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Abstract

Lower circulating glycine levels are frequently linked to cardiovascular disease (CVD); however it is still unknown
whether glycine has a causal or therapeutic function in atherosclerosis, the primary factor in most CVDs. Following
the discovery that individuals with severe coronary artery disease (SCAD) had lower levels of circulating glycine,
we looked into the possibility that glycine plays a causal role in atherosclerosis by altering the availability of
glycine in atheroprone mice. We also assessed DT-109's potential for atheroprotection, a newly discovered glycine-
based molecule with dual lipid and glucose-lowering characteristics. In apolipoprotein E-deficient (Apoe/) mice,
glycine deprivation accelerated atherosclerosis development whereas glycine supplementation slowed it down
(Rom O et al., 2016). The most notable atheroprotective benefits were shown with the use of DT-109, which
also decreased superoxide levels and atherosclerosis across the whole aortic tree and aortic sinus. With no lipid-
lowering effects, DT-109 therapy dramatically decreased aortic superoxide and atherosclerosis in Apoe/ animals
with advanced atherosclerosis. Studies on the kinetics and targeted metabolomics of DT-109 have shown that
it causes mononuclear cells to produce glutathione. Glycine and DT-109 reduced the production of superoxide
in bone marrow-derived macrophages (BMDMs) in response to glycine deprivation. This was eliminated in
glutamate-cysteine ligase modifier subunit-deficient (Geclm/-) animals, which have a problem with glutathione
production. Glycine deficit reduces glutathione production in BMDMs, but glycine-based therapy stimulates
de novo glutathione biosynthesis, according to metabolic flow and carbon tracing tests. We showed that glycine
plays a causal role in atherosclerosis and identified glycine-based therapy as a strategy through investigations in
patients with CAD, in vivo studies using atherosclerotic mice, and in vitro studies utilizing macrophages.
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INTRODUCTION

The simplest of the 20 natural amino acids, glycine, is
regarded as a nonessential amino acid since it may be
produced endogenously. But prior research suggests that
glycine production could not be enough to satisfy the
organism's metabolic requirements, indicating that glycine
is just a conditionally necessary amino acid. In addition
to its numerous biochemical and physiological functions,
glycine is required for the production of numerous vital
compounds, including glutathione, heme, creatine, and
purines. Acute myocardial infarction, obesity, type 2
diabetes (T2D), metabolic syndrome, non-alcoholic fatty
liver disease (NAFLD), coronary heart disease, and other

cardio metabolic disorders have all been linked to lower
circulating levels of glycine. We and others have shown
that low glycine availability is a barrier to glutathione
production. Glycine supplementation corrects this, which
reduces oxidative stress in NAFLD and T2D. Although
putative pathways by which glycine protects against NAFLD
and T2D have been found, it is still unknown what function
glycine plays in the development of atherosclerosis, the
underlying condition that underlies the majority of CVDs
(Hampton T, 2017).

Atherosclerosis is a chronic artery disease caused by
abnormal immune response, uneven lipid metabolism,
and deregulated redox homeostasis. The biological
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consequences of underlying risk factors such as dyslipidemia,
T2D, obesity, and NAFLD lead to the development of
atherosclerosis. The risk of cardiovascular events and
mortality is dramatically decreased when certain risk
factors are reduced. Due to its recognized significance in
atherosclerotic cardiovascular disease, current treatment
guidelines concentrate on lowering circulating cholesterol,
especially low-density lipoprotein cholesterol (LDL-C) (CVD).
However, several clinical trials with statins, non-statins,
and combination therapy have revealed persistent residual
risk of atherosclerotic CVD, which remains a top cause of
mortality globally, despite impressive advancements in
LDL-C-lowering medications (Rom O, 2018). This is probably
because current cholesterol-lowering treatments have little
to no effect—or perhaps have negative effects—on cardio
metabolic risk variables other than LDL-C. For example,
although significantly decreasing LDL-C, statin medication
increases the chance of newly developing T2D, causes a rise
in body weight, and has no discernible benefit for NAFLD
(Caldow MK et al., 2016). In order to lessen the burden
of CVD, it is crucial to find novel metabolic pathways that
may be targeted for the treatment of atherosclerosis
without rising, and ideally while lowering, other cardio
metabolic risk factors (Heresco-Levy U et al., 1999). There
is a compelling case for examining the causal role of glycine
in atherosclerosis as well as its therapeutic potential given
the numerous publications associating reduced circulating
glycine with a variety of cardio metabolic illnesses and its
protective benefits in NAFLD and T2D.

DISCUSSION

We investigated a lower dosage of DT-109 (0.5 mg/g body
weight/day), which we previously showed to improve
advanced NAFLD in mice, and 2) employed an experimental
technique to imitate established atherosclerosis followed
by a lipid-lowering regimen to increase the translational
relevance of the current investigation. Using this method,
we were able to assess DT-109's atheroprotective potential
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without taking into account its lipid- or glucose-lowering
capabilities. In fact, we discovered that switching Apoe/-
animals from the WD to a low-fat SD did not further reduce
the levels of circulating cholesterol and glucose after DT-109
therapy. DT-109 dramatically decreased atherosclerosis in
the whole aortic tree and in the aortic sinus despite the lack
of lipid/glucose-lowering effects (Rom O et al., 2017).

Additionally, DT-109 dramatically reduced superoxide in the
aortic sinus of Apoe-animals with existing atherosclerosis
without having any lipid or glucose-lowering effects,
indicating that antioxidant defence is a key mechanism by
which glycine-based therapy prevents atherosclerosis.

REFERENCES

1. Rom O, Aviram M (2016). Endogenous or exogenous
antioxidants vs.  pro-oxidants in  macrophage
atherogenicity. Curr Opin Lipidol. 27: 204-206.

2. Hampton T (2017). How useful are mouse models for
understanding human atherosclerosis? Review Examines the
Available Evidence. Circulation 135: 1757-1758.

3. RomO, Volkova N, Jeries H, Grajeda-Iglesias C, Aviram M (2018).
Exogenous (pomegranate juice) or endogenous (Paraoxonasel)
antioxidants decrease triacylglycerol accumulation in mouse
cardiovascular disease-related tissues. Lipids. 53: 1031-1041.

4. Caldow MK, Ham DJ, Godeassi DP, Chee A, Lynch GS, et al
(2016). Glycine supplementation during calorie restriction
accelerates fat loss and protects against further muscle loss in
obese mice. Clin Nutr. 35:1118-1126.

5. Heresco-Levy U, Javitt DC, Ermilov M, Mordel C, Silipo G, et
al, (1999). Efficacy of high-dose glycine in the treatment of
enduring negative symptoms of schizophrenia. Arch Gen
Psychiatr. 56: 29-36.

6. Rom O, Korach-Rechtman H, Hayek T, Danin-Poleg Y, Bar H,
et al (2017). Acrolein increases macrophage atherogenicity in
association with gut microbiota remodeling in atherosclerotic
mice: protective role for the polyphenolrich pomegranate
juice. Arch Toxicol. 91: 1709-1725.


https://journals.lww.com/co-lipidology/Citation/2016/04000/Endogenous_or_exogenous_antioxidants_vs_.17.aspx
https://journals.lww.com/co-lipidology/Citation/2016/04000/Endogenous_or_exogenous_antioxidants_vs_.17.aspx
https://journals.lww.com/co-lipidology/Citation/2016/04000/Endogenous_or_exogenous_antioxidants_vs_.17.aspx
https://www.ahajournals.org/doi/10.1161/CIRCULATIONAHA.117.028532?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
https://www.ahajournals.org/doi/10.1161/CIRCULATIONAHA.117.028532?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
https://www.ahajournals.org/doi/10.1161/CIRCULATIONAHA.117.028532?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
https://aocs.onlinelibrary.wiley.com/doi/10.1002/lipd.12112
https://aocs.onlinelibrary.wiley.com/doi/10.1002/lipd.12112
https://aocs.onlinelibrary.wiley.com/doi/10.1002/lipd.12112
https://www.clinicalnutritionjournal.com/article/S0261-5614(15)00241-1/fulltext
https://www.clinicalnutritionjournal.com/article/S0261-5614(15)00241-1/fulltext
https://www.clinicalnutritionjournal.com/article/S0261-5614(15)00241-1/fulltext
https://jamanetwork.com/journals/jamapsychiatry/fullarticle/204616
https://jamanetwork.com/journals/jamapsychiatry/fullarticle/204616
https://link.springer.com/article/10.1007/s00204-016-1859-8
https://link.springer.com/article/10.1007/s00204-016-1859-8
https://link.springer.com/article/10.1007/s00204-016-1859-8
https://link.springer.com/article/10.1007/s00204-016-1859-8

