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PKM2: A gatekeeper between growth and survival
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Pyruvate kinase catalyzes the 
transfer of a high-energy phosphate 
group from phosphoenol pyruvate 
(PEP) to generate pyruvate and ATP, 
a reaction that is the rate-limiting step 
of the glycolytic pathway. The PKM1 
alternatively-spliced isoform is ubiq-
uitously expressed whereas the PKM2 
isoform is normally highly expressed 
only in embryos and undifferentiated 
tissues, correlating with high rates 
of cellular proliferation. Notably, tu-
mors express the PKM2 form to the 
exclusion of the M1 isoform.

There have been indications in the 
past that PKM2 might play a role in cel-
lular growth stimulation and metabolic 
events. For example, PKM2 is phospho-
rylated on tyrosines in response to Rous 
sarcoma virus infection [1]; PKM2 is 
found not only in the cytoplasm but also 
in the nucleus, where it is associated 
with chromatin [2, 3]; PKM2 has been 
reported to exhibit cysteine-dependent 
histone H1 phosphorylation activity 
[4]; and PKM2 plays a role in apoptosis 
mediated by somatostatin analogues 
[5]. The Cantley laboratory has shown 
that the M2 splice isoform of pyruvate 
kinase is essential for supporting tumor 
growth [6, 7]. They also showed that the 
PKM2 isoform specifically binds phos-
photyrosine peptides that displace the al-

losteric activator fructose 1,6 of PKM2, 
causing channeling of accumulated 
glucose metabolites into biosynthetic in-
termediates to support anabolic growth. 
Although it seems counterintuitive that 
a reduced rate of glycolysis would be 
required for enhanced cell growth, the 
authors also showed that the ability to 
reduce PK activity through interaction 
with phosphotyrosyl (p-Tyr) peptides 
enhanced cell growth rates. In addition, 
PKM2 can itself be phosphorylated on 
Y105 in response to growth factors as 
part of an inhibitory mechanism that 
promotes tumor growth [8]. This work 
has established PKM2 as a pivotal factor 
regulating the flux between the glyco-
lytic and pentose phosphate pathways. 
Moreover, a recent publication from 
the Semenza laboratory indicated that 
PKM2 plays a transcriptional role in 
metabolic regulation. They reported that 
PKM2 associates with HIF1 to recruit 
the p300 transcriptional co-activator 
to HIF-responsive promoters, thereby 
enhancing the hypoxic transcriptional 
response [9]. 

Now, PKM2 is back in the spotlight 
as the subject of two recent reports 
describing new mechanisms by which 
PKM2 expression and activity con-
tribute to tumor cell growth. A letter 
in Nature from Zhimin Lu’s research 
group describes a role for PKM2 in 
transcriptional activation in response 
to epidermal growth factor (EGF). The 
authors report that PKM2 associates 

with p-Tyr peptides on β-catenin in re-
sponse to EGF stimulation, and that this 
complex translocates to the nucleus and 
localizes to the cyclin D1 (CCND1) and 
c-MYC promoters [10]. Significantly, 
PKM2 depletion abolishes almost all 
of the growth factor-dependent increase 
in proliferation. Translocation is medi-
ated through the association of PKM2 
with P-Tyr-β-catenin in a pathway that 
permits β-catenin binding to TCF-4 
but not to other Wnt pathway factors. 
This PKM2-β -catenin complex causes 
the dissociation of HDAC3 from the 
CCND1 promoter and enhances cyclin 
D and c-MYC expression. Upregulation 
of c-MYC expression by PKM2 forms 
a feed-forward loop, since c-MYC has 
been shown to upregulate transcription 
of hetergenous nuclear ribonucleopro-
teins (hnRNP) that promote the alter-
native splicing of PKM2 over PKM1 
[11].  

This article demonstrates that PKM2 
can associate with p-Tyr peptides in 
β -catenin to drive c-Myc and CCND1 
expression [10] in addition to the well-
documented effect of PKM2 on the con-
trol of anabolic growth [6, 7]. However, 
growth stimulation by PKM2 appears to 
be more subtly regulated than we could 
have ever imagined. The Cantley labo-
ratory has now elegantly demonstrated 
that oxidative stress causes oxidation of 
a critical Cys358 side chain of PKM2 
that results in reversible enzyme inac-
tivation and enhanced channeling of 
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glucose metabolites through the pentose 
phosphate pathway [12]. This diversion 
serves to generate reducing potential in 
the form of NADPH that can be used 
to regenerate reduced glutathione and 
restore the redox balance of the cell. 
This mechanism of enhancing NADPH 
production is essential for tumor cell 
growth. 

The emerging picture that we can 
infer from these two articles suggests 
that the availability of PKM2 able to 
associate with signaling proteins such 
as β-catenin in response to growth 
stimuli may limit the cellular response 
to growth factors. Whether the oxidized 
portion of the total PKM2 pool can af-
fect this response by reducing PKM2 
availability remains open to speculation. 
If so, high levels of oxidative stress 
could block the response to factors such 
as EGF by raising the level of oxidized 
PKM2 (Figure 1), thereby preventing 

highly stressed cells from responding 
to factors that would further tax their 
cellular redox management systems. 
Whether the oxidized form of PKM2 is 
capable of translocating to the nucleus 
and affecting transcriptional regulation 
is also not clear. However, an earlier 
report has indicated that peroxide treat-
ment of cells does result in nuclear 
localization of PKM2 [5]. This finding 
also raises the question as to whether 
the several different post-translational 
modifications of PKM2 that have been 
reported, including tyrosyl phosphory-
lation [1, 8], prolyl hydroxylation [9, 
13], acetylation [14], mono ubiquitina-
tion [15], sumoylation [2] and cysteine 
oxidation [12], are integrated to regulate 
PKM2’s activation of transcriptional 
programmes [9, 10, 16] in response to 
cell signaling events. 

The take-home message of these 
two recent reports is that PKM2 plays 

a pivotal role in balancing growth and 
oxidative stress. While there is still 
much to learn about how PKM2 buffers 
the response to growth factor stimula-
tion by providing a functional readout 
of the oxidative and metabolic state of 
the cell, the fact that growth factor re-
sponses and oxidative stress responses 
have both been linked to PKM2 leads 
one to speculate that this regulation is 
highly integrated. This mechanism is 
undoubtedly essential in embryonic 
tissues where PKM2 normally func-
tions, as well as in cancer cells. These 
two reports suggest that we can look 
forward to more exciting discoveries 
of precisely how PKM2 drives cellular 
growth and survival. 
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Figure 1 Pyruvate Kinase M2 (PKM2) plays a pivotal role in balancing oxidative stress 
and proliferation signals in response to growth factors. Growth factors stimulate glucose 
uptake, which is metabolized through the glycolytic and pentose phosphate pathways 
(PPP). High levels of ROS feed back to cause reversible inactivation of PKM2 by oxi-
dation of Cys358. The low catalytic rate of PKM2 reduces flux through glycolysis, in-
creasing the flux through the PPP and generating NADPH to quench oxidative stress. 
PKM2 associates with p-Tyr-β-catenin to increase transcription of c-MYC and cyclin D1, 
stimulating cell growth. C-MYC in turn stimulates expression of hnRNPs, which favors 
alternative splicing to generate the PKM2 isoform.
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