 42:1578-1588.

Payne SL, Fogelgren B, Hess AR, Seftor EA, Wiley EL,
Fong SF, Csiszar K, Hendrix MJ and Kirschmann DA. Lysyl
oxidase regulates breast cancer cell migration and adhesion
through a hydrogen peroxide-mediated mechanism. Cancer
Res. 2005; 65:11429-11436.

Xu X, Wang B, Xu Y. Expression of lysyl oxidase in
human osteosarcoma and its clinical significance: a tumor
suppressive role of LOX in human osteosarcoma cells. Int J
Oncol. 2013; 43:1578-1586.

Sung FL, Cui Y, Hui EP, Li L, Loh TK, Tao Q, Chan AT.
Silencing of hypoxia-inducible tumor suppressor lysyl
oxidase gene by promoter methylation activates carbonic
anhydrase IX in nasopharyngeal carcinoma. Am J Cancer
Res. 2014; 4:789-800.

WWW

.impactjournals.com/oncotarget

8207

Oncotarget



