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Abstract

Objective—Muice with adipocyte-specific inactivation of LDL receptor related protein-1 (LRP1)
are resistant to diet-induced obesity and hyperglycemia due to compensatory thermogenic
response by muscle. However, the physiological function of LRP1 in mature adipocytes and its
role in cardiovascular disease modulation is unknown. This study compared perivascular adipose
tissues (PVAT) from wild type (adlrp1**) and adipocyte-specific LRP1 knockout (adlrni™")
mice in modulation of atherosclerosis progression.

Approach and Results—Analysis of adipose tissues from adLrp1*/* and adl o1~ mice after
Western diet feeding for 16 weeks revealed that, in comparison to adLp1*/* mice, the adipocytes
in adLrp1™~ mice were smaller but their adipose tissues were more inflamed with increased
monocyte-macrophage infiltration and inflammatory gene expression. The transplantation of
PVAT from chow-fed adLrp1*/* and adLrp1™~ mice into the area surrounding the carotid arteries
of Lalr”~mice prior to feeding the Western diet revealed a contributory role of PVAT toward
hypercholesterolemia-induced atherosclerosis. Importantly, recipients of adLrp1™~ PVAT
displayed a 3-fold increase in atherosclerosis compared to adLrp1*/* PVAT recipients. The
increased atherosclerosis invoked by LRP1-deficient PVAT was associated with elevated
monocyte-macrophage infiltration and inflammatory cytokine expression in the transplanted fat.

Conclusion—Perivascular adipose tissues provide outside-in signals through the adventitia to
modulate atherosclerotic lesion progression in response to hypercholesterolemia. Moreover,
adipocytes with LRP1 deficiency are dysfunctional and more inflamed. This latter observation
adds the adipose tissue to the list of anatomic sites where LRP1 expression is important to protect
against diet-induced atherosclerosis.
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The low density lipoprotein receptor related protein-1 (LRP1) is a type 1 transmembrane
protein with both endocytic and cell signal transduction properties.! The receptor is
ubiquitously expressed in all tissues where it modulates physiological and
pathophysiological processes in a cell type-specific manner.2 Animal studies suggested that
the association between LRPI polymorphisms and premature coronary artery disease
observed in humans may be due to LRP1 dysfunction in several cell types. Specifically,
LRP1 dysfunction in the liver increases the risk of atherosclerosis by potentiating diet-
induced hyperlipidemia.3 In contrast, LRP1 dysfunction in smooth muscle cells potentiates
growth factor signaling cascades to increase cell proliferation and disruption of the elastic
layer,*- whereas dysfunction of LRP1 in macrophages promotes atherosclerosis by
increasing inflammation’ and reducing their efferocytosis capabilities.8 Another cell type
with high LRP1 expression levels is the adipocytes. Increasing evidence suggests that
adipose tissues, particularly those in the perivascular area surrounding the vessel wall, also
play a critical role in atherosclerosis pathogenesis.® 10 The goal of this study is to evaluate
the influence of LRP1 expressed in adipocytes in atherosclerosis development.

Materials and Methods

Results

Materials and methods are available in the online-only Data Supplement.

Consistent with results reported previously for chow-fed animals,!! adipocytes in adLrp1™~
mice were also smaller in size compared to adipocytes in adLrpI** mice after 16 weeks of
Western diet feeding. Interestingly, more crown-like structures indicative of macrophages
surrounding dead adipocytes were observed in epididymal and periaortic adipose tissues of
Western diet-fed adLrp1”~ mice compared to adLrpI** mice (Fig. 1A—C, Supplemental
Figure I). Plasma levels and adipose expression of the pro-inflammatory adipokine resistin
were also higher in adLrp1™~ mice compared to adLrpI*’* mice (Fig. 1D,E). Analysis of
PVAT gene expression revealed significantly lower levels of leptin mRNA, which is
consistent with the reduced adipocyte cell size and fat mass, in ad/rp1~~ mice. Surprisingly,
adiponectin mRNA levels were similar between adLrp1*/* and adL oI~ mice (Fig. 1E). We
interpret these data to indicate that LRP1-deficient adipocytes are not dysfunctional, capable
of synthesizing adiponectin, but are pro-inflammatory with elevated resistin expression.

The influence of increased adipose tissue inflammation on atherosclerosis was examined by
transplanting 2 mg of perivascular adipose tissues (PVAT) from adLrp1*/* and adLrpl™~
mice to the left common arteries of 8-week old La/r”~ mice prior to feeding the recipient
animals with the Western diet. Atherosclerosis analysis after 8 weeks of Western diet
feeding revealed an ~3-fold increase in atherosclerosis in the carotid arteries of adLrp1™~
PVAT recipient mice compared to adlrp1*/* recipients (Fig. 2A). The increased carotid
atherosclerosis in adlrp1~~ recipients was associated with increased recruitment of CD68*
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monocytes-macrophages (Fig. 2B, Supplemental Fig. 11) and elevated expression of pro-
inflammatory genes such as MCP-1/CCL2, IL6, and TNFa in the LRP1-deficient PVAT
(Fig. 2C). Importantly, atherosclerosis was not observed in the contralateral carotid arteries
without PVAT transplant in either groups (Supplemental Figure I11).

Discussion

Atherosclerosis in La/r”~and other commonly used mouse models is restricted to the aorta
and the innominate arteries,12 which contrasts the humans where atherosclerosis may also
occur in other vascular beds such as the coronary and carotid arteries. This difference may
possibly be explained by differences in the architecture of the vasculatures between the two
species. Whereas the coronary and carotid arteries in humans are surrounded by PVAT, these
vessels are not surrounded by PVAT in mice.10 In the current study, we showed that
transplanting PVAT to the adventitia surrounding the carotid arteries of La/r”~ mice resulted
in atherosclerosis development in response to hypercholesterolemia similar to that observed
in humans.

This study also showed that PVAT from ad/Lp1~~ mice invoked more atherosclerosis
compared to PVAT from adLrpI*/* mice. Intriguingly, we have shown previously that
adl.rpI™~ mice are resistant to high fat diet-induced obesity with improved glucose
tolerance.1! The discrepancy between metabolic benefits and cardiovascular risk with
adipocyte-specific LRP1 inactivation may be explained by the different context in which
cardiometabolic effects of adipocyte LRP1 was assessed. The apparent metabolic benefit
observed in adLrp1™~ mice is indirect and due primarily to compensatory increase of
nutrient utilization by muscle cells to maintain body temperature.11 The current study
showed that in animals with normal brown adipose tissue functions without the requirement
of compensatory muscular thermogenesis, LRP1-deficient adipocytes are not dysfunctional,
capable of synthesizing adiponectin, but are pro-inflammatory with elevated resistin
expression. Previously, we showed that adipose tissues in ad/.rpI ™~ mice expressed normal
lipoprotein lipase activity,11 implying that fatty acid transport is normal in LRP1-deficient
adipocytes. Hence, the impairment of lipid storage in adLro1~~ adipocytes!! is likely due to
reduced cholesterol uptake that is necessary for expansion and stabilization of lipid
droplets.13 14 As a consequence, excessive free fatty acids that cannot be stored as lipid
droplets trigger lipotoxicity leading to monocyte-macrophage infiltration and inflammation.
This mechanism is supported by the prevalence of crown-like structures indicative of dead
adipocytes!® and CD68™ cells indicative of inflammation in adrp1~~ adipose tissues. Thus,
when PVAT from adlLrp1™~ mice were transplanted to Ld/r”~ recipients, the heightened
inflammation of ad/Lrp1~~ adipose tissues provided outside-in signals through the adventitia
to accelerate atherosclerotic lesion progression in the lumen. Taken together, this study adds
the adipose tissue to the list of anatomic sites where LRP1 expression is important for
atheroprotection.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Highlights

. Transplant of perivascular adipose tissue to carotid arteries promotes carotid
atherosclerosis in mice.

. Adipocytes with LRP1 deficiency are pro-inflammatory.

. Adipocyte-specific LRP1 impairment promotes atherosclerosis.
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Figure 1.
Adipocyte-specific LRP1 inactivation increases diet-induced inflammation in adipose

tissues. AdLrpI** and adlrpl™~ mice were fed Western diet for 16 weeks. Epididymal and
periaortic adipose tissues were harvested for characterization. (A) Representative
histological images of epididymal adipose tissues of adLrp1*/* and adLrp1~~ mice. (B)
Immunofluorescence detection of CD68* cells with anti-CD68 (1:200 dilution) (red) and
DAPI counterstain (green) in periaortic adipose tissues of adLrp1** and adLrp1™~ mice.
Scale bars = 100 um. (C) Morphometric quantification of crown-like structures present in
epididymal and periaortic adipose tissues of adLrp1** (WT) and adLrp1™~ mice (KO). (D)
Resistin levels in plasma of adLrp1** and adLrp1™~ mice. (E) Expression levels of
adipokines leptin, adiponectin, and resistin in PVAT of adLrp1*/* and adLrp1™~ mice. All
data represent mean £ SEM from N=6 mice in each group. * denotes difference from
adl.rpI** (WT) mice at A< 0.05.
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Figure 2.

Transplant of adLrp1~~ PVAT accelerates atherosclerosis in carotid arteries of

hyperlipidemic La/r”~mice. PVAT from chow-fed adLrp1** and adlrol™~ mice were

AdLpT*

transplanted to surrounding areas of left carotid arteries in Ld/r”~ mice. Atherosclerosis in
the carotid arteries were examined in 13 mice from each group after 8 weeks of Western diet
feeding. (A) Representative images and morphometric quantification of atherosclerosis in
the carotid arteries of mice after transplantation with adLrp1*/* and adLrp1™~ PVAT. (B)
Images and quantification of immunofluorescence staining of CD68 with anti-CD68 (1:200

dilution) (red) and DAPI (green) in the adlrp1*/* and adLrp1~~ transplanted adipose
tissues. Scale bars = 100 pm. (C) Expression of inflammatory genes in the transplanted

PVAT relative to expression in adLrp1*/* PVAT. * denotes difference from control at A<
0.05; ** denotes difference from control at #< 0.01.

Arterioscler Thromb Vasc Biol. Author manuscript; available in PMC 2018 June 01.




	Abstract
	Materials and Methods
	Results
	Discussion
	References
	Figure 1
	Figure 2

