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IL-6 triggers lysosomal degradation of LDL-R D
and enhances LDL-C uptake in vascular
endothelial cells via macropinocytosis
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Abstract

Background Endothelial dysfunction profoundly compromises the barrier function that precludes trans-endothelial
entry of low-density lipoprotein cholesterol (LDL-C) into the vessel wall. LDL-C retention in the vessel wall is
atherogenic and its flux involves several mechanisms including LDL-receptor (LDL-R) mediated transcytosis, a process
that is facilitated by inflammatory stressors. In this study, we aimed to investigate the role of interleukin-6 (IL-6) in
regulating LDL-R and LDL-C uptake by vascular endothelial cells.

Method We used commercially available Human umbilical vein endothelial cells (HUVECs) in this study. Flow
cytometry, western blotting, gRT-PCR and ELISA were used to investigate expression of LDL-R and Mylip/IDOL. LDL-C
uptake and free cholesterol levels in HUVECs was assessed using flowcytometry and mass-spectrometry respectively.

Results We show that HUVECs treated with a combination of IL-6 and soluble IL-6 receptor (sIL-6R) result in a
significant reduction in surface expression of LDL-R, an effect that is reversed by soluble gp130Fc — an antagonist of
IL-6 trans-singling. Using pharmacological inhibitors and gene silencing techniques, we demonstrate that IL-6 trans-
signaling induced downregulation of LDL-R is attained through lysosomal degradation mediated by the E3 ubiquitin
ligase Mylip. Conversely, HUVECs treated with IL-6 in combination with sIL-6R exhibit markedly increased uptake

of native LDL-C which is also inhibited by sgp130Fc, the actin inhibitor Cytochalasin D and the macropinocytosis
inhibitor EIPA. Although stimulation of HUVECs upregulated the expression of scavenger receptors CD36 and CXCL16,
their contribution to native LDL-C uptake turned out to be negligible.

Conclusion Collectively, this study highlights the role of IL-6 in the regulation of LDL-R expression and cholesterol
homeostasis in vascular ECs. IL-6 trans-signaling downregulates LDL-R yet increases LDL-C uptake via an LDL-R-
independent, actin-dependent macropinocytosis pathway.
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Background

Subendothelial retention of low-density lipoprotein cho-
lesterol (LDL-C) is a pivotal and presumably rate-limiting
step during atherosclerosis, a chronic inflammatory con-
dition driving most of cardiovascular diseases (CVDs)
(Gimbrone and Garcia-Cardefia 2016; Rajendran et
al., 2013). LDL-C retention in vascular intima is critically
dependent on its passage across the endothelial layer,
which under normal circumstances is a highly selective
barrier (Gimbrone and Garcia-Carderia 2016; Rajendran
et al,, 2013). However, this barrier function is profoundly
altered due to endothelial dysfunction and inflammation,
increasing LDL-C entry into the intima and accelerating
atherosclerotic plaque formation by setting off a cascade
of inflammatory responses and foam cell formation, hall-
marks of atherosclerosis (Kunjathoor et al., 2002; Yu et
al., 2013).

Trans-endothelial LDL-C flux into arterial intima is
mainly driven by fluid-phase transcytosis and a recep-
tor-mediated transcytosis (Bolanle et al., 2025), where
LDL-C binds to endothelial receptors such as scavenger
receptor SR-BI (scavenger receptor class B type 1) and
TGFp family receptor ALK1 (activin receptor-like kinase
1) (Ghaffari et al., 2021; Armstrong et al., 2015; Kraehling
et al., 2016). Although previously underappreciated, a
recent study highlighted the significance of LDL-R medi-
ated LDL-C transcytosis in endothelial cells activated by
IL-1B, suggesting that the relative contribution of LDL-C
transcytosis pathways is amenable to inflammatory stress
(Jang et al., 2024).

The high affinity LDL-R is expressed on vascular endo-
thelial cells, and its expression has been shown to be
regulated by inflammatory stimuli including TNF-« and
IL-1P (Jang et al., 2024; Zhang et al., 2014). In this study,
we sought to investigate the role of IL-6, a pleotropic
cytokine downstream of IL-1B, in regulating LDL-R and
LDL-C uptake. While circulating IL-6 levels are generally
low (typically <10 pg/ml), IL-6 concentrations have been
reported to increase by several orders of magnitude dur-
ing inflammatory conditions, reaching ng/ml to even pg/
ml levels (Rose-John 2012). Importantly, IL-6 has been
identified as an independent predictor of CVDs, and it
has been causally associated to atherosclerotic vascular
diseases in several clinical studies (Zegeye et al.,, 2021;
Kaptoge et al., 2014; Ridker et al., 2000; Niu et al.,, 2012).
This is further recapitulated in experimental in vivo stud-
ies in which IL-6 has been shown to play indispensable
role during atherogenesis (Hardin et al., 2011; Schuett et
al., 2012). Furthermore, IL-6 has been directly linked to
regulation of LDL-R gene expression and LDL-C uptake
in hepatocytes and endothelial cells (Lubrano et al., 2015;
Gierens et al.,, 2000), although how the distinct IL-6 sig-
naling pathways regulate these processes remain poorly
understood.
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On molecular level, IL-6 mainly signals through two
distinct mechanisms. The so-called IL-6 classic signaling,
where IL-6 binds to a membrane-bound IL-6R that forms
a heterodimer with gp130 signal transducer protein, has
homeostatic and anti-inflammatory roles in vascular ECs
and other cell types. In contrast, IL-6 trans-signaling,
in which a complex of IL-6 and soluble IL-6R (sIL-6R)
signals through gp130, is pro-inflammatory (Lindkvist
et al,, 2022; Ljungberg et al., 2020; Zegeye et al., 2020,
2018, 2023a). Human vascular ECs express low level
of IL-6R and gp130 and can respond to both IL-6 clas-
sic- and trans-signaling pathways in distinctive manner
(Zegeye et al., 2018; Montgomery et al., 2021; Ferreira et
al., 2023).

Here, we report that IL-6 trans-signaling, but not clas-
sic-signaling, results in Mylip-dependent degradation of
LDL-R in vascular endothelial cells while simultaneously
upregulating LDL-C uptake through actin-mediated
endocytic process tying IL-6 trans-signaling to enhanced
fluid-phase LDL-C uptake.

Methods and materials

Cell culture

Human Umbilical Vein Endothelial cells (HUVECs, Life
technologies, USA) were cultured in complete endothe-
lial medium supplemented with VEGF Life factors (Life-
line cell Technologies, USA) and antibiotics (Penicillin
and Streptomycin-PEST-Gibco, Life Technologies, USA)
in 75cm? flasks (Sarstedt, Germany). The cultures were
incubated at 37 °C with 5% CO, and cells were main-
tained until passage 10.

Prior to stimulation, HUVECs were seeded overnight
at cell densities of 3x10° cells/well in 6-well plates and
6x10* cells/well in 24-well plates containing complete
endothelial medium containing antibiotics. The next day,
the media was replaced with antibiotic free media with or
without the specific stimuli and incubated for the speci-
fied timepoints. At the end of incubations, the cells were
either immediately used for analyses or stored at -80 °C
until analyses. For experiments involving gene silencing,
HUVECs were seeded at cell densities of 2x10° cells/
well in 6-well plates overnight in complete endothelial
medium containing antibiotics. After an overnight incu-
bation, the cells were rinsed with Opti-MEM (Gibco, Life
Technologies, USA) followed by incubation with 700 pl
Opti-MEM/well containing 2 pl lipofectamine (Invitro-
gen, USA) and a Silencer®Select siRNA against the target
gene (0.5 nM siRNA, Invitrogen, USA). Cells incubated
with non-target Silencer®Select siRNA (0.5 nM, Invitro-
gen, USA) were included as controls. After 4 h of incuba-
tion, 1.3 ml of complete endothelial medium was added
into each well and incubation continued, after which cul-
ture media and cells were collected and kept at -80 °C
until further analysis.
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Flowcytometry analyses

HUVECs were detached and washed twice with PBS con-
taining 1 mM EDTA and 2% FBS and then stained with
anti-LDL-R-APC antibody (clone: 301, Abcam, UK),
anti-CD36-FITC antibody (clone: 5-271 from BioLegend
supplied by Nordic Biosite, Sweden) or anti-CXCL16-PE
antibody (clone: 22-19-12 from BioLegend supplied by
Nordic Biosite, Sweden) for 25 min at 4 °C in the dark.
Fluorescence minus one (FMOQO) control were included as
negative control for staining. To remove dead cells from
analysis, 7AAD staining was employed. Stained cells
were acquired using Gallios™ flow cytometer (Beckman
Coulter, Brea, CA, USA) and analyzed using Kaluza flow
cytometry analysis software version 1.3 (Beckman Coul-
ter, Brea, CA, USA).

Western blotting

Using ice-cold RIPA lysis buffer (Millipore, USA),
HUVECs were lysed, and the protein content of the lysate
was quantified using Micro BCA™ Assay kit (Thermo
Fisher Scientific, USA) according to the manufactur-
er’s instructions. The cell lysate was mixed with an SDS
sample buffer followed by denaturation for 5 min at
95 °C. Electrophoretic separation was achieved by load-
ing 10-20 ug of protein/well into NuPAGE® (4-12%)
Novex Bis—Tris gels with ice-cold MOPS running buffer
(Invitrogen, USA) along with MagicMark™ XP Western
Protein Standard (Invitrogen, USA), which was used to
determine molecular masses of the proteins. A constant
voltage of 140 V was applied to achieve separation, after
which the proteins were transferred onto Immobilon-FL
PVDF membranes (Millipore, USA) by applying a con-
stant current of 125 mA/membrane. Membranes were
incubated with primary antibodies and respective HRP-
conjugated secondary antibodies. The primary antibod-
ies used were anti-LDL-R (Abcam, UK, ab52818; 1:1000
dilution), anti-Mylip antibody (LS-C226906 from LSBio,
supplied by Nordic Biosite, Sweden; 1:1000 dilution) and
Anti-B Tubulin antibody (Abcam, UK, ab231082; 1:1000
dilution). This was followed by incubation with horserad-
ish peroxidase (HRP)-conjugated goat anti-rabbit I1gGs
(Cell Signaling Technology, USA, #7074; 1:2000) or horse
anti-mouse IgGs (Cell Signaling Technology, USA, #7076;
1:2000). Visualization of the bands was achieved by using
Immobilon™ Western Chemiluminescent HRP Substrate
solution (Millipore, USA), and chemiluminescence was
recorded by a Li-Cor Odyssey Fc imager and analyzed
with Image Studio Software (Li-Cor Biotechnology UK
Ltd., United Kingdom).

Total RNA extraction, cDNA synthesis and qPCR

Extraction of total RNA was achieved using E.Z.N.A®
Total RNA kit (Omega Bio-Tek, Norcross, GA, USA)
according to the manufacturer’s instructions. The
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quantity and quality of RNA extract was determined
using NanoDrop™ 2000 (Thermo Fisher Scientific, USA)
spectrophotometer. Then, cDNA was synthesized from
the extracted RNA using high-capacity cDNA reverse
transcription kit (Thermo Fisher Scientific, USA) follow-
ing the manufacturer’s instructions. Briefly, 1 ug RNA
extract was mixed with a master mix containing random
primers, reverse transcriptase enzyme, dNTPs and buf-
fer. The final volume was adjusted to 20 pl using nucle-
ase free water and the preparation was allowed to run in
a thermal cycler for: 10 min at 25 °C, 120 min at 37 °C,
5 min at 85 °C and kept at 4 °C before storage at - 20 °C.
For gene expression studies, we used TagMan qPCR
primers/probes (Applied Biosystems, Life technologies,
USA), and QuantStudio 7 Flex Realtime PCR system
(Applied Biosystems,USA). GAPDH was used as house-
keeping gene for normalization.

Lipidomics/mass-spectrometry

Cell pellets contained in Eppendorf tubes were spiked
(10 ul) with stable isotope labeled (SIL) standard Cho-
lesterol-d7 (Avanti Lipids, Alabaster, AL). Extraction
was performed using protein precipitation with 490ul
of pre-cooled (-20 °C) isopropanol. Samples were vor-
texed mixed for 1 min and placed at —20 °C for 10 min.
Samples were vortex mixed again for 1 min and placed
at 4 °C for 2 h to ensure complete protein precipitation.
The extracted samples were centrifuged at a maximum
of 10,300 g for 10 min at 4 °C before transferring the
supernatant to total recovery glass vials. Ultra-high pres-
sure liquid chromatography-tandem mass spectrometry
measurements were performed on an Acquity UHPLC
coupled to a Xevo TQ-XS triple quadrupole mass spec-
trometer (MS/MS) (Waters Corporation, Milford, MA,
USA). Two pL of the sample extract was injected onto
a 1.7 ym, 2.1 mmx 150 mm Acquity BEH AMIDE col-
umn, in combination with a 1.7 pm, 2.1 mmx5 mm
BEH Amide VAN GUARD column. Mobile phase
was composed of A=10 mM ammonium acetate in
Acetonitrile:H20 (95:5) and B=10 mM ammonium
acetate in Acetonitrile:H20 (50:50). The linear gradient
elution from 0.1% to 20% B was applied for 2 min, from
20 to 80% B for 3 min, followed by 3 min of re-equilibra-
tion to the initial chromatographic conditions. The flow
rate was 0. 600 ml/min, column temperature 45 °C. The
analysis was performed using positive mode unispray
ionization. The source temperature was 150 °C and the
desolvation temperature was 500 °C. The cone gas flow
was 150 L/h and the desolvation gas flow was 1000 L/h.
The multiple reaction monitoring (MRM) acquisition
mode was selected for the absolute quantification of the
targeted analytes with an individual span time of 0.1 s,
given in their individual MRM channels. Nitrogen was
used as a nebulizer and argon was used as collision gas.
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Relative quantification, normalized to internal standard,
is reported.

Sandwich enzyme linked immuno-sorbent assay (ELISA)
DuoSet® ELISA kit (R&D Systems, Minneapolis, USA)
was used to quantify soluble LDL-R (sLDL-R) from endo-
thelial cell culture supernatants, following manufactur-
ers instruction. Briefly, a 96-well plate was coated with a
PBS-dissolved capture antibody overnight. All washings
in between each step were performed using PBS contain-
ing 0.05% Tween (PBS-T) and all incubation were made
at room temperature. After capture antibody coating
and washing, PBS-T diluted standards and samples are
added to the wells and incubated for 2 h. Following that,
the wells were incubated with a biotinylated-conjugated
secondary antibody for 2 h, an HRP solution for 20 min
and substrate solution for 20 min after which the reac-
tion is stopped by adding 2N H,SO,. Finally, absorbance
was read at 450 nm using Cytation 3 plate reader (BioTek,
Winooski, USA).

LDL-C uptake assay

LDL-C uptake assay was performed using pHrodo™
Red-LDL conjugates (Thermo Fisher Scientific, USA)
following HUVECs stimulation according to respective
experiments. Briefly, HUVECs were incubated with 5 pg/
ml pHrodo™ Red-LDL conjugate dissolved in Fluoro-
brite” DMEM medium (Invitrogen, USA) for 3 h in the
presence or absence of inhibitors including sgp130Fc,
sLDL-R, Cytochalasin D and EIPA (5-(N-Ethyl-N-iso-
propyl)amiloride). The fluorescence signal generated
by the pHrodo™ Red labeled LDL upon internalization
into intracellular acidic compartments was measured to
determine LDL-C uptake. Assessment of LDL-C uptake
was done using two approaches, microscopy and flowcy-
tometry. For microscopy, the cells were washed with PBS
and then fluorescence and bright field images were taken
using Cytation 3 plate reader (BioTek, Winooski, USA).
For flowcytometry analyses, cells were washed with PBS
containing 1 mM EDTA and 2% FBS (for flowcytometry)
and events were collected using Gallios™ flow cytometer
(Beckman Coulter, Brea, CA, USA). The data was ana-
lyzed using Kaluza flow cytometry analysis software ver-
sion 1.3 (Beckman Coulter, Brea, CA, USA).

Dextran uptake assay

HUVECs were incubated with 1 mg/ml Dextran-Texas
Red (70 kDa) conjugate dissolved in Fluorobrite® DMEM
medium (both from Invitrogen, USA) for 1 h in the pres-
ence or absence of EIPA. HUVECs were then washed
with PBS containing 1 mM EDTA and 2% FBS and events
were collected using Gallios™ Flow Cytometer (Beck-
man Coulter Life Sciences, UK). The data was analyzed
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using Kaluza flow cytometry analysis software version 1.3
(Beckman Coulter, UK).

Statistical analysis

Data are presented as mean+standard error of mean
(SEM) of at least 3 sets of independent experiments, and
analyses were performed using GraphPad Prism® statis-
tical software version 10.0 (GraphPad Software, Inc.,
USA). Statistical tests such as one-way ANOVA with
repeated measures followed by Bonferroni post-hoc test,
paired t-test, and One sample t-test were used to com-
pare groups. A p-value less than 0.05 was considered as
statistically significant.

Results

IL-6 trans-signaling, but not classic-signaling, reduces
expression of LDL-R in human vascular endothelial cells

To investigate whether IL-6 regulates expression of
LDL-R in ECs, we stimulated cultured HUVECs with
recombinant human IL-6 and soluble IL-6R (sIL-6R).
To simulate IL-6 classic-signaling activation, HUVECs
were treated with IL-6 alone while IL-6 trans-signaling
activation was induced by adding a combination of IL-6
and sIL-6R (IL-6 +sIL-6R). The concentration for both
recombinant proteins was 100 ng/ml, which was chosen
based on our previous dose—response experiments (Zeg-
eye et al,, 2018). Flowcytometry analyses of HUVECs
after 48 h of stimulation showed that surface expression
of LDL-R was significantly reduced in ECs treated with
IL-6 +sIL-6R compared to untreated controls (Fig. 1A).
However, LDL-R surface expression in ECs treated with
IL-6 alone was not affected. Moreover, using immunob-
lotting and flowcytometry, we showed that the reduction
in LDL-R expression caused by IL-6+sIL-6R was inhib-
ited by addition of sgp130Fc (Fig. 1B and supplemen-
tary Fig. 1), which selectively inhibits activation of IL-6
trans-signaling. These findings show that IL-6 trans-, but
not classic-signaling, significantly reduces expression of
LDL-R in human vascular ECs.

In our previous study, we reported that endothelial
LDL-R can be cleaved and released as a soluble form by
the peptidases ADAM17 and MMP14 in response to the
pro-inflammatory cytokine TNF-a (Zegeye et al., 2023b).
Here we assessed whether activation of IL-6 trans-sig-
naling in ECs could also induce shedding thereby sup-
pressing the surface level of LDL-R. We analyzed cell
culture supernatants of ECs treated with or without IL-6
and IL-6 +sIL-6R using ELISA. As shown in Fig. 1C, the
concentration of sLDL-R was significantly reduced in
ECs treated with IL-6+sIL-6R compared to untreated
controls. Supernatant from ECs treated with IL-6 alone,
however, showed similar level of sLDL-R to that of
untreated controls (supplementary Fig. 2). Furthermore,
the reduction in sLDL-R in response to IL-6+sIL-6R



Zegeye et al. Molecular Medicine (2026) 32:65

A)

300 507 pes

ctl
IL-6
IL-6+sIL-6R

250 |

N
o
1

2004

w
=3
1

150

Count

LDL-R expression
(Standardized MFI)
N
o

100

-
o
1

50

0_
24 L6 - +
IL-6+sIL-6R -

100 101 102
LDL-R APC

89 n=4

»
o
]

g
o
1

6

sLDL-R (ng/ml)
i T
- -
o o
1 L

Cholesterol (fold change)
o
&
1

0-

IL-6+sIL-6R - + + -
sgp130Fc - - + + 6h

Page 5 of 12

B) )
o .
—50Kda
IL-6+sIL-6R - + + -
sgp130Fc - - + +
159 n=a
% 1.04
=)
23
Ea
-0
8 o5
+
+
0.04
IL-6+sIL-6R - + +
sgp130Fc - - + +
E)
Ctl 209 o
IL-6+sIL-6R n=4
S 1.54
=
a<g
ns <2
ns -
— —_ g 2 101
3%
-8
0.5
0.0-
Ctl 30" 1h 4h 24h
24h 48h _—

IL-6+sIL-6R

Fig. 1 IL-6 trans-signaling downregulates expression of LDL-R in human vascular ECs. A Histogram and a bar graph showing surface expression of LDL-R
using flowcytometry in ECs after 48 h of treatment with IL-6 (100 ng/ml) with or without sIL-6R (100 ng/ml). B Representative immunoblots and a bar
graph showing LDL-R expression in ECs treated with a combination of IL-6 and sIL-6R (100 ng/ml each) with or without sgp130Fc (1 pg/ml). C A bar graph
shows that IL-6+sIL-6R (100 ng/ml each) induced reduction (48 h) in release of sLDL-R from ECs is inhibited by addition of sgp130Fc (1 pg/ml). D A bar
graph showing relative abundance of cholesterol (LC-MS/MS) in unstimulated ECs versus ECs treated with a combination of IL-6 and sIL-6R (100 ng/ml
each). Cholesterol levels were normalized to total protein amount determined by BCA assay. A paired t-test was employed. E A bar graph showing the
LDL-R gene expression in ECs treated with IL-6+sIL-6R (100 ng/ml each) for 30 min to 24 h. A one-way ANOVA followed by Bonferroni post-hoc test was

employed. *p <0.05, **p <0.01, ***p < 0.001

treatment was blocked by addition of sgpl130Fc con-
firming that the effect is IL-6 trans-signaling dependent
(Fig. 1C). Because LDL-R is centrally regulated by avail-
ability of intracellular cholesterol (Goldstein et al., 2006),
we assessed whether IL-6 trans-signaling alters level
of free cholesterol in ECs. Indeed, mass-spectrometry
analyses using ECs treated with IL-6 +sIL-6R showed a
transient increase in cholesterol levels (6 h) compared
to untreated controls (Fig. 1D). However, qPCR analy-
sis revealed that LDL-R reduction due to IL-6 trans-
singling was not due to transcriptional downregulation
of the LDL-R gene expression (Fig. 1E). Collectively,
these findings indicate that IL-6 trans-signaling medi-
ated reduction of LDL-R expression is less likely due to

accumulation of unesterified cholesterol and not due to
shedding or transcriptional downregulation.

IL-6 trans-signaling causes Mylip-dependent lysosomal
degradation of LDL-R in human vascular endothelial cells
Next, we investigated whether IL-6 trans-signaling in
ECs employs post-transcriptional pathways to down-
regulate LDL-R expression using pharmacological inhibi-
tors of lysosomal (NH,CI) and proteasomal (MG 132)
degradation pathways in ECs treated with IL-6 +sIL-6R.
Co-stimulation of ECs with IL-6+sIL-6R and MG132
resulted in a significant reduction in LDL-R level. How-
ever, ECs treated with IL-6+sIL-6R in the presence
of NH,Cl showed no significant change in the level of
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LDL-R suggesting that IL-6 trans-signaling downregu-
lated LDL-R level by enhancing its lysosomal degradation
(Fig. 2A and B).

Post-translational regulation of LDL-R is known to
be driven by PCSK9 (Proprotein convertase subtilisin/
kexin type 9), which binds to LDL-R and directs it to
lysosomal degradation, and Mylip, an LXR-induced E3
ubiquitin ligase that ubiquitinates LDL-R targeting it for
endosomal sorting and lysosomal degradation (Zhang et
al.,, 2007; Zelcer et al., 2009). Here, we found that PCSK9
expression in ECs was below detection threshold of
qPCR; and treatment of ECs with IL-6 +sIL-6R (30 min-
24 h) showed no apparent upregulation of PCSK9 gene
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expression. In addition, ECs treated with IL-6+sIL-
6R (30 min-24 h) showed no apparent change in gene
expression of Mylip (supplementary Fig. 3A). However,
we found a trend towards an increase in the level of Mylip
protein in ECs following stimulation with IL-6 +sIL-6R
(mean difference=0.004, p-value=0.216) although it
did not reach statistical significance (Fig. 2D). To clarify
whether Mylip is responsible for IL-6 trans-signaling
induced LDL-R downregulation in ECs, we performed
gene silencing using siRNA that targeted the Mylip gene
resulting in ~70% knockdown efficiency (supplementary
Fig. 3B). As expected, the silencing of Mylip caused an
upregulation of LDL-R expression, consistent with its
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Fig. 2 IL-6 trans-signaling downregulates endothelial LDL-R through Mylip-dependent lysosomal degradation. ECs were treated with a combination of
IL-6 and sIL-6R (100 ng/ml each) with or without NH,Cl (10 mM) and MG132 (10 nM) for 48 h. A Representative immunoblots and a bar graph showing
LDL-R expression in ECs. A one-sample t-test was used. B Histogram and a bar graph showing surface expression of LDL-R using flowcytometry in ECs.
C Histogram and a bar graph showing surface expression of LDL-R using flowcytometry in ECs following Mylip gene knockdown and stimulation with
IL-6+5IL-6R (100 ng/ml each). D Representative immunoblots and bar graph showing LDL-R and Mylip expression in ECs following Mylip gene knock-
down and stimulation with IL-6+sIL-6R (100 ng/ml each). A one-way ANOVA followed by Bonferroni post-hoc test was employed. *p <0.05, **p < 0.01
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reported involvement in homeostatic LDL-R regulation
(Fig. 2C-D and supplementary Fig. 3C). Furthermore, the
knockdown of Mylip reversed the IL-6+sIL-6R induced
reduction in LDL-R expression (Fig. 2C and D). Collec-
tively, these findings demonstrate that IL-6 trans-signal-
ing induced LDL-R downregulation is driven through
Mylip-dependent lysosomal degradation.
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IL-6 trans-signaling enhances LDL-C uptake by ECs despite
low levels of LDL-R

To investigate the functional consequence of IL-6 trans-
signaling induced reduction of LDL-R on surface of ECs,
we assessed LDL-C uptake by ECs after 48 h of treat-
ment with IL-6 alone or in combination with sIL-6R.
We found that ECs treated with IL-6+sIL-6R had sig-
nificantly elevated level of LDL-C uptake compared to
untreated controls (Fig. 3A-C), meanwhile, IL-6 treated
ECs showed similar level of LDL-C uptake as untreated
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Fig. 4 The uptake of LDL-C in ECs induced by IL-6 trans-signaling occurs via actin-dependent fluid-phase macropinocytosis pathway, with limited in-
volvement of scavenger receptors or caveolae-mediated endocytosis. A Heatmap showing the endothelial gene expression of scavenger receptors and
genes involved in caveolae-mediated endocytosis in response to treatment with IL-6 +sIL-6R (100 ng/ml each). Representative histograms and bar graphs
show surface expression of B) CD36 and C) CXCL16 in HUVECs treated with IL-6 +sIL-6R and sgp130Fc (1 ug/ml) for 48 h. Representative histograms and
bar graphs show IL-6 trans-signaling induced LDL-C uptake in D) ECs lacking either CXCL16 or CD36 expression, in E) ECs treated with Cytochalasin D
(1 uM), and in F) ECs treated with EIPA (25 uM). A one-way ANOVA followed by Bonferroni post-hoc test was employed. *p <0.05, **p < 0.01, ***p <0.001

controls (supplementary Fig. 4). Moreover, the increased
LDL-C uptake by ECs exposed to IL-6 + sIL-6R was abol-
ished using sgp130Fc (Fig. 3B). These findings suggest
that the increased LDL-C uptake in response to IL-6 is
specific to activation of trans-signaling. Furthermore,
we assessed the contribution of residual LDL-R activity
to the enhanced LDL-C uptake induced by IL-6+sIL-
6R using two approaches: inhibition of LDL-R-mediated
uptake using sLDL-R, as shown previously (Zegeye et
al, 2023b), and silencing LDL-R gene expression. We
found that addition of sLDL-R in combination with
IL-6 + sIL-6R did not alter the increase in LDL-C uptake
by ECs (Fig. 3C). Similarly, silencing LDL-R gene expres-
sion (~65% knockdown efficiency, Fig. 3D) did not
affect IL-6 +sIL-6R induced increase in LDL-C uptake,
although it significantly reduced basal LDL-C uptake
(Fig. 3E). Taken together, these findings indicate that IL-6
trans-signaling-induced increase in LDL-C uptake by
ECs is independent of LDL-R activity.

Beside LDL-R mediated pathway, LDL-C can be taken
up by ECs through caveolae mediated endocytosis, scav-
enger receptors and pinocytosis. Therefore, we sought
to investigate whether IL-6 trans-signaling causes an
upregulation of genes involved in any of those pathways
that may account for the increased LDL-C uptake. As
shown in Fig. 4A and Supplementary Fig. 5, stimulation
of ECs with IL-6+sIL-6R resulted in significant upregu-
lation of the scavenger receptors CD36 and CXCL16.
Because both CD36 and CXCL16 have soluble forms,
we assessed whether these receptors are expressed on
the surface of ECs using flowcytometry. We showed
that both CD36 and CXCL16 are expressed on the sur-
face of ECs and the upregulation induced by IL-6 trans-
signaling could be abolished by treatment with sgp130Fc
(Fig. 4B and C). However, no apparent changes were
seen on the expression of genes involved in caveolae-
mediated LDL-C endocytosis. CD36 has been shown to
bind native LDL-C although CXCL16 is only capable of
binding to modified LDL-C (Calvo et al., 1998; Shimaoka
et al.,, 2000). Therefore, we set out to determine the role
of CD36 and CXCL16 in IL-6 trans-signaling induced
uptake of LDL-C in ECs. Using siRNAs, expression of
CD36 and CXCL16 was silenced (~80-90% knockdown
efficiency, Supplementary Fig. 6) and the IL-6 trans-sig-
naling induced LDL-C uptake was analyzed. It turned
out that silencing of neither CD36 nor CXCL16 could
inhibit IL-6 trans-signaling induced uptake of LDL-C

by ECs (Fig. 4D). However, when ECs were treated with
IL-6 +sIL-6R in the presence of actin inhibitor cytochala-
sin D, the IL-6 trans-signaling induced increase in LDL-C
uptake was inhibited (Fig. 4E). Furthermore, using EIPA,
a specific macropinocytosis inhibitor, we found that the
IL-6 trans-signaling induced increase in LDL-C as well as
Texas-red-labeled dextran (70kDa) uptake was inhibited
(Fig. 4F and Supplementary Fig. 7). Overall, our findings
indicate that IL-6 trans-signaling increases endothelial
LDL-C uptake through actin-dependent macropinocy-
tosis with limited involvement of scavenger receptors or
caveolae-mediated endocytosis, and despite downregu-
lated LDL-R expression.

Discussion

This study highlights the role of IL-6 in the regulation of
LDL-R expression and cholesterol homeostasis in vascu-
lar ECs, linking activation of the pro-inflammatory IL-6
trans-signaling pathway to suppression of LDL-R level
alongside enhanced accumulation of unmodified LDL-C
in ECs through actin-dependent, receptor-independent
macropinocytosis pathway.

We showed that activation of IL-6 trans-signaling, but
not classic-signaling, causes significant reduction on the
surface expression of endothelial LDL-R through Mylip-
dependent lysosomal degradation. Mylip, also known as
IDOL (inducible degrader of LDL-R) is a post-transla-
tional regulator of LDL-R which, unlike PCSK9, is abun-
dantly expressed in ECs (Schaum et al., 2018; Karlsson et
al., 2021). Mylip is a direct transcriptional target of the
liver X receptors (LXR), a transcription factor that is clas-
sically regulated by sterols (Zhang et al., 2012), but also
by pro-inflammatory cytokines such as IL-1p and TNF-a
(Kim et al.,, 2007). In our case, IL-6 trans-signaling in ECs
did not alter the gene expression of Mylip; it rather is
associated with a non-significant trend toward increased
protein abundance, which coincided with the reduc-
tion in LDL-R. Mylip level is known to be increased by
post-transcriptional mechanisms such as SUMOylation
that inhibits autoubiquitination and degradation
(Wang et al, 2021). IL-6 has been shown to modulate
SUMOylation pathways thereby regulating downstream
processes (Ohbayashi et al., 2008). Although not exam-
ined in our study, such mechanisms could explain the
small increase in Mylip protein observed upon IL-6
trans-signaling and merit further study. Our findings are
particularly relevant because the major source of Mylip in
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tissues such as the liver appears to be ECs suggesting for
a potential paracrine effect (Schaum et al., 2018; Karlsson
et al,, 2021). Furthermore, it has been reported that cir-
culating Mylip is positively correlated with high plasma
LDL-C (Girona et al., 2018). However, whether circu-
lating Mylip directly influences hepatic LDL-R thereby
decreasing LDL-C clearance remains to be investigated.

Under normal physiological condition, the level of
intracellular cholesterol controls the activity of SREBP2
(sterol regulatory element-binding protein 2), a principal
transcription factor that regulates expression of LDL-R
(Brown and Goldstein 1997). SREBP2 is activated when
intracellular cholesterol is low while it remains inactive
when there is abundant free cholesterol. In our study,
it turns out that the level of free cholesterol in ECs was
transiently increased following IL-6 trans-signaling
although the gene expression of LDL-R was not affected
during the that time frame. However, at a later timepoint
(48 h), the level of LDL-R was significantly downregu-
lated in response to IL-6 trans-signaling, while the intra-
cellular free cholesterol level was unaltered suggesting
that the IL-6 trans-signaling induced LDL-R downregu-
lation is not due to cholesterol mediated feedback regu-
lation. These observations extend current understanding
demonstrating that pro-inflammatory stressors can over-
ride sterol-sensing dependent regulation of LDL-R ulti-
mately disrupting cellular feedback mechanisms (Jang
et al,, 2024; Zhang et al., 2014; Fowler et al., 2022). The
contribution of IL-6 trans-signaling mediated receptor
shedding was ruled out as the soluble LDL-R was also
markedly reduced, although IL-6 is known to increase
expression of shedding enzymes such as MMP14 (Cath-
cart et al., 2016).

Our findings reveal that IL-6 trans-, but not classic-
signaling, increases endothelial unmodified LDL-C
uptake in addition to its previously reported pro-inflam-
matory and pro-atherogenic effects (Zegeye et al., 2020,
2018, 2023a). It has been extensively studied that exces-
sive accumulation of LDL-C in vascular ECs leads to
disrupted barrier integrity, reduced nitric oxide pro-
duction, increased oxidative stress and inflammatory
responses that collectively promote endothelial dysfunc-
tion, increased entry of LDL-C into vascular intima and
atherosclerosis (Mundi et al., 2018; Zanoni et al., 2018).
Besides, in vitro and in vivo studies have shown that, ECs
can generate cholesterol crystals under hyperlipidemic
conditions and deposit it into the subendothelial layer
(Baumer et al., 2017). Cholesterol crystals are abundant
in plaques directly contributing to the pathogenesis of
atherosclerosis in several mechanisms including induc-
tion of inflammatory responses in ECs as well as smooth
muscle cells (Thazhathveettil e al., 2025; Thazhathveettil
et al., 2024; Baumer et al., 2025).
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Mechanistically, we showed that LDL-C uptake
induced by IL-6 trans-signaling is independent of LDL-R
activity as the uptake remained significantly elevated
despite downregulation of LDL-R expression using
siRNA-guided gene silencing as well as inhibition of
the receptor-mediated uptake using sLDL-R. However,
we demonstrated that the uptake is suppressed by the
actin inhibitor Cytochalasin D and the macropinocyto-
sis inhibitor EIPA, suggesting that the process is mainly
driven by LDL-R-independent, fluid-phase macropino-
cytosis (Michael et al., 2013). LDL-C uptake via fluid-
phase endocytic routes takes place in endothelial cells
in an unsaturable manner as indicated in earlier electron
microscopy findings and subsequent studies (Vasile et
al., 1983; Zhang et al., 2018). Endocytosis of LDL-C par-
ticles represents intermediate event in their transcytosis
across endothelial cells, which recent evidence suggests is
the dominant pathway for LDL-C transport across arte-
rial endothelium (Bolanle et al., 2025; Zhang et al., 2014).
Although it was not tested directly in the current study,
it is possible that the internalized LDL-C may undergo
transcellular trafficking to be released to the opposite
side of endothelial cells. Hence, our findings imply that
non-receptor mediated endocytic pathways can increase
entry of native LDL-C into vascular intima particularity
when excess LDL-C is combined with an inflammatory
stress. Moreover, if enhanced endothelial LDL-C uptake
in response to IL-6 tans-signaling is confirmed in vivo,
it may provide a potential mechanistic link explaining
how unmodified LDL-C accumulates with in the intima,
where it can subsequently be internalized by macro-
phages through non-saturable pinocytosis and contribute
to foam cell formation as reported previously (Barthwal
et al,, 2013). Overall, inflammatory stress-induced LDL-C
uptake in vascular ECs may represent a potential area for
future investigation, complementing lipid lowering thera-
pies, pending validation in more physiologically relevant
cell models such as human aortic ECs as well as in vivo
models. Notably, a recent study employing a genetic and
pharmacologic inhibition of fluid-phase macropinocy-
tosis in macrophages demonstrated a markedly reduced
atherosclerotic lesion development in murine models of
atherosclerosis (Lin et al., 2022).

Inflammatory stressors are known to regulate the scav-
enger receptors CD36 and CXCL16 in macrophages and
vascular smooth muscle cells causing oxidized LDL-C
uptake and foam cell formation (Wagséter et al., 2004;
Wauttge et al., 2004; Wauttge et al., 2001). Intriguingly,
IL-6 trans-signaling increased expression of CD36 and
CXCL-16 although their contribution towards the IL-6
trans-signaling-induced uptake of unmodified LDL-C
was negligible. Nevertheless, these receptors, particularly
CXCL16 that primarily recognize modified LDL-C, may
potentially contribute towards uptake and accumulation
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of modified LDL-C in vascular ECs thereby promoting
atherosclerosis (Shimaoka et al., 2000). Furthermore,
endothelial CXCL-16 is known to promote recruitment
of CXCR-6 expressing immune cells to vascular intima
contributing to plaque progression (Collado et al., 2018;
Liu et al,, 2025). Overall, these findings show the multi-
faceted detrimental effects of IL-6 trans-signaling on vas-
cular ECs.

Abbreviations

ADAM17 A disintegrin and metalloprotease 17
ALK1 Activin receptor-like kinase 1

CVDs Cardiovascular diseases

ECs Endothelial cells

EIPA 5-(N-Ethyl-N-isopropyl) amiloride
FMO Fluorescent-minus-one

gp130 Glycoprotein 130

HUVECs Human umbilical vein endothelial cells
IDOL Inducible degrader of LDL-receptor
IL-6 Interluekin-6

IL-6R Interluekin-6 receptor

LDL-C Low-density-lipoprotein cholesterol
LDL-R Low-density-lipoprotein receptor

LXR Liver-x-receptor

MMP14 Matrix metalloprotease 14

PCSK9 Proprotein convertase subtilisin/kexin type 9
sgp130Fc  Soluble glycoprotein 130-Fragment crystallizable
sIL-6R Soluble Interluekin-6 receptor

SR-BI Scavenger receptor class B type |
SREBP2 Sterol regulatory element-binding protein 2

Supplementary Information
The online version contains supplementary material available at https://doi.or
g/10.1186/510020-026-01484-7.

[ Supplementary Material 1. ]

Acknowledgements
Not applicable.

Authors’ contributions

M.M.Z.: conceptualization, investigation, methodology, data curation, results
interpretation, writing—original draft. JT.V. participated in performing
experiments and data acquisition, and writing—review \& editing. G.PV.
methodology, data acquisition, formal analysis, and writing—review \&
editing. SK.: data acquisition, writing review \& editing. S.S.: methodology,
data acquisition, formal analysis, and writing—review \& editing. L.U.L.:
result interpretation, formal analysis, and writing—review \& editing. AKK:
methodology, results interpretation, formal analysis, and writing—review
\& editing. A.S.: conceptualization, result interpretation, supervision, and
writing—review \& editing.

Funding

Open access funding provided by Orebro University. This work was supported
by Knowledge Foundation [KK Synergi17, Dnr 2018-0035 and KK Prospekt,
Dnr 2021-0038].

Data availability

The data used and/or analyzed in this study are contained within the
manuscript.

Declarations

Ethics approval and consent to participate
Not applicable.

Page 11 of 12

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 25 November 2025 / Accepted: 12 April 2026
Published online: 25 April 2026

References

Armstrong SM, et al. A novel assay uncovers an unexpected role for SR-Bl in LDL
transcytosis. Cardiovasc Res. 2015;108:268-77.

Barthwal MK, et al. Fluid-phase pinocytosis of native low density lipoprotein pro-
motes murine M-CSF differentiated macrophage foam cell formation. PLoS
ONE. 2013;8:e58054.

Baumer, et al. Hyperlipidemia-induced cholesterol crystal production by endo-
thelial cells promotes atherogenesis. Nat Commun. 2017;8:1129.

Baumer, Irei J, Boisvert WA. Cholesterol crystals in the pathogenesis of atheroscle-
rosis. Nat Rev Cardiol. 2025;22:315-32.

Bolanle 10, De Liedekerke Beaufort GC, Weinberg PD. Transcytosis of LDL across
arterial endothelium: mechanisms and therapeutic targets. Arterioscler
Thromb Vasc Biol. 2025;45:468-80. https://doi.org/10.1161/ATVBAHA.124.3
21549.

Brown MS, Goldstein JL. The SREBP pathway: regulation of cholesterol metabo-
lism by proteolysis of a membrane-bound transcription factor. Cell.
1997,89:331-40.

Calvo D, Gdmez-Coronado D, Suérez Y, Lasuncién MA, Vega MA. Human CD36 is a
high affinity receptor for the native lipoproteins HDL, LDL, and VLDL. J Lipid
Res. 1998;39:777-88.

Cathcart JM, et al. Interleukin-6 increases matrix metalloproteinase-14 (MMP-14)
levels via down-regulation of p53 to drive cancer progression. Oncotarget.
2016;7:61107-20.

Collado A, et al. Functional role of endothelial CXCL16/CXCR6-platelet-leuco-
cyte axis in angiotensin ll-associated metabolic disorders. Cardiovasc Res.
2018;114:1764-75.

Ferreira LB, et al. Human retinal endothelial cells express functional interleukin-6
receptor. J Ophthalmic Inflamm Infect. 2023;13:21.

Fowler JWM, Zhang R, Tao B, Boutagy NE, Sessa WC. Inflammatory stress signaling
via NF-kB alters accessible cholesterol to upregulate SREBP2 transcriptional
activity in endothelial cells. Elife. 2022;11:79529.

Ghaffari S, et al. Endothelial HMGB1 is a critical regulator of LDL transcytosis via an
SREBP2-SR-BI axis. Arterioscler Thromb Vasc Biol. 2021;41:200-16.

Gierens H, et al. Interleukin-6 stimulates LDL receptor gene expression via activa-
tion of sterol-responsive and Sp1 binding elements. Arterioscler Thromb Vasc
Biol. 2000,20:1777-83.

Gimbrone MA, Garcia-Cardefia G. Endothelial cell dysfunction and the pathobiol-
ogy of atherosclerosis. Circ Res. 2016;118:620-36.

Girona J, et al. 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.

Goldstein JL, DeBose-Boyd RA, Brown MS. Protein sensors for membrane sterols.
Cell. 2006;124:35-46.

Hardin N, Sakkinen P, Tracy R, Conze D, Huber SA. Interleukin-6 exacerbates early
atherosclerosis in mice. Arterioscler Thromb Vasc Biol. 2011;19:2364-7.

Jang E, et al. IL-1B induces LDL transcytosis by a novel pathway involving LDLR and
Rab27a. Arterioscler Thromb Vasc Biol. 2024;44:2053-68.

Kaptoge S, et al. Inflammatory cytokines and risk of coronary heart disease: new
prospective study and updated meta-analysis. Eur Heart J. 2014;35:578-89.

Karlsson M, et al. A single—cell type transcriptomics map of human tissues. Sci Adv.
2021;7:eabh2169.

Kim MS, et al. Tumor necrosis factor and interleukin 1 decrease RXRa, PPARa,
PPARY, LXRa, and the coactivators SRC-1, PGC-1a, and PGC-1B in liver cells.
Metabolism. 2007;56:267-79.

Kraehling JR, et al. Genome-wide RNAI screen reveals ALKT mediates LDL uptake
and transcytosis in endothelial cells. Nat Commun. 2016;7:13516.

Kunjathoor WV, et al. Scavenger receptors class A-I/Il and CD36 are the principal
receptors responsible for the uptake of modified low density lipoprotein
leading to lipid loading in macrophages. J Biol Chem. 2002;277:49982-8.


https://doi.org/10.1186/s10020-026-01484-7
https://doi.org/10.1186/s10020-026-01484-7
https://doi.org/10.1161/ATVBAHA.124.321549
https://doi.org/10.1161/ATVBAHA.124.321549

Zegeye et al. Molecular Medicine (2026) 32:65

Lin H-P, et al. Receptor-independent fluid-phase macropinocytosis pro-
motes arterial foam cell formation and atherosclerosis. Sci Trans| Med.
2022;14:eadd2376.

Lindkvist M, Zegeye MM, Grenegdrd M, Ljungberg LU. Pleiotropic, unique and
shared responses elicited by IL-6 family cytokines in human vascular endo-
thelial cells. Int J Mol Sci. 2022;23:1448.

LiuY, et al. The role of CXCL16 in atherosclerosis: from mechanisms to therapy.
Front Immunol. 2025;16:1555438.

Ljungberg LU, et al. Global transcriptional profiling reveals novel autocrine func-
tions of interleukin 6 in human vascular endothelial cells. Mediators Inflamm.
2020;2020:4623107.

LubranoV, Gabriele M, Puntoni MR, Longo V, Pucci L. Relationship among IL-6, LDL
cholesterol and lipid peroxidation. Cell Mol Biol Lett. 2015;20:310-22.

Michael DR, et al. Differential regulation of macropinocytosis in macrophages by
cytokines: implications for foam cell formation and atherosclerosis. Cytokine.
2013;,64:357-61.

Montgomery A, et al. Overlapping and distinct biological effects of IL-6 classic
and trans-signaling in vascular endothelial cells. Am J Physiol Cell Physiol.
2021;320:C554-65.

Mundi S, et al. Endothelial permeability, LDL deposition, and cardiovascular risk
factors—a review. Cardiovasc Res. 2018;114:35-52.

Niu W, et al. Association of interleukin-6 circulating levels with coronary artery
disease: a meta-analysis implementing mendelian randomization approach.
Int J Cardiol. 2012;157:243-52.

Ohbayashi N, et al. The IL-6 family of cytokines modulates STAT3 activation by
desumoylation of PML through SENP1 induction. Biochem Biophys Res Com-
mun. 2008;371:823-8.

Rajendran P, et al. The vascular endothelium and human diseases. Int J Biol Sci.
2013;9:1057-69.

Ridker PM, Rifai N, Stampfer MJ, Hennekens CH. Plasma concentration of interleu-
kin-6 and the risk of future myocardial infarction among apparently healthy
men. Circulation. 2000;101:1767-72.

Rose-John S. II-6 trans-signaling via the soluble IL-6 receptor: importance for the
proinflammatory activities of IL-6. Int J Biol Sci. 2012;8:1237-47. https.//doi.or
9/10.7150/ijbs 4989.

Schaum N, et al. Single-cell transcriptomics of 20 mouse organs creates a Tabula
Muris. Nature. 2018;562:367-72.

Schuett H, et al. Transsignaling of interleukin-6 crucially contributes to atheroscle-
rosis in mice. Arterioscler Thromb Vasc Biol. 2012;32:281-90.

Shimaoka T, et al. Molecular cloning of a novel scavenger receptor for oxi-
dized low density lipoprotein, SR-PSOX, on macrophages. J Biol Chem.
2000;275:40663-6.

Thazhathveettil J, Kumawat AK, Demirel |, Sirsjé A, Paramel GV. Vascular smooth
muscle cells in response to cholesterol crystals modulates inflammatory
cytokines release and promotes neutrophil extracellular trap formation. Mol
Med. 2024;30:42.

Thazhathveettil J, et al. Atherosclerotic Plaque Crystals Induce Endothelial Dysfunc-
tion. Int J Mol Sci. 2025;26:9758.

Vasile E, Simionescu M, Simionescu N. Visualization of the binding, endocytosis,
and transcytosis of low-density lipoprotein in the arterial endothelium in situ.
J Cell Biol. 1983;96:1677-89.

Page 12 of 12

Wagséter D, Olofsson PS, Norgren L, Stenberg B, Sirsjo A. The chemokine and
scavenger receptor CXCL16/SR-PSOX is expressed in human vascular smooth
muscle cells and is induced by interferon y. Biochem Biophys Res Commun.
2004;325:1187-93.

Wang J-Q, et al. SUMOylation of the ubiquitin ligase IDOL decreases LDL receptor
levels and is reversed by SENP1. J Biol Chem. 2021;296:100032.

Wuttge DM, et al. Induction of CD36 by all-trans retinoic acid: retinoic acid recep-
tor signaling in the pathogenesis of atherosclerosis. FASEB J. 2001;15:1221-3.

Wuttge DM, et al. CXCL16/SR-PSOX is an interferon-y-regulated chemokine and
scavenger receptor expressed in atherosclerotic lesions. Arterioscler Thromb
Vasc Biol. 2004;24:750-5.

Yu XH, Fu YC, Zhang DW, Yin K, Tang CK. Foam cells in atherosclerosis. Clin Chim
Acta. 2013;424:245-52.

Zanoni P, Velagapudi S, Yalcinkaya M, Rohrer L, von Eckardstein A. Endocytosis of
lipoproteins. Atherosclerosis. 2018;275:273-95.

Zegeye MM, et al. Activation of the JAK/STAT3 and PI3K/AKT pathways are crucial
for IL-6 trans-signaling-mediated pro-inflammatory response in human vas-
cular endothelial cells. Cell Communication and Signaling. 2018;16:1-10.

Zegeye MM, Andersson B, Sirsjo A, Ljungberg LU. IL-6 trans-signaling impairs
sprouting angiogenesis by inhibiting migration, proliferation and tube forma-
tion of human endothelial cells. Cells. 2020;9:1414.

Zegeye MM, et al. IL-6 as a mediator of the association between traditional risk
factors and future myocardial infarction: a nested case-control study. Arterio-
scler Thromb Vasc Biol. 2021;41:1570-9.

Zegeye MM, et al. Interleukin-6 trans-signaling induced laminin switch contributes
to reduced trans-endothelial migration of granulocytic cells. Atherosclerosis.
20233;371:41-53.

Zegeye MM, et al. Soluble LDL-receptor is induced by TNF-a and inhibits hepato-
cytic clearance of LDL-cholesterol. J Mol Med. 2023b;101:1615-26. https://doi
.0rg/10.1007/500109-023-02379-4.

Zelcer N, Hong C, Boyadjian R, Tontonoz P. LXR Regulates Cholesterol Uptake
Through Idol-Dependent Ubiquitination of the LDL Receptor. Science.
2009;1979(325):100-4.

Zhang D-W, et al. Binding of proprotein convertase subtilisin/kexin type 9 to
epidermal growth factor-like repeat A of low density lipoprotein recep-
tor decreases receptor recycling and increases degradation. J Biol Chem.
2007;282:18602-12.

Zhang L, Reue K, Fong LG, Young SG, Tontonoz P. Feedback regulation of cho-
lesterol uptake by the LXR-IDOL-LDLR axis. Arterioscler Thromb Vasc Biol.
2012;32:2541-6.

Zhang Y, et al. TNF-a promotes early atherosclerosis by increasing transcytosis of
DL across endothelial cells: crosstalk between NF-kB and PPAR-y. J Mol Cell
Cardiol. 2014;72:85-94.

Zhang X, Sessa WC, Fernandez-Hernando C. Endothelial transcytosis of lipopro-
teins in atherosclerosis. Front Cardiovasc Med. 2018;5:130.

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


https://doi.org/10.7150/ijbs.4989
https://doi.org/10.7150/ijbs.4989
https://doi.org/10.1007/s00109-023-02379-4
https://doi.org/10.1007/s00109-023-02379-4

	﻿IL-6 triggers lysosomal degradation of LDL-R and enhances LDL-C uptake in vascular endothelial cells via macropinocytosis
	﻿Abstract
	﻿Background
	﻿Methods and materials
	﻿Cell culture
	﻿Flowcytometry analyses
	﻿Western blotting
	﻿Total RNA extraction, cDNA synthesis and qPCR
	﻿Lipidomics/mass-spectrometry
	﻿Sandwich enzyme linked immuno-sorbent assay (ELISA)
	﻿LDL-C uptake assay
	﻿Dextran uptake assay
	﻿Statistical analysis

	﻿Results
	﻿IL-6 trans-signaling, but not classic-signaling, reduces expression of LDL-R in human vascular endothelial cells
	﻿IL-6 trans-signaling causes Mylip-dependent lysosomal degradation of LDL-R in human vascular endothelial cells
	﻿IL-6 trans-signaling enhances LDL-C uptake by ECs despite low levels of LDL-R

	﻿Discussion
	﻿References


