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Cell cycle progression in mammals involves 
multiple cyclin-dependent kinases (Cdks). 
Mice lacking Cdk2, Cdk3, Cdk4 or Cdk6 
are viable, however, because Cdk1 can 
compensate for their loss by forming active 
complexes with A-, B-, E- and D-type 
cyclins in a stepwise manner. Thus, these 
Cdks are not essential for the mammalian 
cell cycle.1,2 In contrast, homozygous dele-
tion of Cdk1 causes early embryonic death 
in mice, because Cdk1-null embryos can-
not undergo mitosis.2,3 Cdk1 is, therefore, 
the only Cdk essential for driving the 
mitotic cell cycle in mammals.

In mammals, all oocytes are arrested at 
prophase of the first meiotic division when 
they are enclosed in individual ovarian fol-
licles. Fully grown mouse oocytes resume 
meiosis as a result of a pre-ovulatory 
surge of luteinizing hormone (LH). This 
results in germinal vesicle (GV) break-
down (GVBD) followed by chromosome 
condensation, spindle formation and the 
completion of the first meiotic division.4 
The resumption of meiosis in oocytes is 
often compared with the G

2
-M transition 

of mitosis, and the results from biochemi-
cal studies of mitosis are generalized to 
meiosis. Because Cdk1-null mice are not 
viable2,3 and all of the oocytes from Cdk2-
null mice are eliminated very early during 
meiosis,5,6 it remained unknown whether 
it is Cdk1 or Cdk2 that is essential for the 
resumption of meiosis in oocytes.

Recent in vivo evidence has shown 
that Cdk1 is the only Cdk that is both 

Cdk1 drives meiosis and mitosis  
through two different mechanisms

Deepak Adhikari, Kui Liu* and Yan Shen*

Department of Chemistry and Molecular Biology; University of Gothenburg; Gothenburg, Sweden

*Correspondence to: Kui Liu and Yan Shen; Email: kui.liu@gu.se and yan.shen@vgregion.se
Submitted: 04/15/12; Accepted: 05/10/12
http://dx.doi.org/10.4161/cc.21254
Comment on: Adhikari D, et al. Hum Mol Genet 2012; 21:2476–84; PMID:22367880; http://dx.doi.org/10.1093/hmg/dds061.

essential and sufficient for driving the 
resumption of meiosis in mouse oocytes.7 
By generating mouse models with oocyte-
specific deletions of Cdk1 or Cdk2, this 
study showed that a lack of Cdk1 in 
oocytes results in a permanent arrest 
of the oocytes at the GV stage. On the 
other hand, mutant female mice lacking 
Cdk2 in their oocytes were fertile, and the 
oocytes resumed meiosis normally. Thus 
Cdk1 plays an essential role in driving 
both meiosis7 and mitosis.2,3

Although Cdk1 kinase activity is essen-
tial for the phosphorylation of mitotic 
phosphoproteins, inhibition of its counter-
acting protein phosphatase is also essential 
in order to maintain the phosphorylated 
status of the Cdk1 substrates that are 
required for entry into mitosis.8 Genetic 
and biochemical approaches have impli-
cated protein phosphatase 2A (PP2A) in 
the dephosphorylation of mitotic phos-
phoproteins. Activation of Cdk1 leads 
to the phosphorylation and activation of 
Greatwall (Gwl) kinase, which, in turn, 
blocks PP2A. When PP2A is blocked, 
there is a net phosphorylation of mitotic 
phosphoproteins, and the cell enters into 
mitosis (Fig. 1A). In contrast, Adhikari et 
al.7 showed that permanent arrest of the 
Cdk1-null oocytes at the GV stage was 
caused by an inability to phosphorylate 
and suppress protein phosphatase 1 (PP1). 
Upon Cdk1 activation, PP1 is phos-
phorylated at Thr320 and becomes inac-
tive.7 This allows the phosphorylation of 

meiotic phosphoproteins and the resump-
tion of meiosis (Fig. 1B).

Although Gwl was initially identi-
fied as a regulator of mitotic entry in 
Drosophila melanogaster,9 its depletion 
from Xenopus laevis egg extracts also pre-
vents mitotic entry.10 Moreover, silenc-
ing of MASTL (the human ortholog of 
Gwl) from human cell lines also leads to 
full activation of PP2A. This completely 
dephosphorylates the CDK1 substrates 
and prevents cells from entering mitosis.11 
If PP1 is the Cdk1 substrate during oocyte 
meiotic resumption instead of PP2A, the 
question becomes whether or not Mastl 
kinase is still required for the resumption 
of meiosis in oocytes. Similarly, PP2A 
inhibition by Gwl kinase leads to Cdc25 
activation during mitosis. This, in turn, 
activates Cdk1 by removing the inhibitory 
phosphorylations on Cdk1 that were the 
result of Wee1/Myt1 kinase activity.8 If 
Cdk1 phosphorylates and inactivates PP1 
during the resumption of meiosis, a sec-
ond question that arises is whether Mastl 
still affects the activity of Cdk1 through 
the regulation of Cdc25 activity. Thus, 
further research is needed to clarify the 
mechanism by which Cdk1 and its sub-
strates are regulated during the meiotic 
maturation of oocytes. A better under-
standing of how Cdk1 is regulated and 
how it drives the resumption of meiosis in 
oocytes will help us to treat female infer-
tility that results from oocytes that fail to 
resume meiotic maturation.
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Figure 1. Schematic illustration of the roles of Cdk1 during the G2-M transition in mitosis and 
in the germinal vesicle breakdown that occurs during resumption of meiosis. (A) Cdk1 kinase is 
activated and promotes the phosphorylation of mitotic phosphoproteins at the G2-M transition in 
mitosis. In order to maintain the phosphorylation status of the Cdk1 substrates, PP2A is inacti-
vated by activation of Gwl by Cdk1. Active Gwl inhibits PP2A through the activation of Arpp19 
and Ensa. (B) During the resumption of meiosis in oocytes, Cdk1 is activated and promotes the 
phosphorylation of meiotic phosphoproteins. Maintenance of the phosphorylation status of the 
meiotic phosphoproteins is ensured by phosphorylation and inhibition of PP1 by Cdk1. P, phos-
phorylation; Arpp19, cAMP-regulated phosphoprotein 19; Ensa, α-endosulfine.


