Regulation of Pyruvate Kinase M2 (PKM2) Expression and Activity in Cardiac Hypertrophy
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Introduction

Cardiac hypertrophy is characterized by robust structural,
metabolic, and signaling changes that include increased myocyte
size, increased glycolytic flux, aerobic glycolysis, and induction of
transcriptional programs governed by such factors as c-Myc, Fos,
and Jun. We have noted that this phenotypic profile exhibits
similarities to cancer development, where c-Myc, HIF-1o and
PKM2 contribute to tumorigenesis and enhanced cancer cell
survival in the setting of oxidative stress.23 PKM2 is thought to
participate in shifts between anabolic and catabolic flux In
glycolysis.3> Experiments were conducted to assess the
Importance of PKM2 in neonatal rat ventricular myocytes exposed
to hypertrophy-inducing agonists or hypoxia.

Protein
fraction

Methods
“‘ Cell lysis,
OO0

centrifugation jl>
NRVM culture (Sprague-

Dawley): 24 hr. serum, 24 hr.

_ Electrophoresis,
serum starvation, followed by

Western Blot

treatment conditions.
PKM2 oxidation: The isolated protein fraction was _\l \/_
also labeled with biotin-maleimide followed by
Streptavidin Immunoprecipitation. Electrophoresis
and Western blot were then performed.

Pyruvate Kinase M

In cardiomyocytes, pyruvate kinase M (PKM) Is the enzyme
responsible for conversion of phosphoenolpyruvate (PEP) to
pyruvate in the final step of glycolysis. PKM has two splice
variants: PKM1 and PKM2.3 The ratio of PKM1/PKM?2 is
dictated by hnRNPs, and the activity of each isoform differs.2 In
the setting of oxidative stress, the activity of PKM1 Is unaffected,
while the activity of PKM2 is reduced due to subunit dissociation
resulting from oxidation at Cys-358.3# Oxidation of PKM2
Increases flux to anabolic pathways (pro-growth) and to the
pentose phosphate pathway (producing reducing equivalents for
orotection against oxidative stress).® Upstream regulators of
PKM2 are HIF-1a and c-Myc hnRNPs.2 PKM2 exhibits
Importance in cancer cells, and a switch to the M2 isoform Is
necessary to cause the Warburg effect. The M2 isoform is the sole
PKM isoform expressed in a variety of tumors.>

Background

Hypothesis: Increased PKM2 protein levels and oxidation
contribute to cardiac hypertrophy.

The treatment conditions analyzed are hypoxia and

a-adrenergic signaling. As indicated in the figure below, hypoxia
IS expected to increase HIF-1a and PKM2 downstream. In vivo
hypertrophy conditions have also been shown to increase c-Myc
MRNA expression.® Both a-adrenergic signaling and hypoxia
generate reactive oxygen species (ROS). The former generates
ROS through an NADPH oxidase 2 mediated mechanism.3’
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Figure l1a (left), 1b (right): Figure 1a: In cancer cells, mTOR
hyperactivity has been shown to increase PKM2 protein levels via
two downstream regulators: HIF-1a and Myc.? HIF-1a increases
transcription of glycolytic enzymes, including PKM2. Myc also
has pro-glycolytic effects, as well as increasing Myc hnRNPs
which cause selective splicing of PKM2.2 Figure 1b: A simplified
glycolytic pathway showing the role of PKM.
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Figure 2: 24-hour and 48-hour phenylephrine (PE) treatment of
NRVMs in low glucose media exhibited no significant increase in
PKM2 protein levels when normalized to GAPDH protein signal.
Three PE concentrations were tested: 50 uM, 100 uM, and 500 uM.
Previous tests (not shown) suggested no difference in PE effects on
NRVMs in either low or high glucose media. Analysis was
performed via quantitation of western blot signal.
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Figures 3 (above) & 4 (below): Figure 3: 16-hour hypoxia treatment
(1% 0,) of NRVMs exhibited an increase in PKM2 protein levels
when normalized to GAPDH protein signal. The increase In
PKM2/GAPDH was larger in low glucose media than high glucose
media. Figure 4: Western blot and band quantitation used to obtain
the results shown above.
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Oxidized PKM2: Sham and TAC surgery
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Figure 5 (left) and 6 (right): Measurement of oxidized PKM2 in one week sham
surgery and transverse aortic constriction (TAC) mice. Fractional oxidized PKM2 did
not increase with one week TAC; however, total oxidized PKM2 normalized to input
GAPDH increased with one week TAC. Total PKM2 protein levels are elevated in 1

week TAC as well (results not shown).
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Figure 7: 24-hour and 48-hour GPCR agonist treatment of NRVMs
In low glucose media. Angiotensin 11 (100 nM) and Endothelin-1
(10 nM, 100 nM) were tested. Angiotensin Il exhibited no increase
In PKM2/GAPDH, while ET-1 exhibited marginal increases In
PKM2/GAPDH in 24-hour treatment; however, not in 48-hour
treatment. Analysis was performed via quantitation of western blot.
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Figure 10 (left) and 11 (right): 24-hour GPCR agonist treatment
of NRVMs with Angiotensin Il (100 nM) and Endothelin-1

(10 nM, 100 nM) In low glucose media. Angiotensin Il and
Endothelin-1 treatment did not increase fractional or total oxidized
PKM2 protein levels.
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PKM?2 Protein Levels:

* Phenylephrine and Angiotensin II (low glucose, 100 nM)
treatment alone are insufficient to increase normalized PKM?2
protein levels in cultured NRVMs.

PKM2 Oxidation:
 PKM2 protein fractional oxidation 1s not increased by

Ang 11 (100 nM), PE, or ET-1 (10 nM, 100 nM) in cultured
NRVMs under the time frame and media conditions tested.

Future Work

PKM2 Protein Levels:

* Hypoxic conditions (Oxygen concentrations: 1%, 10% 0,) can be
tested further with and without agonist treatment (PE, ET-1, etc.)

» Test agonists for c-Myc (norepinephrine, mechanical stretch).

* Measure c-Myc and HIF-1a mRNA or protein levels with agonist
treatment to narrow the pertinent pathway for PKM2 upregulation.

» Test treatment conditions in an adult cardiomyocyte model.

PKM2 Oxidation:

» Test PKM2 oxidation under conditions of hypoxia, H, 0, and
other ROS producing treatment conditions in cultured NRVMs.
 Apply Biotin-labeling and immunoprecipitation protocol to other
pertinent proteins. Additional positive controls should be identified.
» Apply chemicals that prevent PKM?2 oxidation (e.g DASA-10) In
the presence of hypertrophy-inducing stimuli in NRVMs. Measure
extent of hypertrophy using leucine incorporation.

and tumour growth. Nature. 2008;452:230-233.

References

[1] Yamazaki T, Komuro |, Yazaki Y. Molecular mechanism of cardiac cellular hypertrophy by
mechanical stress. J Mol Cell Cardiol. 1995;27:133-40.

[2] Sun Q, Chen X, Ma J, Peng H, Wang F, et al. Mammalian target of rapamycin up-regulation of
pyruvate kinase isoenzyme type M2 is critical for aerobic glycolysis and tumor growth. Proc Natl Acad
SciUSA.2011;108:4129-4134

[3] Anastasiou D, Poulogiannis G, Asara JM, et al. Inhibition of pyruvate kinase M2 by reactive oxygen
species contributes to cellular antioxidant responses. Science. 2011;334(6060):1278-1283.

[4] Spoden GA, Rostek U, Lechner S, Mitterberger M, Mazurek S, Zwerschke W. Pyruvate kinase 220.
isoenzyme M2 is a glycolytic sensor differentially regulating cell proliferation, cell size and apoptotic
cell death dependent on glucose supply. 2009;315:2765-2774.

[5] Christofk HR, et al. The M2 splice isoform of pyruvate kinase is important for cancer metabolism

[6] Izumo S, Nadal-Ginard BE, Mahdavi V. Protooncogene induction and reprogramming of cardiac
gene ex pression produced by pressure overload. Proc Natl Acad Sci U S A. 1988;85:339-343.

[7] Santos CXC, Anilkumar N, Zhang M, Brewer AC, Shah AM. Redox signaling in cardiac myocytes.
Free Radical Biology and Medicine. 2011;50(7):777-793.

[8] Brugarolas J, Lei K, Hurley RL, et al. Regulation of mTOR function in response to hypoxia by REDD1
and the TSC1/TSC2 tumor suppressor complex. Genes and Development. 2004;18(23):2893-2904.
[9] Zhong W, Mao S, Tobis S, Angelis E, Jordan MC, et al. Hypertrophic growth in cardiac myocytes is
mediated by Myc through a Cyclin D2-dependent pathway. EMBO J. 2006;25:3869—-3879.

[10] Wang X, Proud CG. mTORC1 signaling: What we still don't know. J Mol Cell Biol. 2011;3(4):206—

[11] Liu W, Shen SM, Zhao XY, Chen GQ. Targeted genes and interacting proteins or hypoxia inducible
factor-1. Int. J. Biochem. Mol. Biol. 2012; 3(2): 165-78.

ul SOUTHWESTERN

MEDICAL CENTER




