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PAK4 expression is associated with the prognosis
in non-small cell lung cancer
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Abstract

This study attempted to determine the expression of p21-activated kinase 4 (PAK4) in non-small cell lung cancer (NSCLC) tiss@
and the normal lung tissues. The correlation between PAK4 expression and prognosis of NSCLC patients was also evaluated
in the present study. The expression level of PAK4 was measured by high-performance liquid chromatography method. Chi-
square test was adopted to explore the relationship of PAK4 expression and clinical features. Kaplan-Meier survival curves were
plotted to delineate the overall survival rate of NSCLC patients. Cox regression analysis was performed to evaluate the prognostic
significance of PAK4 expression in NSCLC. The PAK4 expression in NSCLC tissue samples was significantly higher than that in
normal lung tissues (P<0.001) and shared significant correlation with Eastern Cooperative Oncology Group score, histological
type, and distant metastasis (P<0.05). Survival curve revealed that NSCLC patients with high PAK4 expression had relatively
higher mortality than those with low PAK4 expression (P = .001). Cox regression analysis explained that PAK4 expression was
associated with the prognosis of NSCLC patients (P = .024; HR, 3.104; 95% CI, 1.164-8.278). In a word, PAK4 was highly
expressed in NSCLC tissues and could act as a prognostic factor for NSCLC patients.
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1. Introduction

Lung cancer is one of the most frequent malignant diseases
and currently is one of the leading causes of cancer-related
deaths all over the world."3l The incidence and mortality
are increasing every year because of environmental pollution
and cigarette abuse.” Non-small cell lung cancer (NSCLC) is
the capital type of lung cancer, which accounts for more than
85% of lung cancer cases.’”l Most NSCLC patients are diag-
nosed as advanced stage, which is considered to be a crucial
reason for short survival of NSCLC patients.”®*! Treatments
for NSCLC patients are mainly surgical resection, chemo-
therapy, and radiotherapy.!'!"l Despite advances in the treat-
ments, there has been little improvement in the survival of
NSCLC patients over the past three decades. And more than
60% patients suffer distant metastasis or local recurrence of
NSCLC after treatments.!'?! Thus, it is urgently needed to find
novel, sensitive biomarkers for early diagnosis and prognosis
of NSCLC patients.

The p21-activated kinase (PAK) family of serine/threonine
kinases are key signaling proteins that play important roles in
many cellular processes, including cell signaling, cytoskeletal
organization, cell proliferation, migration, and survival.['3-!5]
Based on homology, six PAKs are identified and classified
into 2 groups: group I (PAK1-3) and group II (PAK4-6).1'6-18I
p21-activated kinase 4 (PAK4) is the most divergent member
of PAK family and locates at 19q13.2-13.3.1%21 PAK4 is first
identified as an effector protein for Rho GTPase Cdc42.2! The
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overexpression of PAK4 has been identified in various can-
cers, such as breast cancer, gastric cancer, pancreatic cancer,
and ovarian cancer.?>?! Moreover, a relationship between the
overexpression of PAK4 and poor prognosis of ovarian can-
cer patients has been proved.*! Furthermore, previous studies
have explored the role of PAK1 in squamous NSCLC cells and
demonstrated that PAK1 was required for proliferation of squa-
mous NSCLC cells.?! However, until now, there is no report on
the association between PAK4 and NSCLC.

In this study, we aimed to investigate the expression of PAK4
in NSCLC and estimate the role of PAK4 in the prognosis of
NSCLC patients.

2. Materials and Methods

2.1. Patients and specimens

The cancer tissue samples were obtained from 75 NSCLC
patients in Anqing Hospital Affiliated to Medical University of
Anhui. All the patients were diagnosed with NSCLC through
histologically and cytologically examinations by 2 experienced
pathologists. None of the patients received any antitumor
treatments before tissue collection, and they received standard
treatments by the same medical team in the hospital. Normal
lung tissues (n = 31) as controls were collected from patients
who were treated with pulmonectomy for benign pulmonary
disease. The tissue specimens used for PAK4 detection were
Ct-guided/bronchoscopic-guided biopsy specimens. The cancer
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tissue specimens were with tumor contents more than 60%. The
case and controls were matched in age and gender. The present
study was approved by Ethics Committee of Anging Hospital
Affiliated to Medical University of Anhui and patients all signed
the informed consents in advance.

All the patients enrolled in a S-year follow-up investigation.
The patients whose deaths were not related to NSCLC would
be excluded from our study. The preoperative clinical character-
istics of the NSCLC patients were collected from their medical
records. There were 38 males and 37 females, and their mean
age was 63.25 +7.63 years. Forty-two patients had smoking his-
tory. After tissue collection, 32 patients received radiotherapy
or chemotherapy, whereas 43 patients were treated by surgery.
According to tumor node metastasis staging, 51 patients diag-
nosed with stages I-1I, and the rest 24 patients were confirmed
with stages III-IV. Histological examinations demonstrated
that 41 patients were diagnosed with adenocarcinoma, and 34
patients were diagnosed with squamous cell carcinoma. Distant
metastasis was observed in 36 patients. The NSCLC patients’
general well-being and activities of daily life were quantified
by Eastern Cooperative Oncology Group (ECOG) score. The
scoring system runs from 0 to 5, with 0 denoting perfect health
and S death. The patients with ECOG score no more than 2
means that they could take care themselves. Among the included
NSCLC patients, 29 cases exhibited ECOG scores no more than
2, while 46 patients had ECOG score more than 2. The detailed
clinical information of the NSCLC patients was summarized in

Table 1.

2.2. High-performance liquid chromatography

The high-performance liquid chromatography method was
adopted to detect the protein expression level of PAK4. Five-
gram tissue sample (prier to treatments) was weighed and
homogenized with the addition of 20-mL methyl cyanide. Then,
the homogenate was centrifuged at 4000 r/min for 15 minutes.
Supernatant was collected and then dried by a rotary evapora-
tor, followed by resolution with 1-mL mobile phase. Kromasil
C,; column (250 x4.6 mm, 5 pm) was used, and the column tem-
perature was maintained at 30 °C. The mobile phase consisted
of methyl cyanide and water (pH = 2.5) (v:v = 83:17). The flow
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rate was 1 mL/min, and the detection wavelength was 280 nm.
PAK4 protein of 0.05g was weighed and dissolved in a 10-mL
volumetric flask by mobile phase and prepared for standard
solution. Every sample had 3 repetitions, and the final result
was average value of the 3.

2.3. Statistical analysis

All data were analyzed by SPSS 18.0 (SPSS Inc, IL). The relation-
ship between PAK4 expression and clinical characteristics was
analyzed by Chi-square test. Overall survival of NSCLC patients
was described by Kaplan-Meier method. The Cox regression
was conducted to evaluate the relevance between PAK4 expres-
sion and prognosis of NSCLC patients. P < .05 was considered
as statistically significant.

3. Results

3.1. Increased expression of PAK4 in NSCLC samples

The expression of PAK4 was firstly examined by high-perfor-
mance liquid chromatography in 75 NSCLC samples and 31
normal lung tissue samples. The concentration of PAK4 in
NSCLC tissues was 69.03+12.71, while that in the normal lung
tissues was 24.84 +6.15. The expression level of PAK4 was sig-
nificantly higher in NSCLC than that in the normal lung tissues
(Fig. 1; P < .001), indicating that abnormal PAK4 expression
might be associated with NSCLC pathogenesis.

3.2. The association of PAK4 expression with
clinicopathological characteristics of NSCLC patients

To further address the association between PAK4 expression
and NSCLC, several clinical factors of NSCLC were analyzed.
All NSCLC samples were manually divided into 2 groups: the
high expression group with the PAK4 concentration of more
than 76.01, and the others belonged to the low group. The
statistical analysis revealed that high expression of PAK4 was
tightly related to ECOG score, histological type, and distant
metastasis (Table 1; P < .05). However, there was no statistical

Relationship between PAK4 expression and clinical characteristics.

Expression
Characteristics Case no. High Low a Pvalue
Sex
Male 38 25 13 0.455 .500
Female 37 27 10
Smoking
Yes 42 30 12 0.197 .657
No 33 22 11
Treatment
Radio- or chemotherapy 32 24 8 0.843 .359
Surgery 43 28 15
ECOG score
<2 29 16 13 4.459 .035
>2 46 36 10
TNM stage
=l 51 29 21 155
=V 24 18 6
Histological type
Adenocarcinoma 4 33 8 5.292 .021
Squamous cell carcinoma 34 19 15
Distant metastasis
Yes 36 29 7 4101 .043
No 39 23 16

ECOG = Eastern Cooperative Oncology Group, PAK4 = p21-activated kinase 4, TNM = tumor node metastasis.
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Figure 1. PAK4 expression in NSCLC tissues and the normal tissues was
assayed by HPLC, respectively. The results were presented as mean + SD.
PAK4 was highly expressed in NSCLC tissues compared to the normal lung
tissues (P < .001). HPLC = high-performance liquid chromatography, NSCLC
= non-small cell lung cancer, PAK4 = p21-activated kinase 4, SD = XXX.

significance between PAK4 expression and sex, smoking, treat-
ment, or tumor node metastasis stage (Table 1; P > .05).

3.3. Upregulation of PAK4-predicted unfavorable prognosis
of NSCLC patients

Kaplan-Meier analysis was adopted to evaluate the effects of
PAK4 expression on the overall survival of NSCLC patients.
The survival curves displayed that the NSCLC patients with
high expression of PAK4 had shorter overall survival time than
those with low PAK4 expression (Fig. 2; P = .001). The over-
all 5-year survival rate of patients with high PAK4 expression
was 30.8% (16 out of 52), compared with 73.9% (17 out of
23) of patients with low PAK4 expression. Multivariate anal-
ysis demonstrated that PAK4 expression shared significant rel-
evance with prognosis of NSCLC patients (Table 2, P = .024;
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Figure 2. Kaplan-Meier curves showed the influence of PAK4 expression on
overall survival of NSCLC patients. The overall survival rate of NSCLC patients
with high PAK4 expression was significantly lower than those with low PAK4
expression (P = .001). NSCLC = non-small cell lung cancer, PAK4 = p21-ac-
tivated kinase 4.
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Multivariate analyses for clinical factors and PAK4 expression in
patients with NSCLC.

Characteristics Pvalue HR (95% ClI)

Sex 533 0.810 (0.418-1.571)
Smoking .396 0.749 (0.385-1.459)
Treatment 228 0.662 (0.338—1.296
Histological type 647 1.197 (0.555-2.581)
Distant metastasis 653 1.168 (0.593-2.302)
PAK4 expression 024 3.104 (1.164-8.278)

Cl = XXX, HR = XXX, NSCLC = non-small cell lung cancer, PAK4 = p21-activated kinase 4.

HR, 3.104; 95% CI, 1.164-8.278), suggesting that PAK4 could
be a candidate factor for prognosis of NSCLC patients.

4. Discussion

NSCLC is the most frequent lung cancer, and its most com-
mon 3 types are adenocarcinoma, squamous cell carcinoma,
and large cell anaplastic carcinoma. Although there are sev-
eral therapies, including surgery, radiotherapy, and chemo-
therapy, most NSCLC patients experience recurrence because
of the poor sensitivity to those treatments. The 5-year sur-
vival rate of NSCLC patients is low, and the prognosis is dis-
mal.l?”! Therefore, identification of novel molecular markers,
which could improve the diagnosis and prognosis stratifica-
tion and serve as possible therapy targets, is of great impor-
tance. In addition, several clinicopathological factors have
been found to relate with the risk of lung cancer, such as sex,
tumor stage and vascular invasion. However, the accuracy of
the markers is not sufficient, so finding a novel and specific
targeted gene for therapy and prognosis of NSCLC patients
is necessary.

Recently, the research on PAKs has become a hotpot in sev-
eral fields, including tumor occurrence, development, and metas-
tasis. PAK4, as an important member of PAK family, develops
a variety of biological effects, such as regulation of cell cycles,
cell growth, and cell apoptosis. Siu et al®’! showed that PAK4
regulated the cell proliferation in ovarian cancer. Moreover, it
has been reported that PAK4 participated in signal pathways of
tumor cells, functioning on proliferation, invasion, and metas-
tasis of tumor cells. Thus, PAK4 might be a novel target for
therapy and prognosis of tumors. Precious studies have demon-
strated that PAK4 was overexpressed in a variety of cancer cells,
and knockdown of PAK4 reduced the proliferation of various
cancer cells. For instance, Kimmelman et al® have confirmed
that PAK4 was overexpressed in pancreas cancer. Meanwhile,
Wong et all'*l have suggested that knockdown of PAK4 reduced
proliferation and migration of tumoral cells in breast cancer.
Minden!"®! proved that overexpression of PAK4 was observed
in breast cancer. However, we would like to know the role of
PAK4 in NSCLC.

The results of our study were in accordance with the above
observations. We found that the expression of PAK4 in NSCLC
tissues was higher than that in the normal lung tissues, suggest-
ing that PAK4 could be a predictive marker for the therapy and
prognosis of NSCLC. To our knowledge, this is the first time
to demonstrate the prognostic role of PAK4 in NSCLC. In the
present study, Chi-square test revealed that high expression of
PAK4 was related to ECOG score, histological type, and dis-
tant metastasis. ECOG score is frequently used to quantify can-
cer patients’ general well-being and activities of daily life, runs
from 1 to 5. High scores predict poor living status. Among the
included NSCLC patients, 69.2% patients with high expression
of PAK4 exhibited ECOG score more than 2, while only 43.5%
patients with low PAK4 expression high expression had ECOG
score more than 5.
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High expression of PAK4 predicted poor living status of
NSCLC patients. The following survival outcome proved that
the overall survival rate of patients with high PAK4 expression
was significantly lower than those with low PAK4 expression.
Multivariate analysis delineated that overexpression of PAK4
was correlated with poor prognosis of NSCLC patients after
adjusted to the potential confusing factors, indicating that PAK4
might be an independent prognostic factor for NSCLC patients.

The rapid and uncontrolled growth of cancer cells is primar-
ily due to the development of apoptotic resistance and enhanced
cell-cycle progression.?®! Studies have demonstrated that PAK4
can regulate the cell-cycle progression of cancer cells through
several signal pathways. Tyagi et al”®! have illustrated that PAK4
regulated the proliferation and survival of pancreatic cancer
through the NF-kB pathway. Fu et al®% have identified that
PAK4 functioned on cisplatin resistance in gastric cancer cells
by PI3K/Akt- and MEK/ERK-dependent pathways. Besides, Siu
et al®! have confirmed that PAK4 induced ovarian cancer cell
proliferation via Pak4/c-Src/EGFR pathway. Based on the previ-
ous reports, we can further investigate the mechanism of PAK4
on the progression of NSCLC and provide novel possible ther-
apy for the diagnosis and treatment of NSCLC patients.

Despite the encouraging results, some limitations in current
study should be stated. Firstly, the sample size was relatively
small that might influence the statistical power of our results.
Secondly, the molecular mechanisms of PAK4 in NSCLC had
not been explored in our study. Finally, the association between
PAK4 expression and other prognostic and diagnostic mark-
ers in NSCLC was not analyzed. The combined application of
PAK4 with other biomarkers might improve the clinical values
of these parameters. Therefore, further well-designed studies
with larger sample size are required to address the above issues.

Generally speaking, PAK4 was significantly overexpressed in
NSCLC, and statistical significance was found between PAK4
expression and clinicopathological features. Most importantly,
PAK4 could serve as a novel independent biomarker in NSCLC
patients.
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