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Major Vascular Complications of Diabetes

Microvascular . Macrovascular

Cognitive impairment 8 Cerebrovascular disease

Diabetic retinopathy Coronary disease

Diabetic nephropathy

Diabetic neuropathy

Gastro -intestinal and
bladder dysfunction

Sexual dysfunction
Peripheral vascular
disease

Adapted from: 1. International Diabetes Foundation. Time to Act: Type 2 diabetes, the metabolic
syndrome and cardiovascular disease in Europe. 2006. 2. International Diabetes Federation. Time to Act.
2001. 3. Seaguist ER. Diabetes. 2010;59:4 -6.



Longterm Microvascular Risk reduction in type 1 diabetes:
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control for type 1 diabetes mellitus: A Systematic Review Libra ry

Intensive glucose control versus conventional glucose G) Cochrane

A Reducediskof developingmicrovasculacomplications
retinopathy. 73% p <0.0000%;
nephropathy 44% p <0.0000%,
neuropathy 65% p <0.00001
A Reducediskof progressiorof retinopathyafter at leasttwo years39%p < 0.0001;

A DCCTindicatedintensiveglucosecontrol washighlycosteffective

Fullerton B et al Cochrane Database Syst Review



Glucosdowering studies confirmed benefit on microvascular complications but
mixed results on macrovascular outcomes

Mean duration of

Baseline HbA,, diabetes at
Control vs intensive  baseline (years) Microvascular CvD Mortality
UKPDS 9%- 7.9%vs 7% | Newly diaghosed Z Z 7 Z 7 Z
ACCORDY3 |8.3%- 7.5%vs 6.4% 10.0 7 * v S‘/
ADVANCE | 7.5%- 7.3%vs 6.5% 8.0 4 z*> |7 |2 |72 | 2
VADT 9.4 % 8.4% Vs 6.9% 115 7 2 7 17217 | 7

Longterm follow-upt4:>

*No change in primary microvascular composite but significant decreases in micro/macroalbufinuria

**No change in major clinical microvascular events but significant reduction in ESRD (p & 0.007)

1. Table adapted frorBergenstakt al. Am J Med 2010;123:374@98. 2.Genuthet al.Clin Endocrinol Metab 2012;97:43.

3. IsmaiBeigi et al. Lancet 2010;376:413®. 4 Hayward et al. NEnglJ Med 2015;372:219206 (VADT). Zounga%t al. NEnglJ Med 2014;371:139206.



Glucose Targets for Preventing Diabetic G) C%chrane
Kidney Disease and its Progression ¥ Library

A Little or no difference to renal outcomes or cardiovascular mortality

A Probably lowers risk of onset and progression of microalbuminuria

A In 1,000 adults between zero and two people avoid-fatal Ml,
seven avoid nevonset and two worsening albuminuria.

A The adverse effects of glycaemic management are uncertain.

Ruospo M et al Cochrane database Syst Reviews 201



Synergistic effect of chronic kidney disease, heuropathy, and retinopathycanss!
mortality in type 1 and type 2 diabetes: ay&ar longitudinastudy
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Declining Trends of Retinopathy and Nephropathy
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Microvascular disease: The Wrong Targets?

Target: An objective or result towards which efforts are directed.

Organs
Retinal Vasculature
Renal
Nerves
Cells
Endothelium
Macrophages
Molecules
Glucose
Receptors
Insulin Receptor
SGLT?2
GLP1R



The Microvasculature

A Endothelial Cells linelood vessels from the N
aorta tomicrovesselsandform a selective
blood-tissue barrier.

A Endothelium supports~60,000 miles of blood
vessels.

A Endothelium cover 3,000 to 6,000 square metres i
of the human body.

Altincludes at least 1 trillion endothelial cells

A Renal endothelial cells exhibit functions related
to filtration while brain endothelial cells maintain __,...
the bloodbrain-barrier as a vital mechanism of  ceis
protection against harmful agents.

A Abnormalities of endothelial cell function are
Involved in a variety of vascular disorders

Arteriole

Venule



Heterogeneity of Endothelial Cells

(b)

(c)

Continous capillary endothelium

Tight junction
Vascular lumen /
D e)® @
‘ Blood-brain barrier Lung : : Heart
Basement membrane * Regulated transcytosis * Blood-air barrier + Genes involvedin
* Tight juncton genes * Different capillary EC: fatty acid uptake
T et o « ABC efflux transporters LAerocytes”, .gCaps” &
"r:n ;:p‘: 5 Si\;'a + Organic anion transporters .Cardhigh*
Y * cAMP metabolism genes
Fenestrated capillary endothelium
Kidnoy
Fenestrae (pores) with Vascular lumen * Highly diverse EC
diaphragm \ * Ultrafiltration: glomeruli : ‘
* Solute exchange & resportion: :
peritubular capillaries (medulla) Choroid plexus _
« gREC: Ehd3, Cypdb1 & Tspan7 * Blood-CSF barrier
« cREC: Igfbp3 & Npr3 + ABC efflux
« mREC: lgf1 & Cd36 ransporters
Diffusion of fluid & small molecules MRGC: P * Plvap

Discontinous capillary endothelium

Vascular lumen
(o}

,‘@(_

&) Discontinous basement membrane

Large intercellular gaps

Free exchange of large & small molecules

Liver

« LSEC

* Most permeable EC barrier

* Gradual loss of CD31 & CD34
« CD4, CD32, ICAM-1 positive
+ Scavengerreceptors

Bone marrow

* Notch ligand Dil4

*« BMAEC: PDPN" , Sca-1°
*« BMSEC: PDPN’, Scal®m™

Hennigs JK et al Cells 2021; 10, 2712



Heterogeneity of Endot

(@)

Inflammatory endothelium

Vasodilation Cell adhesion
NOS molecules
< & cytokines .

Intracellular Ca®*

E(;:: ;:gs; . rolling & adherence

Inflammatory phenotype

Reperfusion

eNOS
Cytokines
Adhesion molecules Brain Heart
Neutrophil o * E-selectin + E-selectin
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Hypoxic endothelium Intracellular Ca®*
: Caspase
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Adhesion molecules
ROS upon reperfusion

Vasodilation

EC damage
Inflammatory phenotype
Leukocyte recruitment

Kidney
* Vasoconstriction (l)

Lung
« Vasoconstriction (!)

Tumor endothelium

Chaotic endothelial

Intercellular gaj p e
i Macrophage ©rganization

Re-arranged
basement membrane

Tumor cells

VEGF & VEGF receptors such as VEGF-A and VEGFR-2
Pro-inflammatory cytokines

CXC and CC chemokines
Adhesion molecules
Hypoxia-inducible factors (HIFs)
Matrix metalloproteinases (MMPs)

Highly diverse,
Intertumoral diversity occurs
within the same cancer entity

Chaotic vessel organization
Re-arrangement of the extracelluar matrix
JLeaky” vessels

Hypoxia

Angiogenesis

Inflammatory phenotype

Leukocyte recruitment

Tumo-associated macrophages (TAMs)

Hennigs JK et al Cells 2021; 10, 2712

helial Cell Responses




Neurological Complications of Diabetes Mellit

AVascular dementia,

A Stroke,

A Anxiety/ depression and

A Cognitive impairment

A DM can aggravate epilepsy

A Diabetic encephalopathigcreases the probability of cognitive
decline, acceleration of Alzheimer's disease and other forms
of dementia



The Blood Brain Barrier

Brain Blood-to-brain passage
of hormones across the
BBB allows the brain to
be an endocrine target

A

BBB

A —Receptor

The BBB secretes
substances into the
circulation that

affect other tissues

The BBBis a target for
circulating substances
secreted by other tissues

Blood-to-brain
passage of
substances across
the BBB allows the
brain to act as an
endocrine
secretory tissue

Paracrine
effects

Autocrine
effects

Blood



Effectsof Diabeten the Blood Brain Barrier

(A) Physiological Conditions (B) Prolonged Hyperglycemia

Capillary
Density

A Endothelial dysfunction
Vascular damage, neurodegeneratioi

Basement

A Astrocyte dysfuetion W) e
swollen end feet, detached |
membrane, increased permeability BB

A Pericyte dysfunction = i
micro aneurysmdiaemorrhage Degeneration
decreased capillary perfusion

BogushV, HeldtNA Persidsky J NeuroimmunharmacoR017 593601



Brain insulin S|gnalllng cascade

————————————————————————————————————

5, Brain cells with insulin
7 receptors
Astrocyte

Ansulin crosses the blogbrain barrier to bind to
Insulin receptors widely expressed throughout the : i
brain. ;

Arain insulin controls appetite, adipose tissue

lipolysis, hepatic triglyceride secretion and Neuron -8

branchedchain amino acid metabolism, protecting 'nsul I e

the organism from ectopic lipid accumulation and

lipotoxicity. IGF1 ﬂ ﬂ

Kovernutrition rapidly induces brain insulin gffﬁsﬁfﬁ’r: ,-5%

resistance before impaired peripheral insulin receptor p 5 \

signalling, implicating brain insulin resistance as a ¢ J P m(ie(lzjrrc‘):)gnl’ia or

key culprit of metabolic disease and diabetes. ; | (FOXO1)  astrocyte

Anterventions to improve brain insulin signalling JELS -

have therapeutic potential for metabolic disease, * Neurite outgrowth

diabetes and noralcoholic fatty liver disease; * :ngggﬁgllasmgiégulauon

augmenting brain insulin signalling might be LNNTNTN Y >+ NMDA, AMPA and GABA receptor

particularly beneficial in preventingotoxicity , Expression and loca ization
Nucleus ucose uptake (astrocytes)

with a low risk of hypoglycaemia.

Scherer T, Sakamoto K, Buettner C, Nature Rev Endo 2021:1973 4¢€



Physiological functions of brain insulin action.

Scherer T, Sakamoto K, Buettner C, Nature Rev Endo 2021:193 468



