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Abstract. Background/Aim: To investigate the impact of
PDZ-binding kinase (PBK) on the clinical outcome of patients
with oral squamous cell carcinoma (OSCC) who received
radiotherapy. Patients and Methods: PBK immunoreactivity
of cancer specimens obtained from 179 patients with primary
OSCC was analyzed by immunohistochemistry. Results: High
PBK expression in tumor cells tended to be associated with
advanced N-stage. The 5-year survival rate was greater for
patients with high total PBK expression than in those with low
PBK expression. After adjustment, high PBK remained
associated with a favorable outcome. In subgroups according
to tumor stage, the prognostic role was significant in patients
with stage III/IV rather than those with stage I/Il disease.
Conclusion: We suggest that PBK expression should be used
as an independent prognostic marker for patients with OSCC
treated with radiotherapy, especially for those with advanced-
stage disease.

Oral squamous cell carcinomas (OSCCs) are the most common
among all head and neck squamous cell cancers (1). In 2020,
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cancer of the lip and oral cavity accounted for more than
377,713 cases and 177,757 deaths worldwide (2). Individuals
from developing countries where there is higher number of risk
factors, such as smoking, betel nut chewing, and alcohol
consumption, are at an increased risk for developing OSCC. In
Taiwan, OSCC is the fourth common cancer type (approximate
incidence rate of 29 per 100,000 population and mortality of 32
per 100,000 population) and the second cancer type with the
fastest increasing incidence (3). The Surveillance,
Epidemiology, and End Results Cancer Statistics Review
reported that the 5-year relative survival rate patients with
locally advanced oral cavity and oropharyngeal cancer is 54.7%
whereas it is 82.5% for those with early-stage disease (4).
Many efforts have been made to identify biomarkers or
specific genes that might provide useful information for
clinical patient management. The complex pathogenesis of
oral cancer is driven by DNA-repair genes, tumor-suppressor
genes, and well-recognized factors, such as alcohol, betel nut
chewing, and viral infection (5, 6). PDZ-binding kinase
(PBK), also known as lymphokine-activated killer T-cell-
originated protein kinase, is a mitogen-activated protein
kinase kinase-like serine/threonine kinase that is involved in
cell-cycle regulation via a cyclin B1-dependent manner, and
in mitotic progression (7-9). PBK is found in proliferative
tissues, such as testis, fetal, and neuronal stem cells; studies
have found PBK overexpression in various malignancies,
such as leukemia, Burkitt’s lymphoma, breast cancer, and
lung cancer (10-13). PBK is up-regulated in tumors;
however, reports on the clinical significance of PBK are
lacking. Our previous research showed the unfavorable
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Table 1. Relationships between PDZ-binding kinase (PBK) expression and clinical parameters in 179 patients with oral squamous cell carcinoma

treated with radiotherapy.

PBK expression

Parameter Cases, n (%) Low High p-Value

Age, years Mean+SD 179 55.1£10.7 58.6+11.7 0.227

Gender, n (%) Female 27 (15.1) 21 (77.8) 6(22.2) 0.559
Male 152 (84.9) 110 (72.4) 42 (27.6)

Smoking, n (%) No 101 (56.4) 69 (68.3) 32 (31.7) 0.094
Yes 78 (43.6) 62 (79.5) 16 (20.5)

Betel quid chewing, n (%) No 141 (78.8) 101 (71.6) 40 (28.4) 0.366
Yes 38 (21.2) 30 (78.9) 8 (21.1)

Alcohol consumption, n (%) No 104 (58.1) 80 (76.9) 24 (23.1) 0.184
Yes 75 (41.9) 51 (68.0) 24 (32.0)

Differentiation, n (%) Well 16 (8.9) 14 (87.5) 2 (12.5) 0.383
Moderate 157 (87.7) 113 (72.0) 44 (28.0)
Poor 6(3.4) 4 (66.7) 2(33.3)

Stage, n (%) I+11 47 (26.3) 37 (78.7) 10 (21.3) 0.318
1+1V 132 (73.7) 94 (71.2) 38 (28.8)

T-Stage 14243 108 (60.3) 79 (73.1) 29 (26.9) 0.989
4 71 (39.7) 52 (73.2) 19 (26.8)

N-Stage 0 82 (45.8) 65 (79.3) 17 (20.7) 0.091
14243 97 (54.2) 66 (68.0) 31 (26.8)

PBK: PDZ-binding kinase.

clinical prognosis of patients with OSCC with low PBK
expression (14). Primary surgery and definitive radiation
therapy are treatment options for patients with early- and
advanced-stage OSCC (15). Combined modalities are
generally recommended for approximately 60% of patients
with locally or regionally advanced OSCC. In this study, we
further evaluated the clinical prognostic role of PBK in
patients with OSCC treated with radiotherapy.

Patients and Methods

Study subjects and ethics statement. In this retrospective study, tumor
tissues from a tissue bank of 179 patients with OSCC diagnosed
between 2000 and 2007 at Changhua Christian Hospital were
screened for this survey. Patients with history of other malignancies
or with missing clinical data were excluded. A total of 95 patients
died during this survey. Cancers were staged according to the
seventh edition of the American Joint Committee on Cancer Staging
Manual (16). Clinical data were obtained from medical records and
from the cancer registry. The survival time was defined as the
duration between pathologically proven disease and the end of
collection of available data or death. The Institutional Review Board
and the Ethics Committee of the Changhua Christian Hospital,
Changhua, Taiwan (Institutional Review Board No. 121008) gave
their approval as well as waived the consent for this study.

Immunohistochemistry staining of PBK expression in tumors.
Immunohistochemistry staining was performed at the Department
of Surgical Pathology, Changhua Christian Hospital, as previously
described (17, 18). Tissue microarray sections (4 um) of formalin-

2178

fixed, paraffin-embedded primary oral tumors were analyzed. The
sections were placed on coated slides, washed with xylene to
remove the paraffin, and rehydrated through serial dilutions of
alcohol, followed by washing with a solution of phosphate-buffered
saline (PBS, pH 7.2). Endogenous peroxidase activity was blocked
with 3% H,0,. Antigen retrieval was performed by boiling in citrate
buffer (10 mM) for 20 min. The antibody used was anti-human PBK
(PBK antibody, sc-136026, 1:150 dilution; Santa Cruz
Biotechnology, Dallas, TX, USA). After incubation with primary
antibody for 20 min at room temperature and thorough washing
(three times with PBS), the slides were incubated with a horseradish
peroxidase—Fab polymer conjugate for another 30 min. The sites of
peroxidase activity were visualized using 3,39-diamino-benzidine
tetrahydrochloride as the substrate and hematoxylin as the
counterstain. PBS was used instead of primary antibodies as a
negative control. Immunoreactivity was analyzed by pathologists
independently according to a previously described scoring system
(17, 19). Immunostaining scores were defined as the cell staining
intensity score (range from O to 3, representing no staining to strong
staining) multiplied by the percentage of stained cells (0-100%),
leading to scores from O to 300. The cut-off value for positivity
according to the PBK expression score was 50 which was the third
quartile of this study population.

Statistical analysis. Student t-test and chi-square test were applied
for continuous or discrete data analysis. Associations between PBK
score and prognosis were estimated using the Kaplan—Meier method
with log-rank test. Analysis of time-varying covariate showed no
statistical significance. Potential confounders were adjusted for by
Cox regression models, with PBK score fitted as indicator variable.
In the multivariate analysis, gender and stage were adjusted for. All
statistical analyses were conducted using the SPSS statistical
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Figure 1. Representative immunostaining showing low (A) and high (B) PDZ-binding kinase expression in oral squamous cell carcinoma specimens.

Original magnification, x100.
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Figure 2. Kaplan—Meier actuarial analysis of overall survival of patients

(PBK) expression (A) and PBK expression by stage (B).

software program (version 15.0) (SPSS, Inc., Chicago, IL, USA).
All statistical tests were two-sided, and p-values of less than 0.050
indicated statistical significance.

Results

Patient characteristics and the relationship between PBK
expression and clinical parameters. We evaluated 179
patients with OSCC treated with radiotherapy, and their
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with oral squamous cell carcinoma according to PDZ-binding kinase

clinicopathological characteristics are listed in Table I. The
representative immunostaining of PBK in OSCC specimens
are shown in Figure 1. The mean age+standard deviation was
56.0+£11.0 years, and the gender ratio (female:male) was
0.17:1.00. Notably, in this study population, the frequencies
of patients with risk factors for developing oral malignancy
(namely smoking, betel quid chewing, and alcohol
consumption) were relatively low (43.6%, 21.2%, and 41.9%,
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Table II. Univariate analysis of the influence of various parameters on the overall survival of patients with oral squamous cell carcinoma.

Overall survival

Parameter Category 5-Year (%) HR 95% CI p-Value
Age =57 vs. <57 Years 46.1 vs. 46.4 0.973 0.647-1.462 0.894
Gender Male vs. female 43.1 vs. 65.7 2019 1.013-4.026 0.046
Smoking Yes vs. no 50.1 vs. 433 0.826 0.548-1.246 0.362
Betel quid chewing Yes vs. no 572 vs.43.1 0.618 0.356-1.074 0.088
Alcohol consumption Yes vs. no 46.6 vs. 45.8 0.996 0.662-1.498 0.983
Stage HI+1V vs. I+11 394 vs. 653 2.404 1.401-4.123 0.001
PBK Low vs. high 41.6vs. 595 1.814 1.085-3.034 0.023

CI: Confidence interval; HR: hazard ratio; PBK: PDZ-binding kinase. Significant p-Values are shown in bold.

Table IlI. Multivariate analysis of the influence of various parameters on the overall survival of patients with oral squamous cell carcinoma.

Overall survival

Parameter Category Median, years HR* 95% CTI* p-Value*
Age =57 vs. <57 Years 50vs.40 0.992 0.655-1.504 0.970
Gender Male vs. female 3.7 vs. 88 1.965 0.985-3.920 0.055
Smoking Yes vs. no 58 vs.3.0 0.735 0.482-1.121 0.153
Betel quid chewing Yes vs. no 8.0 vs.3.7 0.544 0.312-0.950 0.032
Alcohol consumption Yes vs. no 42vs.39 0.881 0.582-1.333 0.548
Stage HI+IV vs. I+11 2.6 vs.>8.8 2371 1.382-4.068 0.002
PBK Low vs. high 3.5vs.>8.8 2.079 1.238-3.490 0.006

CI: Confidence interval; HR: hazard ratio; PBK: PDZ-binding kinase. *Adjusted for gender and stage. Significant p-Values are shown in bold.

respectively, Table I). A total of 47 patients were diagnosed
with early-stage tumors (stages I and II), whereas 132 patients
were diagnosed with advanced-stage tumors (stages III and
IV). No significant correlation was observed between PBK
expression and the different clinicopathological parameters,
namely, age, histological type, differentiation, lymph node
metastasis, and TNM stage (Table I).

Prognostic role of PBK expression in patients with OSCC with
radiotherapy. The mean and median survival times were 4.9
and 4.0 years, respectively, and the overall 5-year survival rate
was 46.2%. The 5-year survival rate and the median survival
time were analyzed based on multiple factors: Age, gender,
smoking, betel quid chewing, alcohol consumption, locally or
regionally advanced stage, and PBK expression (Tables II and
IIT). The Kaplan—Meier survival curves showed that overall
survival was significantly shorter in patients with low PBK
expression than in those with high PBK expression (Figure
2A). Similarly, univariate analysis showed that patients with
advanced-stage OSCC had a lower 5-year survival rate than
those with early-stage disease (stage III+IV vs. I+1I: 39.4% vs.
65.3%, p<0.001, Table IT). We evaluated the prognostic role of
PBK overexpression through a univariate analysis, and our
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results showed that the 5-year survival of patients with low
PBK expression was significantly shorter than that of patients
with high PBK expression [hazard ratio (HR)=1.814, 95%
confidence interval (CI)=1.085-3.034, p=0.023 for univariate
analysis, Table II]. Table III summarizes the results of
multivariate analysis with adjustment of clinicopathological
factors available in this study. Staging remained a significant
predictor for clinical outcome (HR=2.371, 95% CI=1.382-
4.068, p=0.002, Table III). Moreover, PBK expression was an
independent prognostic marker for radiotherapy-treated patients
with OSCC (HR=2.079, 95% CI=1.238-3.490, p=0.006, Table
IIT). Furthermore, as shown in Figure 2B in subgrouping of
patients according to stage, PBK expression was a significant
independent prognostic marker for radiotherapy-treated patients
with advanced (stage III+IV) but not early stage (stage I+1I)
OSCC (multivariate analysis, for stage III+IV: HR=2.213,95%
CI=1.256-3.898, p=0.006; for stage I+II HR=1.352, 95%
CI=0.381-4.802, p=0.641).

Discussion

As far as we are aware, this is the first study to investigate the
prognostic role of PBK in patients with OSCC those with
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radiotherapy. Although PBK overexpression is a poor
prognostic indicator in some types of cancer (14, 15, 20, 21),
our study shows that in radiotherapy-treated patients, low PBK
expression was significantly associated with poor 5-year
survival compared with those with high PBK expression.

In a cohort study that included 128 post-radiotherapy
prostate cancer patients, Pirovano et al. proposed that PBK
expression not only to be associated with tumor recurrence
after radiotherapy but also to play a role in tumor-specific
radiosensitivity (22). This intrinsic radiosensitivity leads to
tumor susceptibility to ionizing radiation, resulting in better
overall and disease-free survival, and recurrence rate (23). The
exact role of PBK is not well established; however, several
studies have suggested that PBK participates in DNA damage-
repair pathways, which are regulated by insulin-like growth
factor 1 and epidermal growth factor (24-27). Furthermore,
Friedmann et al. reported that inhibition of epidermal growth
factor receptor increased radiosensitivity in vitro (27).

Deregulation of protein kinase expression plays an
essential role in cell proliferation, migration, and
angiogenesis in oncogenesis. Protein kinase inhibitors (such
as those of fusion breakpoint cluster region—ABL proto-
oncogene 1, epidermal growth factor receptor, and B-Raf
proto-oncogene, serine/threonine kinase-V600E) were
successfully developed into cancer therapy. PBK, is included
in the “consensus stemness ranking signature” gene list, and
is a serine/threonine kinase that is up-regulated in various
tumor types (5, 6, 28, 29). An increased PBK level suppresses
p53 function, leading to disrupted cancer cell apoptosis and
cell arrest (8). Moreover, studies have suggested that PBK
participates in cytokinesis and DNA-repair sensing through
phosphorylation of histone H2AX, which recruits DNA-
damage response proteins to the sites of damage (9, 10). PBK
prevents cancer cell death by impairing the tumor-suppressor
gene TP53, which in turn promotes tumor cell apoptosis (11).
PBK knockdown was shown to increase susceptibility to
DNA damage and impair y-H2AX generation in tumor cells
(10). By contrast, PBK exerts protective effects on the
phosphatase and tensin homolog/AKT serine/threonine
kinase-dependent pathway by enhancing the antioxidant
capacity in ischemic or reperfusion injury (12, 13). However,
the association between PBK overexpression and clinical
prognosis in OSCCs has rarely been described. Furthermore,
the prognostic role of PBK expression in patients with OSCC
treated with radiotherapy has not yet been reported.

Through this study, we report for the first time that poor
outcome is associated with low PBK expression in patients
with OSCC treated with radiotherapy. The strength of this
survey might be the long-term survival period (mean=4.9 years
and maximum of 9.0 years). The limitations of our study are
that it is a retrospective analysis based on tissue microarrays,
a small sample size, and limited size of tissue microarray from
a whole tumor. More information regarding cause of patient

death, and use of adjuvant or neoadjuvant chemotherapy,
would better help clinicians and scientists clarify the clinical
outcome. The definitive mechanism for our clinical finding is
unclear. There was no information available to survey the
prognostic role of PBK with 7P53 mutation status or other key
mutations in cell-cycle, DNA-damage repair, and apoptosis.
Although several studies have reported better outcome for
patients with low PBK expression, the prognostic role of PBK
overexpression in solid tumors remains debatable. Further
clinical investigation regarding the association between clinical
outcome and PBK expression in patients with OSCC treated
with radiotherapy with large and various populations is needed
for confirmation of the generalizability of our findings.

In conclusion, high PBK expression was associated with
favorable prognosis in radiotherapy-treated patients with
OSCC, especially for those with advanced-stage disease
However, considering the limited sample size and the results
that are inconsistent with the biological role of PBK, further
investigation involving larger population is necessary prior
to clinical application of PBK as a prognostic marker or
therapeutic target.

Conflicts of Interest

The Authors declare that they have no competing interests in regard
to this study.

Authors’ Contributions

WNY and HFL conceived and designed this study together, WCS,
WWS and CMY collected the data, WWS provided advice on the data
analysis, WNY and YL wrote the article, WWS and YML revised this
article All the Authors have read and approved the final manuscript.

References

1 Hussein AA, Helder MN, de Visscher JG, Leemans CR,
Braakhuis BJ, de Vet HCW and Forouzanfar T: Global incidence
of oral and oropharynx cancer in patients younger than 45 years
versus older patients: A systematic review. Eur J Cancer 82: 115-
127,2017. PMID: 28654785. DOI: 10.1016/j.ejca.2017.05.026

2 Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram I,
Jemal A and Bray F: Global cancer statistics 2020: GLOBOCAN
estimates of incidence and mortality worldwide for 36 cancers
in 185 countries. CA Cancer J Clin: 2021. PMID: 33538338.
DOI: 10.3322/caac.21660

3 Chiang CJ, Lo WC, Yang YW, You SL, Chen CJ and Lai MS:
Incidence and survival of adult cancer patients in Taiwan, 2002-
2012. J Formos Med Assoc 115(12): 1076-1088, 2016. PMID:
26786251. DOI: 10.1016/j.jfma.2015.10.011

4 Siegel RL, Miller KD and Jemal A: Cancer statistics, 2019. CA
Cancer J Clin 69(1): 7-34, 2019. PMID: 30620402. DOI:
10.3322/caac.21551

5 Shats I, Gatza ML, Chang JT, Mori S, Wang J, Rich J and Nevins
JR: Using a stem cell-based signature to guide therapeutic
selection in cancer. Cancer Res 71(5): 1772-1780, 2011. PMID:
21169407. DOI: 10.1158/0008-5472.CAN-10-1735

2181



ANTICANCER RESEARCH 41: 2177-2182 (2021)

6 Abe Y, Matsumoto S, Kito K and Ueda N: Cloning and
expression of a novel MAPKK-like protein kinase, lymphokine-
activated killer T-cell-originated protein kinase, specifically
expressed in the testis and activated lymphoid cells. J Biol Chem
275(28): 21525-21531, 2000. PMID: 10781613. DOI: 10.1074/
jbc.M909629199

7 Su B and Karin M: Mitogen-activated protein kinase cascades and
regulation of gene expression. Curr Opin Immunol 8(3): 402-411,
1996. PMID: 8793994. DOI: 10.1016/30952-7915(96)80131-2

8 Hu F, Gartenhaus RB, Eichberg D, Liu Z, Fang HB and
Rapoport AP: PBK/TOPK interacts with the DBD domain of
tumor suppressor p53 and modulates expression of
transcriptional targets including p21. Oncogene 29(40): 5464-
5474, 2010. PMID: 20622899. DOI: 10.1038/0nc.2010.275

9 Matsumoto S, Abe Y, Fujibuchi T, Takeuchi T, Kito K, Ueda N,
Shigemoto K and Gyo K: Characterization of a MAPKK-like
protein kinase TOPK. Biochem Biophys Res Commun 325(3): 997-
1004, 2004. PMID: 15541388. DOI: 10.1016/j.bbrc.2004.10.133

10 Ayllén V and O’connor R: PBK/TOPK promotes tumour cell

proliferation through p38 MAPK activity and regulation of the

DNA damage response. Oncogene 26(24): 3451-3461, 2007.

PMID: 17160018. DOI: 10.1038/sj.onc.1210142

Nandi AK, Ford T, Fleksher D, Neuman B and Rapoport AP:

Attenuation of DNA damage checkpoint by PBK, a novel

mitotic kinase, involves protein-protein interaction with tumor

suppressor pS3. Biochem Biophys Res Commun 358(7): 181-

188, 2007. PMID: 17482142. DOI: 10.1016/j.bbrc.2007.04.125

12 Sun G, Ye N, Dai D, Chen Y, Li C and Sun Y: The protective role
of the TOPK/PBK pathway in myocardial ischemia/reperfusion
and H,0,-induced injury in H9C2 cardiomyocytes. Int J] Mol Sci
17(3): 267,2016. PMID: 26907268. DOI: 10.3390/ijms17030267

13 Gao S, Zhu Y, Li H, Xia Z, Wu Q, Yao S, Wang T and Yuan S:
Remote ischemic postconditioning protects against renal
ischemia/reperfusion injury by activation of T-LAK-cell-originated
protein kinase (TOPK)/PTEN/AKkt signaling pathway mediated anti-
oxidation and anti-inflammation. Int Immunopharmacol 38: 395-
401, 2016. PMID: 27355132. DOI: 10.1016/j.intimp.2016.06.020

14 Koh M, Hayakawa Y, Akai T, Hayashi T, Tomita T, Nagai S and
Kuroda S: Novel biomarker, phosphorylated T-LAK cell-originated
protein kinase (p-TOPK) can predict outcome in primary central
nervous system lymphoma. Neuropathology 38(3): 228-236, 2018.
PMID: 29575092. DOI: 10.1111/neup.12463

15 Zhang Y, Yang X, Wang R and Zhang X: Prognostic value of
PDZ-Binding Kinase/T-LAK cell-originated protein kinase
(PBK/TOPK) in patients with cancer. J Cancer /0(1): 131-137,
2019. PMID: 30662533. DOI: 10.7150/jca.28216

16 Edge SB and Compton CC: The American joint committee on
cancer: The 7th edition of the AJCC cancer staging manual and
the future of TNM. Ann Surg Oncol 17(6): 1471-1474, 2010.
PMID: 20180029. DOI: 10.1245/s10434-010-0985-4

17 Sung WW, Wang YC, Cheng YW, Lee MC, Yeh KT, Wang L,
Wang J, Chen CY and Lee H: A polymorphic -844T/C in FasL
promoter predicts survival and relapse in non-small cell lung
cancer. Clin Cancer Res 17(18): 5991-5999, 2011. PMID:
21807637. DOL: 10.1158/1078-0432.CCR-11-0227

18 Sung WW, Wang YC, Lin PL, Cheng YW, Chen CY, Wu TC and
Lee H: IL-10 promotes tumor aggressiveness via upregulation of
CIP2A transcription in lung adenocarcinoma. Clin Cancer Res
19(15): 4092-4103, 2013. PMID: 23743567. DOIL: 10.1158/1078-
0432.CCR-12-3439

1

—

2182

19 Sung WW, Lin YM, Wu PR, Yen HH, Lai HW, Su TC, Huang
RH, Wen CK, Chen CY, Chen CJ and Yeh KT: High
nuclear/cytoplasmic ratio of Cdkl expression predicts poor
prognosis in colorectal cancer patients. BMC Cancer /4: 951,
2014. PMID: 25511643. DOI: 10.1186/1471-2407-14-951

20 Hayashi T, Hayakawa Y, Koh M, Tomita T, Nagai S, Kashiwazaki
D, Sugimori M, Origasa H and Kuroda S: Impact of a novel
biomarker, T-LAK cell-originating protein kinase (TOPK)
expression on outcome in malignant glioma. Neuropathology
38(2): 144-153,2018. PMID: 29271010. DOI: 10.1111/neup.12446

21 Zykova TA, Zhu F, Wang L, Li H, Bai R, Lim DY, Yao K, Bode
AM and Dong Z: The T-LAK cell-originated protein kinase signal
pathway promotes colorectal cancer metastasis. EBioMedicine /8:
73-82,2017. PMID: 28412249. DOI: 10.1016/j.ebiom.2017.04.003

22 Pirovano G, Ashton TM, Herbert KJ, Bryant RJ, Verrill CL,
Cerundolo L, Buffa FM, Prevo R, Harrap I, Ryan AJ, Macaulay
V, McKenna WG and Higgins GS: TOPK modulates tumour-
specific radiosensitivity and correlates with recurrence after
prostate radiotherapy. Br J Cancer //7(4): 503-512,2017. PMID:
28677687. DOI: 10.1038/bjc.2017.197

23 Hanahan D and Weinberg RA: Hallmarks of cancer: The next
generation. Cell /44(5): 646-674,2011. PMID: 21376230. DOI:
10.1016/j.cell.2011.02.013

24 Xiao J, Wang F, Lu H, Xu S, Zou L, Tian Q, Fu Y, Lin X, Liu L,
Yuan P, Ni X, Ma T, Zeng F, Xue P, Xiu R, Zhang J, Ji X, Hu H,
Lu S, Dai H, Li Y, Chu Q, Zhao X, Duan Q and Zhu F: Targeting
the COX2/MET/TOPK signaling axis induces apoptosis in
gefitinib-resistant NSCLC cells. Cell Death Dis 70(10): 777, 2019.
PMID: 31611604. DOI: 10.1038/s41419-019-2020-4

25 LiY, Yang Z, Li W, Xu S, Wang T, Wang T, Niu M, Zhang S,
Jia L and Li S: TOPK promotes lung cancer resistance to EGFR
tyrosine kinase inhibitors by phosphorylating and activating c-
Jun. Oncotarget 7(6): 6748-6764, 2016. PMID: 26745678. DOI:
10.18632/oncotarget.6826

26 Herrero-Martin D, Osuna D, Ordéiiez JL, Sevillano V, Martins
AS, Mackintosh C, Campos M, Madoz-Gurpide J, Otero-Motta
AP, Caballero G, Amaral AT, Wai DH, Braun Y, Eisenacher M,
Schaefer KL, Poremba C and de Alava E: Stable interference of
EWS-FLII in an ewing sarcoma cell line impairs IGF-1/IGF-1R
signalling and reveals TOPK as a new target. Br J Cancer 101(1):
80-90, 2009. PMID: 19491900. DOI: 10.1038/sj.bjc.6605104

27 Friedmann B, Caplin M, Hartley JA and Hochhauser D:
Modulation of DNA repair in vitro after treatment with
chemotherapeutic agents by the epidermal growth factor receptor
inhibitor gefitinib (ZD1839). Clin Cancer Res 10(19): 6476-6486,
2004. PMID: 15475435. DOI: 10.1158/1078-0432.CCR-04-0586

28 Hu F, Gartenhaus RB, Zhao XF, Fang HB, Minkove S, Poss DE
and Rapoport AP: c-Myc and E2F1 drive PBK/TOPK expression
in high-grade malignant lymphomas. Leuk Res 37(4): 447-454,
2013. PMID: 23237560. DOI: 10.1016/j.leukres.2012.11.010

29 Ohashi T, Komatsu S, Ichikawa D, Miyamae M, Okajima W,
Imamura T, Kiuchi J, Kosuga T, Konishi H, Shiozaki A,
Fujiwara H, Okamoto K, Tsuda H and Otsuji E: Overexpression
of PBK/TOPK relates to tumour malignant potential and poor
outcome of gastric carcinoma. Br J Cancer //6(2): 218-226,
2017. PMID: 27898655. DOI: 10.1038/bjc.2016.394

Received February 22, 2021
Revised March 5, 2021
Accepted March 10, 2021



