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Circulating lipids drive the tissue dysfunction that underlies cardiovascular disease and diabetes. Clinical indices of risk of these metabolic disorders include serum
levels of LDLs, total and LDL-cholesterol, and triglycerides, all of which reveal heightened susceptibility for major
adverse cardiac events (MACEs). Despite their widespread
use, these established clinical biomarkers only weakly forecast cardiovascular outcomes, leaving substantial need to
develop more reliably predictive diagnostic tests. In this
issue of the Journal of Lipid Research, Anroedh et al. (1) provide evidence supporting a new serum diagnostic: the
C16/C24 ceramide ratio.
Ceramides are synthesized from dietary metabolites or
products of fatty and amino acid metabolism through a
four-step biosynthetic cascade, with the final products containing a sphingoid base coupled to variable acyl side
chains via amide linkage. Six distinct (dihydro)ceramide
synthases (Cers1–6), which differ by tissue location and
substrate specificity, facilitate addition of the acyl chains
to the sphingoid backbone to produce the diverse pool
of ceramide species (2). These ceramides can be further
metabolized by enzymes that add different head groups to
produce the complete spectrum of tissue sphingolipids
(e.g., sphingomyelins and glycosphingolipids). A recent
flurry of studies has revealed clinical utility for measuring
the ratio of certain ceramides, particularly the long-chain
C16:0 ceramide, in relation to very-long-chain C24:0
ceramide. Indeed, high 16/24 ratios show a strong association with MACEs, as well as other metabolic defects that
contribution to the pathology (e.g., coronary artery disease, insulin resistance, etc.) (3–6). Other ceramides (e.g.,
C18:0, C20:0, C22:0, etc.) also associate with these clinical
pathologies, but C24:0 does not (3–6).
Through the European Collaborative Project on Inflammation and Vascular Wall Remodeling in Atherosclerosis (ATHEROREMO), Anroedh and colleagues built
upon these prior studies, conducting a long-term (5 year)
follow-up analysis of 574 plasma samples obtained from
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older adults (mean age: 61.5 years) with either a diagnosis
of acute coronary syndrome (ACS) or stable angina pectoris
(SAP). They screened for relationships between cardiovascular outcomes and ten circulating biomarkers, including
the ceramide species and ratios described previously. As
expected, they confirmed that associations between the
aforementioned, well-characterized markers of cardiovascular disease (e.g., high LDL cholesterol, high serumnonHDL cholesterol, and low triglycerides) were evident
in subjects with ACS (as compared with those with SAP).
Notably, they also determined that C16:0, C20:0, and C24:1
ceramides were elevated in ACS patients. These relationships were particularly robust when presented as a ratio
against C24:0 ceramides, which showed no such association with MACEs (1). By employing a multivariate analysis,
the authors controlled for gender, age, hypertension,
hypercholesterolemia, diabetes mellitus, and statin use.
After further controlling for either LDL cholesterol or
nonHDL cholesterol, the association between C16:0 ceramides and MACEs persisted (1). When the authors investigated
secondary endpoints (nonfatal ACS, all-cause mortality),
similar associations between ceramide ratios (e.g., C16:0/
C24:0, C18:0/C24:0, and C24:1/C24:0) and disease endpoints were revealed (1).
These latest studies complement a number of recent
clinical investigations reporting associations between
ceramides and cardiovascular outcomes, to the extent that
the Mayo Clinic is marketing diagnostic tests to measure
ceramides (5, 7–9). These studies show remarkable consistency, as a subset of ceramides (e.g., C16:0, C18:0, C20:0)
almost invariably associates with deleterious outcomes,
while the C24:0 ceramides show no or negative relationships. This presents the intriguing diagnostic utility of tests
reporting the ratios of the harmful ceramides against the
benign C24:0 species.
Studies in rodent models reveal that these ceramides
play causative roles in cardiovascular pathologies, eliciting
the metabolic impairments that underlie their development. For example, interventional studies in rats, mice, or
hamsters that either a) slow the synthesis or b) stimulate
the degradation of ceramides ameliorate atherosclerosis,
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insulin resistance, type 2 diabetes, fatty liver disease, and
cardiomyopathy (10). For example, pharmacological inhibition or genetic ablation of the biosynthetic enzymes serine palmitoyltransferase or dihydroceramide desaturase-1
produce robust protective effects in animal models of
cardiometabolic dysfunction (e.g., feeding obesogenic
diets, leptin or leptin receptor deficiency, apolipoprotein
E-deficiency, etc.) (10). Additional studies have probed
the relevance of the specific acyl-chains, supporting the
importance of the C16/C24 ratio as a driver of disease. For
example, genetic deletion of ceramide synthase 6 (Cers6),
which produces C16:0 ceramides, elicits metabolic improvements (11). By comparison, deletion of Cers2, which
produces C24:0 ceramides, exacerbates metabolic pathologies (12). Of note, Cers2 deficiency leads to compensatory upregulation of Cers6, further driving the formation
of the deleterious C16:0 ceramides. These observations
strongly support the therapeutic potential of pharmaceuticals targeting sphingolipids, as well as diagnostic tests
using the C16/C24 ceramide ratio as a marker of risk.
The molecular means by which these particular ceramides
drive tissue dysfunction has received considerable attention (10). They inhibit activation of the insulin-stimulated,
anabolic enzyme Akt/PKB, thus contributing to the insulin resistance that underlies many of these pathologies.
They also impair mitochondrial function and drive oxidative stress. Another subset of actions have been shown to
relate to their ability to promote retention of lipoproteins
in the vessel wall (10). Lastly, they trigger cardiomyocytespecific actions related to cardiomyopathy (13). Despite
these successes, scientists have an incomplete understanding of why ceramide chain-lengths have such potent implications on tissue function. This engaging question will
surely be an area of interest and mechanistic inquiry as
researchers strive to elucidate the complexity underlying
ceramide actions on tissue function.
In summary, the recent application of targeted and untargeted lipidomics has uncovered the exciting diagnostic
potential of measurement of serum ceramides as indices
of disease risk. They represent an exciting class of molecules of considerable therapeutic potential and clinical
utility.
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