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Editorial on the Research Topic

Editorial: Beyond Cardiovascular Disease: Challenging New Pathways in Lipid and Lipoprotein
Metabolism

The co-incidence of xanthomatosis and angina pectoris was firstly reported by Carl Muller (1939)
and opened a large room for several decades of investigations into the interconnection between
cholesterol accumulation and cardiovascular disease (CVD) apud (Muller, 1987). Later, with the
development of the analytic ultracentrifugation technique for lipoproteins isolation by John Gofman
in 1949, the comprehension of the role of these cholesterol-carrier particles on CVD enormously
increased (Gofman et al., 1949).

The results from the Framingham Study defined a contrasting role played by low-density
lipoproteins (LDL) and high-density lipoproteins (HDL), respectively in the stimulation and
prevention of atherosclerosis (Gordon et al., 1977; Andersson et al., 2019). In parallel, the Seven
Countries Studies introduced clues on the dietary fat contribution to lipoprotein profile and CV risk
(Keys, 1980). Recently, the detailing of the genetic source for dyslipidemias explored the contribution
of monogenic and polygenic lipid traits in lipid disorders and favored the development of new drugs.

Although classically related to cardiovascular disease and atherosclerotic burden, nowadays
plasma lipoproteins relate to the development and prognosis of other diseases. They included
evidence regarding the association among lipoproteins with diabetes mellitus, many types of cancer,
and inflammatory and infectious diseases.

HDL functionality and proteins related to its metabolization in the plasma and lymphatic
compartment encompass a myriad of pathophysiological processes. The advances in technical
approaches to the evaluation of the HDL subfractions based on 2-D electrophoresis,
ultracentrifugation, immunological methods, and magnetic nuclear resonance allowed the
comprehension of this heterogeneous lipoprotein family, its generation, maturation, and actions
in several diseases. The HDL proteome and lipidomics reveal a large range of peptides and bioactive
lipids that define HDL functionality. It includes the HDL’s ability in removing excess cholesterol
from peripheral cells, the so-called reverse cholesterol transport, but also its actions as an antioxidant,
anti-inflammatory, hematopoietic, and in improving endothelial-mediated vasodilation, plaque
stability, and glucose homeostasis. Moreover, the role of HDL as a cargo particle for microRNA
and its delivery to target cells via SR-B1 also enrolls this lipoprotein in the modulation of cell function
in different health conditions.

Importantly, all HDL activities that seem to modulate CV risk and the pathophysiology of many
diseases are not strictly conditioned to the traditional laboratory metrics of the HDL content in
cholesterol or apolipoprotein (apo) A-I plasma levels. This became crystal clear after many negative
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clinical trials that tested the protective effect of enhancing plasma
HDL-cholesterol levels (Barter et al., 2007; Schwartz et al., 2012;
Group etal., 2017; Lincoff et al., 2017) and also after observational
studies with Mendelian randomization which failed in
demonstrating the association between increased HDL-
cholesterol or apo A-I and CVD outcomes (Frikke-Schmidt
et al,, 2008; Johannsen et al., 2009; Haase et al., 2010; Voight
et al., 2012).

Acute-phase response proteins that are markedly elevated during
inflammation and infection constitute a large family of proteins
associated with the HDL particle. HDLs are the major lipoproteins
that bind and neutralize lipopolysaccharide and lipoteichoic acid,
components of the outer membrane of respectively, Gram-negative
and Gram-positive bacteria (Meilhac et al., 2020). These interactions
are mediated by cholesteryl ester transfer protein (CETP),
phospholipid transfer protein, and lipopolysaccharide-binding
protein associated with the HDL particle.

A large number of studies reported a negative association
between HDL-cholesterol levels and mortality or adverse clinical
outcomes in sepsis and the beneficial effect of the infusion of HDL
mimetics or reconstituted HDL on morbimortality in animal models
of sepsis (Morin et al., 2015). However, controversies still exist and
there are several reports of a negative or absent association between
changes in plasma HDL-cholesterol and the sequential assessment
score of organ failure (SOFA) or mortality in sepsis. Further
investigations have sought to identify components in the HDL
lipidome and proteome that may act as modulators of the sepsis
response or as prognostic markers. In this Research Topic, Reisinger
et al. present evidence on the role played by the lecithin cholesterol
acyltransferase (LCAT) activity in discriminating intensive care unit
septic patients from non-septic subjects and even predicting
mortality outcomes in sepsis. LCAT activity was a better
predictor of mortality in sepsis as compared with serum amyloid
A that besides being an inflammatory marker was not associated
with mortality rate.

HDL also plays a role in parasitic infections and seems to
contribute to innate immunity (Grao-Cruces et al., 2022). On the
other hand, HDL receptors, such as SR-B1 and ABCA-1 favor
virus entry into cells, and their antagonism is proposed as a
therapeutically approach against virus infection. The cholesteryl
ester transfer protein (CETP) dictates HDL-cholesterol levels in
plasma by exchanging esterified cholesterol and triglycerides
between HDL and apo B-containing lipoproteins. Then, CETP
inhibitors are potential contributors to raising HDL-cholesterol,
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although controversies persist considering its role in neutralizing
bacterial endotoxins favoring the HDL’s anti-inflammatory
properties, and failure in CVD outcomes. In this Research
Topic, Yokoyama presents a review of the role of HDL in
providing lipids for Schistosoma japonicum egg development
via a CD-36-like protein expressed in the parasite. The
Japanese deficiency of CETP by enlarging HDL particles
makes it a poor substrate for parasite maturation and the
prevalence of CETP mutation in East Asia overlaps with
endemic areas of S. japonicum infection possibly representing
an adaptive mechanism that allows for preventing major and fatal
complications of schistosomiasis.

Fatty acids transported into cells modulates lipid and glucose
homeostasis, energy balance, cell cycle, neurological
development, tumorigenesis, and immunological system. In
this Research Topic, Xu et al. presented a detailed review of
the biological regulation and function of fatty acid-binding
protein 5 (FABP5) as a fatty acid transporter but also as an
intracellular signaling molecule. Pieces of evidence are brought
about the association of FABP5 levels with metabolic diseases and
its role as an independent risk factor for CVD. In part, these relate
to the role of FABP5 in modulating inflammation and abrogating
macrophage cholesterol efflux mediated by HDL but also to a
plethora of actions on lipid homeostasis, metabolic disorders, and
other diseases.

Adaptive thermogenesis impacts plasma lipid and lipoprotein
profiles. Evangelakos et al. evidenced a role for bile acids in
modulating brown adipose tissue thermogenesis that ultimately
relates to the impairment in the lipoprotein lipase-mediated
hydrolysis of triglyceride-rich lipoprotein in Cyp7bl knockout
mice. Further studies should address the impact of bile acids on
plasma lipoprotein profile and functionality.

In summary, detailing the players and pathways in lipid
metabolism, particularly on HDL, has made a great
contribution to the prevention of CVD. Further studies will
certainly guide us through new therapeutic targets for
mitigating the still elevated residual risk of atherosclerotic
CVD as well as for a range of other acute and chronic diseases.

AUTHOR CONTRIBUTIONS

MP wrote the manuscript, AS revised the manuscript and made
major critical corrections, SY revised the manuscript.

Gofman, J. W, Lindgren, F. T., and Elliott, H. (1949). Ultracentrifugal Studies of
Lipoproteins of Human Serum. J. Biol. Chem. 179 (2), 973-979. doi:10.1016/
50021-9258(19)51290-x

Gordon, T., Castelli, W. P., Hjortland, M. C., Kannel, W. B., and Dawber, T. R.
(1977). High Density Lipoprotein as a Protective Factor against Coronary Heart
Disease. Am. J. Med. 62 (5), 707-714. doi:10.1016/0002-9343(77)90874-9

Grao-Cruces, E., Lopez-Enriquez, S., Martin, M. E., and Montserrat-de la Paz, S.
(2022). High-density Lipoproteins and Immune Response: A Review. Int.
J. Biol. Macromol. 195, 117-123. doi:10.1016/j.ijbiomac.2021.12.009

Group, H. T. R. C., Bowman, L., Hopewell, J. C., Chen, F., Wallendszus, K., Stevens,
W., et al. (2017). Effects of Anacetrapib in Patients with Atherosclerotic
Vascular Disease. N. Engl. J. Med. 377 (13), 1217-1227. doi:10.1056/
NEJMoal706444

Frontiers in Cell and Developmental Biology | www.frontiersin.org

June 2022 | Volume 10 | Article 963463


https://www.frontiersin.org/articles/10.3389/fcell.2021.795460/full
https://www.frontiersin.org/articles/10.3389/fcell.2021.795460/full
https://www.frontiersin.org/articles/10.3389/fcell.2022.807289/full
https://www.frontiersin.org/articles/10.3389/fcell.2022.857919/full
https://www.frontiersin.org/articles/10.3389/fcell.2022.836741/full
https://doi.org/10.1038/s41569-019-0202-5
https://doi.org/10.1056/NEJMoa0706628
https://doi.org/10.1001/jama.299.21.2524
https://doi.org/10.1016/s0021-9258(19)51290-x
https://doi.org/10.1016/s0021-9258(19)51290-x
https://doi.org/10.1016/0002-9343(77)90874-9
https://doi.org/10.1016/j.ijbiomac.2021.12.009
https://doi.org/10.1056/NEJMoa1706444
https://doi.org/10.1056/NEJMoa1706444
https://www.frontiersin.org/journals/cell-and-developmental-biology
www.frontiersin.org
https://www.frontiersin.org/journals/cell-and-developmental-biology#articles

Passarelli et al.

Haase, C. L., Tybjeerg-Hansen, A., Grande, P., and Frikke-Schmidt, R. (2010).
Genetically Elevated Apolipoprotein  A-I, High-Density Lipoprotein
Cholesterol Levels, and Risk of Ischemic Heart Disease. J. Clin. Endocrinol.
Metabolism 95 (12), E500-E510. doi:10.1210/jc.2010-0450

Johannsen, T. H., Kamstrup, P. R, Andersen, R. V., Jensen, G. B, Sillesen, H.,
Tybjeerg-Hansen, A., et al. (2009). Hepatic Lipase, Genetically Elevated High-
Density Lipoprotein, and Risk of Ischemic Cardiovascular Disease. J. Clin.
Endocrinol. Metab. 94 (4), 1264-1273. doi:10.1210/jc.2008-1342

Keys, A. (1980). Seven Countries: A Multivariate Analysis of Death and Coronary
Heart Disease. Cambridge, Mass: Harvard University Press.

Lincoff, A. M, Nicholls, S. ]., Riesmeyer, J. S., Barter, P. J., Brewer, H. B, Fox, K. A. A,
et al. (2017). Evacetrapib and Cardiovascular Outcomes in High-Risk Vascular
Disease. N. Engl. J. Med. 376 (20), 1933-1942. doi:10.1056/NEJMoal609581

Meilhac, O., Tanaka, S., and Couret, D. (2020). High-Density Lipoproteins Are Bug
Scavengers. Biomolecules 10 (4), 598. d0i:10.3390/biom10040598

Morin, E. E., Guo, L., Schwendeman, A., and Li, X.-A. (2015). HDL in Sepsis - Risk Factor
and Therapeutic Approach. Front. Pharmacol. 6, 244. doi:10.3389/fphar.2015.00244

Muller, C. (1987). Angina Pectoris in Hereditary Xanthomatosis. Nutr. Rev. 45 (4),
113-115. doi:10.1111/j.1753-4887.1987.tb02723.x

Schwartz, G. G., Olsson, A. G., Abt, M., Ballantyne, C. M., Barter, P. J., Brumm, J.,
et al. (2012). Effects of Dalcetrapib in Patients with a Recent Acute Coronary
Syndrome. N. Engl. ]. Med. 367 (22), 2089-2099. doi:10.1056/NEJMo0a1206797

Editorial: Lipopoproteins: Beyond Cardiovascular Disease

Voight, B. F., Peloso, G. M., Orho-Melander, M., Frikke-Schmidt, R., Barbalic, M.,
Jensen, M. K,, et al. (2012). Plasma HDL Cholesterol and Risk of Myocardial
Infarction: a Mendelian Randomisation Study. Lancet 380 (9841), 572-580.
doi:10.1016/S0140-6736(12)60312-2

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2022 Passarelli, Yokoyama and Sposito. This is an open-access article
distributed under the terms of the Creative Commons Attribution License (CC BY).
The use, distribution or reproduction in other forums is permitted, provided the
original author(s) and the copyright owner(s) are credited and that the original
publication in this journal is cited, in accordance with accepted academic practice.
No use, distribution or reproduction is permitted which does not comply with
these terms.

Frontiers in Cell and Developmental Biology | www.frontiersin.org

June 2022 | Volume 10 | Article 963463


https://doi.org/10.1210/jc.2010-0450
https://doi.org/10.1210/jc.2008-1342
https://doi.org/10.1056/NEJMoa1609581
https://doi.org/10.3390/biom10040598
https://doi.org/10.3389/fphar.2015.00244
https://doi.org/10.1111/j.1753-4887.1987.tb02723.x
https://doi.org/10.1056/NEJMoa1206797
https://doi.org/10.1016/S0140-6736(12)60312-2
https://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/cell-and-developmental-biology
www.frontiersin.org
https://www.frontiersin.org/journals/cell-and-developmental-biology#articles

	Editorial: Beyond Cardiovascular Disease: Challenging New Pathways in Lipid and Lipoprotein Metabolism
	Author Contributions
	References


