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L-2-hydroxyglutarate (L2HG) couples mitochondrial and cytoplasmic energy
metabolism to support cellular redox homeostasis. Under oxygen-limiting conditions,
mammalian cells generate L2HG to counteract the adverse effects of reductive
stress induced by hypoxia. We examined the cardioprotective effects of L2HG
accumulation against low-flow ischemia (LFI) and ischemia-reperfusion (I/R) injury
and its underlying mechanism using genetic mouse models.
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We induced L2HG accumulation by homozygous (L2HGDH–/–) or heterozygous
(L2HGDH+/–) deletion of the L2HG dehydrogenase (L2HGDH) gene in mice. Hearts
isolated from these mice and their wildtype littermates (L2HGDH+/+) were subjected
to baseline perfusion or 90-min LFI or 30-min no-flow ischemia followed by 60- or
120-min reperfusion. Using [13C]- and [31P]-NMR spectroscopy, HPLC, real-time qRT-
PCR, ELISA, Evans blue-TTC double staining, colorimetric/fluorometric
spectroscopy, and echocardiography, we found that L2HGDH deletion induces L2HG
accumulation at baseline and under stress conditions with significant functional
consequences. In response to LFI or I/R, L2HG accumulation shifts glucose flux from
glycolysis towards the pentose phosphate pathway (PPP). These key metabolic
changes were accompanied by enhanced cellular reducing potential, increased
elimination of reactive oxygen species (ROS), attenuated oxidative injury and
myocardial infarction, preserved cellular energy state, and improved cardiac function
in both L2HGDH–/– and L2HGDH+/– hearts compared with L2HGDH+/+ hearts under
ischemic stress conditions.
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Our data support that genetic L2HG accumulation protects against myocardial injury
during LFI and I/R through a metabolic shift of glucose flux from glycolysis towards
the PPP. L2HG offers a novel mechanism for eliminating ROS from myocardial
tissue, mitigating redox stress, reducing myocardial infarct size, and preserving high
energy phosphates and cardiac function. Targeting L2HG levels through L2HGDH
activity may serve as a new therapeutic strategy for cardiovascular diseases related
to oxidative injury.
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Mitochondrial oxidative stress
is capable of triggering the other 
injury mechanisms, therefore,  
plays an early and critical role in 
myocardial ischemia/ reperfusion 
(I/R) injury.

L2HG may protect against myocardial I/R injury through counteracting 
the adverse effects of oxidative stress via decreasing glycolysis and 
increasing PPP activity.

L-2-hydroxyglutarate (L2HG) 
is produced by promiscuous 
actions of malate dehydro-
genase (MDH) and lactate 
dehydrogenase (LDH) on a-
ketoglutarate (aKG) in 
response to hypoxia

L2HG is oxidized back to 
a-KG by L2HG 
dehydrogenase (L2HGDH) 

L2HG couples mitochon-
drial and cytoplasmic 
energy metabolism in a 
model of cellular redox 
regulation to support 
cellular redox homeostasis.

Under conditions of limited 
oxygen availability, mamm-
alian cells generate L2HG    
to counteract the adverse 
effects of mitochondrial 
reductive stress induced by 
hypoxia.

Hypothesis
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Pentose phosphate pathway
(PPP) is the predominant source 
of cellular NADPH, providing the 
reducing equivalents for endo-
genous antioxidant systems. 
DHEA blocks PPP by inhibiting 
glocse-6-phosphate 
dehydrogenase.

ROS, Reactive oxygen species
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Figure 1.  Genetic deletion of L2HGDH and ischemic stress induce L2HG accumulation 
independent of pentose phosphate pathway. 
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Figure 2. Genetic L2HG accumulation preserves cardiac function in response to ex vivo 30 min no-flow 
ischemia followed by 120 min reperfusion via the pentose phosphate pathway. 

Ex vivo Low-flow/no-flow I/R Study

In vivo no-flow I/R Study

ns: not significant, *P<0.05, ** P<0.01, 
*** P<0.001, and **** P<0.0001 
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Figure 3. Genetic L2HG accumulation preserves cardiac function in response to ex 
vivo low-flow ischemia via the pentose phosphate pathway. 

Vehicle DHEA 

Figure 5. Genetic L2HG accumulation mitigates oxidative damages to lipids and 
proteins under ischemic stresses dependently of pentose phosphate pathway.

Figure 4. Genetic L2HG accumulation preserves cardiac function in response to in 
vivo 30 min no-flow ischemia followed by 24 hours reperfusion.
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Figure 6. Genetic L2HG accumulation reduces cardiac infarction induced 
by ex vivo 30 min ischemia followed by 120 min reperfusion via the 
pentose phosphate pathway.

Ex vivo I/R Ex vivo I/R
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Figure 7. Genetic L2HG 
accumulation reduces 
cardiac infarction induced 
by in vivo 30 min ischemia 
followed by 24 hours 
reperfusion   via the 
pentose phosphate 
pathway.
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Results 3

Figure 8. Genetic L2HG accumulation preserves cellular 
energy state under ischemic stress.

Figure 9. Genetic L2HG accumulation increases cellular 
reducing potential and elimination of reactive oxygen species 
under ischemic stress.

Figure 10. Genetic L2HG accumulation shifts glucose flux to decreased 
glycolysis and increased pentose phosphate pathway (PPP) activity under 
ischemic stress.
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Figure 11. Potential mechanism for L2HG accumulation induced by L2HGDH 
deletion to increase redox potential and ROS elimination
under ischemic stress.

Genetic L2HG accumulation protects
against myocardial injury induced by LFI
and I/R through increasing cellular
reducing potential and ROS elimination,
decreasing oxidative damage to lipids and
proteins, limiting myocardial infarct size,
preserving high energy phosphates and
cardiac function by shifting glucose flux
from glycolysis towards the PPP. L2HG
accumulation offers a unique strategy for
eliminating ROS from cardiovascular cells,
and mitigating redox stress by the
combination of decreasing glycolysis and
increasing PPP activity. Targeting L2HG
levels by inhibiting L2HGDH activity may
serve as a new therapeutic strategy for
cardiovascular diseases related to redox
stress and oxidative injury.
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