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The anti-atherogenic properties of high-density lipoproteins (HDL) have been explained mainly by reverse cholesterol
transport (RCT) from peripheral tissues to the liver. The RCT seems to agree with most of the negative epidemiological
correlations between HDL cholesterol levels and coronary artery disease. However, therapies designed to increase HDL
cholesterol failed to reduce cardiovascular risk, despite their capacity to improve cholesterol efflux, the first stage of RCT.
Therefore, the cardioprotective role of HDL may not be explained by RCT, and it is time for new paradigms about the
physiological function of these lipoproteins. It should be considered that the main HDL apolipoprotein, apo Al, has been
highly conserved throughout evolution. Consequently, these lipoproteins play an essential physiological role beyond their
capacity to protect against atherosclerosis.
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| 1. Introduction

High-density lipoproteins (HDL) are complex macromolecules consisting of amphipathic lipids on the surface (free
cholesterol and phospholipids) and non-polar lipids in the core (cholesteryl esters and triglycerides) 2. The complex is
stabilized by proteins named apolipoproteins, such as apolipoprotein (apo) Al, apo All, apo AlV, the apo Cs, apo D, apo E,
apo M and apo J W apo Al and apo All are the most abundant proteins, with the former representing up to 70% of the
HDL protein mass L2,

The inverse relationship between the concentration of HDL cholesterol (HDL-C) and the risk of coronary artery disease is
well known @B and presupposes a causal relationship. For many years, HDL have been considered anti-atherogenic
particles due to their ability to promote cholesterol efflux and their anti-oxidant, anti-aggregating, anti-coagulant, and anti-
inflammatory properties 2. The main anti-atherosclerotic mechanism associated with HDL is the reverse cholesterol
transport (RCT), in which cholesterol from peripheral tissues is picked up by HDL and ultimately returned to the liver for its
excretion or recycling L&,

RCT seems in agreement with most of the epidemiological observations regarding the relationship between
cardiovascular risk and plasma levels of HDL-C. Early interpretations considered HDL-C plasma concentrations as a
marker of the number of HDL particles and the amount of cholesterol efflux from tissues &l Today, the concept of HDL
functionality, particularly its capacity to promote cholesterol efflux (the first step of RCT), has replaced HDL-C as a
biomarker of coronary artery disease (CAD) risk . In addition, there are some reports of CAD patients with high levels of
HDL-C but with poor levels of phospholipids, which results in a decreased cholesterol efflux capacity (CEC) 3, suggesting
that the quality of HDL is also a determinant of HDL function. Although CEC may predict CAD [, this in vitro test does not
seem to be independent of HDL-C levels in untreated CAD patients and in well-matched controls [ or of inflammation
markers such as high-sensitivity C-reactive protein . It is also unknown whether CEC is, in fact, a good biomarker of the
whole RCT.

Importantly, therapies designed to raise HDL-C, despite increasing HDL-induced CEC B8 fajled to reduce cardiovascular
risk. In addition, studies of mutations in genes related to the metabolism or structure of HDL revealed that very low HDL
levels do not necessarily lead to increased cardiovascular risk B!, These observations indicate that RCT may not explain
the cardioprotective role of HDL. Other properties of HDL have been suggested as responsible for their anti-atherogenic
potential . It is obvious that the role of these lipoproteins is essential for life because HDL has been conserved
throughout evolution, from cartilaginous fish to humans 2. For the same reason, it is also apparent that their original
biological role may not be to protect arteries against atherosclerosis via the RCT. Therefore, based on the actual
evidence, it is time to reconsider the physiological function of HDL and establish new paradigms that must also explain the
overall beneficial properties of these lipoproteins.



| 2. HDL as Lipid Vectors

The main site of cholesterol synthesis is the liver, which produces about 50% of the total cholesterol in the body 9. Then,
cholesterol should reach the peripheral tissues packed in a lipoprotein, i.e., very-low-density lipoproteins (VLDL). The
intravascular lipolysis of triglycerides contained in VLDL leads to LDL formation, which are the lipoproteins with the largest
content of cholesterol in humans. Consequently, they have been considered the major cholesterol vehicle to the tissues
(L1, However, there are important issues that do not support this hypothesis: (1) the main function of VLDL is the transport
of triglycerides from the liver to the tissues, and these particles become enriched with cholesterol intravascularly; (2) the
majority of the cholesterol from VLDL/LDL is returned to the liver; and (3) some tissues lack detectable uptake of
cholesterol mediated by LDL-receptors 2. This suggests when a cell's cholesterol needs to increase, i.e., tissue repair,
replication or growth, the quantity of cholesterol that it could receive from LDL would not be enough. Instead, the bi-
directional HDL transporter SR-BI is widely expressed in most organism cells 2. Moreover, besides VLDL, HDL is the
other class of lipoproteins synthesized by the liver, suggesting that these lipoproteins may carry the hepatic cholesterol to
extrahepatic tissues.

Results from laboratory and other research groups support the hypothesis that HDL delivers lipids, probably from the
hepatic origin, to cells 4. HDL delivers cholesterol and sphingomyelin to endothelial cells in culture 14!, Importantly, the
kinetics of internalization of the former is faster than that of the latter; most of the cholesterol from HDL is integrated into
the cells within the first 30 min of incubation in an SR-Bl-independent manner. This cholesterol pathway may implicate
other HDL receptors, such as the F(1)-ATPase/P2Y(13) complex 528 |n contrast, sphingomyelin is delivered after 30
min of incubation following the same internalization kinetics as apo Al 14!, These data suggest that cholesterol dissociates
from HDL to be delivered to the cell, and the remaining particle is further internalized. The endothelial cells internalize
cholesterol from HDL despite very high concentrations of LDL cholesterol 24, These results suggest that the extrahepatic
cells can take up cholesterol from HDL rather than from LDL (which requires the presence of ApoB receptors). They are
consistent with earlier studies demonstrating that HDL inhibited LDL uptake by bovine endothelial cells [LUL718]

Besides cholesterol, HDL delivers sphingomyelin to endothelial cells in culture, which mediates eNOS activation via
phosphorylation and ICAM-1 expression 4. These results suggest that some of the beneficial effects of HDL on vascular
functions depend upon sphingomyelin. Taking into account the high complexity of HDL, which includes over 200 species
of lipids and about 85 different proteins 12[20121[22] the ynjverse of possible effects of these lipoproteins on cell function
after the internalization and delivery of their content is extremely high. The wide effects that have been attributed to HDL
in health as well as in disease are more comprehensible 221231,

Focusing only on lipid delivery, the contribution of HDL becomes of particular importance when cell membranes should be
intensively synthesized or re-structured, i.e., during fetal development, tissue repair, intensive intracellular vesicle fusion
with a plasmatic membrane, and cancer processes, as mentioned below.

2.1. The Role of HDL in Tissue Repair during Acute Phase Response and Inflammatory Processes

Besides the anti-inflammatory role of HDL from intestinal origin mentioned above [24, HDL-C plasma levels and
composition may change drastically during inflammatory processes. A significant HDL-cholesterol level decrease is
observed during sepsis 22, diffuse axonal injury 28, neural injury 24, and acute coronary syndrome 28!, among others. In
the same line of evidence, HDL protects against doxorubicin-induced cardiotoxicity in mice 22, whereas increased plasma
levels of HDL induced by the CETP inhibitor des-fluoro-anacetrapib inhibits intimal hyperplasia in New Zealand White
rabbits subjected to endothelial denudation of the abdominal aorta %: importantly, both effects were dependent of SR-BI.

The dramatic modifications of HDL structure during inflammation or tissue injury BLB233134185] srongly suggest a short-
term rescue mechanism for cell survival when facing the insult. Besides the capacity of HDL to scavenge
lipopolysaccharides produced during damage to the tissues driven by infectious processes B8 HDL seems to
participate as carriers of lipids from dead cells after acute tissue injury B8I39 Sych lipids need to be recovered and
reintegrated into the still viable cells and new cells for tissue repair. This role of HDL may be enhanced by amyloid A (AA)
peptides 28l: during tissue injury, mediators of inflammation, i.e., IL-18, and TNFa, induce the expression of serum AA,
which becomes associated mainly with HDL 11, The physiological role of amyloid A has not been completely understood
but seems to lead HDL to the site of the injury BJ49 |t can also be speculated that AA fulfills the role of a transient
apolipoprotein 21 intended to increase the capacity of HDL to deliver lipids to the cells via SR-BI 42, SR-BI is one of the
putative receptors for AA that induces HDL internalization 2l; congruently, HDL isolated from Scarb1-deficient mice (SR-
BI"7) are enriched in AA 13l As described above, some of the HDL functions are mediated by their sphingomyelin
content, and in turn, sphingomyelin is internalized to endothelial cells via SR-BI 4. Then, AA may enhance the capacity
of HDL to deliver functional and structural lipids to cells during the acute phase. In addition, the AA displaces some



apolipoproteins 14 including apo Al 28!, from HDL. The displaced apolipoproteins provide the opportunity of integrating
supplementary HDL particles to manage the necessity of lipid transport and delivery during the acute phase. Importantly,
the AA is a highly conserved protein along with evolution, similar to apo Al BI38I40]45] g ggesting a long-term adaptative
interaction between both proteins.

The proposed role of HDL as a critical lipid vector for tissue repair after an injury is in agreement with several
observations; as described above, patients with an acute coronary syndrome whose HDL-C plasma levels drop below 30
mg/dL had an odds ratio = 2.0 of intrahospital death 28, Viable cells after the coronary event require rescue and repair,
increasing the need for lipids for membrane restoration. The availability of such lipids in HDL helps promote the more
efficient and faster recovery of damaged cells and, consequently, increases the possibility of survival. In the absence of
enough lipid vectors, tissue repair would not be as fast as required to warrant the recovery of the organ function. The
correct restoration of the endothelium in rabbits with increased HDL levels previously described Y also supports this idea
further. Whether the increase in HDL during the acute phase provides additional protection and helps repair tissues other
than the cardiovascular system as suggested by previous reports (2811271291461 \y arrants future research.

2.2. HDL in Fetal Development

Embryogenesis and fetal development require large amounts of cholesterol and other lipids for normal development. The
cholesterol of de novo synthesis in fetal cells is the main source of this lipid in the fetus ¥Z. The second source of fetal
cholesterol is the mother; this exogenous cholesterol is transferred from the mother’s HDL to the syncytiotrophoblast of
the placenta. Cholesterol is acquired from the maternal plasma HDL through the apical side of the syncytiotrophoblast
layer, which expresses SR-BI 8l This observation is consistent with the early described role of SR-Bl in the
internalization of cholesterol from HDL 42l Then, the acquired cholesterol reaches the villous stroma and is transported by
the endothelium of the fetal circulation. Accordingly, the fetuses of mice dams not expressing apo Al (Apoal™") were 25%
smaller than controls and had less cholesterol mass by fetus 2. Importantly, the endogenous production of cholesterol by
the fetus from Apoal” dams was comparable to that of controls, emphasizing the contribution of maternal HDL as
cholesterol vectors to fetal development 29, In the same context, Santander et al. X demonstrated that embryos lacking
SR-BI exhibit a high prevalence of neural malformations and contain less cholesterol than normal littermates. Importantly,
female mice deficient in SR-BI are infertile, probably due to abnormalities in the viability and developmental potential of
their oocytes 52, In addition, SR-BI-deficient pups exhibited intrauterine growth restrictions. The SR-BI is involved in the
maternal-fetal transport of cholesterol and/or other lipids with a role during neural tube closure and fetal growth 11,

Once the lipids from the mother or synthesized by the fetus reach the fetal circulation, they are transported and delivered
mainly by HDL; during these stages of intense cell proliferation, more than 50% of the cholesterol and other lipids are
contained in HDL 47531541 Fetal HDL are larger than in adults, and they are particularly rich in apo E¥Z. As expected, the
intravascular metabolism of HDL in fetal circulation differs from that of adults; previous studies demonstrated that the
activity of CETP is significantly lower in umbilical cord than in the mothers [BUB2IB3IE4 Taken together, the low CETP
activities, the large HDL observed in fetal circulation, and the high impact of SR-BI receptor on embryo development 24 it
is plausible to conclude that HDL functions as vectors of lipids for tissues during intrauterine development.

2.3. HDL in Cancer

Malignant cell survival requires large amounts of nutrients and lipids for membrane structure; consequently, cholesterol
supply is needed for tumor development. The contribution of HDL to the growth of malignant cells is controversial and
seems to depend on the type and localization of the tumor. Particularly, HDL can stimulate the growth of both estrogen-
dependent and independent breast cancer cells in vitro 5. Additionally, HDL induced the proliferation of androgen-
independent prostate cancer cells B8, These findings are consistent with an increased SR-BI expression in Leydig cell
tumors, nasopharyngeal carcinoma, prostate cancers, and some breast cell lines such as HBL-100 and MCF-7 [BA[8]59],
The role of SR-BI has been described mainly in breast and prostate cancers; for these tumors, the internalization of
cholesterol from HDL via SR-BI enhances the tumor progression and aggressiveness [B3l60  Accordingly, with the
preference for cholesterol from HDL in HMEC-1 cells 14, metastatic prostate tumors overexpress SR-BI receptors but not
LDL receptors €9, Consistently, down-regulation of SR-BI in prostate cell lines resulted in decreased cellular viability [61]
and inhibition of motility of nasopharyngeal cancer cell lines 82, These observations support the idea that one of the main
physiological roles of HDL is to be carriers of lipids for cells in development. Since the mechanism of lipid delivery to the
cells by HDL involves the internalization of the lipoprotein particle 463164 it is reasonable to postulate cancer treatments
with reconstituted HDL, including antitumoral molecules in their structure [571(6s]



| 3. HDL Contribution to Insulin Secretion

The efflux of lipids is also a proven property of HDL that may play an important role in insulin secretion besides the
importance of lipid influx promoted by HDL. Low plasma levels of HDL in type 2 diabetes mellitus have been considered a
consequence more than a contributor to pancreatic [-cell dysfunction; increased triglyceride transfer from VLDL in
coordination with hepatic lipase activity 288 and a high clearance rate of methylglyoxal-modified apo Al €2 have been
accepted as some of the main causes of hypoalphalipoproteinemia in this physiopathological condition. However, there is
increasing evidence for an important role of HDL in glucose homeostasis and insulin secretion by pancreatic B-cells (68169
[Z9 Accordingly, a pharmacological increase of HDL with CETP inhibitors was associated with a significant rise in insulin
plasma concentration 2 and with a significant risk reduction of new onset of diabetes in patients treated with dalcetrapib
[7, Since HDL has been demonstrated to promote cholesterol efflux from p-cells in culture 27972 it has been argued
that HDL prevents lipotoxicity induced by oxidized LDL and accumulation of cholesterol in B-cells 2922 However, there is
no plausive evidence that demonstrates a cholesterol accumulation reaching toxic levels in 3-cells in vivo.

It has been shown that about 9000 28] insulin granules are contained in each B-cell, which is equivalent to more than 30
times the cell surface area. Every time plasma glucose concentrations increase, a large number of granules fuse with the
cytoplasmatic membrane for insulin exocytosis. As a result, there is a constant cell surface expansion that should be
compensated by continuous cytoplasmic membrane endocytosis 7475, |n fact, when such endocytosis is impaired, the -
cell dysfunction is unable to secrete insulin in response to increased glucose concentrations, leading to glucose
intolerance, as demonstrated in mice 3. Thus, HDL may contribute to regulating and finely adjusting p-cell plasma
membrane lipid composition 29 and insulin secretion by delivering sphingolipids L2677,

It has been demonstrated that sphingomyelin-derived lipids, particularly sphingosine and sphingosine-1-phosphate,
modulate the docking, Ca2* sensitivity, and membrane fusion during exocytosis of granule contents 877 As stated
before, sphingomyelin may be delivered to cells by HDL 14!, thus raising the possibility of contributing these lipoproteins to
the B-cell function by maintaining its sphingomyelin supply. This explanation is consistent with recent reports that
demonstrated an enhanced insulin secretion when MIN-6 B-cells were incubated with HDL 9. The same study 7%
demonstrated an increased cholesterol efflux promoted by HDL, as observed in several previous works with different
types of cultured cells. It is important to emphasize that HDL promotes not only cholesterol but also phospholipid efflux
from cultured cells [Z879): in other words, HDL recovers membrane fragments from cells. Therefore, it is likely that HDL
removes excess membrane lipids, i.e., from granule-mediated secretory cells, even if studies have been biased
exclusively toward cholesterol efflux. Therefore, in addition to membrane endocytosis, HDL may contribute to compensate
for the excess membrane lipids derived from vesicle fusion (exocytosis). Consistently with this idea, patients with Tangier
disease are characterized by an impaired HDL-mediated lipid efflux B[l and concomitant glucose intolerance and
decreased insulin secretion 84, In the same vein, the ABC-A1 polymorphism rs9282541 that results in a substitution of
arginine 230 for cysteine is associated with the increased incidence of type 2 diabetes mediated by HDL cholesterol
plasma levels B3, Finally, a recent meta-analysis demonstrated that CETP inhibitors decrease the risk of new-onset of
diabetes by 16%, concomitantly with significant increases in HDL-C 4],

References

1. Cho, K.H. The Current Status of Research on High-Density Lipoproteins (HDL): A Paradigm Shift from HDL Quantity to
HDL Quality and HDL Functionality. Int. J. Mol. Sci. 2022, 23, 3967.

2. Pérez-Méndez, O.; Pacheco, H.G.; Martinez-Sanchez, C.; Franco, M. HDL-cholesterol in coronary artery disease risk:
Function or structure? Clin. Chim. Acta 2014, 429, 111-122.

3. Chapman, M.J.; Assmann, G.; Fruchart, J.C.; Shepherd, J.; Sirtori, C. European Consensus Panel on HDL-C. Raising
high-density lipoprotein cholesterol with reduction of cardiovascular risk: The role of nicotinic acid—a position paper
developed by the European Consensus Panel on HDL-C. Curr. Med. Res. Opin. 2004, 20, 1253-1268.

4. Rhainds, D.; Tardif, J.C. From HDL-cholesterol to HDL-function: Cholesterol efflux capacity determinants. Curr. Opin.
Lipidol 2019, 30, 101-107.

5. Agarwala, A.P.; Rodrigues, A.; Risman, M.; McCoy, M.; Trindade, K.; Qu, L.; Cuchel, M.; Billheimer, J.; Rader, D.J.
High-Density Lipoprotein (HDL) Phospholipid Content and Cholesterol Efflux Capacity Are Reduced in Patients with
Very High HDL Cholesterol and Coronary Disease. Arterioscler. Thromb. Vasc. Biol. 2015, 35, 1515-1519.

6. Cahill, L.E.; Sacks, F.M.; Rimm, E.B.; Jensen, M.K. Cholesterol efflux capacity, HDL cholesterol, and risk of coronary
heart disease: A nested case-control study in men. J. Lipid. Res. 2019, 60, 1457-1464.



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

. Tang, X.; Mao, L.; Chen, J.; Zhang, T.; Weng, S.; Guo, X.; Kuang, J.; Yu, B.; Peng, D. High-sensitivity CRP may be a

marker of HDL dysfunction and remodeling in patients with acute coronary syndrome. Sci. Rep. 2021, 11, 11444.

. Yvan-Charvet, L.; Matsuura, F.; Wang, N.; Bamberger, M.J.; Nguyen, T.; Rinninger, F.; Jiang, X.C.; Shear, C.L.; Tall,

A.R. Inhibition of cholesteryl ester transfer protein by torcetrapib modestly increases macrophage cholesterol efflux to
HDL. Arterioscler. Thromb. Vasc. Biol. 2007, 27, 1132-1138.

. Liu, J.Q.; Li, W.X.; Zheng, J.J.; Tian, Q.N.; Huang, J.F.; Dai, S.X. Gain and loss events in the evolution of the

apolipoprotein family in vertebrata. BMC Evol. Biol. 2019, 19, 209.

Jeske, D.J.; Dietschy, J.M. Regulation of rates of cholesterol synthesis in vivo in the liver and carcass of the rat
measured using water. J. Lipid Res. 1980, 21, 364-376.

Brown, M.S.; Goldstein, J.L. Receptor-mediated control of cholesterol metabolism. Science 1976, 191, 150-154.

Dietschy, J.M. Regulation of cholesterol metabolism in man and in other species. Klin. Wochenschr. 1984, 62, 338—
345.

UniProt. Available online: https://www.uniprot.org/uniprot/Q8WTVO0#expression (accessed on 4 March 2022).

Mufioz-Vega, M.; Mass6, F.; Paez, A.; Vargas-Alarcon, G.; Coral-Vazquez, R.; Mas-Oliva, J.; Carredn-Torres, E.;
Pérez-Méndez, O. HDL-Mediated Lipid Influx to Endothelial Cells Contributes to Regulating Intercellular Adhesion
Molecule (ICAM)-1 Expression and eNOS Phosphorylation. Int. J. Mol. Sci. 2018, 19, 3394.

Malaval, C.; Laffargue, M.; Barbaras, R.; Rolland, C.; Peres, C.; Champagne, E.; Perret, B.; Tercé, F.; Collet, X,;
Martinez, L.O. RhoA/ROCK | signalling downstream of the P2Y13 ADP-receptor controls HDL endocytosis in human
hepatocytes. Cell Signal. 2009, 21, 120-127.

Martinez, L.O.; Jacquet, S.; Esteve, J.P.; Rolland, C.; Cabezon, E.; Champagne, E.; Pineau, T.; Georgeaud, V.; Walker,
J.E.; Tercé, F,; et al. Ectopic beta-chain of ATP synthase is an apolipoprotein A-1 receptor in hepatic HDL endocytosis.
Nature 2003, 421, 75-79.

Alexander, J.J.; Miguel, R.; Graham, D. High density lipoprotein inhibits low density lipoprotein binding and uptake by
bovine aortic endothelial cells. Angiology 1990, 41, 1065—-1069.

Alexander, J.J.; Miguel, R.; Graham, D. Competitive inhibition of LDL binding and uptake by HDL in aortic endothelial
cells. J. Surg. Res. 1990, 49, 248-251.

Scherer, M.; Bottcher, A.; Liebisch, G. Lipid profiling of lipoproteins by electrospray ionization tandem mass
spectrometry. Biochim. Biophys. Acta 2011, 1811, 918-924.

Wiesner, P.; Leidl, K.; Boettcher, A.; Schmitz, G.; Liebisch, G. Lipid profiling of FPLC-separated lipoprotein fractions by
electrospray ionization tandem mass spectrometry. J. Lipid Res. 2009, 50, 574-585.

Vaisar, T.; Pennathur, S.; Green, P.S.; Gharib, S.A.; Hoofnagle, A.N.; Cheung, M.C.; Byun, J.; Vuletic, S.; Kassim, S.;
Singh, P.; et al. Shotgun proteomics implicates protease inhibition and complement activation in the antiinflammatory
properties of HDL. J. Clin. Investig. 2007, 117, 746—756.

Kajani, S.; Curley, S.; McGillicuddy, F.C. Unravelling HDL-Looking beyond the Cholesterol Surface to the Quality
Within. Int. J. Mol. Sci. 2018, 19, 1971.

Nagao, M.; Nakajima, H.; Toh, R.; Hirata, K.I.; Ishida, T. Cardioprotective Effects of High-Density Lipoprotein Beyond its
Anti-Atherogenic Action. J. Atheroscler. Thromb. 2018, 25, 985-993.

Han, Y.H.; Onufer, E.J.; Huang, L.H.; Sprung, R.W.; Davidson, W.S.; Czepielewski, R.S.; Wohltmann, M.; Sorci-
Thomas, M.G.; Warner, B.W.; Randolph, G.J. Enterically derived high-density lipoprotein restrains liver injury through
the portal vein. Science 2021, 373, eabe6729.

Tanaka, S.; Diallo, D.; Delbosc, S.; Geneve, C.; Zappella, N.; Yong-Sang, J.; Patche, J.; Harrois, A.; Hamada, S.;
Denamur, E.; et al. High-density lipoprotein (HDL) particle size and concentration changes in septic shock patients.
Ann. Intensive Care 2019, 9, 68.

Zhong, Y.H.; Zheng, B.E.; He, R.H.; Zhou, Z.; Zhang, S.Q.; Wei, Y.; Fan, J.Z. Serum Levels of HDL Cholesterol are
Associated with Diffuse Axonal Injury in Patients with Traumatic Brain Injury. Neurocrit. Care 2021, 34, 465—-472.

Sengupta, M.B.; Mukhopadhyay, D. Possible role of apolipoprotein Al in healing and cell death after neuronal injury.
Front. Biosci. 2016, 8, 460-477.

Gonzéalez-Pacheco, H.; Amezcua-Guerra, L.M.; Vazquez-Rangel, A.; Martinez-Sanchez, C.; Pérez-Méndez, O.;
Verdejo, J.; Bojalil, R. Levels of High-Density Lipoprotein Cholesterol are Associated with Biomarkers of Inflammation in
Patients with Acute Coronary Syndrome. Am. J. Cardiol. 2015, 116, 1651-1657.

Durham, K.K.; Chathely, K.M.; Mak, K.C.; Momen, A.; Thomas, C.T.; Zhao, Y.Y.; MacDonald, M.E.; Curtis, J.M.; Husain,
M.; Trigatti, B.L. HDL protects against doxorubicin-induced cardiotoxicity in a scavenger receptor class B type 1-,



30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.
49.

50.

51.

PI3K-, and Akt-dependent manner. Am. J. Physiol. Heart. Circ. Physiol. 2018, 314, H31-H44.

Wu, B.J.; Shrestha, S.; Ong, K.L.; Johns, D.; Hou, L.; Barter, P.J.; Rye, K.A. Cholesteryl ester transfer protein inhibition
enhances endothelial repair and improves endothelial function in the rabbit. Arterioscler. Thromb. Vasc. Biol. 2015, 35,
628-636.

Jahangiri, A.; de Beer, M.C.; Noffsinger, V.; Tannock, L.R.; Ramaiah, C.; Webb, N.R.; van der Westhuyzen, D.R.; de
Beer, F.C. HDL remodeling during the acute phase response. Arterioscler. Thromb. Vasc. Biol. 2009, 29, 261-267.

Watanabe, J.; Charles-Schoeman, C.; Miao, Y.; Elashoff, D.; Lee, Y.Y.; Katselis, G.; Lee, T.D.; Reddy, S.T. Proteomic
profiling following immunoaffinity capture of high-density lipoprotein: Association of acute-phase proteins and
complement factors with proinflammatory high-density lipoprotein in rheumatoid arthritis. Arthritis Rheum. 2012, 64,
1828-1837.

Alwaili, K.; Bailey, D.; Awan, Z.; Bailey, S.D.; Ruel, |.; Hafiane, A.; Krimbou, L.; Laboissiere, S.; Genest, J. The HDL
proteome in acute coronary syndromes shifts to an inflammatory profile. Biochim. Biophys. Acta 2012, 1821, 405-415.

GoOmez Rosso, L.; Lhomme, M.; Merofio, T.; Sorroche, P.; Catoggio, L.; Soriano, E.; Saucedo, C.; Malah, V.; Dauteuille,
C.; Boero, L.; et al. Altered lipidome and antioxidative activity of small, dense HDL in normolipidemic rheumatoid
arthritis: Relevance of inflammation. Atherosclerosis 2014, 237, 652—-660.

Vaisar, T.; Tang, C.; Babenko, I.; Hutchins, P.; Wimberger, J.; Suffredini, A.F.; Heinecke, J.W. Inflammatory remodeling
of the HDL proteome impairs cholesterol efflux capacity. J. Lipid Res. 2015, 56, 1519-1530.

Kitchens, R.L.; Thompson, P.A.; Munford, R.S.; O’Keefe, G.E. Acute inflammation and infection maintain circulating
phospholipid levels and enhance lipopolysaccharide binding to plasma lipoproteins. J. Lipid Res. 2003, 44, 2339-2348.

Kitchens, R.L.; Thompson, P.A. Impact of sepsis-induced changes in plasma on LPS interactions with monocytes and
plasma lipoproteins: Roles of soluble CD14, LBP, and acute phase lipoproteins. J. Endotoxin. Res. 2003, 9, 113-118.

Kisilevsky, R.; Manley, P.N. Acute-phase serum amyloid A: Perspectives on its physiological and pathological roles.
Amyloid 2012, 19, 5-14.

Kisilevsky, R.; Subrahmanyan, L. Serum amyloid A changes high density lipoprotein’s cellular affinity. A clue to serum
amyloid A’s principal function. Lab. Investig. 1992, 66, 778-785.

Sack, G.H. Serum Amyloid A (SAA) Proteins. In Vertebrate and Invertebrate Respiratory Proteins, Lipoproteins and
Other Body Fluid Proteins; Subcellular Biochemistry; Hoeger, U., Harris, J., Eds.; Springer: Cham, Switzerland, 2020;
Volume 94, pp. 421-436.

Wilson, P.G.; Thompson, J.C.; Shridas, P.; McNamara, P.J.; de Beer, M.C.; de Beer, F.C.; Webb, N.R.; Tannock, L.R.
Serum Amyloid A Is an Exchangeable Apolipoprotein. Arterioscler. Thromb. Vasc. Biol. 2018, 38, 1890-1900.

Cai, L.; de Beer, M.C.; de Beer, F.C.; van der Westhuyzen, D.R. Serum amyloid A is a ligand for scavenger receptor
class B type | and inhibits high density lipoprotein binding and selective lipid uptake. J. Biol. Chem. 2005, 280, 2954—
2961.

Cao, J.; Xu, Y.; Li, F; Shang, L.; Fan, D.; Yu, H. Protein markers of dysfunctional HDL in scavenger receptor class B
type | deficient mice. J. Transl. Med. 2018, 16, 155.

de Beer, M.C.; Webb, N.R.; Wroblewski, J.M.; Noffsinger, V.P.; Rateri, D.L.; Ji, A.; van der Westhuyzen, D.R.; de Beer,
F.C. Impact of serum amyloid A on high density lipoprotein composition and levels. J. Lipid Res. 2010, 51, 3117-3125.

Santiago-Cardona, P.G.; Berrios, C.A.; Ramirez, F.; Garcia-Arraras, J.E. Lipopolysaccharides induce intestinal serum
amyloid A expression in the sea cucumber Holothuria glaberrima. Dev. Comp. Immunol. 2003, 27, 105-110.

Tanaka, S.; Labreuche, J.; Drumez, E.; Harrois, A.; Hamada, S.; Vigué, B.; Couret, D.; Duranteau, J.; Meilhac, O. Low
HDL levels in sepsis versus trauma patients in intensive care unit. Ann. Intensive Care 2017, 7, 60.

Stadler, J.T.; Wadsack, C.; Marsche, G. Fetal High-Density Lipoproteins: Current Knowledge on Particle Metabolism,
Composition and Function in Health and Disease. Biomedicines 2021, 9, 349.

Kallol, S.; Albrecht, C. Materno-fetal cholesterol transport during pregnancy. Biochem. Soc. Trans. 2020, 48, 775-786.

Acton, S.; Rigotti, A.; Landschulz, K.T.; Xu, S.; Hobbs, H.H.; Krieger, M. Identification of scavenger receptor SR-BI as a
high density lipoprotein receptor. Science 1996, 271, 518-520.

McConihay, J.A.; Honkomp, A.M.; Granholm, N.A.; Woollett, L.A. Maternal high density lipoproteins affect fetal mass
and extra-embryonic fetal tissue sterol metabolism in the mouse. J. Lipid Res. 2000, 41, 424-432.

Santander, N.G.; Contreras-Duarte, S.; Awad, M.F.; Lizama, C.; Passalacqua, |.; Rigotti, A.; Busso, D. Developmental
abnormalities in mouse embryos lacking the HDL receptor SR-BI. Hum. Mol. Genet. 2013, 22, 1086—1096.



52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

Trigatti, B.; Rayburn, H.; Vifials, M.; Braun, A.; Miettinen, H.; Penman, M.; Hertz, M.; Schrenzel, M.; Amigo, L.; Rigotti,
A.; et al. Influence of the high density lipoprotein receptor SR-BI on reproductive and cardiovascular pathophysiology.
Proc. Natl. Acad. Sci. USA 1999, 96, 9322-9327.

Sreckovic, |.; Birner-Gruenberger, R.; Obrist, B.; Stojakovic, T.; Scharnagl, H.; Holzer, M.; Scholler, M.; Philipose, S.;
Marsche, G.; Lang, U.; et al. Distinct composition of human fetal HDL attenuates its anti-oxidative capacity. Biochim.
Biophys. Acta 2013, 1831, 737-746.

Averna, M.R.; Barbagallo, C.M.; Di Paola, G.; Labisi, M.; Pinna, G.; Marino, G.; Dimita, U.; Notarbartolo, A. Lipids,
lipoproteins and apolipoproteins Al, All, B, ClI, Clll and E in newborns. Biol. Neonate 1991, 60, 187-192.

Danilo, C.; Gutierrez-Pajares, J.L.; Mainieri, M.A.; Mercier, 1.; Lisanti, M.P.; Frank, P.G. Scavenger receptor class B type
I regulates cellular cholesterol metabolism and cell signaling associated with breast cancer development. Breast
Cancer Res. 2013, 15, R87.

Sekine, Y.; Demosky, S.J.; Stonik, J.A.; Furuya, Y.; Koike, H.; Suzuki, K.; Remaley, A.T. High-density lipoprotein induces
proliferation and migration of human prostate androgen-independent cancer cells by an ABCA1-dependent
mechanism. Mol. Cancer Res. 2010, 8, 1284-1294.

Gutierrez-Pajares, J.L.; Ben Hassen, C.; Chevalier, S.; Frank, P.G. SR-BI: Linking Cholesterol and Lipoprotein
Metabolism with Breast and Prostate Cancer. Front. Pharmacol. 2016, 7, 338.

Pussinen, P.J.; Karten, B.; Wintersperger, A.; Reicher, H.; McLean, M.; Malle, E.; Sattler, W. The human breast
carcinoma cell line HBL-100 acquires exogenous cholesterol from high-density lipoprotein via CLA-1 (CD-36 and
LIMPII analogous 1)-mediated selective cholesteryl ester uptake. Biochem. J. 2000, 349, 559-566.

Cao, W.M.; Murao, K.; Imachi, H.; Yu, X.; Abe, H.; Yamauchi, A.; Niimi, M.; Miyauchi, A.; Wong, N.C.; Ishida, T. A
mutant high-density lipoprotein receptor inhibits proliferation of human breast cancer cells. Cancer Res. 2004, 64,
1515-1521.

Schdérghofer, D.; Kinslechner, K.; Preitschopf, A.; Schiitz, B.; Rohrl, C.; Hengstschldger, M.; Stangl, H.; Mikula, M. The
HDL receptor SR-BI is associated with human prostate cancer progression and plays a possible role in establishing
androgen independence. Reprod. Biol. Endocrinol. 2015, 13, 88.

Twiddy, A.L.; Cox, M.E.; Wasan, K.M. Knockdown of scavenger receptor class B type | reduces prostate specific
antigen secretion and viability of prostate cancer cells. Prostate 2012, 72, 955-965.

Zheng, Y.; Liu, Y.; Jin, H.; Pan, S.; Qian, Y.; Huang, C.; Zeng, Y.; Luo, Q.; Zeng, M.; Zhang, Z. Scavenger receptor B1 is
a potential biomarker of human nasopharyngeal carcinoma and its growth is inhibited by HDL-mimetic nanopatrticles.
Theranostics 2013, 3, 477-486.

Robert, J.; Osto, E.; von Eckardstein, A. The Endothelium Is Both a Target and a Barrier of HDL's Protective Functions.
Cells 2021, 10, 1041.

Zhang, X.; Sessa, W.C.; Fernandez-Hernando, C. Endothelial Transcytosis of Lipoproteins in Atherosclerosis. Front.
Cardiovasc. Med. 2018, 5, 130.

Samadi, S.; Ghayour-Mobarhan, M.; Mohammadpour, A.; Farjami, Z.; Tabadkani, M.; Hosseinnia, M.; Miri, M.; Heydari-
Majd, M.; Mehramiz, M.; Rezayi, M.; et al. High-density lipoprotein functionality and breast cancer: A potential
therapeutic target. J. Cell. Biochem. 2019, 120, 5756-5765.

Luna-Luna, M.; Medina-Urrutia, A.; Vargas-Alarcon, G.; Coss-Rovirosa, F.; Vargas-Barrén, J.; Pérez-Méndez, O.
Adipose Tissue in Metabolic Syndrome: Onset and Progression of Atherosclerosis. Arch. Med. Res. 2015, 46, 392—
407.

Godfrey, L.; Yamada-Fowler, N.; Smith, J.; Thornalley, P.J.; Rabbani, N. Arginine-directed glycation and decreased HDL
plasma concentration and functionality. Nutr. Diabetes 2014, 4, e134.

Drew, B.G.; Duffy, S.J.; Formosa, M.F.; Natoli, A.K.; Henstridge, D.C.; Penfold, S.A.; Thomas, W.G.; Mukhamedova, N.;
de Courten, B.; Forbes, J.M.; et al. High-density lipoprotein modulates glucose metabolism in patients with type 2
diabetes mellitus. Circulation 2009, 119, 2103-2111.

Siebel, A.L.; Natoli, A.K.; Yap, F.Y.; Carey, A.L.; Reddy-Luthmoodoo, M.; Sviridov, D.; Weber, C.I.; Meneses-Lorente, G.;
Maugeais, C.; Forbes, J.M.; et al. Effects of high-density lipoprotein elevation with cholesteryl ester transfer protein
inhibition on insulin secretion. Circ. Res. 2013, 113, 167-175.

Ochoa-Guzman, A.; Guillén-Quintero, D.; Mufioz-Hernandez, L.; Garcia, A.; Diaz-Diaz, E.; Pérez-Méndez, O.;
Rodriguez-Guillén, R.; Mitre-Aguilar, I.B.; Zentella-Dehesa, A.; Aguilar-Salinas, C.A.; et al. The influence of high-density
lipoprotein (HDL) and HDL subfractions on insulin secretion and cholesterol efflux in pancreatic derived B-cells. J.
Endocrinol. Investig. 2021, 44, 1897-1904.



71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

Schwartz, G.G.; Leiter, L.A.; Ballantyne, C.M.; Barter, P.J.; Black, D.M.; Kallend, D.; Laghrissi-Thode, F.; Leitersdorf, E.;
McMurray, J.J.V.; Nicholls, S.J.; et al. Dalcetrapib Reduces Risk of New-Onset Diabetes in Patients with Coronary
Heart Disease. Diabetes Care 2020, 43, 1077-1084.

Ishikawa, M.; lwasaki, Y.; Yatoh, S.; Kato, T.; Kumadaki, S.; Inoue, N.; Yamamoto, T.; Matsuzaka, T.; Nakagawa, Y.;
Yahagi, N.; et al. Cholesterol accumulation and diabetes in pancreatic beta-cell-specific SREBP-2 transgenic mice: A
new model for lipotoxicity. J. Lipid Res. 2008, 49, 2524-2534.

Olofsson, C.S.; Gopel, S.O.; Barg, S.; Galvanovskis, J.; Ma, X.; Salehi, A.; Rorsman, P.; Eliasson, L. Fast insulin
secretion reflects exocytosis of docked granules in mouse pancreatic B-cells. Pflugers. Arch. 2002, 444, 43-51.

Fan, F.; Ji, C.; Wu, Y.; Ferguson, S.M.; Tamarina, N.; Philipson, L.H.; Lou, X. Dynamin 2 regulates biphasic insulin
secretion and plasma glucose homeostasis. J. Clin. Investig. 2015, 125, 4026-4041.

Fan, F.; Wu, Y.; Hara, M.; Rizk, A.; Ji, C.; Nerad, D.; Tamarina, N.; Lou, X. Dynamin deficiency causes insulin secretion
failure and hyperglycemia. Proc. Natl. Acad. Sci. USA 2021, 118, e2021764118.

Liu, Z.; Yang, H.; Zhi, L.; Xue, H.; Lu, Z.; Zhao, Y.; Cui, L.; Liu, T.; Ren, S.; He, P.; et al. Sphingosine 1-phosphate
Stimulates Insulin Secretion and Improves Cell Survival by Blocking Voltage-dependent K+ Channels in 3 Cells. Front.
Pharmacol. 2021, 1770, 1683674.

Cantrell Stanford, J.; Morris, A.J.; Sunkara, M.; Popa, G.J.; Larson, K.L.; Ozcan, S. Sphingosine 1-phosphate (S1P)
regulates glucose-stimulated insulin secretion in pancreatic beta cells. J. Biol. Chem. 2012, 287, 13457-13464.

Chroni, A.; Liu, T.; Gorshkova, |.; Kan, H.Y.; Uehara, Y.; Von Eckardstein, A.; Zannis, V.I. The central helices of ApoA-I
can promote ATP-binding cassette transporter A1 (ABCA1)-mediated lipid efflux. Amino acid residues 220-231 of the
wild-type ApoA-I are required for lipid efflux in vitro and high density lipoprotein formation in vivo. J. Biol. Chem. 2003,
278, 6719-6730.

Brooks-Wilson, A.; Marcil, M.; Clee, S.M.; Zhang, L.H.; Roomp, K.; van Dam, M.; Yu, L.; Brewer, C.; Collins, J.A.;
Molhuizen, H.O.; et al. Mutations in ABC1 in Tangier disease and familial high-density lipoprotein deficiency. Nat.
Genet. 1999, 22, 336-345.

Suetani, R.J.; Sorrenson, B.; Tyndall, J.D.; Williams, M.J.; McCormick, S.P. Homology modeling and functional testing
of an ABCA1 mutation causing Tangier disease. Atherosclerosis 2011, 218, 404-410.

Cameron, J.; Ranheim, T.; Halvorsen, B.; Kulseth, M.A_; Leren, T.P.; Berge, K.E. Tangier disease caused by compound
heterozygosity for ABCAL1 mutations R282X and Y1532C. Atherosclerosis 2010, 209, 163-166.

Koseki, M.; Matsuyama, A.; Nakatani, K.; Inagaki, M.; Nakaoka, H.; Kawase, R.; Yuasa-Kawase, M.; Tsubakio-
Yamamoto, K.; Masuda, D.; Sandoval, J.C.; et al. Impaired insulin secretion in four Tangier disease patients with
ABCA1 mutations. J. Atheroscler. Thromb. 2009, 16, 292—296.

Ochoa-Guzman, A.; Moreno-Macias, H.; Guillén-Quintero, D.; Chavez-Talavera, O.; Ordofiez-Sanchez, M.L.; Segura-
Kato, Y.; Ortiz, V.; Diaz-Diaz, E.; Mufioz-Hernandez, L.; Garcia, A.; et al. R230C but not - 565C/T variant of the ABCA1
gene is associated with type 2 diabetes in Mexicans through an effect on lowering HDL-cholesterol levels. J.
Endocrinol. Investig. 2020, 43, 1061-1071.

Dangas, K.; Navar, A.M.; Kastelein, J.J.P. The effect of CETP inhibitors on new-onset diabetes: A systematic review
and meta-analysis. Eur. Heart J. Cardiovasc. Pharmacother. 2022, pvac025.

Retrieved from https://encyclopedia.pub/entry/history/show/56488



