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Abstract: Paxillin (PXN) gene has been reported to act as an oncogene in many malignancies and play important
roles in the development of human carcinomas. However, the relationship between the expression of PXN and
clinicopathological characteristics in human laryngeal carcinoma remains unclear. This study aimed to examine the
expression of PXN, and to evaluate the clinical significance of its expression in human laryngeal squamous cell car-
cinoma (LSCC). Real-time quantitative PCR (qRT-PCR), Western blotting and immunohistochemistry were performed
to analyze the expression of PXN in LSCC tissues and corresponding paracancerous normal tissues. Kaplan-Meier
survival and Cox regression analyses were performed to evaluate the prognosis of patients with LSCC. The expres-
sion of PXN was significantly higher in LSCC than in matched paracancerous normal tissues. Immunohistochemical
analysis was performed in human LSCC samples and the data were correlated with clinicopathologic features.
Levels of PXN in LSCC were related to histopathological grade (P = 0.016), Lymph node metastasis (P = 0.029) and
TNM stage (P < 0.001). Kaplan-Meier analysis revealed that survival curves of the overall survival of patients with
high PXN expression was significantly worse than that of low PXN expression (P = 0.035). Cox regression analysis
revealed that PXN expression level was an independent prognostic factor of the overall survival rate of patients
with LSCC (P = 0.002). These findings suggest that PXN expression has potential use as a novel biomarker of LSCC
patients and may serve as an independent predictive factor for prognosis of LSCC patients.
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Introduction

Laryngeal cancer, one of the most common
malignancies in the head and neck region, is
the 11th most common cancer worldwide and
has a high mortality rate and a poor prognosis
[1]. Laryngeal squamous cell carcinomas
(LSCC) represent approximately 85 to 90% of
all the malignant tumors of the larynx [2]. Over
the recent years, the incidence rate of LSCC
has gradually increased; the invasion and
metastasis of LSCC are the main factors that
severely affect patients’ life quality and overall
survival [3]. Although great progress has been
achieved in the studies on LSCC, there are no
ideal markers for the decision of prognosis and
the guidance of treatment in patients of LSCC.
Therefore, it is urgent to develop novel and

valuable markers to distinguish patients with
poor prognosis or at high risk of early recur-
rence and guide chemotherapy and radio-
therapy.

Paxillin (PXN) is a focal adhesion-associated,
phosphotyrosine-containing 68-kDa adaptor
protein discovered in 1990 [4]. As with focal
adhesion signaling, paxillin phosphorylation
appears to play a critical role, which might con-
trol cell movement through the regulation of
adhesion dynamics [5]. And not only that, the
focal adhesion points also play an important
role in the regulation of cell motility because
they involve cycles of formation of cell adhesion
and cell spreading by disassembling the com-
ponents of cell adhesion [6]. In addition to a
role for focal adhesion, paxillin is essential for
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Figure 1. Expression PXN in LSCC tissues and adjacent non-tumor tissues. A. Western blot analysis of PXN proteins
expressed in six paired representative LSCC tissues and their matched adjacent non-tumor tissues. B-actin was
used as a control for equal loading (T: tumor tissues, N: non-tumor tissues). B. The relative mRNA level of PXN ex-
pression in LSCC tissues compared to paired adjacent non-tumor tissues (n = 18) assessed by real time quantitative
RT-PCR after normalizing to B-actin. C. Relative PXN protein expression levels was significantly increased in 18 of
24 LSCC tissues compared with the corresponding adjacent non-tumor tissues (P = 0.00018). D. The mean relative
expression of mRNA level of PXN in LSCC tissues compared to paired adjacent normal tissues (P = 0.0155).

adhesion-mediated activation of ERK [7], and
ERK phosphorylation of paxillin then increases
the association of focal adhesion kinase (FAK)
with paxillin to potentiate motility and cell
spreading. Increased cell spreading contrib-
utes to an increased cell migration and inva-
siveness [8]. Interestingly, paxillin have all been
linked to malignant progression through both
tissue microarray and histologic analyses. As
yet paxillin mutations and changes in protein
expression are also associated with alterations
in a variety of invasive or metastatic cancers [9]
,jincluding breast [10, 11], lung [12-14], pros-
tate [15], melanoma [16], ovarian cancer [17]
and colorectal cancer [18]. However, the
expression and function of PXN and its correla-
tions with clinical parameters and influence on
prognosis of LSCC have still remained poorly
understood.
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In this study, we examined the expression lev-
els of PXN in LSCC tissues and matched para-
cancerous normal tissues by qRT-PCR, western
blotting and immunohistochemistry. In addi-
tion, to explore the exact role of PXN in LSCC, it
is important to further study the role of PXN in
the pathogenesis of LSCC and understand the
clinical significances of PXN in LSCC.

Material and methods
Patients and clinical tissue specimens

A total of 84 paraffin-embedded LSCC tissue
samples and 18 corresponding adjacent non-
tumorous tissue samples were obtained from
84 patients and collected from the archives of
the People’s Hospital of Liaocheng. These
patients who had not been performed radio-
therapy, chemotherapy or immunotherapy be-
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Figure 2. Representative images of the PXN protein expression in LSCC tis-
sues and their corresponding adjacent non-tumor tissues were detected
via immunohistochemical staining. A. Negative staining of PXN in adjacent
non-tumor tissues, scored as PXN (-); B. Weak staining of PXN in well-dif-
ferentiated LSCC tissues, scored as PXN (+); C. Strong staining of PXN in
moderate-differentiated LSCC tissues, scored as PXN (++); D. Strong stain-
ing of PXN in poor-differentiated LSCC tissues, scored as PXN (+++). Original

maghnification: 200x.

fore the surgery were all retrospectively ana-
lyzed from January 2006 to December 2008. In
addition, fresh cancer specimens and corre-
sponding paracancerous normal tissues be-
tween 2012 and 2014 were also kept in liquid
nitrogen and sectioned for protein and RNA
extraction. According to the International Union
against Cancer Tumor-Node-Metastasis stag-
ing system, all tumors were also clinically clas-
sified as supraglottic, glottic, and subglottic,
and were histologically graded as well, moder-
ately, and poorly differentiated. The relevant
clinical reports of patients during 5-year follow-
up were obtained with prior patient consent
and the approval by the Ethics Committee of
the People’s Hospital of Liaocheng.

Real-time quantitative PCR

Total RNA was extracted from tissues lysate
using a Trizol kit (Invitrogen, Carlsbad, CA).
Omniscript RT kit 50 (QIAGEN) was used for the
complementary DNA (cDNA) synthesis following
the manufacturer’s instruction. The amplifica-
tion of cDNA by PCR was carried out in a total
volume of 25 pL containing 1 puL of cDNA, 12.5
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uL of 2 x Fast Eva Green™
gPCR Master Mix (Biotium
Inc, Hayward, CA), 1 pL prim-
ers (10 mM), and 10.5 pL
of RNase/DNase-free water.
The reaction was heated in a
thermocycle for 2 min at
96°C and then submitted to
40 cycles of amplification.
The conditions of amplifica-
tion were 15sat 96°C,and 1
min at 60°C. The Ct val-
ue comparison method was
used in this study to evaluate
the mRNA expression level.
The Ct values were defined as
referring to the number of
cycles when the fluorescence
signal reached the set thresh-
old in each reaction tube. The
B-actin was used as the inter-
nal reference gene. The rela-
tive expression levels of PXN
were calculated by the Ct val-
ues using a 2%t quantifica-
tion method. The primers as
follows: PXN forward: 5’-ACG-
TCTACAGCTTCCCCAACAA-3’; PXN reverse: 5™-
AGCAGGCGGTCGAGTTCA-3'.

Western blot

Matched tumor tissues and the adjacent non-
tumor tissues were lysed in RIPA lysis buffer
(Sigma Vetec, USA). After centrifugation at
12,000 rpm for 20 min, the supernatant was
collected for determination of total protein con-
centration by DC-protein assay method to
maintain the same loads. Protein samples were
electrophoretically separated on a 12% SDS-
PAGE, and transferred to a PVDF membrane.
The membrane was blocked with 5% non-fat
dry milk in TBST buffer and incubated with a
rabbit anti-human Paxillin polyclonal antibody
(1:500, Santa Cruz Biotechnology, Santa Cruz,
CA, USA) at 4°C overnight. The membranes
were washed three times with TBST buffer for 5
minutes, and further incubated with HRP-
conjugated secondary antibody (1:5000) at
room temperature for 2 h. The proteins were
detected by ECL and exposed to X-ray film. The
densities of protein bands were analyzed using
NIH image software.
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Table 1. Relationship between PXN expression level and

clinicopathologic parameters of LSCC

phate-buffered saline (PBS) three
times for 10 min each time and then

incubated with rabbit anti-human

Characteristics All cases PXN expression  P-value e ;

Low High Paxillin polyc!onal antibody (1:100,
(n=36) (n=48) Santa Cruz Biotechnology, Inc, USA)
for 24 h at 4°C. The sections were

Gender 0.350 ) .

Male 56 26 30 r.|nsed with pho§phate-buffer§d sa-
line (PBS) three times for 10 min, and
Female 28 10 18 then incubated overnight at 4°C with

Age (years) 0.312 HRP-conjugated secondary antibody.
<55 39 19 20 After washing in PBS, the visualiza-
255 45 17 28 tion signal was developed with 3,

Alcohol consumption 0.067 3’-diaminobenzidine (DAB) solution,
Yes 44 23 21 and all sections were counterstained
No 40 13 27 with hematoxylin.

Smoking consumption 0.847 The PXN immunopositivity was semi-
Yes 50 21 29 quantitatively classified into five score
No 34 15 19 groups: score 0, 0-5%: score 1, >

Tumor Location 0.159 5-25%; score 2, > 26-50%; score 3, >
Superaglottic 34 11 23 51-75%; and score 4, > 75-100% posi-
Glottic 46 24 22 tive tumor cells. Intensity was graded
Subglottic 4 1 3 as 0 (no staining), 1 (weak staining), 2

Tumor size (cm) 0.180 (moderate staining), or 3 (strong
<25 35 18 17 staining). The final score was calcu-
525 19 18 31 lated as a sgm tqtal score.of central

Histological differentiation 0.016* parts and invasive marginal front.

’ Based on our standard, the final score
Well/moderate 53 28 25 was: 0, negative (-); 1-4, weakly posi-
Poor 31 8 23 tive (+); 5-8, moderately positive (++)

Lymph node metastasis 0.029* or 9-12, strongly positive (+++).
Negative 71 34 37
Positive 13 2 11 Statistical analysis

Invasive depth 0.529 All statistical analyses were carried
T1/12 43 17 26 out by using a statistical software
T3/T4 41 19 22 package (SPSS17.0, Chicago, IL). The

TNM stage <0.001 chi-square test was used to analyze
-l 37 25 12 the relationship between PXN expres-
1-1v 47 11 36 sion and clinicopathological charac-

*P-value < 0.05 was considered statistically significant.

Immunohistochemistry

For immunohistochemical staining, paraffin
sections were cut serially at 4 um, dried for 50
min at 60°C and incubated overnight at 37°C.
Sections were dewaxed with xylene and rehy-
drated through a graded alcohol series, and
then dipped into 0.3% H,0, for 10 min in meth-
anol to inactivate endogenous peroxidase.
Heat-induced epitope reparation was per-
formed in citrate buffer (pH 6.0) for 5 min in an
autoclave at 96°C. After cooling to room tem-
perature, the sections were rinsed with phos-

9235

teristics. Overall survival curves were

evaluated using the Kaplan-Meier

method and compared by the log-
rank test. The significance of various variables
for survival was analyzed by multivariate sur-
vival analysis using Cox proportional hazards
regression model. P-value less than 5 percent
were considered to be statistically significant
difference.

Results

Up-regulated expression of PXN gene in LSCC
tissues

Real-time RT-PCR was performed to reveal the
potential changes in the mRNA levels of PXN

Int J Clin Exp Pathol 2015;8(8):9232-9239
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Figure 3. Kaplan-Meier curves for overall survival in LSCC
patients grouped by immunohistochemical levels of PXN. Pa-
tients with higher PXN expression exhibit a significantly poorer
prognosis (x? = 4.433, P = 0.035) than those with lower PXN

expression.

expression in LSCC as well as its corresponding
paracancerous normal tissues, which showed
significant differences in gene expression
between the cancerous and paired adjacent
normal tissues (Figure 1D, P = 0.0155). The
expression of PXN in the cancerous tissue sig-
nificantly increased in 13 of 18 compared with
those in corresponding paracancerous normal
tissues (Figure 1B). The above results were fur-
ther confirmed by means of Western blot. We
examined protein expression of PXN in 24 LSCC
tissues and corresponding paracancerous nor-
mal tissues. As shown in Figure 1A, the PXN
protein expression was significantly upregulat-
ed in LSCC samples compared with that in
paracancerous normal tissues in 18 of 24
LSCC patients. Also the average PXN protein
level in 24 LSCC tissues was significantly high-
er than that in paracancerous normal tissues
(Figure 1C, P = 0.00018).

Immunohistochemical analysis of PXN expres-
sion in LSCC tissue samples

We investigated the expression of PXN in LSCC
by using immunohistochemical analysis. Up-
regulated PXN expression was detected in 48
of 84 (57.14%) LSCC tissues, however, only 6
cases of 18 corresponding adjacent non-tumor-
ous tissue samples (33.3%) showed PXN exp-
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ression. We found that positive staining
was mainly localized in the cytoplasm of
cancer tissues while strong staining was
hardly ever observed in the adjacent non-
cancerous tissue areas (Figure 2).

Correlations between the expression of
PXN and various clinicopathological char-
acteristics

We analyzed the relationships between
PXN expression levels in LSCC tissues and
the clinical data from 84 patients by the
Chi square analysis (Table 1). There were
no differences between gender, age, alco-
hol consumption, smoking consumption,
tumor Location and tumor size regarding
PXN expression, but PXN expression in
LSCC was positively correlated with histo-
logical differentiation, lymph node metas-
tasis, and TNM stage. Patients with higher
PXN expression had poor differentiation,
lymph node metastases, or more advanced

TNM stage, strongly supporting that PXN
can be considered as a new marker of poor

prognosis in human LSCC.

Association of PXN expression with clinical
outcome

The prognostic effect of PXN on the overall sur-
vival rate of LSCC patients was investigated by
comparing the 5-year survival rate of patients
with high or low levels of PXN expression in
tumors using Kaplan-Meier survival curves and
the log-rank test. According to the immunohis-
tochemical results of PXN staining in tumor
cells, LSCC patients were divided into two
groups including PXN low level expression (-~
+) group and PXN high level expression (++~
+++) group. The overall survival of patients with
high PXN expression was significantly worse
than that of low PXN expression (P = 0.035,
Figure 3). Furthermore, a multivariate analysis
confirmed the PXN expression, Lymph node
metastasis and TNM stage as independent pre-
dictors of the overall survival of LSCC patients
by a Cox proportional-hazard model (Table 2).

Discussion
Although several cutting edge treatment strate-

gies have been developed for LSCC, no treat-
ment could achieve a satisfactory therapeutic

Int J Clin Exp Pathol 2015;8(8):9232-9239
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Table 2. Univariate and multivariate analysis of prognostic factors in LSCC for overall survival

Univariate analysis

Multivariate analysis

Variables

HR 95% ClI P-value  HR 95% Cl P-value
PXN expression 2.748 1.224-4.061 0.006* 2572 1.056-3.861 0.002*
Gender (Male vs. Female) 1.969 1.024-2.316 0.582
Age (< 55 vs. > 55) 1.546 0.986-2.176 0.065
Alcohol consumption (Yes vs. No) 1.228 0.593-2.038 0.486
Smoking consumption (Yes vs. No) 0.964 0.495-1.698 0.078
Tumor Location (Superag]ottic vs. Glottic vs. Subglottic) 1.508 1.045-3.254 0.118
Tumor size (< 2.5 vs. > 2.5) 0.896 0.526-1.640 0.086
Histological differentiation (Well/moderate vs. Poor) 1.956 1.023-3.243 0.046* 1.450 0.516-2.356 0.479
Lymph node metastasis (Negative vs. Positive) 1.893 1.289-3.905 0.018* 1.345 0.912-4.129 0.013*
Invasive depth (T1/T2 vs. T3/T4) 1.378 0.855-1.897 0.022* 1.495 0.925-2.120 0.207
TNM stage (Il vs. llI-IV) 1.192 0.846-1.806 0.023* 1.163 0.875-2.062 0.006*

HR, hazard ratio; Cl, confidence interval; *P-value < 0.05 was considered statistically significant.

outcome and the mortality rate of LSCC is still
high [19]. Better understanding of molecular
mechanisms underlying proliferation, differen-
tiation, and overall survival of LSCC is crucial to
the development of optimal therapeutic strate-
gies. Nowadays, extensive researches are fo-
cused on the identification of useful biologic
and molecular markers in the diagnosis and
therapy of LSCC.

We previously showed that paxillin, a focal
adhesion associated protein, has been shown
to play an important role in controlling cell
migration [5, 20], proliferation [12] and apopto-
sis [21]. Our previous studies have demonstrat-
ed that paxillin expression varies among differ-
ent cancer types. Given its roles in cell adhe-
sion and migration, paxillin is thought to play an
important role in tumor migration, invasion,
and metastasis [22]. Previously, it was identi-
fied that overexpression of wild-type paxillin
promoted cell proliferation and enhanced
migration, invasive capacity and metastasis of
the colorectal cancer cells [23]. In human cervi-
cal cancer tissues, PXN overexpression may be
associated with cervical tumor metastasis [24].
Moreover, a recent report indicated that
increased expression of paxillin directly corre-
lates with HER2/3 receptor expression in both
aggressive breast cancer lines and grade Il
human breast tumors [25]. In another study, we
found that paxillin expression was closely cor-
related with the prognosis of non-small cell
lung carcinoma [26]. Similarly, paxillin upregula-
tion has been reported in metastatic renal car-
cinoma [27]. Furthermore, we also demon-
strate that PXN is a critical regulator of both
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androgen- and growth factor-mediated prolifer-
ation in prostate cancer cell lines by modulat-
ing ERK signaling and subsequent downstream
effects [28]. In this study, this result is consis-
tent with previous studies, the results of real-
time RT-PCR and western blot analysis indicat-
ed that PXN mRNA and protein expression was
higher in LSCC tissues than in paracancerous
normal tissues. Subsequently, we also evaluat-
ed strong cytoplasmic expression of PXN was
detected in 48 of 84 LSCC specimens by immu-
nohistochemistry analysis. This analysis reve-
aled higher PXN expression in the cytoplasm of
LSCC compared with matched tumor adjacent
normal tissues.

In the current research, we also demonstrate
that high cytoplasmic expression of PXN in
LSCC is correlated with histopathological
grade. Moreover, using immunohistochemistry
analysis, we evaluated whether the level of PXN
expression correlates with clinicopathological
parameters and the prognosis of LSCC patients,
which indicated PXN expression correlated with
lymph node metastasis and TNM stage.
Multivariate analysis further demonstrated
that PXN expression, lymph node metastasis
and TNM stage were also independent factors
of poor prognosis in patients with LSCC. These
data are in keeping with recent studies showing
that high PXN expression is independently
associated with poor survival in patients with
colorectal carcinoma [29]. Furthermore, the
relationship between PXN expression and clini-
cal survival was also investigated using a log-
rank test which compares the overall survival
time of patients as a function of PXN expres-

Int J Clin Exp Pathol 2015;8(8):9232-9239
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sion. Survival curve analysis showed patients
of PXN high expression group was significantly
shorter than those of PXN low expression
group. These results strongly support the
hypothesis that PXN can be considered as a
new marker of poor prognosis in human LSCC.
Additionally, paxillin is able to promote cell sur-
vival signaling through its direct interaction
with the pro-survival, proto-oncogene bcl-2
[30], which is known to function to prevent
apoptosis in the absence of cell adhesion in
both normal and cancerous cells, in part
through maintaining adhesion related signaling
through FAK [31, 32]. Thus, the involvement of
paxillin in regulating cell survival and apoptosis
suggests that it plays an essential role during
normal developmental processes and could
also provide a novel cellular target for cancer
therapeutics [33].

In conclusion, this study showed the first evi-
dences of the expression and clinical signifi-
cances of PXN in LSCC, suggesting that PXN
gene might involve in the development and pro-
gression of LSCC. Moreover, we have showed
that PXN served as both a potential negative
prognostic biomarker for clinical prognosis and
a promising molecular target for more selective
therapeutic treatment in LSCC. However, fur-
ther larger studies are still necessary for valida-
tion of our findings and an investigation of the
molecular mechanisms underlying the obser-
ved correlations.

Conclusions

These findings suggests that PXN expression
have potential use as novel biomarkers of LSCC
patients and may serve as an independent pre-
dictive factor for prognosis of LSCC patients.
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