Diabetes mellitus

Regulation of glucose metabolism
Insulin a ins. sensitivity vs. resistance

Classification of DM
PP of primary types of DM — T1DM and T2DM

Acute and chronic complications of DM




Definition of diabetes mellitus (DM)

* DM is a group of metabolic disorders characterized by hyperglycemia
resulting from a lack of insulin effect

e due to either defect in insulin secretion or insulin action

* chronic hyperglycemia leads to long-term cell, tissue & organ damage =
diabetic complications

e retina
 kidney
°* nerves
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Fasting vs. absorptive state

Fasting man
(24 hours basal-1800 cal)
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(b) Principal pathways of the absorptive state
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Regulation of glycemia

* humoral
e  principal
INSULIN MUSCLE, ®* insulin
FOOD —> ADIPOSE * glucagon
l TISSUE
glykogenolysis T e auxiliary
. ' * glucocorticoids
inzulin-dependent q i
ilisati * adrenalin
plasma utilisation
PRODUCTION (glycaemia o * growth hormone
of GLUCOSE —p| 3-6 mmol/l) non-inzulin-
by LIVER dependent utilisaton ®  neural
¢ * sympaticus
glukoneogeneze * hyperglycemia
- pyruvat CNS A
- laktat OTHER i
- aminokyseliny TISSUES ° parasympaticus
MUNI
MED



* What happens (in healthy man) after meal = insulin
orchestrates allocation and utilisation of nutrients

diabetic “triumvirate”




* What happens (in healthy man) after meal = insulin

orchestrates allocation and utilisation of nutrients

Carbohydrale

\ o

| Digestive
J enzymes

Pancreas ‘,l.:“’

.;‘

(;f:‘:'lrr“;«" " '\B-'Ocd Glucose
o
R
"

insylin

Adipose
lissue

Liver

liver

. stimulation of glycogen formation (up to~ 5% of liver weight)
i 0 hexokinase, phosphophructokinase, glycogensynthase
i 4 G-6-P-kinase

. inhibition of gluconeogenesis
| PEPCK

. fat formation
* 7T synthesis of FFA and VLDL

. proteosynthesis
i 7T transport of AA

. inhibition of ketogenesis

muscle

. translocation of GLUT4

. formation of glycogen

. proteosynthesis

i 7T transport of AA
adipose tissue

. translocation of GLUT4
i Glc — glycerol
. stimulation of adipogenesis

i 7T activity of LPL
i hydrolysis of VLDL and resynthesis of TAG
i d hormone-sensitive lipase

brain
. insulin participates in the control of appetite/satiety
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Diagnosis of DM

diabetes

classical symptoms + random plasma glycemia
>11.1 mmol/l (venous plasma)

* random = any time of the day

* symptoms include polyuria and polydipsia
FPG (fasting plasma glucose) >7.0 mmol/I
* fasting means at least 8 h from the last meal

2-h PG (postprandial glucose) >11.1 mmol/l during
oGTT

®* OoGTT: according to the WHO consists of FPG
examination followed by a standard load of 75g of

glucose (diluted in water) and examination of glycemia
in 60t and 120t minute

impaired glucose tolerance (IGT)

excluded <7.8 mmol/I
2-h PG >7.8 - <11.1 mmol/I during oGTT

impaired fasting glucose (IFG)

diabetes excluded by FPG <5.6 mmol/I
FPG >5.6 — <7 mmol/I

glycemia (mmol/L)

diabetes
IGT
IFG

= normal

170

11,1 11,1

60 min 120 min
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Importance of fasting plasma glucose measurement

glucose utilization g/h

an intensity of liver glucose

Exoaenous production is a very sensitive
A »marker” of insulin sensitivity
304
204
104 Glycogen
4 8 1216 2024 28 2 24 32 40
Hours Days

starving time
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Q1: The way glucose enters the cell??

Na* glukoza glukoza
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INSULIN SECRETION VS. INSULIN SENSITIVITY /
RESISTANCE
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Insulin — world diabetes day

e 14/11 (od 1991)

* birthday of the man
who co-discovered
insulin, Frederick
Banting

* Banting discovered
insulin in 1922
alongside Charles Best
under the directorship
of John McLeod and
with assistance of
James Collip

* The Nobel Prize in
Physiology or Medicine
1923 was awarded
jointly to Frederick
Grant Banting and John
James Rickard Macleod
"for the discovery of
insulin"




Insulin

*  exocytosis from B-cells of islets of Langerhans into portal circulation
. 50% degraded during first pass through liver :

. parallel cleavage of the C-peptide
*  total daily production in healthy subject ~20-40 U
. 1/2 basal (postabsortive) secretion i

®*  pulsatile (5 - 15 min intervals)

. 1/2 stimulated (postprandial)
* early phase (ready insulin)
*  Glc/Kypp-dependent
* |ate phase (synthesis de novo)
i other secretagogues
* stimulation of secretion
. <<<glucose
. <<amino acids
. <GIT hormones (incretins)

. FFA
* variable stimulation (length of chain & (un)saturation)!!

®* since insulin is acting also as peripheral “satiety” signal, reaching the satiety is
delayed after fatty meal
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Insulin synthesis

—
i
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PREPROINSULI

endoplasmic re‘ciculun&>

_ _ 00% o
microvesicls PROEJNS&}IL%NI (9'kDa)

O

Golgi apparatus

secretion granules

INSULIN + C-PEPTIDE

Da)

/

PROINSULIN

N\

pro-hormone-convertase 2 pro-hormone-convertase 3

N

carboxypeptidase
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INSULIN + C-PEPTIDE

= =
m e
O =



Langerhans islets - architecture

* The pancreatic islet blood flow is

@ Insulin |"| IR-A/-B
5-10 times higher than that of SIZEL ||
the exocrine pancreas, and can B ] e
be selectively enhanced e T

whenever the need for insulin
secretion is increased

* B-A-D flow hypothesis

 thatis why contra-regulation
insulin/glucagon works so well

u\ates breay
sum of glycogen dowh

s”"’“'ates formatio®
of glycogen

Stimulates

0 cols’le ggtake
. ' rom blo
[ ao Tissue Cells
—\ (muscle, kidney, fat) &
\1 Low

Lowers Sugar
Blood -
Sugar



C peptide C-peptide

o 71\

* mainly diagnostic use Egm - \cf T @

certain beneficial vascular effects (nitric eNos 1 B Nak-ATPase | Nel:rotropr}ic
OXIdE) actors

¢ Na‘-retention |
equimolar to insulin "2“"'“"""'7 &""““““s&
unlike insulin, C-peptide is not degraded --
from portal blood in liver

the systemic concentration reflects
endogenous insulin production

Improved nerve Amelioration of nerve

function structural abnormalities

Plasma insulin

Insulin || jver ,..._f" Insulin

/{ kinetics

Hepatic insulin

Secretion axtraction

Pan@ J: Plasma C-paptide
; kinetics I
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Coupling: glycemia — insulin secretion

n. W 0 o ATP-sensitive
glutc?(se o« * GLUT2 potassium
uptake *

. /-\—/-\ channel
' &

glycolysis,
respiration

D o TGN voltage-gated ¢
o insulin release » © calcium channel 5 |8

storage granules
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Hexokinase vs. glucokinase

100
Hexokinase
p-
By —
.250 Glu cokinase
-
S
L
0
0 5 10 15
Glucose, mmol/I

hexokinase (ubiquitously with exception of liver and
pancreatic b-cells)

e activity increases with increased glucose but activity is
inhibited by increased G6P

 levels of enzyme are constitutive
 only generates ATP when energy is required

glucokinase (hepatocytes and b-cells)

* isnot normally active because its Km is lower than normal
blood glucose levels

« eating food increases glu in blood, activates glucokinase
which converts glu to glycogen and fatty acids

e activity increases with increased glucose but is not
inhibited by increased glu6P0O4

 the levels of the protein are regulated by insulin
 rate of reaction is driven by substrate-glucose not by
demand for product-G6P

* allows all glu available to be converted to G6P and then if excess
present, it is converted to glycogen and from there to
triglycerides and fatty acids
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Insulin secretion

Basal

1st phase

Znd phase

S
S

High glucose levels

Insulin Secretion is Biphasic

0 -5 min

Time

Inzulln I
Releaze

/ Phase 1

Minltes

Phase 2 ""'

05

soblllzatlon
(zlow phase]

Docking and energlzing }Embmne fUslon

and hormaone release
(fast phase)

in Vivo not so obvious

1. phase - Glc/Karp-dependent
2. phase - other secretagogues
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NEFA and insulin secretion

®* NEFA can enter cells (incl. B-cells)

* directly by diffusion across the membrane (short-chain FA) — metabolism (oxidation)
— ATP .... insulin secretion

* viareceptor (GPR40) — see the figure

* however, long term exposure to NEFA, esp. long-chain saturated
(e.g. palmitate), suppress secretion of insulin and damages B-cells

Glucose /De;?‘

K* Ca?* K*
4 l I\
GLUT2 | K-ATP | vDCC Kv
‘ I v ~ -----
Glucose % cAMP GPR40
‘ -|- ‘7 FFA
Glycogsis ATP Ca2* P3
Krebs Cycle™ > app [Ca ],\ /
IP3R\
...‘ ER
LA
009%,
\ Insulin granules o

Insulin secretion
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Incretins — enteroinsular axis

®*  GIT hormones produced by endocrine cells of small intestine
stimulating insulin secretion even before elevation of blood glucose

. Ins-secretion after oral Glc >> afteri.v. Glc
* hypoglycemia —if the patient still conscious then better to give Glc per os

*  “forward” regulatory mechanism — anticipation of increase of Glc

* 2 major incretin hormones
. GIP (glucose-dependent insulinotropic peptide or gastric inhibitory
peptide)
. GLP-1 (glucagon-like peptide-1)
* treatment of T2DM [= delayed effect of Glc on Ins stimulation] by
incretin analogues

®*  GLP-1analogue - exenatide (GLP-receptor agonist)
* DPP-4inhibitors (dipeptyl peptidase 4 - proteolytic degradation of incretins) -

gliptins
. improvement of Glc-stimulated Ins secretion after meal
. supression of postprandial glucagon release
. delayed gastric emptying
. protection of B-cells from apoptosis

plasma insulin ——»

= pral glucose

= intravenous
glucose

time ——»
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Gila monster
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Effect of GLP-1 — anticipation of need to rise insulin

10-15% of secreted amount leaves liver

Liver

25% reaches liver

Jens Juul Holst Physiol Rev 2007;87:1409-1439 Physiological Reviews

©2007 by American Physiological Society
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Incretins have systemic effects too

Increasing plasma GLP-1 concentrations

GLP-1_during
GLP-1 receptor
agonist treatment

GLP-1 during
DPP-4 inhibitor
treatment

Reduced food intake

Delays gastric emptying

Stimulation of insulin secretion
Inhibition of glucagon secretion
Increased B-cell mass?

A 4

Reduced plasma glucose
Reduced insulin dose
Weight loss
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INSULIN SIGNALLING
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Insulin receptor

Insulin/IGF-1

Glucose
receptors

PTEN | @ (i =

SH'PZ\;W P~ RS-l P ) _Ras
PI3IK g —
i | e Y,
-« Akt aPKC é&'—"w Gabil P v
ARV VN MAP Kinase
p70" PP1 GSK3 \ : Y
N ¥ < Cell growth Gereral gene

) Differentiaticn expressn
Glucose metabolism P

Glycogenlipd/protein synthesis
Specific gene expression
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Glucose ——»

ATP-Sensitive

Depolarization <
()]

O

Voltage-Dependent
Ca?* Channel

Beta Cell

Glucose Transporter

(GLUT2)

./
=9
)

Glucose
Glycolysis

ATP

r—t

0 ¢
CaZO 8 OO O
) 96/3

Insulin-Containing

\ ranules /

Insulin
Receptor

Peripheral Tissue (Muscle)

1e%°

Insulin

of Glucose
Crk Transporter
Cbl o (GLUT4)
Phosphorylation B A
/ G
/® Regulation of
)—@ Glucose, Lipid and
\@ Protein Metabolism
\ A
Phosphorylation 3
\ ~CHDF
RS (L0 Gene Expression
) and Cell Growth
Famiy\|| | eb2,sHP2
)ND) 4

Transbcatio$

<> Glucose

""" =

Insulin receptor made simple

insulin receptor is a tyrosinkinase type (2 oo and
2 3 subunits) receptor

signal transduction consists of series of
phosphorylation events

. intracellular proteins, other kinases and finaly
enzymes

o i.e. their activation or inhibition

i activation of anabolic pathways (i.e. glycegenogenesis,
lipogenesis)

i inhibition of catabolic pathways (e.g. lipolysis,
glycogenolysis) and gluconeogenesis

two main effects happen in insulin-dependent
tissues
. (1) T glucose uptake

®* by translocation of GLUT4 in sceleatl muscle and adipose
tissue

. (2) metabolic: IRS — PI-3-K — PDK — PKB (=Akt)
* > GSK(glycogen-synthase-kinase) — T glycogen
synthesis
®* — cAMP phosphodiesterase — inhibition of lipolysis

o igluconeogenesis
ubiquitously (3) T gen. expression (mitogenic
effect)
*  MAPK — transcription factors MUNI
MED



Classification of tissues according to insulin action:

* insulin-dependent

skeletal and heart muscle
adipose tissue

* in both glucose uptake facilitated by GLUT4,

which becomes integrated into cell
membrane after insulin receptor activation

o
glucose COp

Co © 1
C o3

o glucose
transporter-4 E( insulin
() receptor

\
~~~~~~

¥
glycogen ‘4A Q o0 / \\~_~
\-' ,\ /ﬂy acids

pyruvate

liver
* metabolic actions

insulin-independent
all others

glucose uptake is realized by facilitated
diffusion by GLUT], 2, 3, 5, ...
permanently localized in the cell
membrane

transport of glucose depends solely on
®* concentration gradient
* type and density of GLUTs

NOTE skeletal and heart muscle,

adipose and liver also express insulin-
independent GLUTs
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Insulin Sensitivity — a hyperbolic relation between i. secretion and sensitivity

Insulin secretion
(pmol per min)

1

000
Sedentary
Normal Glucose
- C‘ I B Tolerance
/ Prediabetes Active
D
® Type 2 Diabetes A
0 T
0 50

Insulin sensitivity
M value (umol/min per kg)

1
100

Insulin sensitivity refers to the body’s ability

to dispose of glucose

e  x-axis represents the amount of glucose
cleared at a given insulin dose

A variety of evidence has shown that active

individuals clear greater glucose with lower

insulin secretion than sedentary individuals

 that s, active individuals are more insulin
sensitive

* becoming inactive and or obese makes you
insulin resistant
As sedentary individuals become
progressively more insulin resistant,
pancreatic beta cells hypertrophy and
eventually become unable to secrete
sufficient insulin to clear glucose from the
blood after a meal

This end state is referred to as glucose
intolerance
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Insulin sensitivity assessment

* insulin sensitivity (= given effect of dose of
insulin on individual‘s glycaemia) is a continuous
trait

e distinct interindividual variability

®* it can be assessed by:
. hyperinsulinemic euglycemic clamp
. calculated indexes (based on relationship between
glycaemia and insulin during fasting or oGTT)
* e.g. HOMA, QUICKI, ...
* insulin sensitivity changes (= insulin resistance)
in many situations
* physiologically in pregnancy
* pathologically in obesity, inflammation etc.
* should increasing insulin resistance always lead
to compensatory increase of insulin secretion
than glycaemia would stay stable

. however capacity to compensatory increase
secretion of insulin by beta-cells is apparently
limited

Frequent blood sampling =

Adjust glucose infusion rate to { \
“clamp” blood glucose levels .

Glucose

Analyzer “Steady State”

Glucose Infusion Rate
=Net Glucose Utilization

Hepatic Glucose
Production

— Plasma GluCOSe | m—— I(CF ‘\\ \
£ > W
/ |

t

Glucose Disposal

- ————————————————— -

Plasma Insulin

Constant Insulin Infusion ]

—
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CLASSIFICATION OF DM, T1IDM A T2DM
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Pathophysiology of diabetes mellitus

* heterogeneous syndrome characterized by hyperglycemia due to deficiency
of insulin action as a result of

* absolute insulin deficiency
* destruction of the B-cells of the islets of Langerhans

* relative deficiency of insulin secretion and/or action

* insulin resistance in peripheral tissues + secondary failure of B-cells of the islets of Langerhans

* post-receptor defect

* prevalence of DM in general population 5%, over the age of 65 already 25%
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Prevalence (%) of diabetes (population 20-79 years)

2010 - 4.3 bil. (from a total of 7 bil.) 2030 - 5.6 bil. (from a total of 8.5 bil.) 30%
285 mil. diabetics 438 mil. diabetics 54%
0.75 mil. diabetics in Czech rep. 1.2 mil. diabetics in Czech Rep. 60%

MAP 2.1 Prevalence* (%) estimates of diabetes (20-79 years), 2010

Prevalence* (%) estimates of diabetes (20-79 years), 2030

[IDF Diabetes Atlas, 4t ed. ©International Diabetes Federation, 2009 ]
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Classification of DM

* Diabetes mellitus type 1 (T1DM) ~5%
* Diabetes mellitus type 2 (T2DM) ~90%
* Gestational diabetes mellitus (GDM) ~10 - 15% of pregnant women
* Monogenic DM ~2%
. neonatal
. MODY (1 - 6)
* Secondary

. diseases of exocrine pancreas
* chron. pancreatitis, tumor, cystic fibrosis, hemochromatosis

. endocrine disorders (insulin contra regulation)

. Cushing syndrome, acromegaly, pheochromocytoma, hyperthyreosis
°* Druginduced (iatrogenic) DM

. glucocorticoids and others
* Other forms (syndromic)

. mutation of mitochondrial DNA

. genetic defects leading to insulin resistance (type A insulin resistance, leprechaunismus, Rabson-Mendenhal
syndrome, lipoatrophic DM)

. other genetic syndromes associated with DM (m. Down, Klinefelter, Turner)
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Classification of DM

1. Diabetes mellitus type 1 (T1DM) ~59%

2. Diabetes mellitus type 2 (T2DM) ~90%

3. Other specific types:

a. genetic defects of B-cell
- monogenic DM (MODY1 - 6)
- mutation of mitochondrial DNA
b. genetic defects leading to insulin resistance

- type A insulin resistance, leprechaunismus, Rabson-
Mendenhal syndrome, lipoatrophic DM

c. diseases of exocrine pancreas
- pancreatitis, tumor, cystic fibrosis, hemochromatosis
d. endokrinopathies

- Cushing syndrome, acromegaly, pheochromocytoma,
hyperthyreosis

e. iatrogenic DM (i.e. drugs and toxins)
f. other genetic syndromes associated with DM
- Down, Klinefelter, Turner syndromes, ...

4. Gestational diabetes mellitus
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T2DM



From insulin resistance to T2DM

insulin sensitivity changes (= insulin
resistance) in many situations

* physiologically in pregnancy

* pathologically in obesity, inflammation etc.
should increasing insulin resistance always
lead to compensatory increase of insulin
secretion than glycaemia would stay stable

* however capacity to compensatory increase
secretion of insulin by beta-cells is apparently
limited

main pathophysiologic feature of T2DM is an

imbalance between insulin secretion and its

effect

* in the time of clinical manifestation there are both
insulin resistance and impairment of insulin
secretion

what is “chicken” and what is “egg”??
* see later T2DM genetics

[3-cell function

Insulin resistance with
[-cell compensation

Insulin resistance without
[-cell compensation

T2DM IGT

NGT

Insulin sensitivity
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What determines insulin resistance and/or

insulin secretion?

®* insulin resistance

 genetic predisposition (polygenic) — thrifty
genotype/phenotype
e acquired factors
* diet — high fat/low fiber
*  competition of Gls with NEFA!!!

* obesity — 90% T2DM are obese
e effect of adipokines from adipose tissue (visceral!)
* low-grade inflammation
* lipid spillover — competition with Glc
* several other mechaisms
* physical inactivity - d mobilization of GLUT4
* down-regulation of ins. receptor due to
hyperinsulinemia

* impairment of insulin secretion

* inherited factors - genetics

* fewer B-cells (~20-40%)

* defect of 1. phase of Ins secretion (~80% reduction)
e acquired factors

* —gluco- and lipotoxicity for B-cells

> Tissue Lipid
Accumulation
Mitochondrial
—»Stress response
Dietary Dysfunction o
Excess Inactivity I W, o
e :
e Insulin
l l l Resistance
Diabetes Risk
Changes in Gene & Protein
Function

T ! !

Genetics Epigenetic Gut

Changes Microbiome / \
Glucose I B-cell growth
Sensing & survival
Incretins
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Metabolic syndrome — a unifying effect of obesity

nawre,, .
r— medicine
anti-inflammalory]

Impaired vascularization:
s : el
o Hypoxic conditions

d inflammati
M1 macrophages *
Mast cells*
Tregsy
Beelis4
CLS (crown-like structures)

) B cells

|\
\

|27

response: 4
Reduced glucose uptake
Enhanced FFA release

f

High levels of
pro-inflammatory

cytokines
(TNFa, IL-6, MCP-1)
Adipokines:
Adigonecﬁnv
™~ Loptin*, Resistin®
|Rbpd4, SirpSy. Adipsiny)

[ insuin B cell dystunceon
2 and

f\ " " r\ n-x
L phropathy inopathy pathy skin ulcers
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Genetics of T2DM

Grouped T2DM susceptibility loci

Group 1
* ABO
* ADCYS5
* GCK
* HNF1A

Group 2

* ADAMTS9

* ANK1

*» C2CD4A-B
* CCND2

* CDKAL1

* CDKN2A-B
* CENTD2

* DGKB

* GLIS3

* GPSM1

* HHEX-IDE

* MTNR1B
* SLC30A8
*» TCF7L2

*« TMEM258

Genome-wide association studies (GWAS) have identified over 400 genetic
signals that are associated with altered risk of T2DM. Human physiology and

* HMG20A
* IGF2BP2
* JAZ1

* KCNJ11
* KCNQ1

* KLHDCS
* PROX1

* THADA
« /BED3

* ZHX3

Group 3
* BCAR1
* BCL11A
* CDC123/CAMK1D
« CENPW
* CEP68

* FAM63A
* GIPR

* GIPR

* HMCAZ2
* HNF1A
* HNF1A
* HNF1B
* HNF4A

* HORMAD?2
* MHC

* MLX

* MPHOSPH9
* MRAS

* MTMR3

* PAM

* PAX4

* PIM3

* PLEKHA1

* PNPLA3

* PRC1

* PTPN9

* RREB1

* SPRY2

* TLE1

* TMEM154
* TPCN2
* TSPANS
* TTLL6

* WFS1

* WSCD2
« IMIZ1

« ZZEF1

epigenomic data support a central role for the pancreatic islet in the

pathogenesis of T2DM
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Genetics of T2DM - a spectrum of impairments

Predominantly insulin deficient monogenic T2DM
Mutations in HNF-la, HNF-4a, HNF-1§, IPF, NEUROD-1,
mitochondrial DNA, insulin genes

T AT A TS TR
R .‘:h{:"

Predominantly insulin resistant monogenic T2DM
Mutations in insulin receptor, PPARY, AKT-2 genes
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Natural history of T2DM - time course

350 1
~ 300 - : Post-meal glucose
ﬁ ® _-ll = s
S, 750 - Obesity inactivity |
£ genetics I
g 200~ Fasting glucose
S 150
=
w 100 - [

]

50 i

250 '
c . .
.% 200 > ] Insulin resistance
E 150
2 100- ‘ T
k= | Pre-diabetes (IFG, IGT) ' Diabetes
2 97 metabolic syndrome : diagnosis Insulin response

0 | | L | | I | |
-15 =10 -5 0 5 10 15 20 25 30
Onset
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Natural history of T2DM — disease mechanisms

relative
hypoinsulinemia
@ d ‘glucosa
“l"’”ﬁ;: toxicity”
Increase of of Insulin j
insulin (NEFA,
_ > resistance, resistin, '
DM event, THF-a, ...
\ defect of ) ‘
PGT secretion . =
h}rpt_ﬂ'inaulinemiﬂ
_ _,r*""'";
= {:} : g":' pr ™ secandaryry failee of B-oolis
Eg “ (apoplosis?, dapasition of amyloid?, glucoss txicy 7
—E B-cell

progression (years)
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@ Insulin- and “sport”-dependent translocation of GLUT4

* 2intracellular “pools” of GLUT4

* insulin-dependent (see cascade of Ins-receptor)
 CaZ*/NO/AMPK?-dependent
* this mechanism is responsible for improvement of insulin sensitivity in physically active subjects

==

m &

o=



(®Secondary failure of B cells

* hyperglycemia induces:

oxidative stress
endoplasmic reticulum (ER) stress

* high concentration of NEFA causes
lipotoxicity

short term increase of NEFA stimulates
secretion of insulin

long term exposure to NEFA, esp. long-chain
saturated (e.g. palmitate), suppress secretion
of insulin and damages B-cells

e 7T ceramide — apoptosis

Gluconeogenesis

Obese or diabetic patient

OH

"°u6ﬁ¢

r@-wg: \roim j@

, Glucose
production

Establishment of a vicious circle

B cell apoptosis

Insulin
secretion
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ER stress & Unfolded protein response

* The unfolded protein response (UPR) is
activated in response to an
accumulation of unfolded or misfolded

Golgi
proteins in the lumen of ER Sytopiesn
 incl.insulinin B-cells .l e B W WY
* UPR has two primary aims: \ far
* initially to restore normal function of the i < accumu(.aﬁo,, -
cell by halting protein translation and sl "jjff°"? oty
activate the signaling pathways that lead to YR g &4 a4,
increasing the production of molecular ER stress
chaperones involved in protein folding -
e |
 if these objectives are not achieved ’}* /]\ o) Apoptosis
within a certain time lapse or the (1)3,59;?322?3“9 i, @us
disruption is prolonged, the UPR aims to L
apoptosis
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Overt T2DM

defect of postprandial glucose utilisation defect of gluconeogenesis suppression = fasting hyperglycemia
(defect of GLUT4 translocation) defect of suppression of VLDL formation = dyslipidemia

defect of lipolysis suppression
= overproduction of NEFA

MEFA interferes ' NEFA interferes
with glucose utilization S with glucose utilization

* manifest T2DM is characterized by (variable degree of):

 fasting hyperglycemia (due to gluconeogenesis)
* insulin resistance in liver
. postprandial hyperglycemia (due to decreased peripheral glucose uptake
* insulin resistance in muscle and adipose tissue
. mixed dyslipidemia
®* increased plasma NEFA (due to unsuppressed lipolysis)
° insulin resistance in adipose tissue

* pro-atherogenic dyslipidemia (due to stimulated VLDL production in liver)
° substrate effect
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Gestational diabetes mellitus (GDM)

* GDM develops during pregnancy (gestation) and it is one of the most common
health problems of pregnancy
. up to 10% of expectant mothers

* GDMis a serious problem because high blood sugar affect both mother and
offspring
. GDM pathophysiology

hormonal changes in physiological pregnancy (i.e. placental hormones) cause mild insulin
resistance

i this is beneficial for the foetus and baby since glucose is the nutrient and insulin a growth hormone
i placenta is ready and glucose-screening test is thus performed typically between 24 and 28 weeks

. this requires additional insulin and normal pancreas can keep up with increased demands

. if not, blood glucose levels rise too high, resulting in GDM
° risk factors: age, overweight/obesity, susceptibility genes for T2DM, diet

* maternal hyperglycaemia stimulates baby’s pancreas to produce more insulin to
process the extra glucose

. as a result baby can put on extra weight (macrosomia) with subsequent complications during
the birth (shoulder dystocia, fractured bone or nerve damage)

i hence the recommendation for early caesarean section
. additionally, foetal hyperinsulinemia increases the risk of post-delivery hypoglycaemia
. babies who have excessive fat stores as a result of high maternal sugar levels during pregnancy
often continue to be overweight in childhood and adulthood (foetal programming)
. blood sugar usually returns to normal soon after delivery, however, GDM increases
the risk for getting it again during the future pregnancy and for developing diabetes
(T2DM) later in life (up to 50% post-GDM subjects!!!)

Placenta

Oversized fetus
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Other than type 1 and 2 forms of DM

° LADA (Latent Autoimmune Diabetes in Adults ) = slow-onset TLDM

. diagnosis in > 30yrs of age, clinically similar to T2DM (slow onset)
. initially on diet and pills, no ketoacidosis

. later insulin dependent (during months — 1 year)

. positive antibodies (= autoimmunity), low or no C-peptide

. negative family history of T2DM
. MODY (Maturity-onset diabetes of the young) — cca 5% T2DM

. monogenic diabetes with familiar clustering and well defined (Mendelian) inheritance (usually AD), early manifestation (childhood or adolescence)
and without obesity

. 6 types (MODY1-6)

. pathophysiology: genetically conditioned dysfunction of B-cells but long-term measurable C-peptide without the signs of autoimmunity
. MODY due to glucokinase mutations (MODY?2)
i glucokinase = “glucose sensor” (impaired insulin secretion)
° milder form without the complication risk
. MODY due to transcription factor mutations (other 5 types)
i severe defects of B-cells progressively leading to diabetes with complications
o impairment of glucose-stimulated insulin secretion and proliferation and differentiation of 3-cells
MODY |lokus | gen produkt prim. defekt zavaz |
HNF4A hepatocyte nuclear factor-4a | pankreas vysoka Casté
GCK glukokinaza pancreas/jatra mirna vzacne
TCF1 (HNF1A) | hepatocyte nuclear factor-1o | pancreas/ledviny | vysoka Casté
‘ L IPF1 insulin promoter factor-1 pancreas vysoka ?
5 17q | TCF2 (HNF4B) | hepatocyte nuclear factor-18 | pancreas/ledviny | vysoka renalni
6 2g32 | NEUROD1 NEUROD1 pankreas vysoka ?
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T1DM (formerly IDDM)

selective autoimmune destruction of 3 cells of lofL
in genetically predisposed individuals

genetic susceptibility
. chromosome 6 — MHC class Il
* DR3-DQ2 and DR4-DQ8
. chromosome 11 - insulin gene
*  promotor polymorphism (variable length)

. in both cases genetic background leads to
insufficient deletion of autoreactive T-lymphocytes
in thymus and therefore suboptimal central
immune (auto)tolerance

cytotoxic autoimmunity mediated by T-
lymphocytes
. there are also antibodies against 3 cell structures

(ICA, GAD, IAA), but they are rather markers of
autoimmunity than causal agents

common association of TIDM with other
autoimmune diseases

. celiac disease

. thyreopathy,

. Addison syndrome

B cells are not required
for type 1 diabetes

Effector T cells are resistant
to suppression by Te,, cells
in type 1diabetes

M
KJ(' Jkutoantibody

Autoantibodies
mark type 1 diabetes
but are not pathogenic

p-cell

p-cells are actively
involved in their
own demise

Treg cells are less
suppressive in
type 1 diabetes

CTLs kill

/ | Impaired maturation

of APCs in type ]
diabetes
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T1DM

* autoimmunity has to be triggered by
various factors

. infection

® viruses

®* rubella, measles, coxsackie B, CMV,
EBV, enteroviruses, retro-viruses

®* mechanism is unclear

*  cytolytic (® sequestration of
antigens

* formation of neoantigens
*  molecular mimicry or superantigens
. environmental factors (according to
the epidemiologic evidence)

* diet — early exposition proteins of
cow’s milk
o bovine insulin

® vitamin D — reason for northern-
southern geographical gradient?

* toxins (diet, water, bacteria)
* gluten???
*  manifestation typically in childhood

* absolute dependence on exogenous
supplementation by insulin

mass of B-cells (%)

-
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o

INITIATING
FACTOR

v

Natural history of TIDM

o o
1 1

genetic disposition
(HIA DR3/DQ2,
HLA DR4/DQ8}

NORMOGLYCEMIA

autoantibodies (GADA,
ICA, lAA)

progresive impairement

. . of insulin production
insulitis

defective early

phase of insulin
secretion

NORMOGLYCEMIA

absence of C-peptid

time ( months to years)
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a Early twentieth century

Number of cases

b Early twenty-first century
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0 50 100 0 50 100
Degree of genetic or environmental Degree of genetic or environmental
contribution to TIDM (%) contribution to TIDM (%)

I Genetic factors

I Environmental factors
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Insulin treatment historically

Connaught Antitoxin Laboratories
University of Toronto

INSULIN

4 C.C. ™

(v INTAINER)
ViAL €L L%

Date of Packing

2 tuny prasecich slinivek = cca 100g inzulinu
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Insulin treatment nowadays (analogues)

Human Insulin
MW 5808

Humalog
(insulin lispro)

Rychle plsobici (bolusows) inzuling
PROFL UL MEL

_; Insulin B Chain 6.
] “Boeerooooce®”
8
= |
- Insulin glargine
i (Lantus®)
g Avg MW 6063 Insulin aspart
ﬁ (Novalog®)
G713 34 %878 WGV RITFE BDNDH Avg MW 5826
— Anaing nzuling e Hymdnni iraalin doba pascbeni
w hodindch
Duéle plisobid (hazaind inzuliry
PROFL ML
[
= Insulin detemir
| (Levemir’) Insulin glulisine
: Avg MW 5917 (Apidra®)
% Avg MW 5823
3
H —"".-'-.:.-F.—.-_—-.——_ L O B e~ _—-_'-‘-l—-..____.__ 3 &
17 2 5 a3 & F & % WO B MBI NN SR Aspart" llspro, glullsme
m— AnaT0g n2uling o Hum&nni inzalin doba plschoni
v hiodinkch Regular
o NPH
@
3 .
= Detemir
E ]
g Glargine
m
E
0
0
o \
| B N B B | T T il o 0 T 1 1 1
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Insulin treatment nowadays (analogues)

Breakfast Lunch Dinner

Plasma
Insulin
Glargine
or
Detemir
4:00

‘ denotes time of insulin injection




Main characteristics — comparison - of TADM and T2DM

=
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TiDM

T2DM

onset

childhood

adults

genetic disposition

yes (oligogenic)

yes (polygenic)

clinical manifestation

often acute

mild or none

autoimmunity yes No
insulin resistance no yes
dependence on insulin | yes No
obesity no yes
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Acute manifestation and long-term
consequences (complications) of diabetes
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Q2: Effect of rising plasma glucose ???

OSMOLARITA = 2 Na* + urea + glukoéza
275-295=2x140+ 2.5+ 5

> 300 =2x140 + 2.5 + 35
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Clinical presentation of DM

due to the mild increase of blood®
osmolarity, osmotic diuresis and

dehydratation

classical

polyuria, thirst, polydipsia
tiredness
temporary impairment of vision

others

recurrent infections
perio-/parodontitis

extreme hyperglycemia (>40 mmol/I,
osmolarity >350 mosmol/I)

ketoacidosis/coma

e Tketone bodies, metabolic acidosis an d
hyperglycemia

non-ketoticidotic hyperglycemic coma

* hyperglycemia, dehydration and pre-renal
uremia

lactic acidosis/coma

* either complication of therapy (biguanides /
type of peroral antidiabetics)

* associated with hypoxic states (sepsis, shock,
heart failure, ...)
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Diabetic ketoacidosis

* Excessive thirst

®* Frequent urination

* Nausea and vomiting
* Abdominal pain

* Weakness or fatigue
* Shortness of breath

* Fruity-scented breath
* Confusion

Aminoacid s ¢¢ v
§ & Glycerol o)

Gluconeogenesis
Ketogenesis

Increased ketone and
glucose production

Insulin action in adipocytes
and ketogenesis in liver

Glucose
Triacylglycerol

|wpoprotem lipse

Glycerol - FFA

Insulin

Clucagon

"‘””‘“””’) Insulin

v s + GV 0
Fatty acids Glycerol
Ketone bodies I
(B-OH butyrate+ Acetoacetate)
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Late complications of DM

®* microvascular
 diabetic retinopathy

 diabetic nephropathy

* diabetic kidney disease (DKD)
 diabetic neuropathy

® sensoric

®*  motoric

®* autonomous

macrovascular

 accelerated atherosclerosis (CAD, peripheral
and cerebrovascular vascular disease)

combined

e diabetic foot (ulcerations, amputations and
Charcot’s joint)

others

 periodontitis

e cataract

 glaucoma
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Chronic hyperglycemia

hyperglykemie - nalaéno + postprandialni

diabetes

glykemie (mmol/l)

snidané obéd velefe

— — —[—11 mmol/l-

6.1 mmol/l-
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Pathogenesis of complications

glutathione reductase.

NADFH NADP NAD* NADH POLYOL PATHWAY
glucose aldosa reductase * sorbitol sorbitol u'_ahydmganass.' fructose
glucoie—E—P HEXOSAMINE PATHWAY

fructose-6-P ——zz+* glucosamine-6-P — UDP-GIcNAC-—--- :

ACTIVATION OF PROTEIN KINASE C
DHAP — glycerol-P —» DAG —» PKC—,—»I::

|

|

glyceraldehyde-3-P—_, methylglyoxal :
EAPDHi Schiff > AGEs |

pyruvate e T fructosamine |
GAPDH r____l
(m (1) extracellular protein cross-linking
02*

(2) modification of intracelllar proteins
NF-kB / IkB (ubiguitin / proteasome)
CIkB (3) binding to receptors & activation
of signaling pathways

NAD(P)H oxidase

eM0s

lactate

C

NADH

ONA damage
PARP-1 |
I

NAD* NF-kB

RAGE, TNF-a, LTA, erothelin-
... other genes

D } Sp1 (TGF-b, PAI-1, ...)
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Advanced glycation end products (AGEs)

Amadoriho

+RH HE . i t I|:|'£-I|
. « Schiffova prestav ,
glukéza 2 baze - =~ fruktosamin

\ l"'R”Hz /

+RNH, +RNH,

meziprodukty . ‘ AGEs i < peroxidace
glykolyzy lipidd

Bis(lysyl)Yimidazolium crosslinks /(CHOH);CH;OH i C rO S S_ | i n ki n g Of

| | | ocn | [ mc | .

bo e g0 =m0 o Tam o extracellular proteins
Hg—(CH,),—NQ/N—«:ﬂ,),,—(l:H ? (CHz)rN\\/N {C z)¢—| ¢ (CH)— 3 ( ﬂrl

U e T e T e * modification of

Hydrdmidazol ones HO i {(CHOH . .
[ o LT intracellular proteins and
H(:?-(cnl),-nn-«N H HE;(CH;)J-—NH-(N H H%_(Cﬂﬂ ’_NH-‘(NIH D NA

! G-H ’ ! MGH ! IDG-H ’ . L.
Mondysyl adduce I . I, = *  ubiquitin/proteasom
H(i2 CHy)~NHCH;CO; HI?_(CH‘)‘_NHC’:'C%. “‘:?_{CH”‘_N — . .

L wn : W * binding to pattern-

i rraline o T3

e 1) NeCarborybyline (L) P recognition receptors and
b T T activation of signaling
ue—cupsni—¢ [ H?(‘i CHy)=NH "= OH  HC—(CHysNH ) H

11:}[ " ?C[‘Izﬂ_éz %H(‘ | -<\N /CH1 im h .{lzo C:’ pathways

NH
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Maillard reaction in food — AGEs in diet

* AGEs are similar to products of Maillard reaction (MRP) formed
during thermal processing of food

. sugar + protein
* Louis Camille Maillard (1878 - 1936)

e  original description of reactions during cooking (“browning”) leading
to formation of MRPs (=AGEs)

*MRP influence taste and visual characteristics, smell, shelve life
. biologic properties of MRP
*positive — antioxidants
*melanoidins, polyphenols
*negative — carcinogens
*acrylamid
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Kinetics of AGEs in organism

intracelularni kompartment extracelularni kompartment

exkrece / degradace

ECM modifikované AGEs

1
]
1
1
I
|
1
1
1
1
I -
: proteolyza
1
I
1
]
1
I
I
1
1
]

enzymy (tubuldrni resorpce?)

]
]
|
1
1
1
1
|
1
1
|
]
1
1
i
[ GLYKEMIE :
substraty pro LIPIDEMIE i
intraceluldarni tvorbu AGEs ;
- ==Vazba na AGE-_ _ _ 1 i hepataini metabolismus ???
* receptory i
: | !
: | :
i ' i rendlini clearance AGEs
: - .y F :
| cirkulujici __|
1 1
i 1 rr i
: pool” AGEs
a a
/ lysosomalini a i
/ proteasomalni -
/ degradace, i
/ uvolnéni !
/ volnych LMW- '
bunécna obrana AGEs i I
antioxidaénimi a !
deglykacnimi ; glomerularni filtrace /
1
i
|
]
|
1
1
|
]
]
1
1

AGEs v mocdi
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