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Objective: Head and neck cancer is the sixthmost common

cancer in worldwide with an increasing incidence rate in

recent years. LOXL4 is expressed in several tissues, and its

expression has been shown to display a significant correla-

tion with local lymph node metastasis. In this study, we

aimed to explore the LOXL4 expression level in metastatic

and non-metastatic LSCC tissues and to determine its

prognostic significance.

Study design: Basic science research study.

Setting: University hospital.

Participants: A total of 40 patients were included in the

study.

Main outcome measure: LOXL4 expression status in

metastatic, non-metastatic LSCC and normal tissue samples

was investigated by quantitative reverse-transcription PCR.

Results: We demonstrated that LOXL4 was significantly

overexpressed in LSCC tumour tissue samples in compar-

ison with the corresponding normal tissues (P < 0.001);

however, no significant relationship has been found between

LOXL4 expression and either the metastatic potential or the

T classification of the specimens.

Conclusions: Although expression of LOXL4 is not statis-

tically associated with neck metastases, we showed that

LOXL4 expression significantly increased in laryngeal

cancer.

Head and neck cancer is the sixth most common cancer in

worldwide with an increasing incidence rate in recent years.1

A total of 25% of all squamous cell carcinomas in the head

and neck region originate in the larynx, and 90–95% of

laryngeal cancers are squamous cell carcinomas.2,3 Incidence

of laryngeal squamous cell carcinoma (LSCC) ranges from 3

to 10 in 100.000, and almost 13.000 new cases are estimated

to occur annually in the USA4,5 alone. LSCC is mostly

diagnosed among people aged 55–75, and it causes 2.1% of

all cancer deaths worldwide.6,7

Histological grade, stage and lymph node status are used

as prognostic factors in LSCC, where the lymph node

involvement is considered as the most important prognostic

factor.8 Meanwhile, TNM staging and histological grade are

used when planning about appropriate treatment of LSCC.9

The most commonly used laryngeal cancer treatment

options are surgery, radiation therapy, chemotherapy or a

combination therapy.10–13 To reduce the recurrence rate of

LSCC in advanced-staged cases, surgical treatment is usually

followed by radiotherapy.14 The treatment outcome for

LSCC and the 5-year survival rates did not change much in

nearly past three decades although there have been signif-

icant improvements in diagnosis techniques and treatment

options. Therefore, novel and specific biomarkers for

prediction of LSCC prognosis and recurrence are still

needed.15 Moreover, the mechanisms of LSCC metastasis

are also mostly unknown, and there is an urgent need for

finding certain biomarkers whose differential expression is

associated with metastatic potential of tumour cells.16

LOXL4 is known to catalyse the oxidative deamination of

lysine residues in collagen and elastin, but its specific

mechanism of action still remains to be solved.17 LOXL4 is

expressed in several tissues, and its expression has been

shown to have a significant correlation with local lymph

node metastasis.18,19 Although there are studies about

LOXL4 in head and neck carcinomas, to the best of our

knowledge, there is no study in laryngeal carcinomas about

the role of LOXL4 expression.We, therefore, investigated the

expression levels of LOXL4 in malignant LSCC tissues and

their corresponding normal tissues to enlighten the role of
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the LOXL4 expression in LSCCs. We have also explored the

expression levels of LOXL4 in lymph node-positive speci-

mens and lymph node-negative specimens to look for

possible correlation of LOXL4 expression with lymph node

involvement in LSCC.

Materials and methods

Ethical considerations

This study has been approved by an institutional review

board of Istanbul University, Cerrahpasa Medical School.

Patients were included into the study upon giving their

written informed consent.

Tissue sample collection

Patients did not get radiotherapy, chemotherapy or

immunotherapy prior to the surgery. Clinico-pathological

features of patients including age, gender, histological stage,

tumour grade and metastasis status are summarized in

Table 1.

The percentage of tumour cells was at least 70% in all

tumour tissue samples, which were collected immediately

after the surgery, snap-frozen and kept in �80°C refriger-

ators until RNA isolation.

Tumour and normal tissue samples have been obtained

from patients who had total or partial laryngectomy oper-

ation in Department of Otorhinolaryngology, Cerrahpasa

Medical School, IstanbulUniversity. A total of 40 tumour (17

metastatic and 23 non-metastatic) and 19 corresponding

adjacent normal tissue samples (9 corresponding adjacent

normal larynx samples of metastatic tumours and 10

corresponding adjacent normal larynx samples of non-

metastatic tumours) were included in the study.

RNA isolation from tissue specimens

Total RNAs were isolated with TRIzol (Invitrogen, Carlsbad,

CA, USA) reagent following the manufacturer’s protocol.

The RNA samples were evaluated for integrity using

denaturing gel electrophoresis, and their purities and

concentrations were measured with NanoDrop ND-2000c

(Thermo Fisher Scientific, Inc., Wilmington, DE, USA).

Quantitative reverse-transcription PCR

About 1000 ng of RNA from each sample was reverse-

transcribed using TranscriptorHigh Fidelity cDNA synthesis

kit (Roche, Basel, Switzerland) following the manufacturer’s

instructions. Quantitative reverse-transcription PCR (qRT-

PCR) was performed using SYBR Green Master Mix of

Roche in a LightCycler480 real-time thermal cycler (Roche).

b-Actin was used for normalization. The reactions were

carried out as follows: initial denaturation (95°C for 5 min)

followed by 40 cycles of 95°C for 10 s, 60°C for 20 s and 72°C
for 25 s. Fluorescence measurement was performed at the

end of each cycle at 72°C. The primer sequences used for

qRT-PCR were as follows: LOXL4: forward 50-GTCTAA
TGGCTGGGGAGTCA-30, reverse 50-GTCACTGGGCTAT
GCTGCTT-30; ß-actin: forward 50-GCCTCGCCTTTGCCG

Table 1. Clinico-pathological information of the patients

Patient#

Age/

Gender

Histological

grade T classification Metastasis

1 75/M III T4 +
2 64/M III T3 +
3 63/M III T4 +
4 49/M III T4 +
5 56/M III T4 +
6 64/M III T1 +
7 53/M II T1 +
8 58/M III T4 +
9 54/M NA T2 +
10 69/M II T4 +
11 45/M III T3 +
12 56/M II T2 +
13 58/M III T3 +
14 65/F II T4 +
15 53/M III T4 +
16 61/M III T4 +
17 57/M II T4 +
18 67/M III T2 �
19 61/M III T2 �
20 62/M III T3 �
21 60/M II T3 �
22 53/M II T1 �
23 62/M III T3 �
24 45/M III T1 �
25 50/M II T4 �
26 66/M III T4 �
27 64/M NA T4 �
28 75/M II T2 �
29 72/M III T1 �
30 60/M II T4 �
31 55/M III T2 �
32 63/M II T3 �
33 78/M II T1 �
34 63/M NA T3 �
35 72/M II T4 �
36 61/M II T4 �
37 54/M III T4 �
38 51/M II T1 �
39 56/M II T1 �
40 57/M III T1 �

NA, not available.
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ATC-30, reverse 50-CCCACGATGGAGGGGAAG-30. Each
experiment was carried out in duplicate. The relative

quantification analysis was performed by delta–delta Ct

method as described previously.20

Statistical analysis

Expression data were plotted asmean � standard error, and

the statistical significances of results were evaluated using

Student’s t test. A ‘P’ value of 0.05 or below was accepted as

statistically significant.

Results

Forty laryngeal squamous cell carcinoma tumours (17

metastatic tumours, 23 non-metastatic tumours) obtained

from the patients whose diagnosis have been confirmed

histopathologically in Istanbul University, Cerrahpasa Med-

ical School, were included in this study. Expression status of

LOXL4 in laryngeal tumour samples in comparison with 19

corresponding tumour-adjacent normal laryngeal tissues

was investigated. Only one patient was female, and the mean

age of patients at the time of surgery was 60.18 � 7.86

(ranging from 45 to 75).

The expression status of LOXL4 in metastatic, non-

metastatic laryngeal tumour samples and the corresponding

normal tissues was evaluated using qRT-PCR. Results

revealed that the LOXL4 was strongly overexpressed in

LSCC tumour tissue samples compared to their correspond-

ing normal tissues. b-Actin was used for the normalization.

LOXL4 mRNA level in LSCC (n = 40) and normal tissues

(n = 19)was 253.13 � 48.72 and 23.03 � 7.29, respectively

(P < 0.0001). Figure 1a shows the relative expression levels

of LOXL4 in each tumour and normal tissue samples,

whereas Fig. 1b demonstrates the mean relative expression

of LSCC tumour and normal tissues. As a result, LOXL4 is

expressedmore than 10-folds in tumour tissues compared to

normal tissues.

As to the comparison of expression status of LOXL4 in

metastatic vs. non-metastatic tissue samples, LOXL4 level

tended to be lower in metastatic tumours as compared to

non-metastatic cancer, although the difference was not

statistically significant. Normalized to b-actin, mean relative

expression level of LOXL4 in metastatic LSCC tissues

(n = 17) and non-metastatic LSCC tissues (n = 23) was

213.22 � 55.24 and 282.62 � 74.16, respectively (P =
0.432). Figure 2a–b displays the relative expression status

for LOXL4 in metastatic and non-metastatic tissue samples.

Moreover, comparison of the tumour samples according

to their T classification did not result in any relationship

between LOXL4 expression levels and T stages. LOXL4 levels

in T1/T2 LSCC tissues (n = 15) and T3/T4 LSCC tissues

(n = 25) were 285.86 � 62.23 and 233.49 � 41.02, respec-

tively (P = 0.464). Figure 3a–b shows the relative expression

(a) (b)

Fig. 2. (a) Relative expression levels of LOXL4 in eachmetastatic andnon-metastatic tumour samples and (b)mean relative expression levels

LOXL4 in metastatic tumour samples as compared to non-metastatic tumour samples.

(a) (b)

Fig. 1. (a) Relative expression levels of LOXL4 in tumour and normal samples, and (B) mean relative expression levels of LOXL4 in tumour

samples as compared to normal samples.
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data for LOXL4 in LSCC tissue samples grouped as T1/T2

and T3/T4.

Discussion

LSCC is the most frequently diagnosed type of head and neck

squamous cell carcinoma (HNSCC). Although there have

been significant improvements in the diagnosis and thera-

peutic modalities for LSCC, the 5-year survival rate did not

improve much in more than three decades. In recent years,

increasing number of studies focused on developing novel

diagnostic and therapeutic approaches for detection and cure

of LSCC. Those studies particularly aimed to find new

molecular markers with high prognostic values. It is alleged

that discovery of new molecular markers, to diagnose the

cancer and detect the risk ofmetastasis as early as possible, will

allow facilitating the predicting of the tumour progression.21

As LOXL4 has been considered as a molecular marker for

HNSCC, we aimed to explore the LOXL4 expression in

laryngeal tumour and normal tissue samples.18 We also

compared the expression levels of LOXL4 in metastatic and

non-metastatic tumour samples or T1/T2 and T3/T4

tumour samples to find an expression signature that could

be used to distinguish both types of tumour groups.

Lysyl oxidase (LOX) family members play crucial roles as

cofactors for several key molecules that maintain the

extracellular matrix.22 Among them, LOXL4 gene has been

associated with pathogenesis of several tumour types.23 Its

overexpression has been shown previously in HNSCC

compared to normal squamous cells.22 In a recent study,

LOXL4 has been demonstrated to be upregulated in gastric

cancer tissues compared to their corresponding adjacent

normal tissues. Overexpression of LOXL4 has been signif-

icantly associated with tumour size, tumour invasion, lymph

node metastasis, T stages of tumours and poorer overall

survival. Its overexpression has been shown to enhance

proliferative, migratory and invasive potential of gastric

cancer cells in vitro. Furthermore, functional studies demon-

strated that LOXL4 is involved in cellular adhesion through

activation of FAK/Src pathway.24 LOXL4, having specific

domains on the cell surfaces for its catalytic activity, displays

an important function in the cell adhesion and in the

interactions of tumour cells with their extracellular matrix.25

Besides, LOXL4 has been demonstrated to correlate with

lymph node metastases and increased tumour stages in the

HNSCC patients.25

This study suggests that the LOXL4 may have important

implications towards understanding of LSCC carcinogene-

sis. The clinical inference is that measurement and moni-

toring of LOXL4 may be valuable in the management of

patients with LSCC in the future. Although our results

provided valuable findings, the present study has some

limitations. Our study population is comprised of relatively

small population, which necessitates further studies with

larger patient groups for confirmation of these results and

understanding of the exact mechanisms underlying differ-

ential expression of LOXL4 in LSCC. Moreover, we could

not investigate LOXL4 expression in the protein level, which

is needed for identification of LOXL4 as a new candidate

biomarker for LSCC. Furthermore, we did not explore the

functional roles of LOXL4 both in vitro and in vivo. The

patho-physiologic potential of LOXL4 in relation to LSCC

carcinogenesis needs to be enlightened in further functional

studies.

Conclusion

All in all, although we detected no meaningful correlation of

LOXL4 expression with nodal status in laryngeal cancer,

LOXL4 expression still may be a helpful marker of lymph

node involvement. Also, we propose that LOXL4 can be a

suitable detector as a circulating tumour cell’s marker and

facilitate the detection of metastasis risk in early time with

further studies.

(a) (b)

Fig. 3. (a) Relative expression levels of LOXL4 in each T1/T2 and T3/T4 tumour samples and (b) mean relative expression levels LOXL4 in

T1/T2 tumour samples as compared to T3/T4 tumour samples.
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Keypoints

• LSCC is the most frequently diagnosed type of head

and neck squamous cell carcinoma.

• The 5-year survival rate of LSCC didn’t improve much

in more than three decades.

• LOXL4 was significantly upregulated in LSCC tumors

compared to normal larynx tissues.

• No significant relationship was found between LOXL4

level and metastatic potential.
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