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Lipid-Overloaded Enlarged Adipocytes Provoke Insulin Resistance

Independent of Inflammation
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Adipose Tissue as an Endocrine Organ
ERIN E. KERSHAW anD JEFFREY S. FLIER

TABLE 1. Examples of adipocyte-derived proteins with endocrine

functions TABLE 2. Examples of receptors expressed in adipose tissue
Cytokines and f:ytokjne- Leptin Receptors for traditional Insulin receptor
related proteins TNFa endocrine hormones Glucagon receptor
. IL-6 GH receptor
Other immune-related MCP-1

: TSH receptor
_ proteins B Gastrin/CCCK-R recentor

Proceedings of the Nutrition Society (2001), 60, 329-339

NEFAS ~——~ Kstrogen receptor
: g 2 Progesterone receptor
Enzymes involved in steroid Cytochrome P450- : ;
metabolism dependent aromatase Cytokine receptors Leptin receptor
17BHSD IL-6 receptor
118HSD1 TNF« receptor
Proteins of the RAS AGT Catecholamine receptors B1, B2, B3 receptors

Other proteins Resistin al, a2 receptors
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/ \PPARV agonists

+NP, cGMP PPARYy
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White adipocyte Beige/brite adipocyte Brown adipocyte

No UCP1 ucP1?
Inducible/
WAT recruitable
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Table 1 Differences and similarities between the various adipose tissue depots

WAT bAT BAT
Il

Body location Gluteofemoral, subcutaneous and VAT Inguinal and neck Suprarenal, paravertebral and
supraclavicular

Morphology Big size and with a single LD Intermediate size and with multiple  Variable size, vascularized and with

LD multiple small LD

Mitochondria + 4 * ERELE

Function Energy storage Adaptive thermogenesis (UCP-1) Nan-shivering thermogenesis and
energy dissipation

Obesogenity and diabetogenity  Positive Negative Negative

Body fat is stored as WAT, bAT or BAT. These depots can be distinguished by their location, size, mitochondria content, and function, playing diverse roles in obesity
and T2D. Impaortantly, WAT could be browned to bAT and BAT by several approaches. LD stands for lipid droplet(s)

+* Gonzalez N et al. Cardiovasc Diabetol 2017;16:44.
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PERIVASKULER YAG DOKUSU

WAT BAT
Location Subcutaneous and Suprarenal, interscapular,
visceral neck region in human
infants
Morphology Large adipocytes Small adipocytes
Lipid droplet Single, large Multiple, small

Origin/development  Pdgfr-a progenitors Myf5+ progenitors

Major function Energy

storage

Heat production

Mitochondria/UCP1

Adipocyte-specific
genes

4+

ZIC1, LHX8, EVAT1, PDK4,
EPSTI1, PRDM16, CIDEA,
ELOVL3, SCL27A2, COX7A1,
CPT1B, KNG2m ACOT11,
DIO2, BMP7

+/+ (nearly undetectable)

PPAR-y, PLINT, HOXCS,
TCF21, TLE3, C/EBPq, Rb,
RIP140, APOL7C, DAPLI,
NANT, SNCG, STAP1,
GRAP2, MEST

PVAT

Surrounds blood
vessels

Small adipocytes

Multiple, small

SM22a + progenitors

Vascular regulation,
heat production

++(+)/++(+)
Similar to BAT
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Perivascular adipose tissue inflammation in
vascular disease

Ryszard Nosalski'* and Tomasz ] Guzik'~?

PHYSIOLOGICAL STATE HYPERTENSION ATHEROSCLEROSIS
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(IL-10) MImmune cells accumulation (T cells, |fPImmune cells accumulation (T cells,
MADRF (NO, H,S, prostacyclin, Ang macrophages, DC, B cells, NK cells) Macrophages, DC, B cells, NK cells)
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EPIKARDIYAL YAG DOKUSU

» Miyokard ylizeyi ve perikardin visseral
tabakasi arasindaki yag dokusu

Visseral perikard

Parietal perikard
Epikardiyal yag

Miyokard

Perikardiyal yag

¢ Villasante Fricke AC et al. Int J Mol Sci 2019;20:5989.



EPIKARDIYAL YAG DOKUSU

¢ Fizyolojik kosullarda etkiler

» Metabolik

o Fazla SYA'nin emilimi

o Iskemi sirasinda enerji saglama

» Termojenik

o Asiriisiya karsi koruma

» Mekanik

> Yapisal

o Adiponektin ve adrenomedullin sentezi

+* Gruzdeva O et al. Lipids Health Dis 2018;17:218.



EPIKARDIYAL YAG DOKUSU

** Obezite kosullarinda etkiler
(artmis epikardiyal yag dokusu)
» Miyokard hipertrofisi
» Kardiyomyositlerde fibroz ve apopitoz
» Adiponektin sentezinde azalma

> Inflamatuvar faktoérlerin Uretiminde artis

+* Gruzdeva O et al. Lipids Health Dis 2018;17:218.



Dysfunctional epicardial adipose tissue:

1 thickness
T volume

+* Ansaldo AM et al. Int J Cardiol 2019 PMID:30297191.
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Epicardial adipose tissue in patients with subclinical
hypothyroidism
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POLISH ARCHIVES OF INTERNAL MEDICINE 2019; 129 (11)
Diabetes enhances epicardial fat dysfunction

Ryszard Nosalski'?, Eman Oboud Alsheikh?, Tomasz J. Guzik'?
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FIGURE 2 Representative Examples of CT Epicardial Fat Volumes in a Lean and an Obese Patient With T2D

Obese Type 2 Diabetes patient, epicardial fat volume = 192.59cm?

% Levelt E et al. J Am Coll Cardiol 2016;68:53-63.




HEMATOPOETIK YAG DOKUSU

Figure 1. Assessment of bone marrow fat content in first lumbar vertebral body in the anterior part,
medium level, avoiding vessels and the anterior border on a proton density fat fraction (PDFF) map
with one region of interest with 2.0 cm? (RO, yellow circle).

+» Spurny M et al. Nutrients 2020;12:1509.
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Development, regulation, metabolism and function of bone

marrow adipose tissues
Ziru Li', Julie Hardij', Devika P. Bagchi', Erica L. Scheller?, and Ormond A. MacDougald"

Child Adolescent Adult Aged

Figure 1. The conversion of red to yellow marrow during aging
Throughout life, hematopoietic cells are gradually replaced by adipocytes within bone

marrow. This conversion of red to yellow marrow begins early in life and generally occurs in

a centripetal pattern, beginning in the distal bones.
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FIGURE 2 | Secretion of MAT as well as adipocyte-derived molecules in the regulation of bone metabolism in the bone marrow cavity. MAT could secrete EVs, leptin,
adiponectin, Inflammatory factors, RANKL, and DPP4. These factors regulate bone metabolism from different aspects. Among them, adiponectin has been confirmed
to enter into the circulation. EVs cause a phenotypic transformation of osteoblast to adipocyte. Leptin regulates bone metabolism in three ways (D-@), Moreover,
Adiponectin regulates bone metabolism through four pathways (1-IV). Inflammatory cytokines promote osteoclast formation and adipocyte differentiation. RANKL

promote osteociast formation. The role of DPP4 in bone marrow cavity remains unclear.

% Li Y et al. Front Endocrinol 2019;10:69.
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Epicardial adipose tissue thickness by
echocardiography is a marker for the presence

and severity of coronary artery disease

S. Eroglu™, L.E. Sade, A. Yildirir, U. Bal, S. Ozbicer,
ALS. Ozgul, H. Bozbas, A. Aydinalp, H. Muderrisoglu
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Figure 2 Association between epicardial adipose tissue

thickness and severity of coronary artery disease (CAD)
(*P = 0.005, minimal CADvs. normal; 'P < 0.001, significant
CADvs. minimal CAD; P < 0.001, significant CADvs. normal).

Epikardiyal yag kalinliginin 5.2 mm lizerinde olmasi: %85 duyarlilik, %81 6zgiinliik



Christensen et al. Cardiovasc Diabetol (2079) 18:7T74

https://doi.org/10.1 186/512933-019-0817-y Cardiovascular Diabetol ogy

ORIGINAL INVESTIGATION Open Access

Epicardial adipose tissue predicts incident
cardiovascular disease and mortality in patients
with type 2 diabetes

Regitse H. Christensen'< @, Bernt Johan von Scholten?, Christian S. Hansen?, Magrnus T. Jensen>9,
Tina Vilsball?~, Peter Rossing®” and Peter G. Jergensen®
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Cardiovasc Diagn Ther 2014;46):416-429
Epicardial adipose tissue: far more than a fat depot

Andrew H. Talman', Peter J. Psaltis'’, James D. Cameron', Ian T. Meredith', Sujith K. Seneviratne',
Dennis T. L. 'V"«’c:-ngl'2
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Regulation of visceral and epicardial
adipose tissue for preventing cardiovascular
iNnjuries associated to obesity and diabetes

N. Gonzalez!?, Z. Moreno-Villegas!, A. Gonzalez-Bris', J. Egido'? and O. Lorenzo ="

» Obezite ve iliskili kardiyovaskiiler bozukluklarin
tedavisinde temel amac visseral ve epikardiyal yag
dokusunda BYD ve KYD dengesini saglamaktir.

» Visseral ve epikardiyal yag dokusunda BYD artis
obezite ve iliskili kardiyovaskuler bozukluklarda
artmis risk ile iliskilidir. Bu dokunun azaltiimasi
va da KYD’na donusturidlmesi yararhdir.



Table 2 Non-pharmacological and pharmacological strate-
gies to reduce the WAT/BAT ratio in VAT and EAT depots

- Nutritional changes - Metformin
- Increased physical activity - PPARy activators (rosiglitazone)
- Gene regulation - Anti-obesity drugs (naltroxene+bupropion,

. mRNA: UCP-1, CIDE-A, PRDM16, USF1 phentermine+topiramate)

. mMiRNA: miR-26, miR-133, miR-125b-5p | - Statins (atorvastatin)
- BAT activation: 33-adrenergic, cold - GLP-1R agonists (exenatide, liraglutide)
- BAT transplantation - DPP-4 inhibitors (sitagliptin)

- Bariatric surgery: Roux-en-Y gastric bypass

‘LWATIBAT

¢ Gonzalez N et al. Cardiovasc Diabetol 2017;16:44.



Mutrition, Metabolism & Cardiovascular Diseases (2009) 19, 760—766

Comparison of epicardial, abdominal and regional

fat compartments in response to weight loss

M.-K. Kim %, K. Tanaka @, M.-J. Kim @, T. Matuso 2,
T. Endo ®, T. TomitaP®, S. Maeda #-, R. Ajisaka @
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Figure 1 Changes in different adipose tissues of the body based on their anatomical location after the weight loss program.
Percent changes in the regional, abdominal and epicardial fat tissues measured before and after the 12-week weight loss program.

The graph shown indicates the mean = SE. The white bars indicate analysis by DXA, black bars indicate analysis by echocardiog-
raphy, and the shaded bars indicate analysis by CT. *P = 0.05, **P = 0.001.



P e Nutrients 2020, 12, 1509; doi:10.3390/nul2051509

Changes in Bone Marrow Fat upon Dietary-Induced
Weight Loss

Manuela Spurny !, Yixin Jiang !, Solomon A. Sowah 2, Ruth Schiibel 2, Tobias Nonnenmacher 1,
Robert Bertheau !, Romy Kirsten 2, Theron Johnson Z, Jens Hillengass 2,

Christopher L. Schlett 4 , Oyunbileg von Stackelberg ', Cornelia M. Ulrich 5, Rudolf Kaaks 2,
Hans-Ulrich Kauczor !, Tilman Kiithn 2 and Johanna Nattenmaiiller '-*
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5. Conclusions

In conclusion, BMF decreases significantly in overweight and obese, but metabolically healthy
individuals after dietary-induced weight reduction of more than 7.5%. In our study, BMFC showed no
stronger associations with inflammatory and metabolic biomarkers nor blood cell counts. However,
our results underline the role of BMF as a metabolically active fat depot. In addition, as obesity is a
risk factor for some malignancies and BMFC is linked to bone health, metabolism and haematological
diseases, the role and a potential preventive capacity of reduced BMFC after weight loss should be
evaluated in future studies.

Figure 2. Relative changes of BMFC, LFC, VAT and weight by weight loss quartiles.

+* Spurny M et al. Nutrients 2020;12:1509.



Incretin stimulation

. Reduces WAT thickness (EAT=VAT) PPARYy activation
. Increases WAT browning (EAT) . Reduces WAT pro-inflammation (EAT)
. Induces adipocyte hyperplasia . Increases WAT browning (EAT)

Statins
. Reduces WAT thickness (EAT)
. Reduces WAT pro-inflammation (EAT)

Genetic :>
modifications

. Increases WAT browning (VAT)

Lifestyle changes

. Reduce WAT thickness (EAT>VAT)

. Reduce WAT pro-inflammation (VAT)

. Increase WAT browning (VAT)
Fig. 2 Prospective fat-modulating interventions for cardiovascular dysfunction in obesity and T2DM. In addition to lifestyle modifications on diet
and exercise, cardiovascular complications in patients with increased VAT and EAT may be treated with statins or genetic manipulations (focused
on USF1, CIDE-A, PGCla, UCP-1, PRDM-16 or miR-125b-5p) to decrease WAT thickness/pro-inflasnmation in EAT or increase WAT browning in VAT,
respectively. More significant, PPARy agonists could promote these effects particularly in EAT, and additionally, incretin stimulation might also
induce adipocyte hyperplasia, and subsequent insulin sensitivity

+» Gonzalez N et al. Cardiovasc Diabetol 2017;16:44.




Effects of Semaglutide Versus Dulaglutide
on Epicardial Fat Thickness in Subjects with
Type 2 Diabetes and Obesity ST TS

5. 4
Gianluca Iacobellis and Alexandra C. Villasante Fricke Journal of the Endoecrine Society | 1-9

Table 2. Changes of the Study Variables in the 3 Groups During the 12 Weeks

Semaglutide Dulaglutide Metformin
Baseline 12 Weeks Baseline 12 Weeks Baseline 12 Weeks

n = 30 n=28 P n =30 n=28 P n =20 n=18 P
BMI (Kg/m?2) 34.3+ 5 33.8+ 4 ns 36.5+6 34+ 5 ns 33.5+6 2.1+ 4 ns
HbAle (%) T.3+1.2 6.9+1.2 ns 32+1.2 Tl ns 5.8+ 0.6 59+0.9 ns
SBP (mmHg) 132+ 13 131 + 14 ns 127+ 18 126 + 16 ns 123 + 15 125415 ns
DBP(mmHg) T9.5x8 81+8 ns 76.8+ 13 T8+ 9 ns 7.6+ 9 76+ 10 ns
HR (bpm) 79+ 10 81+ 11 ns 83+13 79+ 15 ns 75 +13 TTi+16 ns
LDL {(mg/dl) 99 + 41 78 + 30 ns 87+ 33 T8+ 41 ns 116 + 36 B9+ 17 <0.05
HDLi{mg/dD) 45+ 16 44 + 16 ns 43+ 156 42+ 13 ns 47 + 11 55+ 23 ns
EAT (mm) 9526 7512 < 0.01 9.31+22 T.7x£22 <001 Tl 2 b o8 B 2 4 ns

o

<1 0 O

EAT (mm)

=4

S =

SEMA SEMA 0.5 SEMA 1 DULA DULA 0.75 DULA 1.5
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The effect of dapagliflozin treatment
on epicardial adipose tissue volume

Takao Sato’, Yoshifusa Aizawa, Sho Yuasa, Shohei Kishi, Koichi Fuse, Satoshi Fujita, Yoshio Ikeda,
Hitoshi Kitazawa, Minoru Takahashi, Masahito Sato and Masaaki Okabe

Table 5 Change rate of adipose-associated markers
after treatment

Dapagliflozin Conventional p value,
(n = 20) therapy dapagliflozin
(n = 20) Vvs. conven-
tional
AEAT volume (cm?®)  — 16.4 4= 8.3** 47 + 88 0.01
ATNF-a (pg/ml) — Q507 003 =03 0.03
APAI-1 (ng/ml) — 10.7 £ 188* — 20497 0.18

EAT epicardial adipose tissue, TNF-a tumor necrosis factor-a, PA/-1 plasminogen
activator inhibitor-1
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Targeting epicardial adipose tissue with exercise, diet, bariatric
surgery or pharmaceutical interventions: A systematic review
and meta-analysis

Natja Launbo® & | Emilie H. Zobel? | Bernt Johan von Scholten? |
Kristine Fasrch?> | Peter G. Jﬂrgensen4 | Regitse H. Christensen?
Std. Mean Difference Std. Mean Difference
Study or Subgroup Std. Mean Difference SE Weight IV, Random, 95% CI IV, Random, 95% CI
1.1.1 Exercise
Bairapareddy 2018 -1.1962 01909 11.8% -1.20 (-1.57,-0.82) R
Christensen 2018 (@) -1.6912 0.4686 5.9% -1.69 [-2.61,-0.77] S T
Christensen 20189 (b) -1.1964 04407 7.3% -1.20 [-2.086, -0.33)
Fernandez-del-Valle 2018 -1.7234 07596 3.8% -1.72 [-3.21,-0.23] —————
Fornieles Gonzalez 2014 -0.4526 02617 10.5% -0.45 [-0.97, 0.08) 1
Subtotal (95% Cl) 40.3% -1.11 [-1.57, -0.65] -
Heterogeneity: Tau®= 0.13; Chi*= 8.57, df= 4 (P = 0.07); F= 53%
Test for overall effect: Z= 4.74 (P < 0.00001)
1.1.2 Pharmaceutical treatment
Dutour 2016 -0.5695 03317 9.2% -0.57 [-1.22, 0.08] m————]
lacobellis 2017 -0.4275 0.2221 11.2% -0.43 [-0.86, 0.01) =)
Sato 2018 -2.4178 04255 7.6% -2.42 [-3.25,-1.58]
Soucek 2015 -0.2616 02262 11.1% -0.26 [-0.70, D.18]) —e T
van Eyk 2019 -0.6347 0.3002 9.7% -0.63 [-1.22,-0.05) o
Subtotal (95% CI) 48.8% -0.79 [-1.37, -0.21] <
Heterogeneity: Tau®= 0.34, Chi*= 2111, df= 4 (P = 0.0003), F=81%
Test for overall effect: Z= 268 (P = 0.007)
1.1.3 Bariatric surgery
Graziani 2013 -0.5371 02366 10.9% -0.54 [-1.00,-0.07) =
Subtotal (95% CI) 10.9% -0.54 [-1.00, -0.07] <P
Heterogeneity: Not applicable
Test for overall effect: Z= 2.27 (P = 0.02)
Total (95% CI) 100.0% -0.89 [-1.23, -0.55] -
Heterogeneity: Tau®= 0.22; Chi*= 36.80, df= 10 (P < 0.0001); F=73% _':‘ _42 0 t +

Test for overall effect: Z= 5.09 (P < 0.00001)
Testfor subaroup differences: Chi*= 2.98, df= 2 (P = 0.23), F= 32.9%

2
Favours [intervention] Favours [control]
FIGURE 3 Forest plot depicting the effect of the interventions pooled or divided by subgroup on change in epicardial adipose tissue. Plots
depict the effect size (std. mean difference) and 25% CI for the individual studies and the pooled estimate. Std, standard; IV, inverse; SE: standard
error; Cl, confidence interval
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biomarker of cardiovascular complications por 10117
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