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ABSTRACT

Crosstalk between perivascular adipose tissue and
endothelial cells (EC) is thought to modulate
vascular homeostasis, though the paracrine regulatory
effects of dysfunctional endothelium on adipose
tissue remain unclear. We explored the hypothesis
that endothelial function affects adipocyte function.
Our previous studies have shown that angiotensin 11
(Angll) causes endothelial dysfunction. Our
preliminary results in mouse pre-adipocytes show
that Angll increases lipogenesis. Consequently,
human microvessel endothelial cells (HMEC-1,
hereafter referred to as EC) were treated with
Angll in the presence and absence of the heme
oxygenase-1 (HO-1) inducer, Cobalt protoporphyrin
(CoPP), with or without the HO activity inhibitor
tin mesoporphyrin (SNMP). Ten percent conditioned
media (CM) from EC was added to mesenchymal
stem cell (MSC)-derived adipocytes. Adipocytes
incubated with CM from AnglI-treated EC showed
a marked increase in adipogenesis, whereas
adipocytes incubated with CM from AnglI-treated
EC concomitantly treated with CoPP attenuated
adipogenesis. In contrast, CM from EC treated
with Angll together with SnMP increased MSC-
adipogenesis. We targeted vascular endothelial
cells with a lentiviral (lenti) construct expressing
human HO-1 under the control of an endothelium-
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specific promoter (VECAD-HO-1). MSCs exposed
to CM from VECAD-HO-1-transduced EC exhibited
a reduction in adipogenesis and lipid droplet size
(10.2 £ 1 at 490 nm) as compared to MSCs exposed
to CM from VECAD-GFP-treated EC (17.0 £ 2,
p < 0.05). Furthermore, VECAD-HO-1-transduced
EC expressed lower levels of soluble intercellular
adhesion molecule 1 (sSICAM-1) and vascular cell
adhesion molecule 1 (VCAM-1) when compared
to control, suggesting that increased levels of EC
HO-1 improved EC function. This effect was
reversed by SnMP. Adipocytes treated with CM
from VECAD-HO-1-transduced EC exposed to
SnMP displayed increased adipogenesis and adipocyte
hypertrophy (24.5 £ 1, p < 0.01). Finally, when
CM from VECAD-HO-1-transduced cells was
tested for paracrine growth factors, including
vascular endothelial growth factor (VEGF) and
Angiopoietin-1 (Angptl), the latter proved most
effective in ameliorating adipocyte dysfunction.
Thus, increased HO-1 expression in EC attenuated
adipogenesis and prevented adipocyte dysfunction.

KEYWORDS: endothelium, adipocytes, lentiviral
transduction, Angiopoietin 1, obesity, heme
oxygenase-1

INTRODUCTION

Oxidative stress is an important prequel to the
development of endothelial dysfunction. Chronic
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redox imbalance is seen in the progression of
many diseases including obesity, atherosclerosis,
hypertension and diabetes mellitus [1-3]. The
release of reactive oxygen species (ROS) by EC
results in the release of inflammatory cytokines,
which increase intercellular adhesion molecule 1
(ICAM-1) and VCAM expression. Given that up-
regulation of adipogenesis requires extensive
vascularization and that vascular dysfunction may
affect adipogenesis, this process ultimately leads
to adipocyte hypertrophy and dysfunction [4-9].
Adipocyte dysfunction can increase the release of
angiotensin 1l (Angll), an important vasoactive
hormone that activates cellular oxidases and
potentiates redox imbalance [10, 11] and blockade
of Angll has been shown to ameliorate adipocyte
dysfunction [2, 12]. Angll also induces oxidative
stress and contributes to endothelial dysfunction
through the activation of the nicotinamide adenine
dinucleotide phosphate (NADPH) oxidase system
and generation of ROS in EC [13]. This
mechanism may explain, in part, the process by
which EC dysfunction modifies the adipocyte-
mediated release of adipokines and thereby alters
adipocyte phenotype [14, 15].

Obesity is a metabolic disorder and a risk factor
commonly associated with endothelial dysfunction
and the development of vascular disease in metabolic
syndrome [16, 17]. Expansion of subcutaneous
and visceral fat increases release of inflammatory
cytokines, including monocyte chemoattractant
protein 1 (MCP-1), interleukin 6 (IL-6), and tumor
necrosis factor a (TNF-a), which contributes to
vascular dysfunction in obesity [18]. Over time
obesity-induced oxidative stress in EC results in
chronic systemic inflammation [19] and increased
adipogenesis, creating a vicious cycle in which
adipocyte dysfunction causes EC dysfunction and
vice versa. Moreover, while crosstalk between
adipocytes and EC can promote dysfunction, they
can also release factors which improve function.

Peroxisome proliferator-activated receptor-gamma
(PPARY) is a transcription factor considered to be
the master regulator of adipogenesis [20-23].
Adipocyte-specific deletion of PPARy leads to
severe metabolic disturbances in mice and vascular
studies have recognized PPARy as an important
suppressor of pro-inflammatory adhesion molecules
in EC [24, 22, 8]. Furthermore, other growth

factors released from EC, such as the
vasculoprotective Angiopoietin 1 (Angptl) [25-28],
can ameliorate adipocyte dysfunction [29-32] and
also inhibit MSC differentiation into adipocytes in
favor of differentiation into chondrocytes and
osteocytes [33].

Nephroblastoma overexpressed CCN3 (NOV/CCN3)
is a recently discovered adipocytokine involved in
insulin resistance and many other pathophysiological
processes [34-36]. Elevated NOV levels are
associated with increases in several inflammatory
cytokines that might negatively impact insulin
signaling, resulting in adipose tissue deposition
and obesity and insulin resistance in patients with
metabolic disorders [36]. In contrast, downregulation
of NOV s associated with a reduction in adipose
tissue deposition and inflammatory cytokines as
well as enhanced insulin sensitivity in high fat
diet (HFD)-fed mice, which is coupled with the
up-regulation of peroxisome proliferator-activated
receptor gamma coactivator 1-alpha (PGC-1a) in
adipose tissue [35]. We recently reported that an
epoxyeicosatrienoic acid (EET) agonist not only
induces HO-1 levels, but also downregulates
NOV in adipose tissues of mice [37].

Induction of heme oxygenase 1 (HO-1) reduces
adiposity [38-42] and oxidative stress, decreases
excessive heme, and increases antioxidant enzymes
such as superoxide dismutase and catalase [1, 39,
40, 43, 44]. HO consists of two forms, HO-1
(inducive) and HO-2 (constitutive) [45] and HO is
responsible for the degradation of heme, resulting
in the formation of carbon monoxide (CO), iron
and biliverdin [1, 45, 46]. Increased expression of
HO-1 enables cells to resist injury by heme and
ROS. This protective effect of HO-1 is ascribed to
several mechanisms: a reduction in cellular heme
levels (a pro-oxidant), the induction of the iron-
binding protein ferritin, the production of CO
(anti-apoptotic), and the biliverdin/bilirubin
(antioxidant) [1, 47-50]. Thus induction of HO-1 is
central to antioxidant defense. However, high levels
of glucose suppress HO-1 expression and HO activity
in spite of ROS elevation in obesity [51, 52].

Previous studies of HO-1 induction reported a
reduction in adipocyte hypertrophy, with a
concomitant increase in adiponectin [39, 42, 53, 54]
and small, healthy, insulin-sensitive adipocytes
[55-57], while adipocyte-specific inhibition of
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HO-1 in female mice causes metabolic abnormalities,
including adipocyte hypertrophy, decreased
mitochondrial biogenesis and function as well as
reduced thermogenesis [37]. Therefore, HO-1 may
play a role in preserving both leptin sensitivity and
the action of other cytokines on the brain in regulating
food intake and energy expenditure [58].

We induced HO-1 by transfecting EC with
endothelium-specific lentivirus VECAD-HO-1 in
order to examine the paracrine effect of vascular
dysfunction on MSCs. The paracrine effect of
endothelial oxidative stress on perivascular
adipocytes is an important factor in the growth
and differentiation of MSCs and pre-adipocytes [5].
Given that adipose tissue is highly vascularised by
an extensive capillary network [5], we proposed
that overexpression of endothelium-specific HO-1
by gene transfer attenuates O,” and Angll-mediated
oxidative stress [11], and thereby attenuates
Angll-induced vascular injury and dysfunction
[52, 59-62]. The aim of our study was to examine
crosstalk between EC and adipocytes in the regulation
of adipogenesis. We show that increased HO-1
expression, both pharmacologically and by gene
transfer, prevents adipocyte dysfunction by inhibiting
adipogenesis. We moreover show that Angptl,
released by EC, inhibits adipocyte maturation and
reduces expression of adipocyte and pro-
inflammatory markers, including NOV.

MATERIALS AND METHODS

Cell culture and treatments

Human microvascular endothelial cells (EC) were
purchased from ATCC (Manassas, VA) and
maintained at 37 °C and 5% CO,. EC were grown in
endothelial cell growth medium (Lonza, Walkersville,
MD) containing 1% penicillin/streptomycin and
microvascular endothelial cell growth supplement
until 80% confluent and treated with Angll in the
presence and absence of the HO-1 inducer CoPP
with or without the addition of the HO activity
inhibitor SnMP.

For HO-1 overexpression, ECs were infected with
2 ul of lentiviral particles (10° transducing units
(TU)/ml) (Lentigen, Baltimore, MD) carrying the
HO-1 construct with GFP under the control of the
vascular endothelium-specific promoter VECAD
(VECAD-HO-1). Cells were transduced with the

GFP construct alone (VECAD-GFP) as control
and as previously described [63, 64]. GFP
expression was confirmed using a confocal laser
scanning (Fluoview FV300, Olympus, Center Valley,
PA) microscope. The conditioned medium (CM)
was collected and stored at -80 °C until analyzed.

Human bone marrow-derived mesenchymal stem
cells (MSCs) purchased from AllCells (Emeryville,
CA) and 3T3-L1 mouse pre-adipocytes (ATCC)
were maintained at 37 °C and 5% CO, in a-MEM
(Fisher Scientific, Waltham, MA) with 10% fetal
bovine serum (FBS) and 1% penicillin/streptomycin.
To induce adipogenesis MSCs were grown until
80% confluent in T-75 flasks and the medium was
replaced with adipogenic medium (Dulbecco’s
Modified Eagle Medium (DMEM)-high glucose)
(Fisher Scientific), 10% (v/v) FBS, 10 pg/ml insulin,
0.5 mM dexamethasone (Sigma Aldrich, St. Louis,
MO) and 0.1 mM indomethacin (Sigma Aldrich).
In some experiments, MSC-derived adipocytes
were cultured in adipogenic differentiation media
supplemented with 10% CM from the EC. Medium
was changed every 2 days for 14 days. The CM
from MSC-derived adipocytes was collected and
stored at -80 °C until analyzed.

To induce adipogenesis 3T3-L1 cells were grown
until fully confluent and the medium was replaced
with adipogenic medium and cultured for another
5 days before subjected to gene expression analysis.

Oil Red O staining and lipid droplet size

MSC-derived adipocytes were fixed in 10%
formaldehyde, incubated in Oil Red O solution
(0.21% Oil Red O in 60% isopropanol) for
10 min, and then rinsed with 60% isopropanol.
The Oil Red O was then eluted by incubation in
100% isopropanol for 10 min where after optical
density (OD) was measured at 490 nm.

Western blot and real-time PCR analysis

For western blot analysis pelleted cells were lysed
with lysis buffer supplemented with protease and
phosphatase inhibitors (cOmplete™ Mini and
PhosSTOP™, Roche Diagnostics, Indianapolis, 1A).
Immunoblotting for HO-1, ICAM-1, VCAM-1,
CCAAT/enhancer-binding protein alpha (C/EBPa)
and peroxisome proliferator-activated receptor
gamma (PPAR-y) and B-Actin was performed on
cell and mouse adipose tissue lysates as previously
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described [39, 40, 42]. Total RNA was extracted
from cells using SpinSmart™ Total RNA purification
kit (Denville Scientific Inc., Holliston, MA), as
indicated by the manufacturer and RNA concentration
was determined with a Biotek™ plate reader and
the Take3™ plate (Biotek, Winooski, VT). cDNA
was synthesized from total RNA (Fisher Scientific)
using a High-Capacity cDNA Reverse Transcription
Kit (Fisher Scientific) and real-time polymerase
chain reaction (PCR) was performed using TagMan®
Fast Universal Master Mix (2x), on a 7500 HT
Fast Real-Time PCR System (Fisher Scientific).
Specific TagMan® Gene Expression Assays probes
for mouse NOV and glyceraldehyde 3-phosphate
dehydrogenase (GAPDH) were used as described
previously [39, 40, 42].

Cytokine array

Protein levels of MCP-1, TNF-o, Angptl, VEGF, and
Endothelial Growth Factor (EGF) were determined
in conditioned medium using enzyme-linked

Angll

A Control

immunosorbent assays (Assay Gate, ljamsville,
MD) as previously described [65].

Statistical analyses

Data values are expressed as means = S.E.M.
Student’s t-test was used for pairwise comparison
and one-way analysis of variance (ANOVA) with
Bonferroni’s post-test for comparison was used to
calculate the significance of mean value differences.
The null hypothesis was rejected at p < 0.05.

RESULTS

Effect of Angll on adipogenesis

Figure 1 illustrates the effect of Angll on MSC-
derived adipocytes. MSCs treated with Angll
displayed a marked (p < 0.05) increase in
adipogenesis (Figure 1A and B). In contrast, CoPP
caused a significant (p < 0.05) decrease in
adipogenesis when compared to Angll alone. SnMP
prevented the decrease in adipogenesis seen with
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Figure 1. (A) Representative photographs of adipogenesis in MSC-derived adipocytes treated with CM from
EC administered Ang-Il, CoPP, and CoPP + SnMP. (B) Graph depicting the adipogenesis as measured by
absorbance at 490 nm of Qil Red O incorporation into lipid droplets, *p < 0.05 vs control, p < 0.05 vs Angll,

*p < 0.05 vs Angll + CoPP.
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CoPP alone and the levels of adipogenesis were
similar to control (Figure 1A and B).

Effect of Angll on endothelial cell dysfunction

As seen in Figure 2, EC treatment with Angll did
not change basal levels of HO-1 as compared to the
control, whereas cells treated with Angll and CoPP
resulted in an increase in HO-1 levels. HO-1 levels
in cells treated concurrently with Angll, CoPP and
SnMP were similar to those in cells treated with
Angll and CoPP (Figure 2A and B). Treatment of
EC with Angll increased the level of ICAM-1 as
compared to control (p < 0.05) an effect that was
prevented in cells concomitantly treated with CoPP
(Figure 2A and C). The CoPP-mediated effect on
ICAM-1 levels was effectively prevented in cells
that were concomitantly treated with the HO-activity
inhibitor, SNMP (Figure 2A and C).
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Figure 2. (A) Representative Western blots and
densitometric analysis of (B) HO-1, and (C) ICAM-1
expression in conditioned medium from HMEC-1 treated
with Ang-I1, with or without CoPP or CoPP + SnMP,
*p < 0.05 vs control, p < 0.05 vs Angll, *p < 0.05 vs
Angll + CoPP.

The viability of the lentivirus and its effect

In order to identify the relationship between EC
function and adipocyte health, EC cells were
transduced with either control (VECAD-LV-GFP)
or HO-1-expressing (VECAD-HO-1-GFP) lentivirus.
Fluorescence imaging (Figure 3A) demonstrates
that the transduction was successful. As seen in
Figure 3B and C, lenti-VECAD-HO-1 transduction
increased protein expression of HO-1 and decreased
expression of both ICAM-1 and VCAM-1 as
compared to control. Addition of ShMP elevated
(p < 0.05) ICAM-1 and VCAM-1 as compared to
control (Figure 3B and C).

Analysis of biomarkers from EC-derived CM

We examined the levels of the inflammatory cytokine
TNF-0, adhesion molecule sICAM-1, and the
growth factors Angptl and VEGF. As seen in
Figure 4C and D, CM from cells treated with
VECAD-HO-1 resulted in an increase in Angptl
and VEGF and a decrease in TNF-a and sICAM-1
(Figure 4A and B) when compared to the control.
In contrast, CM from cells treated with VECAD-
HO-1 and SnMP resulted in a decrease in Angptl
and VEGF levels and an increase in TNF-o and
SICAM-1 levels compared to control. EGF levels
were unaffected by HO-1 up-regulation via gene
transfer and SnMP (results not shown).

Effect of CM from EC on adipogenesis in MSCs

Figure 5A illustrates that adipogenesis is reduced
in MSCs exposed to CM from VECAD-HO-1 EC,
but that the reduction was not only reversed but
increased to levels above those in the vehicle by
treatment with SnMP. Figure 5B and C show the
expression levels of HO-1 and the downstream
adipocyte differentiation markers PPAR-y and
C/EBP-a in MSC-derived adipocytes. HO-1
expression in adipocytes was elevated with
VECAD-HO-1 CM in the presence and absence
of SnMP. Conversely, the expression of PPAR-y
and C/EBP-a was reduced by VECAD-HO-1 CM
and increased by VECAD-HO-1 + SnMP CM.

Analysis of biomarkers from CM of adipocytes

We measured the ability of adipocytes pre-treated
with CM from EC to release paracrine factors. In
Figure 6, CM from ECs transduced with the
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Figure 3. (A) Phase contrast and fluorescence imaging demonstrating the successful transduction of the VECAD
lentivirus. (B) Representative Western blots and (C) densitometric analysis of HO-1, ICAM-1, and VCAM-1 expression
following treatment of HMEC-1 with VECAD-GFP, VECAD-HO-1, and VECAD-HO-1 + SnMP, *p < 0.05 vs GFP
(control), *p < 0.05 vs HO-1.
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Figure 4. Cytokine array analysis of (A) TNF-a, (B) SICAM-1, (C) Angptl, and (D) VEGF following treatment of HMEC-1
with VECAD-GFP (control), VECAD-HO-1, and VECAD-HO-1 + SnMP (*p < 0.05 vs control, “p < 0.05 vs HO-1).
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Figure 5. (A) Representative photographs and analysis of adipogenesis in MSC-derived adipocytes following
administration of CM from EC treated with VECAD-GFP (control), VECAD-HO-1, and VECAD-HO-1 + SnMP.
(B) Representative Western blots and (C) densitometric analysis of HO-1, C/EBP-a, and PPAR-y expression from
MSC-derived adipocytes following administration of CM from EC treated with VECAD-GFP, VECAD-HO-1, and
VECAD-HO-1 + SnMP, *p < 0.05 vs control, “p < 0.05 vs HO-1.
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Figure 7. (A) Representative photographs and analysis of adipogenesis in 3T3-L1-derived adipocytes treated with
two variable concentrations of Angptl. (B) NOV mRNA levels in 3T3-L1 cells treated with Angpt1 (10 ng/ml) for

5 days, *p < 0.05 vs control.

VECAD-GFP lentivirus resulted in adipocytes
releasing similar levels of adiponectin, TNF-o and
MCP-1 as compared to the vehicle. Conditioned
medium from EC transduced with VECAD-HO-1
increased the adipocyte CM levels of adiponectin
and decreased MCP-1 and TNF-a levels. In contrast,
CM from adipocytes treated with CM from EC
administered VECAD-HO-1 and SnMP displayed
decreased levels of adiponectin, as well as increased
levels of MCP-1 and TNF-a (Figure 6A-C).

Effect of Angptl on adipogenesis

As shown earlier, Angptl and VEGF increased in
parallel with the up-regulation of HO-1 gene
expression. Therefore, 3T3-L1 pre-adipocytes were
treated with these biomarkers in order to examine
their effect on adipogenesis independently. Figure 7A
reveals that adipogenesis is mitigated in the presence
of physiological concentration of Angptl (10 ng/ml).
Interestingly, as seen in Figure 7B, treatment of
3T3-L1 adipocytes with Angptl (10 ng/ml) during
differentiation reduced NOV mRNA levels
(p < 0.05), and increased HO-1 mRNA levels
(p < 0.05) as compared to control.
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Figure 8. Representative photographs and analysis of
adipogenesis in MSC-derived adipocytes treated with
two variable concentrations of Angpt1, *p < 0.05 vs control.
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To further confirm the Angptl-mediated inhibition
of adipogenesis, MSCs were treated with Angpt1.
As expected, treatment of MSCs with Angptl,
inhibited adipogenesis (Figure 8). VEGF (10 and
100 ng/ml) had minimal, if any, effect on
adipogenesis in 3T3-L1 pre-adipocytes or MSCs
(data not shown).

DISCUSSION

The present report demonstrates that cell-specific
targeting of EC with HO-1 was effective in modifying
adipogenesis such that smaller, less inflamed
adipocytes were produced. Endothelial cells produce
positive and negative growth factors that regulate
adipogenic hyperplasia and hypertrophy in MSC-
derived adipocytes. EC dysfunction leads to the
production of negative regulators of adipocyte
function, such as the release of TNF-a. and MCP-1.
Protection of EC by either gene-targeting using
VECAD-HO-1 or pharmacologically by CoPP
resulted in a reduction in EC ICAM-1 levels, as
well as a decrease in the release of inflammatory
markers TNF-o and MCP-1 from adipocytes.
Increased HO-1 levels in EC also resulted in a
significant increase in Angptl from EC, along
with an increase in adiponectin from adipocytes,
ultimately leading to smaller, healthier adipocytes.
The beneficial effect of Angptl was confirmed as
adipogenesis was reduced in cells treated with
Angptl. Angptl treatment also reduced the expression
of the proinflammatory adipokine, NOV in
adipocytes. Together, these results demonstrate
that functional EC promote healthy adipocytes and
suppress adipocyte-mediated release of inflammatory
cytokines. Several key findings substantiate this
conclusion: first, Angptl has been shown to
improve lipolytic activity and to increase insulin
sensitivity in vitro [32] and also to inhibit MSC
differentiation into adipocytes [33]. However,
treatment of EC with Angll stimulates endothelial
dysfunction by activation of NADPH oxidase [66].
This was confirmed by increased production of
ICAM-1 in Angll-treated EC. The role of ICAM-1
in experimental atherosclerosis and type I
diabetes mellitus, as a leukocyte adhesion receptor
in regions of inflammation, is well established [67,
68]. In addition, previous in vivo studies have
implicated ICAM-1 in the development of central
obesity [69]. Treatment of MSCs with CM from
Angll-treated EC possessing elevated levels of

ICAM-1 resulted in an increase in adipogenesis
and cell size of MSC-derived adipocytes. This
effect was blocked in CM from EC in which
HO-1 expression was increased. Several studies
have demonstrated that induction of HO-1
suppresses NADPH oxidase-induced oxidative
stress [70-72]. Thus, the HO system serves a key
protective role in the cardiovascular system [44]
against the harmful effects of Angll-induced
oxidative stress by regulating inflammatory factors
such as ICAM-1 [73-75]. HO-1 induction in EC
resulted in a decrease in ICAM-1 levels and decreased
adipogenesis in MSCs, confirming the existence
of a link between vasculature homeostasis and
adipose tissue function.

Secondly, our results demonstrate that transduction
with VECAD-HO-1 improves EC function by
reducing the expression of inflammatory markers.
The beneficial effect of HO-1 was negated by the
inhibitor of HO-activity, SnMP [76]. This confirms
that increased HO activity is responsible for the
reduction in inflammatory agents within EC. In
order to understand the potential mediators of
perivascular communication between EC and
adipocytes in vitro, we studied the effects of HO
induction on several biomarkers in the CM of the
EC treated with our VECAD-HO-1 virus. TNF-a
and sICAM-1 levels were reduced in CM of cells
transduced with VECAD-HO-1 while the levels
of Angptl and VEGF were elevated. Given that
administration of exogenous Angptl has previously
been demonstrated to result in a decrease in lipid
droplet diameter, this data suggests that EC-derived
Angptl may be a major negative regulator of
adipogenesis [31-33]. Similar to Angptl, VEGF
induces angiogenesis as a means of restoring
oxygen levels to hypoxic cells. As adipose tissue
expands in obesity, cell size grows and increased
angiogenesis is necessary to provide adequate
nutrients to these inflamed adipocytes; otherwise,
hypoxia develops, leading to changes in cytokine
expression, pro-inflammatory recruitment, and
insulin resistance [30, 77-79]. Angptl and VEGF
promote adipose tissue angiogenesis and slow the
development of unhealthy adipose tissue. Conditioned
medium collected from EC treated with VECAD-
HO-1 had higher expression of Angptl and VEGF
than the control, indicating inhibition of adipogenesis
and a decreased risk of hypoxia-induced inflammation
and oxidative stress in MSC-derived adipocytes
[30, 80, 81].
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Our results provide evidence that alteration in
endothelial-adipocyte cell communication can
modify adipocyte function and contribute to the
development of obesity. Adipocyte size is a reflection
of adipocyte function, e.g., small adipocytes are
healthy and secrete more adiponectin and lower
levels of adipocytokines than larger, inflamed
adipocytes [55]. Adiponectin is an important
indicator of adipocyte health and it is one of very
few innate insulin sensitizers [82]. Low plasma
concentration of adiponectin has a strong correlation
to adipocyte dysfunction seen in diabetes mellitus
type 2 (DM2) and obesity. C/EBP-a and PPAR-y,
activate inflammatory cytokines such as MCP-1
in the adipocyte inflammatory pathway and
ultimately affect adipocyte size [83, 84, 85].
MSCs grown in VECAD-HO-1-treated EC CM
displayed a dramatic depression in C/EBP-o. and
PPAR-y levels when compared to control. On the
other hand, MSCs cultured with CM from (VECAD-
HO-1 transduced + SnMP) EC exhibited elevated
levels of both transcription factors. Adipocytes
derived from EC CM treated with VECAD-HO-1
had a two-fold higher concentration of adiponectin
than the control, and these adipocytes were small
and healthy. Furthermore, MCP-1 and TNF-a
secretion was decreased in adipocytes with a high
adiponectin concentration, providing further proof
of perivascular communication between adipose
tissue and nearby vessels.

CONCLUSION

Our data confirms the existence of crosstalk
between EC and perivascular adipose tissue. We
demonstrate that overexpression of endothelial
HO-1 significantly inhibits adipogenesis. Up-
regulation of HO-1 in EC also resulted in
significant decreases in inflammatory markers and
substantial increases in Angptl and VEGF, which
may mediate downstream inhibition of adipogenesis
by EC overexpression of HO-1. These results
suggest that alterations in EC function often
associated with obesity can directly modify adipocyte
differentiation, increase the release of adipocytokines,
and promote inflammation in obesity. Moreover,
our results demonstrate that targeting of EC with
HO-1 to reduce endothelial inflammation has
significant effects on the differentiation of MSCs
to adipocytes and can increase the production of
beneficial adipokines such as adiponectin. Further

studies are required to fully elucidate the therapeutic
potential of this newly described crosstalk
between EC and perivascular adipose tissue.
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