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Summary

Introduction

Preservation of structural integrity of the endothelial monolayer and maintenance of en-
dothelial cell function are of critical importance in preventing arterial thrombosis, resteno-
sis and atherosclerosis. Obesity has been intimately linked with endothelial dysfunction,
and reports of reduced abundance and functional impairment of circulating progenitor
cells in obesity have led to the suggestion that defective endothelial repair contributes
to obesity-related cardiovascular disease.

Methods

C57BL/6 mice were fed a high-fat diet for either 3 or 6 months to induce obesity; meta-
bolic phenotyping was then carried out before femoral artery wire injury was performed.
Endothelial regeneration was then quantified. Mononuclear cells and myeloid angiogenic
cells were cultured and characterized for pro-angiogenic properties.

Results

No impairment of endothelial regeneration following mechanical endothelial injury in diet-
induced obese mice when compared with chow-fed controls was observed, despite the
induction of an adverse metabolic phenotype characterized by glucose intolerance and
insulin resistance. Dietary-obese mice had increased numbers of circulating myeloid an-
giogenic cells, which retained normal functional properties including intact paracrine an-
giogenic effects.

Conclusion

Preserved endothelial regeneration despite metabolic dysregulation in dietary obese
mice suggests that compensatory mechanisms mitigate the deleterious influence of
insulin resistance on endothelial repair in obesity.

Keywords: Diet-induced obesity, endothelial regeneration, glucose intolerance, insu-
lin resistance.

Introduction

migration of local endothelial cells (3) and recruitment of
circulating cells to the injured vessel (4). We previously

Recent changes in nutrition and lifestyle have provoked a
significant increase in the prevalence of obesity, which is
associated with reduced longevity and increased lifetime
risk of morbidity and mortality from cardiovascular disease
(1). Functional and structural integrity of the endothelial
monolayer plays a critical role in vascular homeostasis.
Regeneration of damaged endothelium following injury
is essential to prevent adverse remodelling (2) and is me-
diated by two broad mechanisms: proliferation and
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showed that insulin resistance in lean mice significantly
impaired endothelial regeneration following denuding in-
jury (5). However, the effects of obesity on endothelial re-
generation have not previously been studied. Here,
endothelial repair following femoral artery wire injury in
mice subjected to diet-induced obesity was examined.
Preservation of structural integrity of the endothelial
monolayer and maintenance of endothelial cell function
are of critical importance in preventing arterial

© 2018 The Authors

Obesity Science & Practice published by John Wiley & Sons Ltd, World Obesity and The Obesity Society. Obesity Science & Practice

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in

any medium, provided the original work is properly cited.


http://orcid.org/0000-0002-8762-7257
http://orcid.org/0000-0002-6741-9012
http://creativecommons.org/licenses/by/4.0/

Obesity Science & Practice

Vascular repair in mice with diet-induced obesity S. T. Rashid etal. 491

thrombosis, restenosis and atherosclerosis. Obesity has
been intimately linked with endothelial dysfunction, not
least through its association with insulin resistance (6).
In health, biochemical or physical endothelial injury is off-
set by reparative processes orchestrated by proliferation
of vessel wall endothelial cells (3) and the recruitment of
pro-reparative circulating cells (4). The latter have recently
been redefined to include myeloid angiogenic cells
(MACs), which are of haematopoetic lineage and promote
repair by secretion of paracrine angiogenic factors, and
endothelial colony forming cells, which are of true
endothelial lineage and participate directly in vascular
endothelial repair (7). A large body of evidence from pre-
clinical and clinical studies indicates that cells implicated
in endothelial repair are less abundant and are dysfunc-
tional in the context of obesity (8—-11). The consequent
anticipated defects in endothelial regenerative capacity
have been proposed as an important contributor to the
increased risk of cardiovascular disease in obesity (11).

Materials and methods
Animal husbandry

Male C57BL/6J mice were purchased from Charles River
Laboratories, Cambridge, UK. Experiments were carried
out under the authority of UK Home Office Licence
PPL40/3523. Mice were group housed in cages of five an-
imals. Cages were maintained in humidity-controlled and
temperature-controlled conditions (humidity 55% at
22 °C) with a 12-h light—dark cycle. To induce obesity,
mice received free access to a high-fat diet (60% of energy
from fat) (D12492, Research Diets, New Brunswick, NJ,
USA) with the following composition: protein 26.2%, fat
34.9% and carbohydrate 34.9%. Control animals received
standard chow diet (BKOO1; Special Diet Services, Essex,
UK) with the following composition: protein 19.64%, fat
7.52%, ash 6.21%, moisture 10%, fibre 3.49%, nitrogen-
free extract 54.90% and energy 3.29 kcal g~ .

Mice were established on experimental or control diets
from 8 weeks of age. Metabolic phenotyping, blood
sampling and arterial injury experiments were performed
at ~3 months between 12 and 14 weeks of feeding (at
20-24 weeks old). A separate group of mice underwent
metabolic phenotyping and arterial injury experiments
at ~6 months between 26 and 28 weeks of feeding
(at 34—36 weeks old).

Metabolic profiling

Mice were fasted for 16 h prior to glucose tolerance test
or 2 h prior to insulin tolerance test. Blood glucose was
measured using a hand-held glucose meter (Accu-Chek
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Aviva, Roche Diabetes Care UK, Burgess Hill, West Sussex,
UK) at intervals following ip administration of glucose
(1 mg g~ ") or recombinant human insulin (Actrapid; Novo
Nordisk, Bagsvaerd, Denmark; 0.75 IU kg”). Mice were
not restrained between measurements.

To obtain plasma for insulin levels, blood was collected
from the lateral saphenous vein (EDTA collection tubes
Sarstedt 16.444, Nimbrecht, Germany). Samples were
then spun at 10,000 rpm for 10 min in a benchtop
centrifuge. Plasma was stored at —20 °C until use in an
ultra-sensitive mouse insulin ELISA (90080, Crystal
Chem, Downers Grove, IL, USA) as per kit instructions.

Arterial injury

Mice were anaesthetized with isoflurane (2.5-5%) before
a small incision was made in the mid-thigh to permit iso-
lation of the femoral artery. Following an arteriotomy
made using iris scissors (World-Precision Instruments,
Sarasota, FL, USA), a 0.014-in.-diameter angioplasty
guide wire with a tapered tip (Hi-torque Cross-it XT;
Abbott-Vascular, Abbott, IL, USA) was introduced. The
angioplasty guide wire was advanced 2 cm, and three
passages were performed per mouse, resulting in com-
plete arterial denudation. The guide wire was removed,
and the suture was tightened rapidly. The vessel was then
ligated, and the skin was closed with a continuous suture.
The contralateral artery underwent an identical sham
operation, without passage of the wire. Animals
received post-operative analgesia with buprenorphine
(0.25 mg kg~ ). Mice were anesthetized 7 d after wire in-
jury, and 50 pL of 0.5% Evans blue dye was injected into
the inferior vena cava. The mice were perfused/fixed with
4% paraformaldehyde in phosphate buffered saline (PBS)
before the femoral arteries (injured and uninjured) were
harvested. The vessels were opened longitudinally. The
areas stained and unstained in blue were measured in a
5-mm injured segment beginning 5 mm distal to the aortic
bifurcation, and the percentage areas were calculated
using IMAGEPROPLUS7.0 software (Media Cybernetics,
Bethesda, MD, USA) as previously described (5,11,12).

Cell culture

Mononuclear cells (MNCs) were isolated from 1 mL of
blood, obtained from the vena cava under terminal anaes-
thesia by density gradient centrifugation (Histopaque-
1083; Sigma-Aldrich Company Ltd, Gilingham, Dorset,
UK). MNCs were seeded on fibronectin 24-well plates
(BD Biosciences, Wokingham, Berkshire, UK) at a density
of 1 x 10° cells per well and cultured in endothelial cell
growth (EGM-2) medium supplemented with EGM-2
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Bullet kit (Lonza, Basel, Switzerland) in addition to 20%
foetal calf serum.

Spleens obtained from mice under terminal anaesthe-
sia were minced mechanically. MNCs were isolated by
density gradient centrifugation, as described earlier. After
washing steps, cells were seeded on fibronectin 24-well
plates at a seeding density of 8 x 10° cells per well and
cultured as described earlier.

Tibias and femurs were flushed three times in DMEM
with a 26-gauge needle to collect bone marrow. MNCs
were isolated by density gradient centrifugation as de-
scribed earlier. After washing steps, cells were seeded
on fibronectin 24-well plates at a seeding density of
1 x 10° cells per well and cultured as described earlier.

After 7-d incubation at 37 °C in 5% CO,, non-adherent
cells were discarded by gentle washing with PBS and ad-
herent cells were re-suspended in medium. At day 5, con-
ditioned medium from bone marrow-derived MNCs was
taken for tube-forming assays. At day 7, attached cells
from peripheral blood, spleen, and bone marrow were
stained for the uptake of 1,1’-dioctadecyl-3,3,3',3'-
tetramethylindocarbocyanine-labelled acetylated low-
density lipoprotein (Dil-Ac-LDL) (Molecular Probes,
Invitrogen, Carlsbad, CA, USA) and lectin from Ulex
europaeus fluorescein isothiocyanate conjugate (Sigma).
Cells were first incubated with Dil-Ac-LDL at 37 °C for
3 h and later fixed with 4% paraformaldehyde for
10 min. Cells were washed and reacted with lectin for
1 h. After the staining, cells were quantified by examining
10 random high-power fields (HPFs), and double-positive
cells were identified as MACs.

Tube forming

The potential for MNCs to stimulate angiogenesis by se-
creting paracrine factors was assessed in conditioned
media obtained as described earlier. Human umbilical
vein endothelial cells (Promocell, C-12203) were seeded
at 100,000 cells per well of a matrigel-coated (Becton
Dickinson, 734-0268) 24-well plate and incubated for
24 h at 37 °C in conditioned media. Endothelial tube for-
mation was evaluated as the mean number of tubes
formed per HPF as previously described (5,11,12).

Adhesion

Fifty thousand spleen-derived MACs were re-suspended
in EGM-2 medium, plated onto 24-well plates coated with
fibronectin and incubated for 1 h at 37 °C. After being
washed three times with PBS, attached cells were
counted. Adhesion was evaluated as the mean number
of attached cells per HPF (x100).

Blood pressure

Blood pressure was measured in conscious animals by
tail-cuff system (CODA4, Kent Scientific Corporation,
Torrington, CT, USA).

Data analysis

Data are shown as mean =+ standard error of the mean.
Statistical analysis was performed using GRAPHPAD PRISM
(GraphPad Software, La Jolla, CA, USA) and Student’s
unpaired t-test.

Results

Diet-induced obesity results in glucose intolerance
and insulin resistance

Body mass gain was significantly higher in diet-induced
obese (DIO) mice compared with chow-few controls
(Figure 1A). By 3 months, DIO mice had developed an
adverse metabolic phenotype characterized by increased
fasting glucose concentration and higher Homeostatic
Model Assessment of Insulin Resistance score
(Figure 1B-D). DIO mice, in comparison with chow-fed
controls, were markedly glucose intolerant (Figure 1E,F)
and insulin resistant (Figure 1G,H).

Endothelial regeneration is preserved in mice with
diet-induced obesity

Endothelial regeneration 7 d after endothelium-denuding
femoral artery wire injury did not differ significantly be-
tween DIO mice and chow-fed controls after 3 months
of feeding (Figure 2A-C). Pro-angiogenic capacity of
bone marrow-derived MNCs from DIO mice was similar
to that of chow-fed mice (Figure 2D—F). Adhesion of an-
giogenic progenitor cells from DIO mice to fibronectin
was preserved in comparison with that of cells from
chow-fed animals (Figure 2G—l). The abundance of MACs
derived from blood was greater in DIO mice compared
with chow-fed controls (Figure 2J). However, splenic-
derived and bone marrow-derived cells were fewer in
DIO mice than in chow-fed controls (Figure 2J). There
was no difference in blood pressure between DIO mice
and chow-fed controls (Figure 2K).

To investigate whether prolonged exposure to obesity
would affect endothelial regeneration, high-fat feeding
was continued for 6 months in a separate group of mice.
After 6 months, a substantial difference in body mass
persisted between DIO mice and chow-fed controls
(Figure S1A). However, fasting glucose and plasma insu-
lin concentrations no longer differed between groups
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Figure 1 Body mass increased significantly more in diet-induced obese mice compared with chow-fed controls at 3 months and was associ-
ated with an adverse metabolic phenotype. A, Body mass increased significantly more in fat-fed mice compared with chow-fed controls
(45.1 £ 6.3 vs. 31.6 + 0.9 g) N = 8 per group. B, Fasting blood glucose was significantly increased in fat-fed mice compared with chow-fed con-
trols (6.4 + 1.1 vs. 5.3 + 0.03 mmol L’1) N = 6 per group. C, There was a trend of increased plasma insulin levels in fat-fed mice compared with
chow-fed controls (3.1 £ 0.6 vs. 1.9 + 0.3 ng mL71) N = 6 per group. D, Homeostatic Model Assessment of Insulin Resistance (HOMA-IR) was
significantly increased in fat-fed mice compared with chow-fed controls (3.7 + 1.1 vs. 1.3 £ 0.2) N = 6 per group. E and F, Glucose tolerance was
significantly impaired in fat-fed mice compared with chow-fed controls — area under the curve (AUC) 73.7 + 6.2 vs. 47.0 + 2.4 N = 6 per group. G
and H, Insulin sensitivity was significantly decreased in fat-fed mice compared with chow-fed controls — AUC 38.6 + 4.7 vs. 18.7 + 2.7 N = 6 per

group. Data are presented as +SEM (*P < 0.05, **P < 0.01, **P < 0.001).

(Figure S1B-C), perhaps reflecting age-relating decline in
glucose tolerance in chow-fed mice. There was no signif-
icant difference in response to a glucose tolerance test
(Figure S1D). Endothelial regeneration was not signifi-
cantly different between DIO mice and chow-fed controls
after 6 months of feeding.

Discussion

Patients undergoing percutaneous coronary intervention,
particularly in obese and or insulin-resistant settings,
demonstrate reduced re-endothelialization (5-7). Rapid
re-endothelialization is of critical importance to restore
normal vascular function, reduce vascular inflammation
and prevent adverse remodelling after percutaneous cor-
onary intervention (2,14). Successive reports of reduced
abundance and functional impairment of circulating

© 2018 The Authors

progenitor cells in obesity have led to the hypothesis that
defective endothelial repair contributes to obesity-related
cardiovascular disease (10,13,15-22). However, the cur-
rent findings challenge these assumptions by demon-
strating that endothelial regeneration remains preserved
in mice with diet-induced obesity.

By feeding a high-fat diet for 3 months, we induced a
markedly abnormal metabolic phenotype characteristic of
glucose intolerance and insulin resistance in mice, charac-
teristic of the metabolic profile of obese humans. We have
previously shown that endothelial vasomotor function is
altered by high-fat feeding (23). Surprisingly, however,
endothelial regeneration following mechanical arterial in-
jury remained intact in obese mice despite the metabolic
dysregulation. Following prolonged exposure to obesity
for 6 months, endothelial regeneration remained unal-
tered between obese and chow-fed mice. Differences in
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Figure 2 Endothelial regeneration remains preserved in mice with diet-induced obesity at 3 months. A and B, Representative in situ Evans blue
staining 7 d after vascular injury (blue staining indicates denuded endothelium). C, Endothelial regeneration 7 d after vascular injury was no dif-
ferent in fat-fed mice when compared with chow-fed controls (40.2 + 4.6% vs. 40.6 + 3.9%) N = 6 per group. D and E, Representative images of
human umbilical vein endothelial cell (HUVEC) tube formation on matrigel after addition of conditioned media from MACs. F, There was no dif-
ference in tube formation of HUVEC exposed to conditioned media from myeloid angiogenic cells (MACs) from fat-fed mice compared with
chow-fed controls (11.2 + 1.6 vs. 13.5 + 1.7) N = 10 fat and 15 chow. G and H, Representative images of adherent splenic-derived MACs. |,
There was no difference in adhesion of splenic-derived MACs to fibronectin from fat-fed mice compared with chow-fed controls (12.3 + 1.7
vs. 11.1 = 1.1) N = 11 fat and 8 chow. J, Enumeration of MACs derived from blood, bone marrow and spleen by cell culture after 7 d. Blood-
derived MACs from fat-fed mice were more abundant than those from chow-fed controls (8.75 + 0.49 vs. 5.5 0.5) N = 8. There were fewer mar-
row-derived MACs from fat-fed mice compared with chow-fed controls (10.25 + 0.95 vs. 17.4 + 0.99) N = 8. Spleen-derived MACs from fat-fed
mice were also less abundant than those from chow-fed controls (11.38 + 1.01 vs. 26 + 1.7) N = 8. K, There was no difference in systolic blood
pressure in fat-fed mice compared with chow-fed controls (82 + 4.7 mmHg vs. 86.2 + 6.2 mmHg) N = 11 per group. Data are presented as +SEM
(*P <0.05, **P < 0.01, **P < 0.001). HPF = high-power field.

metabolic parameters had converged by 6 months, per-
haps reflecting age-related decline in glucose compe-
tence in chow-fed mice. Although previous studies have
demonstrated dysregulated vascular responses including
impaired recovery from hind-limb ischaemia in dietary
obese mice (20), ours is the first study to investigate the
effects of obesity on endothelial repair. It is noteworthy
that genetic insulin resistance, in the absence of obesity,
was associated with significant impairment of endothelial
regeneration after experimental femoral artery injury in our
previous study (5). The results of the current report
indicate that the angiogenic response to femoral artery
ligation and reparative response to femoral arterial
denudation are differentially modulated by obesity. As

yet, undefined compensatory mechanisms may offset
the negative influence of insulin resistance on endothelial
repair in dietary obese mice.

Of interest, an increased abundance of circulating
MACs in obese mice was seen. These findings contrast
with the reduced number of circulating endothelial
progenitors that has been widely, although not univer-
sally, reported in prior clinical and experimental studies
(8-10,13). This comparison must be interpreted with
caution, however, as most other studies quantified
human or murine endothelial progenitors by flow cytome-
try as characterized by their expression of cell-surface
markers. Despite their association with cardiovascular
disease, these circulating cells are not directly analogous
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to the MACs investigated in the current report, which are
thought to contribute to endothelial regeneration through
the release of locally acting pro-angiogenic factors. No
difference in the ability of conditioned medium from
cultured MNCs to promote tubulogenesis in vitro was
seen, suggesting that secretion of pro-angiogenic cyto-
kines is unaltered by obesity.

Although more numerous in the circulation in obese
mice, MACs were less abundant in spleen-derived or
bone marrow-derived MNC fractions, suggesting that en-
dogenous stores are depleted in obesity — possibly
through increased mobilization of cells into the circula-
tion. Intriguingly, the opposite phenotype of reduced
mobilization and circulating abundance of MACs was
observed in genetically induced, rather than diet-induced,
insulin-resistant mice (5). It is increasingly recognized that
complex mechanisms, involving immune modulation in
addition to insulin resistance, contrive to influence stem
cell mobilization, differentiation and proliferation in obe-
sity (24). However, the mechanisms by which obesity
might regulate the abundance of circulating angiogenic
progenitors have not yet been defined.

In conclusion, the findings of preserved endothelial
regeneration despite metabolic dysregulation in dietary
obese mice suggest that compensatory mechanisms
mitigate the deleterious influence of insulin resistance on
endothelial repair in obesity. The results of this study
challenge the assumption that obesity has a universally
negative influence on endothelial cell biology.

Acknowledgements
This work was supported by the British Heart Foundation
and European Research Council. S. T. R. was funded by

an Academy of Medical Sciences/Wellcome Trust
Starting Grant for Clinical Lecturers.

Conflict of interest
The authors report no conflicts of interest.
Author contributions

S.T.R,M.T.K,,D.J.A.S.and S. B. W. conceived the study
and contributed to the study design. N. J. H., S. T. R, A. A,,
N. Y. Y. and J. S. carried out experimental work and data
collection and performed data analysis. N. J. H. and S. B. W.
drafted the article, and all authors have reviewed it critically.

References

1. Khan S, Ning H, Wilkins JT. Association of body mass index with
lifetime risk of cardiovascular disease and compression of
morbidity. JAMA Cardiol 2018; 3: 280-287.

© 2018 The Authors

10.

11.

12.

13.

14,

15.

16.

17.

18.

19.

20.

. Padfield G, Newby DE, Mills NL. Understanding the role of

endothelial progenitor cells in percutaneous coronary intervention.
J Am Coll Cardiol 2010; 55: 948-959.

. Itoh Y, Toriumi H, Yamada S, Hoshino H, Suzuki N. Resident

endothelial cells surrounding damaged arterial endothelium
reendothelialize the lesion. Arterioscler Thromb Vasc Biol 2010; 30:
1725-1732.

. Krankel N, Luscher T, Landmesser U. Novel insights into vascular

repair mechanisms. Curr Pharm Des 2014; 20: 2430-2438.

. Kahn M, Yuldasheva NY, Cubbon RM, et al. Insulin resistance im-

pairs circulating angiogenic progenitor cell function and delays en-
dothelial regeneration. Diabetes 2011; 60: 1295-1303.

. Kim J, Montagnani M, Koh K, Quon M. Reciprocal relationships

between insulin resistance and endothelial dysfunction: molecular
and pathophysiological mechanisms. Circulation 2006; 113:
1888-1904.

. Medina R, Barber CL, Sabatier F, et al. Endothelial progenitors: a

consensus statement on nomenclature. Stem Cells Trans/ Med
2017; 6: 1316-1320.

. Tobler K, Freudenthaler A, Baumgartner-Parzer SM, et al. Reduc-

tion of both number and proliferative activity of human endothelial
progenitor cells in obesity. Int J Obes (Lond) 2010; 34: 687-700.

. Fadini G, Sartore S, Schiavon M, Albiero M. Diabetes impairs pro-

genitor cell mobilisation after hindlimb ischaemia — reperfusion in-
jury in rats. Diabetologia 2009; 49: 3075-3084.

Bellows C, Zhang Y, Simmons P, Khalsa A, Kolonin M. Influence of
BMI on level of circulating progenitor cells. Obesity 2009; 19:
1722-1726.

Yuldasheva NY, Rashid ST, Haywood NJ, et al. Haploinsufficiency
of the insulin-like growth factor-1 receptor enhances endothelial
repair and favorably modifies angiogenic progenitor cell phenotype.
Arterioscler Thromb Vasc Biol 2014; 34: 2051-2058.

Aziz A, Haywood NJ, Cordell PA, et al. Insulin-like growth factor-
binding protein-1 improves vascular endothelial repair in male mice
in the setting of insulin resistance. Endocrinology 2018; 159:
696-709.

Heida N, Mdller JP, Cheng IF, et al. Effects of obesity and weight
loss on the functional properties of early outgrowth endothelial
progenitor cells. J Am Coll Cardiol 2010; 55: 357-367.
Tesfamariam B. Endothelial repair and regeneration following inti-
mal injury. J Cardiovasc Transl Res 2016; 9: 91-101.

Kito T, Shibata R, Kondo M, et al. Nifedipine ameliorates ischemia-
induced revascularization in diet-induced obese mice. Am J
Hypertens 2012; 25: 401-406.

Seitz O, Schurmann C, Hermes N, et al. Wound healing in mice with
high-fat diet- or ob gene-induced diabetes-obesity syndromes: a
comparative study. Exp Diabetes Res 2010; 2010: 14-16.
Maceneaney OJ, Kushner EJ, Westby CM, et al. Endothelial pro-
genitor cell function, apoptosis, and telomere length in
overweight/obese humans. Obesity 2009; 18: 1677-1682.
Maceneaney OJ, Kushner EJ, Van Guild er GP, et al. Endothelial
progenitor cell number and colony-forming capacity in overweight
and obese adults. Int J Obes (Lond) 2009; 33: 219-225.
Miller-kasprzak E, Bogdanski P, Pupek-Musialik D, Jagodzinski PP.
Insulin resistance and oxidative stress influence colony-forming
unit-endothelial cells capacity in obese patients. Obesity 2009; 19:
736-742.

Hill JM, Zalos G, Halcox JP, et al. Circulating endothelial progenitor
cells, vascular function, and cardiovascular risk. N Engl J Med
2003; 348: 593-600.

Obesity Science & Practice published by John Wiley & Sons Ltd, World Obesity and The Obesity Society. Obesity Science & Practice



496 Vascular repair in mice with diet-induced obesity ~S. T. Rashid et al.

Obesity Science & Practice

21. Cubbon RM, Rajwani A, Wheatcroft SB. The impact of insulin
resistance on endothelial function, progenitor cells and repair. Diab
Vasc Dis Res 2003; 4: 103—-111.

22. ElL, Leshem-Lev D, Mager A, et al. Circulating endothelial
progenitor cell levels and function in patients who experienced
late coronary stent thrombosis. Eur Heart J 2010; 31:

2625-2632.

23. Noronha BT, Li JM, Wheatcroft SB, Shah AM, Kearney MT. Induc-
ible nitric oxide synthase has divergent effects on vascular and
metabolic function in obesity. Diabetes 2005; 54: 1082—1089.

24. van den Berg S, Seijkens TT, Kusters PJ, et al. Diet-induced obesity
in mice diminishes hematopoietic stem and progenitor cells in the
bone marrow. FASEB J 2016; 30: 1779-1788.

Supporting Information

Additional supporting information may be found
online in the Supporting Information section at the
end of the article.

Supplementary Figure 1. Metabolic status and en-
dothelial regeneration in mice with diet-induced

obesity at six months. A: Body mass increased sig-
nificantly in fat fed mice when compared to chow
fed controls (44.55 + 2.33 v 33.79 + 1.23 g) N =9
per group. B: Fasting blood glucose was no differ-
ent between fat fed mice when compared to chow
fed controls (7.55 £ 0.6 v 7.2 £ 0.76 mmol/L) N = 6
per group. C: There was no difference in fasting
plasma insulin in fat fed mice when compared to
chow fed controls (3.1 + 0.6 v 1.9 + 0.3 ng/ml)
N = 6 per group. D: Glucose tolerance was no differ-
ent in fat fed mice when compared to chow fed con-
trols N = 6 per group. E-F: Representative in situ
Evans blue staining 7 days after vascular injury (blue
staining indicates denuded endothelium). G: Endo-
thelial regeneration 7 days after vascular injury
was no different in fat fed mice when compared to
chow fed controls (32.5 = 3.26 v 30.5 + 9.06)
N = 5 per group. Data are presented as */_ S.E.M.
(*P <0.05) (P < 0.01) (**P < 0.001).
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