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Overexpression of PKM2 promotes mitochondrial fusion through 
attenuated p53 stability

Haili Wu1, Peng Yang1, Wanglai Hu3, Yingying Wang1, Yangxu Lu4, Lichao Zhang1, 
Yongsheng Fan2, Hong Xiao5, Zhuoyu Li1,2

1Institute of Biotechnology, Key Laboratory of Chemical Biology and Molecular Engineering of National Ministry of Education, 
Shanxi University, Taiyuan 030006, China

2College of Life Science, Zhejiang Chinese Medical University, Hangzhou 310053, China
3Department of Immunology, School of Basic Medicine, Anhui Medical University, Hefei 230032, China
4College of Life Science, Shanxi University, Taiyuan 030006, China
5The first hospital of Shanxi Medical University, Taiyuan 030006, China

Correspondence to: Haili Wu, email: wuhaili0819@163.com
Zhuoyu Li, email: lzy@sxu.edu.cn

Keywords: PKM2, Drp1, mitochondrial fusion, p53 stability
Received: January 28, 2016        Accepted: October 16, 2016        Published: October 27, 2016

ABSTRACT

M2-type pyruvate kinase (PKM2) contributes to the Warburg effect. However, 
it remains unknown as to whether PKM2 has an inhibitory effect on mitochondrial 
function. We report in this work that PKM2 overexpression inhibits the expression 
of Drp1 and results in the mitochondrial fusion. The ATP production was found to be 
decreased, the mtDNA copy number elevated and the expression level of electron 
transport chain (ETC) complex I, III, V depressed in PKM2 overexpressed cells. PKM2 
overexpression showed a decreased p53 protein level and a shorter p53 half-life. 
In contrast, PKM2 knockdown resulted in increased p53 expression and prolonged 
half-life of p53. PKM2 could directly bind with both p53 and MDM2 and promote 
MDM2-mediated p53 ubiquitination. The dimeric PKM2 significantly suppressed 
p53 expression compared with the other PKM2 mutants. The reverse relationship 
between PKM2 and Drp1 was further confirmed in a large number of clinical samples. 
Taken together, the present results highlight a new mechanism that link PKM2 to 
mitochondrial function, based on p53-Drp1 axis down regulation, revealing a novel 
therapeutic target in patients with abnormal mitochondria.

INTRODUCTION

Altered metabolism is one of the hallmarks that 
cancer cells differ from normal cells [1, 2]. Unlike normal 
cells, tumor cells favor high rates of aerobic glycolysis, or 
referred as the Warburg effect, which generally involves 
an increased uptake of glucose and the conversion 
of pyruvate into lactate in the presence of sufficient 
oxygen [3]. Recent studies indicate that M2 isoform 
of pyruvate kinase (PKM2), which dephosphorylates 
phosphoenolpyruvate (PEP) into pyruvate, the last step 
of glycolysis, plays an important role in determining the 
cytosolic level of pyruvate, thereby affecting subsequent 
metabolic flow to lactate, tricarboxylic acid cycle or 
biosynthetic pathway [4]. Unlike its alternative splicing 
type PKM1, which is preferentially expressed in adult 

tissue, PKM2 is frequently highly expressed in embryonic 
tissues and tumors [5–7]. Although only 22 amino acids 
are different between PKM1 and PKM2, they are engaged 
in completely distinct regulatory properties. PKM1 
forms a stable, constitutively active tetramer with high 
pyruvate kinase activity, while PKM2 is dynamically 
switched between dimer (low pyruvate kinase activity) 
and tetramer (high pyruvate kinase activity) in tumor cells 
[8]. Its dimeric form can translocate to nucleus and bind 
to some transcription factors, subsequently promoting the 
expression of their downstream genes, which are involved 
in cancer metabolism and other aspects of tumorigenesis.

Mitochondria are known to play a central role in 
generating ATP by oxidative phosphorylation (OXPHOS). 
Warburg suggested that tumor originated from cells with 
persistent defects in the mitochondrial respiratory system 
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level of ETC complex I, III and V was significantly 
decreased in PKM2 overexpressed cells (Figure 2G). 
Thus, our data indicated that PKM2 could cause 
severe mitochondrial dysfunction through diminished 
expression of Drp1.

Drp1 was involved in PKM2-induced 
mitochondrial fusion

To further determine the involvement of Drp1 in 
PKM2-induced mitochondrial fusion, we reduced Drp1 

Figure 1: PKM2 induces abnormal mitochondrial morphology. A. and C. (a) Representative images of mitochondrial 
morphology. HeLa and HCT-116 cells were infected with lentivirus expressing GFP, PKM1or PKM2 for 24 h. Mitochondrial morphology 
was observed by confocal fluorescent microscope with Mitotracker dye (Green: GFP, Red: Mitotracker dye). Insets are magnifications of 
the mitochondria at the indicated areas. Scale bar =10 µm. (b) Statistical results of mitochondrial morphology. After transfection 24 h, 
over 100 transfected cells were categorized into one of three groups depending on mitochondrial morphology. *p < 0.05. (c) Quantitative 
analysis of mitochondrial number. *p < 0.05, **p < 0.01. B. and D. (a) Representative images of mitochondrial morphology. HeLa and 
HCT-116 cells were infected with lentivirus expressing shcont, shPKM2-1or shPKM2-2 for 24 h. Mitochondrial morphology was observed 
by confocal fluorescent microscope with Mitotracker dye. Cell nuclei were counter-stained by DAPI. Insets are magnifications of the 
mitochondria at the indicated areas. Scale bar =10 µm. (b) Statistical results of mitochondrial morphology. After transfection 24 h, over 
100 cells were categorized into one of three groups depending on mitochondrial morphology. *p < 0.05. (c) Quantitative analysis of 
mitochondrial number. *p < 0.05.
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expression level by transfecting shPKM2 cells with 
two different siRNAs against Drp1. Both the qPCR and 
western blot assay demonstrated that the siRNAs could 
effectively reduce the expression of Drp1 (Figure 3A 
and 3B). Notably, the shortened mitochondria in PKM2 
knockdown cells were reversed by transfecting with Drp1 
siRNAs (Figure 3C). In addition, the ATP production 
was diminished and mtDNA copy number was elevated 
following Drp1 siRNA treatment in PKM2 knockdown 
cells (Figure 3D and 3E). These data indicated that 

Drp1 was involved in the PKM2-induced mitochondrial 
dysfunction.

Overexpression of PKM2 promotes p53 
degradation

To explore the mechanism of PKM2 regulating 
Drp1, we treated the PKM2 overexpressed HeLa cells 
with the RNA synthesis inhibitor actinomycin D for the 
indicated times. The stability of Drp1 transcript was not 

Figure 2: PKM2 induces abnormal mitochondrial fission / fusion events and mitochondrial dysfunction. A. and B. The 
mRNA and protein expression levels of Drp1 are decreased in PKM2 overexpressed cells. HeLa and HCT-116 cells were infected with 
GFP, PKM1 or PKM2 lentivirus for 24 h and evaluated by qPCR and western blot. *p < 0.05, **p < 0.01. C. and D. The mRNA and protein 
expression levels of Drp1 are increased in PKM2 knockdown cells. HeLa and HCT-116 cells were infected with shcont, shPKM2-1or 
shPKM2-2 lentivirus for 24 h and evaluated by qPCR and western blot. *p < 0.05, **p < 0.01. E. PKM2 overexpression decreases the ATP 
production. Intracellular ATP was determined using a luciferase-based luminescence assay kit according to the manufacturer’s instructions. 
*p < 0.05, **p < 0.01. F. Mitochondrial DNA copy number is increased in PKM2 overexpressed cells. Total DNA was extracted, and 
relative levels of mtDNA copy number (ND1) were determined by qPCR. The nuclear gene HGB was used for normalization. **p < 0.01. 
G. The expression of ETC complexes is decreased in PKM2 overexpressed cells. HeLa cells were infected with GFP, PKM1 or PKM2 
lentivirus for 24 h, then cells were lysed and detected by western blot using anti-COQ9, -NDUFB5, -CQCRC1, -CQCRC2, -COX4, 
-ATP5O, -ATP5F1 and -ATP5B antibody, respectively. GAPDH was served as a protein loading control.
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affected by PKM2, suggesting that PKM2 modulated 
Drp1 mRNA at the transcriptional level (Supplementary 
Figure S3). In fact, p53 has been well documented to 
be able to transcriptionally activate the Drp1 by binding 
to its promoter [17]. To test whether PKM2 affected 
Drp1 expression through p53, the expression of p53 was 
detected in PKM2 overexpressed cells. The result showed 
that no significant change occurred in the transcription 
level of p53 mRNA (Figure 4A and Supplementary 
Figure S4A). However, western blot analysis 
demonstrated that p53 protein level was substantially 

decreased in PKM2 overexpressed HeLa, HCT-116 and 
HL-7702 cells (Figure 4B and Supplementary Figure 
S4A). Based on these findings, we speculated that a 
post-transcriptional mechanism, such as changes in 
protein stability, might be involved. Then we evaluated 
the half-life of p53 protein by time-course western blot 
analysis in PKM2 overexpressed cells and the control 
cells after treatment with cycloheximide (CHX, a protein 
synthesis inhibitor). The result implicated that the half-
life of p53 was shorter in PKM2 overexpressed cells 
(Figure 4C (a) and 4D (a)). We thereby treated PKM2 

Figure 3: Drp1 is involved in PKM2-induced mitochondrial fusion. A. and B. Drp1 expression is decreased following Drp1 
siRNAs treatment. The shPKM2 cells were transfected with Drp1 siRNAs, then cells were harvested, the mRNA and protein expression 
levels of Drp1 were analyzed by qPCR and western blot, respectively. **p < 0.01. C. Drp1 siRNA treatment cells show restored 
mitochondrial morphology. After the shPKM2 cells were treated with Drp1 siRNAs, mitochondria were stained with Mitotracker dye and 
the morphology was observed by confocal fluorescent microscope. Insets are magnifications of the mitochondria at the indicated areas. 
D. The ATP production is decreased in Drp1 siRNA treatment cells. After the shPKM2 cells were treated with Drp1 siRNAs, the ATP 
production was detected. E. The mtDNA copy number is increased in Drp1 siRNA treatment cells. After the shPKM2 cells were treated 
with Drp1 siRNAs, the mtDNA copy number was detected.


