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Background: Based on both biological and clinical perspectives, lung cancer is a diverse disease with varied
histological subtypes. At present, molecular-targeted drugs have broad application prospects in lung cancer
clinical therapy. Here, we explored the expression profile of PDZ-binding kinase (PBK) in lung cancer along
with its prognostic potential.

Methods: We employed the Oncomine web resource to explore the differential expression of PBK in LC
tissues. Additionally, the prognostic capacity of PBK in lung cancer was explored via the Kaplan-Meier
Plotter web resource.

Results: Overall, 80 studies documented remarkable differences in the expression of PBK in tumor
tissue and healthy control tissue. In all studies, 63 studies showed that PBK was upregulated and 17 studies
demonstrated that PBK was downregulated. Of the 80 studies, 63 studies showed an increase in PBK
expression in diverse kinds of tumor tissues including the following: bladder cancer, gastric cancer, brain
and CNS cancer, cervical cancer, esophageal cancer, head and neck cancer, liver cancer, breast cancer, lung
cancer, colorectal cancer, lymphoma, ovarian cancer, pancreatic cancer, prostate cancer, sarcoma and others.
In addition, PBK expression was increased in 774 lung cancer tissues (P<0.05). Kaplan-Meier Plotter web
resource analysis, revealed that PBK levels were negatively linked to the total survival period of individuals
with lung cancer (P<0.05). Subgroup evaluations demonstrated that the prognostic significance of PBK was
more obvious in individuals with lung adenocarcinoma. In lung cancer categorized by gender, level I-IIT
differentiation, and stage 1 and stage 3 of clinical staging, the survival advantage of the PBK high-expression
group was remarkably lower than that of the low-expression group lung cancer patients (P<0.05).
Conclusions: PBK is an oncogene that is markedly upregulated in lung cancer tissues, and it is correlated

with poor prognosis. PBK can be employed as a target in the design of new drugs for lung cancer treatment.
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Introduction cancers in 2020, and approximately 1% to 4% of cancer
deaths are caused by LC (2). LC is comprised of two
primary subtypes, namely, small-cell lung cancer (SCLC)
rates of lung cancer (L.C) remain some of the highest (1). and non-small cell lung cancer (NSCLC). NSCLC can
It is estimated that LC will account for 12% of all global be further categorized into three histologic subtypes:

Among all malignant tumors, the morbidity and mortality

© Translational Cancer Research. All rights reserved. Transl Cancer Res 2021;10(5):2036-2043 | http://dx.doi.org/10.21037/tcr-20-3435


https://crossmark.crossref.org/dialog/?doi=10.21037/tcr-20-3435

Translational Cancer Research, Vol 10, No 5 May 2021

squamous-cell carcinoma (SCC), adenocarcinoma (AC) and
large-cell lung carcinoma (LCC) (3). Usually, the symptoms
of LC are not obvious until the disease enters the advanced
stage, and most patients have metastatic or locally advanced
diseases at diagnosis (4). These factors are responsible for
the dismal prognosis of treatment for individuals with LC.

At present, molecular-targeted drugs have been
shown to have broad application prospects in the clinical
treatment of lung cancer (5). PDZ-binding kinase (PBK)
encodes a serine/threonine protein kinase, which is
related to the bispecific mitogen-activated protein kinase
(MAPKK) family and participates in many cell processes,
such as proliferation, differentiation, transcription
regulation and development (6). Our study (7) found that
PBK, as a key gene related to the prognosis of LC, is
closely related to signal pathways such as cell proliferation,
immunity and angiogenesis (8), and has a good clinical
research prospect. Therefore, we speculate that PBK is
a critical participant in the progression of LC. Presently,
few reports have documented the relationship of LC with
PBK. Following the rapid development of big data as
well as high-throughput sequencing technology cancer-
related databases have been being widely used. Herein, we
explored the expression mode of PBK in LC along with
its potential in prognosis via the Oncomine as well as the
Kaplan-Meier Plotter web resources, respectively. We
provide a theoretical basis for validating the prospective
mechanism of LC development, with a view to discovering
new molecular targets for LC, yielding reference for the
design of new drugs, and improving the efficacy as well
as the quality of life of individuals with LC. Approval
was waived by the local ethics committee, as Oncomine
database and Kaplan-Meier plotter database are publicly
available and de-identified.

We present the following article in accordance with
the MDAR reporting checklist (available at http://dx.doi.
org/10.21037/tcr-20-3435).

Methods
Data acquisition and screening

We employed the Oncomine database (https://www.
oncomine.org//resource//login) to filter existing data as
follows: (I) gene: PBK; (II) cancer type: lung cancer; (I1I)
data type: all; (IV) analysis type: cancer vs. normal analysis;
(V) P value <0.001, fold change >2, gene rank = top 10%.
Significant difference was set at P<0.05.
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Kaplan-Meier Plotter database survival analysis

The survival analysis data of individuals with LC was
retrieved through the Kaplan-Meier Plotter database
(http://kmplot.com/analysis/): (I) type of cancer: lung
cancer; (II) gene: PBK; (III) split patients by auto select
best cutoff; (IV) survival: OS. P<0.05 signified a significant
difference.

The study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013).

Statistical analysis

Survival curve is generated by Kaplan-Meier plots. The
results generated in Oncomine showed P values, fold
changes and grades. The results of Kaplan-Meier plot
showed that HR and P<0.05 were considered to be
statistically significant.

Results
Expression of PBK in different tumors

Through the retrieval of the Oncomine web resource, we
obtained 291 studies on the expression differences of PBK
in different tumor types. PBK expression was remarkably
different between the tumor and healthy tissues in 80 studies;
of those 80, PBKs were upregulated in 63 studies, while they
were downregulated in 17 studies. As indicated in Figure 1,
downregulated PBK was documented in breast cancer
(n=1), leukemia (n=5), leukemia (n=1) and others (n=6).
Upregulated PBK was documented in head and neck cancer
(n=3), brain and CNS cancer (n=6), breast cancer (n=12),
cervical cancer (n=2), colorectal cancer (n=2), esophageal
cancer (n=2), gastric cancer (n=5), liver cancer (n=3), lung
cancer (n=8), lymphoma (n=4), sarcoma (n=9), ovarian cancer
(n=3), pancreatic cancer (n=1), prostate cancer (n=3), bladder
cancer (n=2), and others (n=3) (Figure I).

Expression pattern of PBK in lung cancer tissue

There were seven studies on the analysis of expression
differences between PBK in lung cancer tissues and healthy
tissues including 774 samples. These seven studies were
performed by Hou (9), Garber (10), Su (11), Landi (12),
Selamat (13), Wachi (14) and Okayama (15). Meta-analysis
results showed an upward adjustment in PBK expression in
LC tissues relative to healthy tissues (median rank =752.0,
P=5.53E-11) (Figure 2).
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Figure 1 Differential expressions of PBK in tumors. PBK, PDZ
binding kinase.

Difference expression of PBK in microarrays of lung cancer

In the seven microarray data of Hou (9), Garber (10),
Su (11), Landi (12), Selamat (13), Wachi (14) and Okayama (15),
the PBK level in the LC tissue is remarkably higher than it
is in healthy tissue (P<.05) (Figure 3).

Potential value of PBK in the prognosis of lung cancer

Survival analysis on the basis of the Kaplan-Meier Plotter
was conducted to determine the prognostic potential of PBK
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in LC. Differential PBK expression levels in individuals with
LC were significantly correlated with prognosis. The data
demonstrate that the expression level of PBK is inversely
linked to the total survival period of individuals with LC.
Patients with LC with high PBK expression have a poor
survival period (P<0.01). The subgroup analysis was as
follows: (I) In terms of histological classification, PBK was
linked to the survival period of AC patients (P<0.01), and
there was no correlation with SCC (P=0.12). (I) From the
perspective of the patient's sex, the survival period of the
female and male low-expressed group was remarkably higher
in contrast with that of the high-expression group, with P
values 1.4e-10 and 3.3e-12, respectively (3). Subgroup analysis
by differentiated grades showed that the survival period of the
PBK low-expression group was remarkably higher in contrast
with that of the high-expression group in grade I, II and III
LC with P values 0.04, 0.00023 and 0.00073, respectively (4).
In terms of clinical stage, the survival time of PBK in the
low-expression group was significantly higher than that of the
high-expression group in stage 1 and stage 3 lung cancer, and
P-values were 2.1e-05 min and 0.03, respectively. There was
no remarkable difference in survival between low- and high-
expressed groups of stage 2 lung cancer (P=0.23). There is
still a lack of data on the difference in survival between PBK
low- and high-expression groups in stage 4 LC (Figure 4).

Discussion

CancerSEA (16), the first dedicated database that aims to
comprehensively explore distinct functional states of cancer
cells at the single-cell level. CancerSEA shows that the
functional status of PBK is mainly concentrated in invasion,
proliferation, EMT; cell cycle, DNA damage, DNA repair
(P<0.001). These functions are very important in the
occurrence and development of tumors. It has been found
that PBK is rarely expressed in healthy tissues except in
fetuses and germ cells but is highly transient in numerous
cancers (17). The high expression of PBK (also known
as MAPKK-like protein kinase) is related to the invasive
phenotype of multiple cancers (18,19). These attribute make
PBK a prospective molecular target for cancer diagnosis as
well as targeted treatment (20).

Currently, PBK is attracting researcher attention given the
increasing amount of research evidence demonstrating that it
has a pivotal role in carcinogenesis as well as metastasis. Xu
et al. (21) have shown that in many tumors, the expression
of PBK is often upgraded, which is significantly related to
the patient's low survival rate. Dou e a/. (22) found that
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Figure 2 Expression pattern of PBK in lung cancer tissues in the Oncomine database. PBK, PDZ binding kinase.

atorvastatin or vanilla transferase I inhibitor GGTI-298
inhibits breast cancer cell proliferation by inactivated YAP
signals and lowering PBK. Ohashi et /. (23) found that
PBK serves as a carcinogen by overexpression in esophageal
squamous cell carcinoma, which represses cell proliferation
and infiltration when PBK/TOPK is downregulated. Kwon
et al. (24) verified by real-time fluorescence quantitative
reverse transcription-polymerase chain reaction evaluation
that among the differentially expressed genes studied, the
upregulated expression of proteasome P 8 as well as PBK
can enhance the migration along with the infiltration of
gastric cancer cells and can act as effective biosignatures for
diagnosing patients with dismal prognosis.

Given the small number of single research samples and a
certain degree of systemic bias, the Oncomine web resource
emerged. The Oncomine web resource is presently the
world's most extensive oncogene chip web resource as well
as integrated data mining platform. The Oncomine web
resource integrates RNA-seq along with the DNA-seq
data from the Cancer Genome Atlas (TCGA) as well as the
Gene Expression Omnibus (GEO) and published literature
to explore differential expression in cancer and healthy
tissues (8). The database not only helps researchers to carry
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out data mining but also has the function of secondary
analysis, which has made a great contribution to the search
and functional analysis of tumor differential genes.

This study employed independent data sets from the
Oncomine database and Kaplan-Meier plotter databases
to detect the expression levels of PBK and prognostic
landscape in lung cancer. Here, we used Oncomine web
resource to explore the differential expression of PBK in
different tumor tissues. In 80 studies documenting the
marked difference in PBK expression, 63 studies reported
upregulated PBK in various kinds of tumor tissues,
including bladder cancer, head and neck cancer, brain and
CNS cancer, colorectal cancer, gastric cancer, liver cancer,
lung cancer, lymphoma, ovarian cancer, Esophageal cancer,
cervical cancer, pancreatic cancer, breast cancer, prostate
cancer, and sarcoma. In addition, upregulation of PBK was
found in 774 individuals with LC, constituting AC, SCC
and LCC. The prognostic value of PBK in LC was analyzed
through the Kaplan-Meier Plotter web platform. Our study
found that the expression level of PBK was negatively linked
to the overall survival of LC. The increased expression
of PBK indicates a poor prognosis. Subgroup assessment
showed that the prognostic significance of PBK was more
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Figure 3 Differential expressions of PBK in lung cancer microarrays. PBK, PDZ binding kinase.
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Figure 4 Prognostic potential of PBK in lung cancer. (A) Lung cancer; (B-a) lung adenocarcinoma; (B-b) lung squamous cell carcinoma; (C-a) female;(C-b) male; (D-a) grade I; (D-b) grade II; (D-c) grade III; (E-a) stage 1; (E-b) stage 2; (E-c) stage 3. PBK, PDZ binding kinase. Black line indicates low

expression, red line indicates high expression.
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significant in patients with lung adenocarcinoma. In regards
to gender, grade I-III differentiation, and clinical stages 1
and 3, the survival advantage of the PBK high-expression
group was remarkably lower than that of the low-expression
group. Nevertheless, there was no significant difference in
the expression of PBK in stage 2 lung cancer. Because of the
lack of expression data in stage 4 lung cancer, it is necessary
to expand further the sample size for research and analysis.

In summary, this study explored the expression trend
as well as prognostic ability of PBK in patients with LC
via the Oncomine as well as Kaplan-Meier Plotter web
resources. We found that PBK expression is upregulated
in individuals with LC, while the high expression of PBK
is disadvantageous to the OS of LC. Our conclusions may
provide a new way to explore the mechanism of LC, to
develop biomarkers for diagnosis or prognosis and to target
drugs. It should also be emphasized that there are still some
limitations in this study. First, the heterogeneity between
studies cannot be ignored. Second, in some studies, a small
sample size may have led to deviation. Third, since all data
are only from the Oncomine database, the conclusions may
be limited. We will, moreover, validate the role of PBK
in LC through cytological as well as animal model studies
in the later stage and analyze the clinical and pathological
correlation between PBK expression and LC.
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