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Variants in ANGPTL4 and the Risk of Coronary Artery Disease

TO THE EDITOR: Genomic studies of cardiovascu-
lar disease that are based on samples obtained
from patients have identified variants associated
with the risk of disease that do not always predict
the onset of disease shown in prospective stud-
ies.!? Dewey et al. (March 24 issue)® report lower
levels of triglycerides and a lower risk of coronary
artery disease among carriers of E40K and other
inactivating mutations in ANGPTL4 than among
noncarriers. Also, in the same issue of the Jour-
nal, Stitziel et al. report that in a cross-sectional
study, low-frequency coding-sequence variants
were associated with a reduced risk of coronary
disease.

We carried out an independent, large-scale
study and confirmed the role of these genetic
variants in incident coronary heart disease. Our
study involved data that was collected prospec-
tively from seven cohorts (the Age, Gene/En-
vironment Susceptibility—Reykjavik Study; the
Atherosclerosis Risk in Communities Study; the
Cardiovascular Health Study; the Framingham
Heart Study; the Genetic Studies of Atheroscle-
rosis Risk; the Rotterdam Study; and the Wom-
en’s Genome Health Study). A total of 5427 of
49,518 persons of European ancestry in these
studies had incident coronary heart disease.

We investigated 35,904 autosomal exome-array
variants with a minor-allele frequency of greater
than 1% for association, with adjustment for age,
sex, and population substructure. Significant
associations (Bonferroni-corrected P<1.39E-06)
are summarized in Table S1 in the Supplemen-
tary Appendix, available with the full text of this
letter at NEJM.org. We confirm previously re-
ported® associations with noncoding common
variants at 9p21 and PHACTR1, and we also found
an association between a low-frequency variant
in ANGPTL4 and a reduced risk of incident coro-
nary heart disease.
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TO THE EDITOR: In the studies reported by Dewey
et al. and Stitziel et al., the reduced risk of cardio-
vascular disease observed among carriers of in-
activating variants in ANGPTL4 suggests a causal
role for plasma triglycerides. However, in both
studies, lower triglyceride levels in carriers were
inextricably linked with elevated levels of high-
density lipoprotein (HDL) cholesterol. In another
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genetic study that decoupled HDL cholesterol levels
from triglyceride levels, there was no association
between HDL cholesterol levels and the risk of
cardiovascular disease.! However, similar data
from a study that disentangles triglyceride levels
from HDL cholesterol levels are still lacking.

Inactivating APOC3 variants have been associ-
ated with reduced triglyceride levels, elevated HDL
cholesterol levels, and a reduced risk of cardio-
vascular disease,”> whereas inactivating APOAS
variants have been associated with elevated tri-
glyceride levels, reduced HDL cholesterol levels,
and an elevated risk of cardiovascular disease.?
Modulation of lipoprotein lipase activity might
be a unifying explanation. Indeed, LPL variants
that influence triglyceride and HDL cholesterol
levels reciprocally are also associated with the
risk of cardiovascular disease. However, unduly
emphasizing the triglyceride level as causal dis-
regards a hard-earned biologic understanding
that lipolysis affects HDL cholesterol levels con-
currently. In this situation, it may be premature to
overlook HDL cholesterol. The joint triglyceride—
HDL cholesterol phenotype may mark causal
processes that are otherwise inaccessible to mea-
surement in epidemiologic-scale samples.
Robert A. Hegele, M.D.

Robarts Research Institute
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hegele@robarts.ca

No potential conflict of interest relevant to this letter was re-
ported.

1. Voight BF, Peloso GM, Orho-Melander M, et al. Plasma HDL
cholesterol and risk of myocardial infarction: a mendelian ran-
domisation study. Lancet 2012;380:572-80.

2. Jorgensen AB, Frikke-Schmidt R, Nordestgaard BG, Tybjerg-
Hansen A. Loss-of-function mutations in APOC3 and risk of ische-
mic vascular disease. N Engl ] Med 2014;371:32-41.

3. Do R, Stitziel NO, Won HH, et al. Exome sequencing identi-
fies rare LDLR and APOAS alleles conferring risk for myocardial
infarction. Nature 2015;518:102-6.

DOI: 10.1056/NEJMc1607380

TO THE EDITOR: Dewey et al. and Stitziel et al.
report that reduced triglyceride levels in carriers of
loss-of-function variants in ANGPTL4 were associ-
ated with a reduced cardiovascular risk. Lower
risk was attributed to lower levels of triglycerides
in carriers than in noncarriers, whereas levels of
low-density lipoprotein (LDL) cholesterol were
similar and normal in carriers and noncarriers.
Neither study included assays of apolipopro-
tein B (apoB), the sum of very-low-density lipo-
protein (VLDL) and LDL particle numbers. Even
in patients with hypertriglyceridemia, apoB LDL

particles compose more than 85% of the total
number of apoB-lipoprotein particles. If the apoB
level is elevated, increased numbers of cholesterol-
depleted LDL particles contribute to an increased
cardiovascular risk.!

The findings in Justification for the Use of
Statins in Prevention: an Intervention Trial Eval-
uating Rosuvastatin (JUPITER)? are pertinent.
JUPITER was a primary prevention trial of statin
therapy involving healthy persons with low levels
of LDL cholesterol but high levels of C-reactive
protein. Triglyceride levels were similar to those
in the studies by Dewey et al. and Stitziel et al.,
but apoB, and therefore the LDL particle number,
was elevated.? JUPITER showed that statins low-
ered apoB levels and rates of clinical events, but
it did not provide evidence that lowering levels of
triglycerides is clinically beneficial.

Accordingly, we think that knowing the levels
of apoB would enhance our understanding of the
results of these two studies. Normal levels of
apoB in persons at risk would implicate triglyc-
erides, whereas elevated levels of apoB would
implicate LDL particles.
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McGill University Health Centre
Montreal, QC, Canada
allansniderman@hotmail.com

Dr. Thanassoulis reports receiving lecture fees from Servier
Canada, fees for serving on advisory boards for Servier Canada,
Amgen, and Ionis Pharmaceuticals, and consulting fees from
Ionis Pharmaceuticals. No other potential conflict of interest
relevant to this letter was reported.

1. de GraafJ, Couture P, Sniderman AD. ApoB in clinical care.
Houten, the Netherlands: Springer Media BV, 2015.

2. Ridker PM, Danielson E, Fonseca FAH, et al. Reduction in
C-reactive protein and LDL cholesterol and cardiovascular event
rates after initiation of rosuvastatin: a prospective study of the
JUPITER trial. Lancet 2009;373:1175-82.

DOI: 10.1056/NEJMc1607380

TO THE EDITOR: Stitziel et al. report that a com-
mon gain-of-function genetic variant in LPL, which
encodes lipoprotein lipase, is associated with a
reduction in the risk of coronary artery disease.
The authors speculate that therapeutic activation
of this pathway might reduce the risk of coronary
artery disease.

To test this hypothesis, we analyzed data
from 4414 persons involved in the ACCORD
Lipid randomized clinical trial*? to determine
whether the cardioprotective effect of fenofi-
brate (a drug with widespread effects on lipid
metabolism, including LPL activation)® was influ-
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Figure 1. Incidence of Cardiovascular Events among
Patients with Type 2 Diabetes Enrolled in the ACCORD
Lipid Trial, According to Study-Drug Group.

The numbers of cardiovascular events (deaths from
cardiovascular disease, nonfatal myocardial infarction,
or stroke) over a median follow-up of 4.7 years are shown
at the bottom of each column. Data from 4414 trial par-
ticipants (of 5518 trial participants) who consented to
participate in genetic studies are shown. Since there
were only 21 p.447* homozygotes, p.447* LPL variant
heterozygotes and homozygotes were considered as one
group. Both study-drug groups (placebo and fenofibrate)
received simvastatin. T bars represent standard devia-
tions.

enced by the common gain-of-function LPL vari-
ant (p.S447*) described in the article by Stitziel
et al. In the ACCORD Lipid trial, patients with
type 2 diabetes who were receiving simvastatin
and who were at high risk for cardiovascular
events were assigned to receive either fenofibrate
or placebo. In the overall ACCORD Lipid trial,
fenofibrate did not have a significant effect on
cardiovascular events.! However, consistent with
the working hypothesis, a negative interaction
(P=0.01) was observed between the use of feno-
fibrate and p.S447*. Fenofibrate was beneficial
in p.S447 homozygotes but not in carriers of the
gain-of-function p.447* variant (Fig. 1). By show-
ing that there was no association between feno-
fibrate and protection against risk among per-
sons in whom LPL activity was already elevated,

our findings provide some support for the im-
portance of this pathway as a target for cardio-
protective interventions.
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Joslin Diabetes Center

Boston, MA

alessandro.doria@joslin.harvard.edu

for the Action to Control Cardiovascular Risk
in Diabetes (ACCORD) Genetic Study Group

No potential conflict of interest relevant to this letter was re-
ported.

1. Ginsberg HN, Elam MB, Lovato LC, et al. Effects of combi-
nation lipid therapy in type 2 diabetes mellitus. N Engl J] Med
2010;362:1563-74.

2. Shah HS, Gao H, Morieri ML, et al. Genetic predictors of
cardiovascular mortality during intensive glycemic control in
type 2 diabetes: findings from the ACCORD clinical trial. Diabe-
tes Care 2016;39:1915-24.

3. Duval C, Miiller M, Kersten S. PPARalpha and dyslipidemia.
Biochim Biophys Acta 2007;1771:961-71.

DOI: 10.1056/NEJMc1607380

DR. DEWEY AND COLLEAGUES REPLY: We welcome
the report that Morrison et al. have replicated our
finding of reduced odds of coronary artery dis-
ease in persons carrying the ANGPTL4 p.E40K
variant, as well as the report that Morieri et al.
have observed an interaction between the LPL
genotype and fenofibrate with respect to rates of
cardiovascular events.

We agree with Hegele that the joint triglyc-
eride—-HDL cholesterol phenotype that is associ-
ated with the variant ANGPTL4 complicates the
interpretation of the mechanistic link between
the triglyceride level and the risk of coronary
artery disease. As discussed in our article, we
could not rule out an effect of variant ANGPTL4
through alteration of HDL cholesterol levels on
the risk of disease, although a genetic study sug-
gests that certain mechanisms of alteration of
HDL cholesterol levels are not linked with the
risk of coronary artery disease.! The total non—
HDL-cholesterol fraction, which includes the
apoB-containing triglyceride-rich VLDL and inter-
mediate-density lipoproteins, as well as chylomi-
crons and their remnants, have also been linked
epidemiologically>® and now genetically* to the
risk of coronary artery disease and may contrib-
ute to the associations observed in our study. It
is not yet clear which changes in lipid fractions
causally mediate the reduction in atherosclerotic
coronary artery disease.

We agree with Sniderman and Thanassoulis
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that assays of apoB levels in persons with vari-
ants in ANGPTL4 and in those without these
variants would shed further light on the connec-
tion between the lipid associations observed in
our study and the risk of coronary artery dis-
ease. Indeed, Desai et al.’ found that VLDL cho-
lesterol clearance is increased and VLDL choles-
terol production is decreased in Angptl4-deficient
mice as well as in mice treated with a blocking
antibody to ANGPTL4. This finding suggests
that this apoB-containing triglyceride-rich lipo-
protein fraction is modulated by ANGPTL4 activ-
ity. We did not assay apoB levels in study par-
ticipants and agree that it would be helpful to do
so in future studies involving carriers of variant
ANGPTLA.
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Alan R. Shuldiner, M.D.

Regeneron Genetics Center
Tarrytown, NY
frederick.dewey@regeneron.com
Since publication of their article, the authors report no fur-
ther potential conflict of interest.

1. Voight BF, Peloso GM, Orho-Melander M, et al. Plasma HDL
cholesterol and risk of myocardial infarction: a mendelian ran-
domisation study. Lancet 2012;380:572-80.

2. Rana]JS, Boekholdt SM, Kastelein JJ, Shah PK. The role of
non-HDL cholesterol in risk stratification for coronary artery
disease. Curr Atheroscler Rep 2012;14:130-4.

3. Di Angelantonio E, Sarwar N, Perry P, et al. Major lipids,
apolipoproteins, and risk of vascular disease. JAMA 2009;302:
1993-2000.

4. Helgadottir A, Gretarsdottir S, Thorleifsson G, et al. Vari-
ants with large effects on blood lipids and the role of cholesterol
and triglycerides in coronary disease. Nat Genet 2016;48:634-9.

5. DesaiU, Lee EC, ChungK, et al. Lipid-lowering effects of anti-
angiopoietin-like 4 antibody recapitulate the lipid phenotype
found in angiopoietin-like 4 knockout mice. Proc Natl Acad Sci
U S A 2007;104:11766-71.

DOI: 10.1056/NEJMc1607380

DR. STITZIEL REPLIES: My colleagues and I are
pleased to see that Morrison and colleagues have
replicated the association between ANGPTL4 p.E40K
and a reduced risk of coronary artery disease.
Rare mutations within several genes — APOAS,!

APOC3,%* and now ANGPTL4 — are associated
with the risk of coronary artery disease as well
as plasma concentrations of triglyceride-rich lipo-
proteins and HDL. The product of each of these
genes regulates the activity of lipoprotein lipase
anchored to the luminal surface of endothelial
cells. As such, Hegele suggests that enzymatic
activity of lipoprotein lipase along with its recip-
rocal effects on triglyceride-rich lipoproteins and
HDL may be a pathophysiologic link to coronary
artery disease. We agree that a combined pheno-
type of triglyceride-rich lipoproteins and HDL
may prove to be useful as an indirect biomarker
of lipoprotein lipase activity.

Sniderman and Thanassoulis ask for data on
apoB particles. This is clearly of interest, but apoB
levels were not assayed in the majority of pa-
tients in our study.

Morieri and colleagues report a pharmacoge-
netic interaction between a gain-of-function vari-
ant in the lipoprotein lipase gene (p.S447*) and
the efficacy of fenofibrate therapy. This interest-
ing finding, which requires replication, may hold
potential for personalized therapy with this class
of drugs in patients with diabetes.
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Biologic and Clinical Perspectives on Thyroid Cancer

TO THE EDITOR: In their review article on thyroid
cancer, Fagin and Wells (Sept. 15 issue)' state
that 7% of unselected medullary thyroid carcino-
mas are attributable to germline RET mutations,
but they do not provide a similar numerical esti-

mate of genes that contribute to the development
of differentiated thyroid carcinoma. This lack of
an estimate and the authors’ mention of PTEN,
APC, and WRN as susceptibility genes for differ-
entiated thyroid carcinoma prompted us to ana-
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