
www.landesbioscience.com Cancer Biology & Therapy 351

Cancer Biology & Therapy 15:4, 351–352; April 2014; © 2014 Landes Bioscience

 CommenTAry CommenTAry

It has been known for many years that 
manipulation of cell cycle checkpoint 

function represents one approach by 
which the toxicity of chemotherapy and 
of ionizing radiation can be increased in 
tumor cells.1-3 In particular, abrogation of 
the G

2
/M checkpoint has been shown to 

enhance the lethality of a wide range of 
toxic stresses.1-3 Inhibition of the G

2
/M 

checkpoint after chemotherapy/irradia-
tion would result in tumor cells enter-
ing mitosis with damaged DNA, which 
would in turn result in loss of clonogenic 
survival (i.e., a lethal mitosis).

The mitotic cell cycle checkpoint is 
regulated by the kinase CDK1, which 
in turn is regulated by both ATM/ATR-
CHK1/2-CDC25C signaling and by the 
tyrosine kinase WEE1.4,5 Hence after 
DNA damage, inhibitors of WEE1 can be 
deployed and act to block phosphorylation 
of CDK1, thereby promoting CDK1 activ-
ity and inappropriate cell cycle progres-
sion. The WEE1 inhibitor MK-1775 has 
entered phase I clinical trials combined 
with gemcitabine, cisplatin or carbopla-
tin in solid tumor patients.6 The studies 
by Indovina et al. determined whether 
MK-1775 sensitized malignant mesotheli-
oma cells to a standard of care therapeutic 
agent for this malignancy, cisplatin.7

In cells that lack a functional G1/S 
arrest mechanism, DNA damage-induced 
G2/M arrest represents the major cell cycle 
response. In this regard, MK-1775 has 
been shown to specifically enhance 5-flu-
orouracil toxicity in colon cancer cells 
lacking p53/a G1/S arrest.8 The actions 
of MK-1775 also correlate with impaired 
DNA repair.9 It has also been shown that 

WEE1 inhibition forces S phase arrested 
cells directly into mitosis without com-
pleting DNA synthesis, which results in 
tumor cell death.10

In the present studies, in a dose-depen-
dent and synergistic fashion MK-1775 
enhanced cisplatin toxicity in 5 out of 
6 mesothelioma cell lines but did not 
kill non-transformed fibroblasts. These 
findings with MK-1775 correlated with 
reduced numbers of stalled cells in G2/M 
phase of the cell cycle after cisplatin treat-
ment. Studies then determined whether 
cells that were permitted to enter mitosis 
harbored DNA damage the authors exam-
ined histone phosphorylation. It was found 
that MK-1775 forced mesothelioma cells 
to enter mitosis regardless of the presence 
of DNA damage, which is likely associated 
with enhanced killing when MK-1775 was 
combined with cisplatin. As judged using 
annexin–PI apoptosis assays cell killing 
was largely apoptotic, and that was associ-
ated with enhanced caspase 3 activity.

The present studies did not determine 
whether the in vitro combination effects 
of MK-1775 and cisplatin translate into an 
animal model of mesothelioma, though of 
note MK-1775 has been shown to enhance 
cisplatin toxicity in vivo in an ovarian can-
cer model.11 As mesothelioma generally has 
such a poor outcome/survivorship, it will be 
of interest to see whether this drug combi-
nation approach will be tested in the clinic.

Disclosure of Potential Conflicts of Interest

No potential conflicts of interest were 
disclosed.

Acknowledgments

P Dent is funded by R01 DK52825.

Not so WEE
Targeting G

2
/M to kill mesothelioma cells

Paul Dent
Department of Biochemistry and Molecular Biology; Massey Cancer Center; Virginia Commonwealth University; Richmond, VA USA

Keywords: CDK1, G2/M checkpoint, 
MK-1775, WEE1, apoptosis, cisplatin, 
mesothelioma

Correspondence to: Paul Dent;  
Email: pdent@vcu.edu

Submitted: 05/01/2013

Revised: 11/25/2013

Accepted: 12/22/2013

http://dx.doi.org/10.4161/cbt.27623

Commentary to: Indovina P, Marcelli E, Di Marzo 
D, Casini N, Forte IM, Giorgi F, Alfano L, Pentimalli 
F, Giordano A. Abrogating G2/M checkpoint 
through WEE1 inhibition in combination with 
chemotherapy as a promising therapeutic 
approach for mesothelioma. Cancer Biol Ther 
2014; 15:380-8; PMID:24365782; http://dx.doi.
org/10.4161/cbt.27623



352 Cancer Biology & Therapy Volume 15 Issue 4

References
1. Zhou BB, Bartek J. Targeting the checkpoint kinases: 

chemosensitization versus chemoprotection. Nat Rev 
Cancer 2004; 4:216-25; PMID:14993903; http://
dx.doi.org/10.1038/nrc1296

2. Kawabe T. G2 checkpoint abrogators as anti-
cancer drugs. Mol Cancer Ther 2004; 3:513-9; 
PMID:15078995

3. Levesque AA, Eastman A. p53-based cancer thera-
pies: Is defective p53 the Achilles heel of the tumor? 
Carcinogenesis 2007; 28:13-20; PMID:17088261; 
http://dx.doi.org/10.1093/carcin/bgl214

4. Booth L, Cruickshanks N, Ridder T, Dai Y, Grant 
S, Dent P. PARP and CHK inhibitors interact to 
cause DNA damage and cell death in mammary 
carcinoma cells. Cancer Biol Ther 2013; 14:458-
65; PMID:23917378; http://dx.doi.org/10.4161/
cbt.24424

5. Hirai H, Iwasawa Y, Okada M, Arai T, Nishibata 
T, Kobayashi M, Kimura T, Kaneko N, Ohtani J, 
Yamanaka K, et al. Small-molecule inhibition of Wee1 
kinase by MK-1775 selectively sensitizes p53-defi-
cient tumor cells to DNA-damaging agents. Mol 
Cancer Ther 2009; 8:2992-3000; PMID:19887545; 
http://dx.doi.org/10.1158/1535-7163.MCT-09-0463

6. Leijen S, Schellens JH, Shapiro G, Pavlick R, Tibes 
T, Demuth J, Viscusi J, Cheng JD, Xu Y, Oza AM. 
A phase I pharmacological and pharmacodynamics 
study of MK-1775, a Wee1 tyrosine kinase inhibitor, 
in monotherapy and combination with gemcitabine, 
cisplatin, or carboplatin in patients with advanced 
solid tumors. J Clin Oncol 2010; 28:15s

7. Indovina P, Marcelli E, Di Marzo D, Casini N, Forte 
IM, Giorgi F, Alfano L, Pentimalli F, Giordano A. 
Abrogating G 

2
/M checkpoint through WEE1 inhibi-

tion in combination with chemotherapy as a promis-
ing therapeutic approach for mesothelioma. Cancer 
Biol Ther 2014; 15:380-8; PMID:24365782; http://
dx.doi.org/10.4161/cbt.27623

8. Hirai H, Arai T, Okada M, Nishibata T, Kobayashi 
M, Sakai N, Imagaki K, Ohtani J, Sakai T, Yoshizumi 
T, et al. MK-1775, a small molecule Wee1 inhibi-
tor, enhances anti-tumor efficacy of various DNA-
damaging agents, including 5-fluorouracil. Cancer 
Biol Ther 2010; 9:514-22; PMID:20107315; http://
dx.doi.org/10.4161/cbt.9.7.11115

9. Krajewska M, Heijink AM, Bisselink YJ, Seinstra RI, 
Silljé HH, de Vries EG, van Vugt MA. Forced acti-
vation of Cdk1 via wee1 inhibition impairs homolo-
gous recombination. Oncogene 2013; 32:3001-8; 
PMID:22797065; http://dx.doi.org/10.1038/
onc.2012.296

10. Aarts M, Sharpe R, Garcia-Murillas I, Gevensleben 
H, Hurd MS, Shumway SD, Toniatti C, Ashworth A, 
Turner NC. Forced mitotic entry of S-phase cells as a 
therapeutic strategy induced by inhibition of WEE1. 
Cancer Discov 2012; 2:524-39; PMID:22628408; 
http://dx.doi.org/10.1158/2159-8290.CD-11-0320

11. Hirai H, Iwasawa Y, Okada M, Arai T, Nishibata 
T, Kobayashi M, Kimura T, Kaneko N, Ohtani J, 
Yamanaka K, et al. Small-molecule inhibition of Wee1 
kinase by MK-1775 selectively sensitizes p53-defi-
cient tumor cells to DNA-damaging agents. Mol 
Cancer Ther 2009; 8:2992-3000; PMID:19887545; 
http://dx.doi.org/10.1158/1535-7163.MCT-09-0463


