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Diabetes Mellitus
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Introduction

Map 1 Number of people with diabetes worldwide and per IDF Region in 2021-2045 (20—79 years)

Diabetes Mellitus

> 500 M people worldwide (aged 20-79), about o _________|
. 783 million % EXH 63 million - 69 million i EZA 260 miliion &
10% Of the World popu |at|on 643 million ? I‘"l:af: EZ 57 million ? :ﬂl:!f: EZ8 67 mittion ¢ :"?Mi“e EZ1 38 miliion ¢ :Ze:‘:
EZ3 557 mition ° 51 million L EZA 61 million . B 206 million .

Increased to >750 M by 2045 (46%)

Undiagnosed Diabetes mellitus

World Bank income | Proportion Number of people

classification undiagnosed (%) | with undiagnosed
diabetes (million)

High-income 28.8 29.9
countries

Middle-income 48.4 200.4
countries

Low-income 50.5 9.5
countries

Limited acces to education and healthcare

mild to no symptoms in T2DM

e ot s o T
(o) 49 million 55 million 136 million 152 million
% are undiagn Em T . T . T i T g
40 million 50% EZ3 33 million 134% EZT o5 million 87% EZ3 113 million 68%
= increase o increase o increase i increase
32 million ° EZZ 24 million ° 73 million ° 90 million °

90% live in low and middle income countries

4| IDF Diabetes Atlas, 2021



Introduction

Mortality

Approx. 7M died in 2021 due to
diabetes and it‘s complications

Proportion of total deaths related to diabetes among people under 60

M 3%
M 3<6%

W 6<9%

B 9<12%

M 12%

| no estimates made

51
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Introduction

Gloabal Impact

Expenses in 2021 $966 B Expenses by 2045 $ 1 y 0 50 B Expenses for Insulin $34. 8 B

Total diabetes-related health expenditure (USD) for adults (20-79 years) with diabetes, 2021

. #,. sw . '9“» e Country or territory Diabetes-related
.,{;& 9 ’3‘. = A ’ oS - health expenditure
oty 3 (USD) per person with

o N Vi

diabetes (20-79 years)

» 8 % 1 Switzerland 12,828
2 United States of 11,779
America

3 Norway 11,166
4 Iceland 8,401
5 Luxembourg 8,193
6 Denmark 7,844
7 Ireland 7,843

™ <10 million 8 Sweden 7’675

[ 10-¢50 million

M 50<200 million 9 Germany 6,661

[ 200 million1 billion "

= :;E%ill)lligl:n f 10 Austria 6,575

no estimates made

6 | IDF Diabetes Atlas, 2021



Pathogenesis

Pancreas and pancreatic hormones

Exocrine - digestive enzymes

Endocrine - Langerhans Islets
Insulin (lowers blood nutrient levels)
Glucagon (promotes glucose synthesis/release)

Delta cell (secretes
somatostatin)

Alpha cell
(secretes glucagon)
Capillary Beta cell

secretes insulin
F cell (secretes ( )

pancreatic polypeptide)

Raises

blood sugar ] High blood sugar

Promotes
insulin release

Stimulates glycogen
breakdown

Glucagon \

Stimulates Insulin /

glycogen formation
/Stimulates glucose
uptake from food
Tissue cells

Lowers
blood sugar

Promotes
glucagon release

~e========q | ow blood sugar
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Pathogenesis

Diabetes mellitus

Chronic condition with a misfunctional insulin secretion or consumption

: . A.
Type-1 Diabetes mellitus (T1DM) ‘
Juvenile | Semetics o ©
o ®
. 2 O ®ee
Insulin-dependent ] — °
‘© |Infections i‘}
- Dietary factors Autoimmune Stress-induced
Type-2 Diabetes mellitus (T2DM) destruction of f-cells apoptosis of f-cells
Age-related
Onset T1< puberty >> >> OnsetT2 > 20 yrs. >
Gestational Diabetes (GDM) 5 Lifetime
o Insulin® Insulin ¥
g Lifestyle factors ey P |
@
i _—
©
T Genetics PRIV | = e
B Age @ Growing " ,/, N N -cel
insulin resistance |/ o \ »e ‘x'-)‘ exhaustion

8| Rogal et al, ADDR, 2020



Diagnosis

Symptoms

thirst, hyperurination, weight loss, fatigue,
hunger, blurred vision

Clinical parameters for hyperglycemia

Short term
Blood glucose concentration

Long term
HbAlc — glycosylated hemoglobin
8-12 weeks

Test

4

Fasting plasma glucose

O

Two-hour plasma glucose
after 75g oral glucose load (oral
glucose tolerance test (OGTT))

HbA1c

0

Random plasma glucose
in the presence of symptoms
of hyperglycaemia

Diabetes
Should be diagnosed if ONE OR

MORE of the following criteria
are met

>7.0

mmol/L

(126 mg/dL)

Impaired Glucose
Tolerance (IGT)
Should be diagnosed if BOTH of
the following criteria are met

<7.0

mmol/L

(126 mg/dL)

and

Impaired Fasting
Glucose (IFG)
Should be diagnosed if THE FIRST
OR BOTH of the following are met

6.1 - 6.9

mmol/L

(110 - 125 mg/dL)

3

and if

=11.1

mmol/L

(200 mg/dL)

II.II
2

°
2

\Y
£
(0]

mmol/mol

(equivalent to 6.5%)

D b % §

mmol/L

(200 mg/dL)

II.I
2

>7.8 and ¢11.1

mmol/L

(140200 mg/dL)

<7.8

mmol/L

(140 mg/dL)
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Complications

Hypoglycemia

BGL < 3.9 mmol/L (70 mg/dl)

Symptoms:
trembling, anxiety, hunger, lack of concentration
>> |oss of consciousness, seizure, coma

Hypoglycaemic episodes often occur overnight
(90-140 non-severe, 1-2 severe events)

Hyperglycemia

Acute complication: Diabetic ketoacidosis (DKA)
lipolysis & liver ketogenesis
>> hypotension and shock
leading cause of mortality in TIDM

Longterm effects on various organs

Brain and cerebal circulation:
Cerebrovascular disease

Eyes:
Retinopathy and blindess

Oral health:

Severe periodontal disease
Heart and coronary circulation:
Heart and disease or stroke

Pregnancy and birth:
Complications, birth defects

Kidney:
Nephropathy

Peripheral nervous system:
Neuropathy

Blood pressure:
Hypertension

Lower limbs:
Loss of sensitivy

Diabetic foot:
Ulceration and amputation

10 |



Treatment

Goals
Avoid hypoglycemic and hyperglycemic event - Diabetic
Stable blood glucose levels (3.9 — 10 mmol/L) %
Reduce HbA1c g
3 Healthy
(=]
@

GUIdellnes 1 1 1 1 1 1 1

T1DM: insulin-dependent
T2DM: lifestyle >> oral medication >> insulin

1 Ll Ll 1 1
Time of the day (hours)

Self-monitoring of blood glucose
finger pricking up to several times a day
amperometric, colorimetric or fluorescence based detection
of fresh capillary blood glucose levels
Consumables: test strips and needles

Seminar: Minimally Invasive and Implantable Sensors for
Continuous Glucose Monitoring (CGM)

11 |



Optimizing diabetes care by smart implantable devices

Smart Glucose Monitoring Smart Insulin Delivery

Connected glucose Smart insulin
monitoring systems delivery systems

regularly track,

predict and alert
to changes in
glucose levels f

calculate and track
dosage data to
automatically
inject insulin or
prompt action via
notifications

Algorithms Medical apps

(within devices

or stand-alone)
transform data

into meaningful
information

(integrated or
stand-alone)
display health
trends, coach
and educate

12 |



Artificial Pancreas
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Discovery Q of insulin 100 years ago

Connaught Antitoxin Laboratorics
University of Toronto

., INSULIN

b GG
[, 1A INTAINES
P

Date of Packing

T h




Insulin

Development

Isolation of insulin. Hagedorn Recombinant Basal insulin analogues
Banting & Macleod protamine- human insulin
retarded

insulin NPH

Time @ ,,

Animal insulin preparations Lente® insulin series

15 |



Insulin

Insulin types

Insulin and long-term and fast-acting analogues
Designed to allow basal and bolus injection

Basal (40-50%):
constant injections to maintain a certain insulin level,
especially overnight

Bolus (50-60%):
Individual supplementation according to food intake,
exercise...

Patients have to calculate and administer insulin
according to:

insulin to carbohydrate ration

high glucose levels

>> highly individual and dependent on day-time, hormone

levels, exercise

A

2 4 6 8 10 12 14 16 18 20 22 24

k

Hours

0 2 4 6 8 10121416182022 24
Hours

‘

2 4 6 8 10 12 14 16 18 20 22 24
Hours

A

L) L) L) Ll L L L] L] Ll L) A
0 2 4 6 8 1012 14 16 18 20 22 24

Hours
= o |
L L L L) L) 1) 1 ] L] L) L] L L) L)
0 2 4 6 8 1012 14 16 18 20 22 24
Hours

Rapid-acting
analog

(insulin aspart,
insulin lispro)

Short-acting
(regular/soluble)

Intermediate-acting
(isophane)

Long-acting
(lente)

Prolonged action
analog
(insulin glargine)
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Insulin Pumps

Insulin Pumps

Computerized insulin reservoir

Subcutaneous insulin delivery

Steady flow of basal insulin, button of device to add bolus insulin dosage
Tube and cannula inserted (3-7 days)

Advantages

fewer needle sticks
better coverage over night/morning
Dosing for snacks, exercise is faster, easier and more accurate

Disadvantages

programm the pump every day

exchange tubing every few days

carry device with you

control your blood glucose levels to assess performance

17 |



Closed Loop Systems

(Hybrid) Closed-Loop

Sensor augmented pump therapy

From decision support towards decision making
Hybrid:

manual calculation/administration of insulin for
carbohydrate intake

e.g. Medtronic MiniMed, t:slim X2, Dana RS, CamAPS

Real Closed Loop Systems

Combination with fast reacting insulins to allow automated response to food intake

Bi-hormonal systems including glucagon
Algorithms to predict the food induced glucose changes

Continuous glucose
sensor

<

Glucose level

Vo

i

Insulin pump hosting
control algorithm

Insulin delivery

Variable thresholds for desired glucose levels e.g. for long drives or exercise

e.g. iLet, implantable artificial pancreas

18 |




Implantable Systems

Implantable Insulin Pumps
Implantation into the abdominal cavity

Faster glucose/insulin kinetics

ThinPump™

Model 100
SN X0001

19 |



Islet Transplantation
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Islet Transplantation

Edmonton Protocol

Isolated Islets

p

Donor Recipient
Ricordi
I Chamber
— Islet Isolation e :
Islets infused by lgzu:j:ﬂzrdoiugngu::a
Islet in Pancreas gravity into Portal g apillary

Vein of Liver

21|



Islet Transplantation

Repninted from DIABETES, VOL. 37, NO. 4, APRIL 1988
Cooynight 1988 by THE JOURNAL OF THE AMERICAN DIABETES ASSOCIATION.

Automated Method for Isolation
of Human Pancreatic Islets

CAMILLO RICORDI, PAUL E. LACY, EDWARD H. FINKE, BARBARA J. OLACK,
AND DAVID W. SCHARP

3,

Recieculanon-Dilution ump Heatng Crcut Heoting

Switch Bypass Circont

! ‘l 5Tncrmom‘e'ev‘ / .
: liogm
o = ] .' :
i i L) -
ooz R
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Islet Transplantation

Who is offered a beta cell replacement today?

) Blood removed
for cleaning

C

Used tlalysate

Clean biood (with wastes)

returred to bady

BLODSUKKER
|

TiD

Kidney transplant patients

Patients on dialysis

Suffering from severe type 1 diabetes

[
Low risk patients

High risk patients

pancreas

Pancreas transplantation

= O

Islet transplantation

pancreas

10 year follow-up

AHbATC (%)
15
P<005
1 —
05
5 [ mx
-05 MDI/
O ca
-1
-15
-2
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Islet Transplantation

Allogenic islet transplantation

Fourth line treatment option

Islet graft survival

Poor long-term graft survival due to alloimmune or autoimmune effects
Graft rejection in 20% within the first year

Insulin independence in 5% of the patients after 10 years

a5
1

Survival (%)
5

Costs vs insulin injection decrease after 10 years
Lifelong therapy with immunosuppressants
Accessible to <0.5% of TIDM; donor organ scarcity

25

Time sin:e transplantali(?n (years)
Need for alternative cell sources & delivery sytems 95% Cl

Survivor function

Xenogeneic
Stem cell derived
Immunoprotectant Implants

Seminar: Stem cells for beta cell replacement

24 |
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Bioartificial Pancreas
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Cell-based Implants

Endogenous and immunogenic protection of transplanted cells

Encapsulation § Diffusion
Strength Effciency

\\\-E - 0

Nanoencapsulation 3D printing

26 |

Carlsson et al, Am J Transpl, 2017



Microencapsulation

Microencapsulation

Ensure biocompatibility & avoid fibrotic overgrowth
Spherical shape & high surface-to-volume ratio resembles native islets & diffusion

properties
Selective permeability

Enlargend diameter reduces foreign body response —vs non encapsulated islets

Alginate: biocompatible, stable and perfusable

HED in Phase I/Il clinical trials

e.g. DIABECELL

Alginate PLO capsule
/_\ Oxygen and nutrients
M- o 1

o
Lymphocytes

bas%

Insulin

Trends in Biotechnology

27|



Macroencapsulation

Challenges

Diffusion/transport

Cell loading capacity

Implant geometry, thickness
Biocompatibility

valularization

>> |oss in viability and function

MED in Phase I/Il clinical trials

e.g. BAir, CellPouch, ENCAPTRA, MAILPAN

PTFE membrane
impregnated with alginate

Silicon-rubber
membranes

Islet Module {

0, Ports

Beta-02.com

28 |



Macroencapsulation

CellPouch™

Proprietary Cell Pouch is placed Therapeutics cells are transplanted Therapeutic cells are responsive to
deep under the skin, allowing for directly into the vascularized tissue endogenous regulation and release
vascularization & creating a natural chambers of the proprietary Cell missing proteins or hormones into
environment for long-term function of Pouch the bloodstream to correct
therapeutic cells biological dysfunction

29 | sernova.com



Macroencapsulation

CellPouch™
BEFORE ISLET TRANSPLANT Post ISLET TRANSPLANT* Post TOP-UP INFUSION**
(baseline) (32 months after baseline)

*Marginal Islet Dose **Marginal Islet Dose intraportal top up

71 kg — Bodyweight

83 kg - Bodyweight

71 kg — Bodyweight

6.5 — Hemoglobin A1C

5.6 — Hemoglobin A1C

5.0 - Hemoglobin A1C

14U - Daily use of Insulin 8U - Daily use of Insulin 0U - Daily use of Insulin

15-16U short acting insulin 14-15U short acting insulin 0U - short acting insulin

4 severe hypoglycemic 0 severe hypoglycemic

events per week

0 severe hypoglycemic

events per week events per week

30 | sernova.com



Macroencapsulation

Viacyte™

PEC-Direct PEC-Encap

20

. Alpha cell / glucagon ‘ Beta cell / insulin . Delta cell / somatostatin

31| viacyte.com



Macroencapsulation

Convection-enhanced Marcoencapsulation

Constant perfusion by active diffusion A B

Oxygen Glucose
Diffusion Convection

Inner membrane

Outer
< membrane

Single
layer

Double
layer

Three
layer

2D MED

Live islets
@ Deadislets
. Diffusion
" Convection
(Oxygen, glucose, and insulin) Hollow fiber

fon P ceMED

Four
layer

B
mM 0 1 2 3 4 5mM 0 5 10 15 20 25nMis

membrane

membrane 2 Double layered

(Inner layer) membrane
Equilibrium chamber Cell chamber
(EqC) (CC)

258

HF
- ¥ =
b) - ‘—M .' iy o Silicone

: .!nsulln tubing
3 Pumps
e.g., osmotic pump
/ PTFE peristaltic pump,

Gldcose Eaygen Membrane and syrindge pump

32



Summary

Biological or artificial insulin delivery systems

Main goal: maintain blood glucose levels in a tight range

Automated insulin delivery — basal and bolus

Reduction of patient self-management, better compliance & quality of life
Decision making by smart systems

Challenges
Bench-to-bedside translation
Efficacy & Safety
Regulatory aspects & Standardization

Time-consuming & costly

33



Timetable

KW19

KW20

KW21

KW24

Cardiovascular Tissue Engineering
Beta cell Replacement

No Lecture

Advanced Imaging & Microscopy

Lecture (Prof. Loskill)

Seminar: 4D Bioprinting
Seminar: Implantable cardiac sensors

Seminar: CGM
JC: Intro

Seminar: Stem-cells for TAIDM
JC: Tang et al.

Seminar (Loskill)

Lab Work Group A
AG Schenke-Layland
Silcherstrale 7/1

Lab Work
Urology
Public holiday

Lab Work Group B
AG Schenke-Layland
Silcherstrale 7/1

Lab Work: Characterization of materials for Islet transplantation
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Thank you for your attention!

julia.marzi@uni-tuebingen.de
www.schenke-layland-lab.com
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