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Abstract

Soluble low-density lipoprotein receptor (sLDLR) is the circulating ectodomain of transmembrane LDLR. Its blood
level strongly correlates with that of triglycerides (TG). This correlation has eluded satisfactory explanation.
Hypertriglyceridemia and shedding of the ectodomain of many transmembrane receptors often accompany
inflammatory states. The shedding mostly occurs through cleavage by a disintegrin-and-metalloproteinase-17
(ADAM-17), an enzyme activated by inflammation. It reduces the cellular uptake of TG-loaded lipoproteins, causing
their accumulation in circulation; hence the correlation between plasma sLDLR and TG. Soluble LDLR could become
a new surrogate marker of inflammation.
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Introduction
Soluble low-density lipoprotein receptor (sLDLR) is the
circulating ectodomain of transmembrane LDLR, ini-
tially discovered as an interferon-induced protein that
exhibited neutralizing activity against vesicular stomatitis
virus [1, 2]. Strangely, using sera of healthy adult sub-
jects, others and we have observed a remarkable positive
correlation between the level of sLDLR and that of tri-
glycerides (TG) [3, 4]. In a cohort of children suffering
of familial hypercholesterolemia and their controls,
sLDLR showed correlation with TG as well as with the
number of very low-density lipoprotein (VLDL) particles
of all sizes, and of large LDL particles [5]. This correl-
ation has largely remained unexplained.
TG circulate in blood primarily as lipoproteins. TG-

rich lipoproteins (TRL) include chylomicrons, VLDL,
and intermediate density lipoproteins (IDL). TG can be
transferred from VLDL to LDL in exchange for choles-
teryl ester under the action of cholesterol-ester transfer
protein (CETP), forming large LDL which, after TG hy-
drolysis by hepatic lipase (HL) or lipoprotein lipase
(LPL), is converted to medium and small dense LDL [6].
Cells, mostly hepatocytes, clear up TRLs via LDLR

family of receptors [(i.e. LDLR, VLDLR, LDL-related
proteins (LRP)], as well as via heparan sulfate proteogly-
can receptors called syndecans, mostly syndecan-1
(SDC1). Genetic inactivation of SDC1 in mice leads to
reduced hepatic clearance and increased plasma levels of
TRL [7]. Shedding of the ectodomains of these receptors
appears to be a physiological means of limiting the entry
of circulating lipoproteins into cells or increasing their
abundance in circulation. Deng et al. [8] have shown
that inducing inflammation in mice with the bacterial
endotoxin lipopolysaccharide (LPS) increased the plasma
levels of both shed SDC1 and TG. We presume that
shedding of other membrane lipoprotein receptors could
occur under such treatment and that their plasma sol-
uble forms would correlate with TG. The concomitance
suggests the existence a common shedding mechanism.

ADAM-17: a common sheddase in inflammation
Ectodomains of many transmembrane receptors nor-
mally circulate in body fluids and their levels change
under certain pathological conditions [9]. Receptor shed-
ding occurs through cleavage by sheddases of the “A
Disintegrin And Metalloproteinase” (ADAM) family, pri-
marily by ADAM-17. Otherwise known as Tumor Ne-
crosis Factor α (TNFα)-Converting Enzyme, ADAM-17
is a zinc-dependent endoproteinase expressed in all or-
gans and tissues [10]. Its substrates include growth fac-
tors, adhesion molecules, cytokines and their receptors.
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It influences many physiological processes including cell
proliferation, intercellular communication, tissue regen-
eration, and inflammation [11]. TNFα is its prototypical
ADAM-17 inflammatory substrate. Consistently, mice
lacking ADAM-17 in their immune cells survived to
LPS-induced fatal inflammatory endotoxemia [12]. One
can surmise that any inflammatory condition would lead
to increased ADAM-17 activity and the shedding of the
ectodomains of many transmembrane receptors, includ-
ing LDLR. Although this receptor is widely expressed, its
main site of expression is the liver. Any significant in-
crease of its circulating soluble form in inflammation
will probably emanate from this organ. Cytokines se-
creted by resident or circulating immune cells are
known to stimulate hepatic production of LDLR [13],
which, as our hypothesis goes, would be partially shed
by activated ADAM-17.

Hypertriglyceridemia in inflammation
Tissue inflammation leads to greater in situ production
and secretion of pro- and anti-inflammatory proteins by
infiltrating monocytes or macrophages. Acute inflamma-
tion is a hallmark of all infections. The inflammatory re-
sponse is an innate immune mechanism of fending off
infection through, among other mechanisms, production
of microbicidal by-products of oxidative stress such as
reactive oxygen species and free radicals. However, this
response may become pathogenic if it does not subside,
i.e. if it becomes chronic. Chronic inflammation is char-
acteristic of metabolic disorders such as atherosclerosis,
obesity, diabetes, and non-alcoholic fatty liver disease
(NAFLD); it is also a feature of autoimmune diseases
such as rheumatoid arthritis, systemic erythematosus,
and psoriasis [14].
Hypertriglyceridemia always accompanies infection, ir-

respective of the infectious agent [15, 16]. A cause for
this increase is stimulated hepatic production and secre-
tion of VLDL coupled with diminished clearance of
TRLs following a reduction of LPL [17]. The loss of cog-
nate transmembrane receptors through shedding un-
doubtedly contributes to it. In fact, alterations in plasma
lipoproteins following infection are parts and parcels of
the innate immune system [18]. Indeed, since lipopro-
teins and soluble receptors can capture and neutralize
microbes, toxins and cytokines, they count among the
many anti-inflammatory molecules that help regulate
acute inflammation and eventually resolve it.
Metabolic disorders too often result in hypertriglyc-

eridemia [19]. This could stem from reduced cellular up-
take of TRL caused by shedding of the ectodomains of
cognate receptors by inflammation-activated ADAM-17.
For examples, in obesity and NAFLD, the number of in-
filtrating macrophages increase in white adipose tissue
(WAT) and liver, respectively [20, 21], confirming their

inflamed state. Moreover, there is a positive correlation
between circulating levels of WAT-secreted leptin and
inflammatory markers, particularly C-reactive protein
(CRP), TNFα, and interleukin (IL)-6 [22]. A recent pro-
filing of a cohort of nearly 118,000 subjects of the
Copenhagen City Heart Study and the Copenhagen Gen-
eral Population Study in Denmark has demonstrated a
correlation between chronic mild to moderate nonfast-
ing hypertriglyceridemia and markers of inflammation,
specifically CRP as well as the blood counts of lympho-
cytes, neutrophils, and monocytes [23].

Hypothesis: inflammation may explain the TG-sLDLR
correlation
Invoking inflammation as a common inducer of both
sLDLR shedding and TG accumulation can explain the
remarkable correlation between these molecules in
plasma. Inflammation activates ADAM-17, which
broadly cleaves off the cell surface receptors of TG-
loaded lipoproteins, reducing the clearance of TG. The
connecting role of ADAM-17 could be verified by meas-
uring the levels of plasma sLDLR and TG in mice glo-
bally deficient for this enzyme, such as the ADAM17ex/ex

mice [24], under inflammatory treatment: the increase of
both molecules should be attenuated in mutant mice
relative to their wild-type counterparts. We suggest that
sLDLR be counted among the many markers of inflam-
mation like TNFα, CRP, IL-1β, and IL-6. How it com-
pares to these other markers and in which diseases
remains to be determined. Interestingly, plasma sLDLR
in our previous study [4], like nonfasting triglyceridemia
in the Copenhagen study [23], positively correlates with
anthropometric risk factors of chronic inflammation such
as gender, age, and body mass index. If shown to be spe-
cific and sensitive, sLDLR could serve as a surrogate
marker of inflammation in metabolic, immune, and infec-
tious diseases. Since sLDLR is positioned late in the cas-
cade of molecular events initiated by inflammation, it
could also be a useful prognostic indicator in anti-
cytokine immunotherapies of inflammatory disorders [25].

Abbreviations
ADAM-17: A disintegrin-and-metalloproteinase 17; CETP: Cholesteryl ester
transfer protein; CRP: C-reactive protein; HL: Hepatic lipase; IDL: Intermediate
density lipoproteins; IL-6: Interleukin 6; LPL: Lipoprotein lipase;
LPS: Lipopolysaccharide; LRP: LDL-related protein; NAFLD: Non-alcoholic fatty
liver disease; SDC1: Syndecan-1; sLDLR: Soluble low-density lipoprotein recep-
tor; TG: Triglycerides; TNFα: Tumor necrosis factor α; TRL: TG-rich lipoproteins;
VLDL: Very low-density lipoproteins; WAT: White adipose tissue

Acknowledgements
Not applicable.

Authors’ contributions
MM conceived the hypothesis, assembled supporting information, and wrote
the manuscript. JM provided supporting information and reviewed the
manuscript. MC provided the funding and reviewed the manuscript. All
authors read and approved the final manuscript.

Mbikay et al. Lipids in Health and Disease           (2020) 19:17 Page 2 of 3



Authors’ information
M. Mbikay, Ph.D., J. Mayne, Ph.D., and M. Chrétien, M.D. are long-time collab-
orators. Their main interest is functional endoproteolysis by proprotein con-
vertases subtilisin/kexin-like (PCSKs), i.e. how selective cleavage by these
endoproteases impacts the functions of proteins. In the last 15 years, they
have investigated the physiological and clinical ramifications of PCSK9 as a
destructive LDLR chaperone and a modulator of intracellular cholesterol.

Funding
This research was funded through grants from the Mérieux Foundation, the
Richard and Edith Strauss Foundation, and La Fondation Jean-Louis Lév-
esque. Besides funding, none of these grantors had any role in this research.

Availability of data and materials
Not applicable.

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1Functional Endoproteolysis Laboratory, Clinical Research Institute of
Montreal, 110 avenue des Pins Ouest, Montréal, Québec H2W 1R7, Canada.
2Chronic Disease Program, Ottawa Hospital Research Institute, Ottawa, ON,
Canada. 3Department of Biochemistry, Microbiology and Immunology,
University of Ottawa Faculty of Medicine, Ottawa, ON, Canada.

Received: 7 April 2019 Accepted: 24 January 2020

References
1. Fischer DG, Tal N, Novick D, Barak S, Rubinstein M. An antiviral soluble form

of the LDL receptor induced by interferon. Science. 1993;262:250–3.
2. Fischer DG, Novick D, Cohen B, Rubinstein M. Isolation and characterization

of a soluble form of the LDL receptor, an interferon-induced antiviral
protein. Proc Soc Exp Biol Med. 1994;206:228–32.

3. Shimohiro H, Taniguchi S, Koda M, Sakai C, Yamada S. Association between
serum soluble low-density lipoprotein receptor levels and metabolic factors
in healthy Japanese individuals. J Clin Lab Anal. 2015;29:52–6.

4. Mayne J, Ooi TC, Tepliakova L, Seebun D, Walker K, Mohottalage D, Ning Z,
Abujrad H, Mbikay M, Wassef H, et al. Associations between soluble LDLR
and lipoproteins in a white cohort and the effect of PCSK9 loss-of-function.
J Clin Endocrinol Metab. 2018;103:3486–95.

5. Girona J, Rodriguez-Borjabad C, Ibarretxe D, Heras M, Amigo N, Feliu A,
Masana L, Plana N, Group D. Plasma inducible degrader of the LDLR, soluble
low-density lipoprotein receptor, and proprotein convertase subtilisin/kexin
type 9 levels as potential biomarkers of familial hypercholesterolemia in
children. J Clin Lipidol. 2018;12:211–8.

6. Berneis KK, Krauss RM. Metabolic origins and clinical significance of LDL
heterogeneity. J Lipid Res. 2002;43:1363–79.

7. Stanford KI, Bishop JR, Foley EM, Gonzales JC, Niesman IR, Witztum JL, Esko
JD. Syndecan-1 is the primary heparan sulfate proteoglycan mediating
hepatic clearance of triglyceride-rich lipoproteins in mice. J Clin Invest. 2009;
119:3236–45.

8. Deng Y, Foley EM, Gonzales JC, Gordts PL, Li Y, Esko JD. Shedding of
syndecan-1 from human hepatocytes alters very low density lipoprotein
clearance. Hepatology. 2012;55:277–86.

9. Novick D, Rubinstein M. The tale of soluble receptors and binding proteins:
from bench to bedside. Cytokine Growth Factor Rev. 2007;18:525–33.

10. Gooz M. ADAM-17: the enzyme that does it all. Crit Rev Biochem Mol Biol.
2010;45:146–69.

11. Scheller J, Chalaris A, Garbers C, Rose-John S. ADAM17: a molecular switch
to control inflammation and tissue regeneration. Trends Immunol. 2011;32:
380–7.

12. Horiuchi K, Kimura T, Miyamoto T, Takaishi H, Okada Y, Toyama Y, Blobel CP.
Cutting edge: TNF-alpha-converting enzyme (TACE/ADAM17) inactivation in

mouse myeloid cells prevents lethality from endotoxin shock. J Immunol.
2007;179:2686–9.

13. Ma KL, Ruan XZ, Powis SH, Chen Y, Moorhead JF, Varghese Z. Inflammatory
stress exacerbates lipid accumulation in hepatic cells and fatty livers of
apolipoprotein E knockout mice. Hepatology. 2008;48:770–81.

14. Medzhitov R. Origin and physiological roles of inflammation. Nature. 2008;
454:428–35.

15. Gallin JI, Kaye D, O'Leary WM. Serum lipids in infection. N Engl J Med. 1969;
281:1081–6.

16. Alvarez C, Ramos A. Lipids, lipoproteins, and apoproteins in serum during
infection. Clin Chem. 1986;32:142–5.

17. Khovidhunkit W, Kim MS, Memon RA, Shigenaga JK, Moser AH, Feingold KR,
Grunfeld C. Effects of infection and inflammation on lipid and lipoprotein
metabolism: mechanisms and consequences to the host. J Lipid Res. 2004;
45:1169–96.

18. Han R. Plasma lipoproteins are important components of the immune
system. Microbiol Immunol. 2010;54:246–53.

19. Yuan G, Al-Shali KZ, Hegele RA. Hypertriglyceridemia: its etiology, effects
and treatment. CMAJ. 2007;176:1113–20.

20. Heilbronn LK, Campbell LV. Adipose tissue macrophages, low grade
inflammation and insulin resistance in human obesity. Curr Pharm Des.
2008;14:1225–30.

21. Krenkel O, Tacke F. Macrophages in nonalcoholic fatty liver disease: a role
model of pathogenic immunometabolism. Semin Liver Dis. 2017;37:189–97.

22. Grassmann S, Wirsching J, Eichelmann F, Aleksandrova K. Association
between peripheral adipokines and inflammation markers: a systematic
review and meta-analysis. Obesity. 2017;25:1776–85.

23. Hansen SEJ, Madsen CM, Varbo A, Nordestgaard BG. Low-grade
inflammation in the association between mild-to-moderate
hypertriglyceridemia and risk of acute pancreatitis: a study of more than
115000 individuals from the general population. Clin Chem. 2019;65:321–32.

24. Chalaris A, Adam N, Sina C, Rosenstiel P, Lehmann-Koch J, Schirmacher P,
Hartmann D, Cichy J, Gavrilova O, Schreiber S, et al. Critical role of the
disintegrin metalloprotease ADAM17 for intestinal inflammation and
regeneration in mice. J Exp Med. 2010;207:1617–24.

25. Zagury D, Gallo RC. Anti-cytokine Ab immune therapy: present status and
perspectives. Drug Discov Today. 2004;9:72–81.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Mbikay et al. Lipids in Health and Disease           (2020) 19:17 Page 3 of 3


	Abstract
	Introduction
	ADAM-17: a common sheddase in inflammation
	Hypertriglyceridemia in inflammation
	Hypothesis: inflammation may explain the TG-sLDLR correlation
	Abbreviations

	Acknowledgements
	Authors’ contributions
	Authors’ information
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

