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Thoracic perivascular adipose tissue inhibits VSMC apoptosis
and aortic aneurysm formation in mice via the secretome of

browning adipocytes

Chun-ling Huang', Yu-na Huang? Lei Yao', Jun-ping Li?, Zeng-hui Zhang?, Zhao-qi Huang? Si-xu Chen?, Yu-ling Zhang?,

Jing-feng Wang?, Yang-xin Chen? and Zhao-yu Liu'

Abdominal aortic aneurysm (AAA) is a dangerous vascular disease without any effective drug therapies so far. Emerging

evidence suggests the phenotypic differences in perivascular adipose tissue (PVAT) between regions of the aorta are implicated
in the development of atherosclerosis evidenced by the abdominal aorta more vulnerable to atherosclerosis than the thoracic
aorta in large animals and humans. The prevalence of thoracic aortic aneurysms (TAA) is much less than that of abdominal aortic
aneurysms (AAA). In this study we investigated the effect of thoracic PVAT (T-PVAT) transplantation on aortic aneurysm
formation and the impact of T-PVAT on vascular smooth muscle cells. Calcium phosphate-induced mouse AAA model was
established. T-PVAT (20 mg) was implanted around the abdominal aorta of recipient mice after removal of endogenous
abdominal PVAT (A-PVAT) and calcium phosphate treatment. Mice were sacrificed two weeks after the surgery and the
maximum external diameter of infrarenal aorta was measured. We found that T-PVAT displayed a more BAT-like phenotype than
A-PVAT; transplantation of T-PVAT significantly attenuated calcium phosphate-induced abdominal aortic dilation and elastic
degradation as compared to sham control or A-PVAT transplantation. In addition, T-PVAT transplantation largely preserved
smooth muscle cell content in the abdominal aortic wall. Co-culture of T-PVAT with vascular smooth muscle cells (VSMCs)
significantly inhibited H,O,— or TNFa plus cycloheximide-induced VSMC apoptosis. RNA sequencing analysis showed that
T-PVAT was enriched by browning adipocytes and anti-apoptotic secretory proteins. We further verified that the secretome of
mature adipocytes isolated from T-PVAT significantly inhibited H,O,— or TNFa plus cycloheximide-induced VSMC apoptosis.
Using proteomic and bioinformatic analyses we identified cartilage oligomeric matrix protein (COMP) as a secreted protein
significantly increased in T-PVAT. Recombinant COMP protein significantly inhibited VSMC apoptosis. We conclude that T-PVAT
exerts anti-apoptosis effect on VSMCs and attenuates AAA formation, which is possibly attributed to the secretome of browning
adipocytes.
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INTRODUCTION

Abdominal aortic aneurysm (AAA) is a permanent focal dilation of
the abdominal aorta which can lead to sudden death due to aortic
rupture. AAA causes over 175,000 deaths per year worldwide [1].
Currently no effective pharmacological therapies have been
identified. Therefore, new mechanisms and new strategies are
urgently to be explored.

Perivascular adipose tissue (PVAT) is a unique adipose tissue
surrounding the vasculature and has been shown to contribute
to vascular homeostasis and pathology [2]. Studies have
demonstrated that PVAT can regulate the contractile ability of
blood vessels and further the development of hypertension
[3-5]. In addition, PVAT is involved in the proliferation and
migration of vascular smooth muscle cells (VSMCs), secretion of

adipokines and cytokines, and thus participates in the progres-
sion of neointima hyperplasia and atherosclerosis [6-9].
Recently, PVAT has also been implicated in AAA pathophysiol-
ogy, possibly through inflammatory gene expression and
adipokines secretion [10-12].

Recently, it has been recognized that PVAT surrounding
different regions of aorta is different. The phenotypic differences
in PVAT between regions of the aorta have been implicated in the
development of atherosclerosis as the evidence showed that the
abdominal aorta is more vulnerable to atherosclerosis than
the thoracic aorta in large animals and humans [13]. The
prevalence of thoracic aortic aneurysms (TAA) is much less than
that of abdominal aortic aneurysms (AAA) [14]. The average
growth rate of TAA is also lower than AAA, with 0.1-0.2 cm/year

"Medical Research Center, Guangdong Provincial Key Laboratory of Malignant Tumor Epigenetics and Gene Regulation, Sun Yat-Sen Memorial Hospital, Sun Yat-Sen University,
Guangzhou 510120, China and *Department of Cardiology, Guangdong Provincial Key Laboratory of Arrhythmia and Electrophysiology, Sun Yat-Sen Memorial Hospital, Sun Yat-

Sen University, Guangzhou 510120, China

Correspondence: Jing-feng Wang (dr_wjf@vip.163.com) or Yang-xin Chen (chenyx39@mail.sysu.edu.cn) or Zhao-yu Liu (liuzhy98@mail.sysu.edu.cn)

These authors contributed equally: Chun-ling Huang, Yu-na Huang, Lei Yao

Received: 15 March 2022 Accepted: 12 July 2022
Published online: 9 August 2022

© The Author(s), under exclusive licence to Shanghai Institute of Materia Medica, Chinese Academy of Sciences and Chinese Pharmacological Society 2022

SPRINGER NATURE


http://crossmark.crossref.org/dialog/?doi=10.1038/s41401-022-00959-7&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41401-022-00959-7&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41401-022-00959-7&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41401-022-00959-7&domain=pdf
mailto:dr_wjf@vip.163.com
mailto:chenyx39@mail.sysu.edu.cn
mailto:liuzhy98@mail.sysu.edu.cn
www.nature.com/aps

Thoracic PVAT attenuates aortic aneurysm formation
CL Huang et al.

346

compared to 0.2-0.3 cm/year [15], suggesting that thoracic PVAT
(T-PVAT) might exert a protective role in aortic aneurysm
formation. Hereto, we investigated the effect of T-PVAT trans-
plantation on aortic aneurysm formation and the impact of T-PVAT
on vascular smooth muscle cells.

MATERIALS AND METHODS

Mouse model of calcium phosphate-induced AAA

Calcium phosphate-induced mouse AAA model was generated
using 8-week-old male C57BL/6 mice purchased from Guang-
dong Medical Laboratory Animal Center and the surgery was
performed as previously described [16]. Briefly, the infrarenal
region of the abdominal aorta was isolated. A small piece of
gauze soaked in 0.5M CaCl, was applied perivascularly for
10 min and then replaced with another piece of PBS-soaked
gauze for 5 min. Mice were sacrificed 2 weeks after the surgery
and the maximum external diameter of infrarenal aorta was
measured. All procedures performed were reviewed and
approved by the Animal Care and Use Committee at Sun Yat-
sen University.

Perivascular adipose tissue transplantation

The adipose tissue transplantation was performed as described
previously [17]. Specifically, perivascular adipose tissue was
isolated from C57BL/6 J mice and placed in Dulbecco’s modified
Eagle’s medium (DMEM, Gibco, Thermo Fisher Scientific, Waltham,
MA, USA) containing 10% fetal bovine serum (FBS) and 1%
penicillin/streptomycin (P/S). Then 20 mg of perivascular adipose
tissue was implanted around the abdominal aorta of recipient
mice after removal of endogenous abdominal PVAT and calcium
phosphate treatment.

Histology and immunostaining

The abdominal aorta was harvested and cut at the site of
maximal diameter, and embedded in OCT for cross section
preparation. Aortic sections (8 um each) were collected serially
from the proximal to the distal aorta and stained with
hematoxylin and eosin (H&E). At least 3 measurements of the
maximal expanded portion of the infrarenal aorta of each mouse
were averaged before calculating the mean of each experi-
mental group. Elastica van Gieson (EVG) staining, Sirius red
staining and TUNEL staining were performed using Elastica van
Gieson staining kit (Sigma, Burlington, MA, USA), Sirius red
staining kit (Phyton Biotech, Delta, British Columbia, Canada)
and One Step TUNEL Apoptosis Assay Kit (Beyotime, Shanghai,
China), respectively. Elastin degradation was quantified as: 1, no
elastin degradation; 2, mild degradation; 3, moderate; 4,
moderate to severe; 5, severe elastin degradation. For immu-
nostaining, primary antibodies against cleaved-caspase 3 (CST,
Danvers, MA, USA) and smooth muscle alpha actin (GeneTex,
Irvine, CA, USA) were used. Quantification of staining was
performed using ImageJ Software.

Cell culture

Human aortic smooth muscle cells (HASMCs) were purchased
from Sunncell Biotech (Wuhan, China) and maintained in smooth
muscle cell medium (FineTest, Wuhan, China) under 5% CO, at
37°C. Cells have been verified by smooth muscle alpha actin
antibody staining and cells between passage 5 to 7 were used. At
80% confluency, cells were cultured with 20 mg PVAT or the
culture medium of adipocytes or stromal vascular fraction (SVF)
isolated from 20 mg PVAT for 24 h before apoptosis stimulant
treatment.

Western blot analysis

Aortic tissues or cells were lysed by RIPA buffer (Beyotime,
Shanghai, China) containing protease inhibitors and phosphatase
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inhibitors. Equal amounts of proteins from each group were
separated by SDS-PAGE and transferred to PVDF membranes. The
membranes were incubated with primary antibodies at 4°C
overnight and secondary antibodies for 1h. Primary antibodies
including anti-cleaved-caspase 3, anti-cleaved Parp and anti-
GAPDH were purchased from CST (Danvers, MA, USA); Anti-UCP-1
was from Abcam (Cambridge, UK), anti-actin was from Santa Cruz
(Dallas, TX, USA).

Annexin V apoptosis analysis

After being treated with 400 uM H,O, for 24 h or 50 ng/mL TNFa
plus 5pg/mL cycloheximide (CHX) for 8h, HASMCs were
dissociated with 0.25% trypsin and stained with Annexin V
Apoptosis Detection Kit (KeyGEN, Nanjing, China). In brief, the cells
were washed with cold PBS, suspended in 1x binding buffer and
stained with Annexin V-FITC and Propidium lodide (PI). The flow
cytometry analysis was performed by the flow cytometry core at
the Medical Research Center of Sun Yat-sen Memorial Hospital and
analyzed by FlowJo software.

Quantitative RT-PCR

RNA was extracted by TRIzol reagent (Invitrogen, Waltham, MA)
according to the manufacturer’s instructions. cDNA was synthe-
sized using Hifair” Il 1st Strand cDNA Synthesis Kit (Yeasen,
Shanghai, China). Individual quantitative RT-PCR was performed
using gene-specific primers as shown in Supplementary Table S1.

RNA-seq analysis

The RNA Libraries were sequenced with the lllumina HiSeq2000
(2% 100 bp) performed by Guangzhou Ige BIOTECHNOLOGY
Co. Ltd. Differentially expressed genes at a 5% false discovery
rate (FDR) (adjusted P value < 0.05) were identified. A functional
annotation analysis of the differentially enriched pathway
was performed using DAVID. Significantly enriched pathways
were identified using a 5% FDR cutoff, and their
enrichment significance was quantified using -log10 of adjusted
P value.

Workflow for the prediction of secreted proteins

Putative secreted proteins were selected in three sets. From the
total of the identified upregulated genes in T-PVAT, (1) those with
predicted signal peptides by UniProt keyword annotation “Signal”;
(2) those extracted by UniProt keyword annotation “Secreted”; (3)
those with “extracellular locations” annotated by GO Cellular
Component (GOCCQ). Finally, three sets were intersected together
as the secreted proteins.

Statistical analysis

Data are presented as the means + SEM. Statistical analyses were
performed using Prism8 software (GraphPad). The statistical
significance of differences between two groups was analyzed by
Student’s t tests. For comparing more than two means, one-way
analysis of variance (ANOVA) with the Newman-Keuls post-hoc
analysis was employed. Values of P<0.05 were considered
statistically significant.

RESULTS

T-PVAT exhibits a more BAT-like phenotype than A-PVAT

It has previously been reported that PVAT exhibits great regional
variations along the aorta [13]. Here we first compared the
histology between thoracic PVAT (T-PVAT) and abdominal PVAT
(A-PVAT) in mice. T-PVAT was composed of multilocular
adipocytes whereas A-PVAT was mainly composed of unilocular
adipocytes, and the average adipocyte size was much smaller in
T-PVAT than in A-PVAT (Fig. 1a, b). Uncoupling protein-1 (Ucp1),
a classical browning marker, is highly expressed in T-PVAT
but not in A-PVAT, as demonstrated by Western blotting
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Thoracic PVAT (T-PVAT) exhibits a more BAT-like phenotype than abdominal PVAT (A-PVAT). a Hematoxylin and eosin (H&E)

staining of A-PVAT and T-PVAT from C57/BL6 mice (Scale bar =200 um). b Average of adipocyte size. ¢ Western blotting analysis of Ucp1.
d Immunohistochemical staining of Ucp1. e Quantitative RT-PCR of browning markers (n =5, **P < 0.01, ***P < 0.001).

and immunohistochemical staining (Fig. 1¢, d). In addition, the
MRNA expression of brown adipocyte markers such as Ucp1,
Ppar-a, Cox7a, Cox8b and Pgc-1a are all significantly higher in
T-PVAT than in A-PVAT (Fig. 1e). Together all these results
suggest that T-PVAT exhibits a more BAT-like phenotype than
A-PVAT.

Transplantation of T-PVAT attenuates abdominal aortic aneurysm
formation

To investigate whether the change of PVAT around the
abdominal aorta would impact AAA formation, we transplanted
T-PVAT or A-PVAT onto the abdominal aorta of mice, which has
undergone calcium phosphate treatment to induce AAA (Fig. 2a).
Aortas treated with calcium phosphate showed a significant
increase in aortic expansion after 14 days, compared with
those treated with PBS. However, after T-PVAT transplantation,
calcium phosphate-induced aortic expansion was significantly
inhibited (Fig. 2b-d). H&E staining further revealed that T-PVAT
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transplantation dramatically suppressed the expansion of the
luminal region and thickening of the adventitia (Fig. 2e). These
results suggest that transplantation of T-PVAT attenuates AAA
formation.

Transplantation of T-PVAT attenuates medial elastin fragmentation
and increases collagen deposition of the aortic wall

We further examined the elastic fiber integrity and collagen
deposition of the abdominal aortic wall. Calcium phosphate
strongly induced elastin fragmentation in sham group and A-PVAT
transplantation group as revealed by EVG staining, whereas
T-PVAT transplantation significantly lowered the severity of elastin
fragmentation (Fig. 3a, c). Additionally, Sirius red staining revealed
that T-PVAT transplantation dramatically increases the Sirius red
positive area in the abdominal aortic wall (Fig. 3b, d). These results
demonstrated that T-PVAT transplantation significantly attenuates
medial elastin fragmentation and increases collagen deposition of
the abdominal aortic wall.
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Fig.2 Transplantation of T-PVAT attenuates AAA formation. a Experimental scheme. 8-week-old male C57BL/6 mice were transplanted with
isolated T-PVAT and A-PVAT at the infrarenal region of the abdominal aorta, and then undergone calcium phosphate treatment to induce AAA.
b Representative photographs of abdominal aorta 14 days after CaPO, treatment with sham control and transplantation of T-PVAT or A-PVAT.
¢ Maximal diameter of abdominal aorta. d Cross-section lesion area. e H&E staining of abdominal aorta. (n =6-10, *P < 0.05; **P < 0.01;

**¥P < 0.001) (Scale bar = 200 pm).

Transplantation of T-PVAT inhibits macrophage infiltration and
MMP-9 production

Macrophage infiltration is one of the most important events in the
development and progression of AAA [18]. To examine the effect
of T-PVAT transplantation on macrophage infiltration, we stained
the abdominal aortic sections with antibody against CD68, a
macrophage marker. As shown in Supplementary Fig. Sla, ¢,
abundant accumulation of macrophages was observed in sham
group and A-PVAT transplantation group, but not in T-PVAT
transplantation group. MMP-9, which is primarily produced by
macrophages and plays an important role in matrix destruction
[19], was also strikingly elevated in sham group and A-PVAT
transplantation group, but not in T-PVAT transplantation group
(Supplementary Fig. S1b, d). These results suggest that T-PVAT
transplantation inhibits macrophage infiltration and MMP-9
production in the aortic tissues.

Transplantation of T-PVAT preserves smooth muscle cell content
in the aortic wall

Smooth muscle cells (SMCs) are a major component of the arterial
wall, and a loss of which contributes to degeneration of aortic
extracellular matrix (ECM) and subsequent aortic dilation and
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rupture [20]. We thus further investigated the content of smooth
muscle cell in the aortic wall. Calcium phosphate treatment
strongly induced the loss of medial smooth muscle cells in the
sham group and A-PVAT transplantation group as indicated by
much less alpha-smooth muscle actin (SMA) staining (Fig. 4a, d).
However, T-PVAT transplantation significantly increased smooth
muscle cell content in the aortic wall. Furthermore, T-PVAT
transplantation significantly reduced the expression of apoptosis
marker cleaved-caspase3 (Fig. 4b, e) and also TUNEL staining
(Fig. 4c, f). All these results suggested that T-PVAT transplantation
may inhibit the apoptosis of SMCs and preserves SMC content in
the aortic wall.

T-PVAT inhibits VSMC apoptosis

To determine whether T-PVAT has a direct effect on smooth
muscle cells, we co-cultured VSMCs with isolated PVAT and then
stimulated VSMC with H,0, or TNFa plus cycloheximide (CHX) to
induce cell apoptosis. Compared to control or A-PVAT, T-PVAT
significantly inhibited H,0,— or TNFa plus CHX-induced expres-
sion of cleaved-Caspase 3 and cleaved-Parp (Fig. 5a-c, f-h). We
further used annexin V assay combined with propidium iodide
(PI) staining to distinguish apoptotic cells from necrotic cells by
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Fig. 3 Transplantation of T-PVAT attenuates elastin fragmentation and increases collagen deposition of abdominal aortic wall.
a Representative image of Elastica Van Gieson (EVG) staining. b Representative images of Sirius red staining. ¢ Assessment of medial elastica
fragmentation. d Quantification of Sirius red positive area (n = 5-9; *P < 0.05; ***P < 0.001) (Scale bar =200 pm).

flow cytometry analysis. T-PVAT significantly inhibited H,0,—
or TNFa plus CHX-induced apoptosis of VSMCs (Fig. 5d, e, i, j).
All these results suggested that T-PVAT can inhibit VSMC
apoptosis.

T-PVAT is enriched in browning adipocytes and anti-apoptotic
secretory proteins

To understand how T-PVAT exerts its function, an RNA-seq
analysis was performed. As shown in Fig. 6a, T-PVAT showed a
dramatic difference in gene expression comparing to A-PVAT. A
total of 4834 genes were differentially expressed in T-PVAT,
including 1609 upregulated and 3225 downregulated (Fig. 6b).
The 1609 upregulated genes were then undergoing GO
enrichment analysis. As shown in Fig. 6¢c, the top enriched
items were clustered in mitochondrial metabolism and brown
fat cell differentiation, which are typical characteristics of
browning adipocytes. As growing studies have shown that PVAT
exerts its function through endocrine or paracrine ways
[5, 7, 17, 21], we then mapped the upregulated DEGs with
genes encoding secreted proteins and the overlapped genes
were further undergoing enrichment analysis. As shown in
Fig. 6d, one of the most significant items enriched from the up
regulated secretory proteins were negative regulation of
apoptotic process. Taken together, these data suggest that
T-PVAT is enriched in browning adipocytes and anti-apoptotic
secretory proteins.

The secretome of adipocytes isolated from T-PVAT inhibits VSMC
apoptosis

PVAT can be separated into adipocytes and stromal vascular
fraction (SVF) which contains immune cells, endothelial cells,
fibroblast and adipose stromal cells [22]. To further investigate
which component contributes to the anti-apoptotic effect of
T-PVAT, we cultured adipocytes and SVF isolated from T-PVAT or
A-PVAT and collected the culture medium. We then cultured
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VSMCs with these conditioned medium and examined cell
apoptosis. As shown in Fig. 7a-c, i-k, culture medium of
adipocytes isolated from T-PVAT significantly inhibited H,O,— or
TNFa plus CHX-induced expression of cleaved-Parp and cleaved-
Caspase-3 compared to those from A-PVAT, whereas culture
medium from SVF did not have a difference (Fig. 7d-f, I-n).
Further, annexin V/PI assay indicated that culture medium of
adipocytes isolated from T-PVAT significantly inhibited H,O,— or
TNFa plus CHX-induced VSMC apoptosis whereas culture medium
from SVF did not (Fig. 7g, h, o-p). All these data suggested that
T-PVAT exerts its anti-apoptotic effect via the secretome from
adipocytes.

Secreted COMP from T-PVAT inhibits VSMC apoptosis

To identify which factor mediates the anti-apoptotic effect of
T-PVAT, we integrated RNA-seq data and mass spectrometry data
and screened out cartilage oligomeric matrix protein (COMP) as
secreted anti-apoptotic protein that is enriched in T-PVAT (Fig. 8a).
To confirm this result, we performed a Western blot analysis. As
shown in Fig. 8b, COMP expression is significantly higher in the
lysates and culture medium of adipocytes derived from T-PVAT
than those from A-PVAT. Immunohistochemical staining further
confirmed that COMP expression is significantly higher in T-PVAT
than in A-PVAT (Fig. 8c).

We then investigated whether COMP exerts an anti-apoptotic
effect on VSMCs. As shown in Fig. 8d, e, recombinant COMP
protein treatment significantly inhibited TNFa plus CHX-induced
VSMC apoptosis. In addition, COMP significantly inhibited the
expression of cleaved-Parp and cleaved-Caspase-3 (Fig. 8f-h). As it
has previously been suggested that COMP would affect anti-
apoptotic factors to increase cell survival [23], we then examined
the levels of anti-apoptotic protein Bcl-2 and survivin. As shown in
Fig. 8f, i, j, COMP significantly increased survivin protein level while
had no effect on Bcl-2 protein level in VSMCs, suggesting that the
anti-apoptotic effect of COMP may be mediated by survivin.
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smooth muscle actin (SMA). b Immunohistochemical staining of cleaved Caspase 3. ¢ TUNEL staining. d Quantification of SMA positive
area. e Quantification of cleaved-Caspase 3 positive area. f Quantification of TUNEL staining (n=5-9; **P<0.01; ***P<0.001) (Scale
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DISCUSSION

Here we report that T-PVAT exhibits a more BAT-like phenotype
than A-PVAT, and changing the characteristic of PVAT around the
abdominal aorta by transplantation of T-PVAT attenuates abdom-
inal aortic aneurysm formation. In addition, T-PVAT inhibits the
apoptosis of vascular smooth muscle cells, and this protective
effect might be attributed to the anti-apoptotic secretome of
T-PVAT.

PVAT had traditionally been thought to simply provide
structural support for blood vessels. However, recent evidence
also links PVAT to vascular homeostasis and pathogenesis.
Accumulating data suggest that PVAT plays an important role in
atherosclerosis and hypertension [4, 5, 8, 9]. Recently PVAT has
also been linked to nonatherosclerotic vascular diseases such as
AAA. Greater amounts of PVAT were found to be associated
with AAA development [24, 25]. PVAT-derived growth
factors such as PDGF-D and leptin contributed to aortic
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aneurysm formation during obesity [11, 12], whereas adipo-
nectin, which is produced almost exclusively by the adipose
tissue and downregulated in obesity, protected against AAA
formation and growth [26]. These studies suggest that both
PVAT quantity and quality are closely associated with AAA
development. However, currently there is no direct evidence of
PVAT involvement in AAA. Here we showed that T-PVAT was
dramatically different from A-PVAT, with a much more BAT-like
and anti-apoptotic feature. Change of PVAT around the
abdominal aorta by transplantation of T-PVAT significantly
prevents calcium phosphate-induced AAA formation. To the
best of our knowledge, this is the first time to show that
different types of PVAT may have direct impact on aortic
aneurysm formation. Our results suggest that changing the
characteristics of PVAT, especially by enhancing its browning,
may have therapeutic potential in AAA prevention or
management.
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images of Western blotting analysis. b, g Quantification of cleaved-Caspase 3. ¢, h Quantification of cleaved-Parp. d, i Annexin V/PI
staining and flow cytometry analysis. e, j Percentage of apoptotic cells (Annexin V) (n=4-10; *P < 0.05; **P <0.01; ***P <0.001; NS not

significant).

Similar to adipose tissue in other depots, PVAT is also
recognized as an active endocrine tissue. However, there are
substantial differences between the secretomes from brown
and white adipocytes [27]. Previously a full genome DNA
microarray analysis has revealed that global gene expression
profiles of T-PVAT are virtually identical to BAT, with equally
high expression of Ucp1 and other genes known to be uniquely
or very highly expressed in BAT [28], which is consistent with
our findings that T-PVAT is a much more BAT-like tissue than
A-PVAT. Therefore, it is conceivable that different secertomes
from T-PVAT and A-PVAT might contribute to their different
effects on smooth muscle cells and AAA formation. Indeed, our
co-culture experiment revealed that isolated T-PVAT can
inhibit the apoptosis of VSMCs. In addition, RNA-seq data

Acta Pharmacologica Sinica (2023) 44:345 - 355

indicated that T-PVAT is enriched in anti-apoptotic secretory
proteins compared to A-PVAT. However, PVAT is composed
of adipocytes and stromal vascular fraction (SVF) which
contains immune cells, endothelial cells, fibroblast and adipose
stromal cells. We further verified that adipocyte-, but not SVF-
derived conditioned medium from T-PVAT significantly inhibits
VSMC apoptosis compared to those from A-PVAT. These data
suggest that different secretomes of PVAT with different
browning extent may have a direct impact on vascular
homeostasis and the development of aortic aneurysm
formation.

In conclusion, our study demonstrates that T-PVAT is more BAT-
like than A-PVAT, and transplantation of T-PVAT inhibits VSMC
apoptosis and AAA formation, which is possible through paracrine
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Fig. 7 The secretome of adipocytes isolated from T-PVAT inhibits VSMC apoptosis. Primary VSMCs were cultured with conditioned
medium collected from adipocytes and SVF that were isolated from T-PVAT or A-PVAT, and then cells were treated with 400 uM H,O, for 24 h
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b, e, j, m Quantification of cleaved-Parp. ¢, f, k, n Quantification of cleaved-Caspase 3. g, o Annexin V/PI staining and flow cytometry analysis.
h, p Percentage of apoptotic cells (Annexin V') (n = 3-6; *P < 0.05; ***P < 0.001; NS not significant).
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Fig. 8 Secreted COMP from T-PVAT inhibits VSMC apoptosis. a Sc

reening scheme. b Western blotting analysis of COMP expression in the

lysates and culture medium of adipocytes derived from A-PVAT and T-PVAT (three independent repeated experiments were performed).
¢ Immunohistochemical staining of COMP. d Annexin V/PI staining and flow cytometry analysis. e Percentage of apoptotic cells (Annexin V+).
f Representative images of Western blotting analysis. g Quantification of cleaved-Parp. h Quantification of cleaved-Caspase 3. i Quantification

of survivin. j Quantification of Bcl-2 (n = 3-6; *P < 0.05; **P < 0.01; **

or endocrine effects. These observations provide a potential novel
therapeutic approach for AAA.
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