Univerzitetni
klinicni center
Maribor

Evgenija Homsak,M.Ph., M.Sc., EuSpLM.
Department for laboratory diagnostics
University Clinical Centre Maribor
Slovenia

14th EFLM Continuing Postgraduate Course in Clinical Chemistry and
Laboratory Medicine

Dubrovnik, October 25th-26th. 2014



chronicimmune mediated disease
selective loss of insulin producing B cells
in genetically susceptible subjects
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1A (immune mediated) — autoimmunity 95%
1B (non-immune mediated, idiopathic)
—lack of defined markers of autoimmunity 5%

90% DIABETES

95-10% of patient with diabetes mellitus



Present at any age, with equal affection of both sex.

Children
most often occurs early in life with peak around the puberty
the most common type od DM (2/3) <19 age

Adults
Vi of new cases are diagnosed among adults
LADA- latent autoimmune diabetes in adult



Incidence varies 5o-100 fold

a ro U n d t h e WO rl d New cases of type 1 diabetes (0-14 years per 100,000 children per year), 2011

57,4 [100 000 in Finland
0.6 /100.000in China

=

Incidence of childhood

T1DM growing rapidly,
especially in younger than 5
years

doubling time less than 20
years
(environmental contribution)
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Symptoms occur when remains only 20% of functional 3 cells




Main symptoms of
Diabetes

biue = more common

Central in Type 1
= Polydipsia
Type 1 Diabetes: Insufficient Insulin - Polyphagia Eyes
- Blurmed vislon

% Diminished Glucose
4 insulin
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Etiology and pathogenesis of TA. DM
aawvaz 1= hasrmmanad?
/hy and how It happened?

Important for:

early diagnosis
to prevent
to cure




Autoimmunity
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Auto-reactive CTL  Autaantibodies |

Immunological factors |
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Type 1 diabetes

Environmental factors,
triggers and drivers

Enterovirus [*

Environmental factors




GWAS-more than 40 genetic factors associated with risk of T. DM

Patients l - ‘ Non-patients
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HLA genotype— MHC (90%)
Chromosome 6p21,3
DR3-DQ2/DR4-DQS8
Similarity with celiac disease

Non-HLA
INS (10%) (chromosome 11p5, 5)

PTPNN21 (protein tyrosine
phosphatase)

CTLA4—Treg

intercommunication and influence
between genes
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Immunotolerance/activity of LyT

(thymic developement and selection of LyT)

a Tcell immune tolerance b T cell effector functions

i
[ Pancreatic fl-isletcell |
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Infiltration of pancreas with Limphocites (LyT) and Ab

Innate immune cells T cells arrive
enter pancreatic from lymph nodes:
islets (priming) insulitis ensues

( Pancreatic lymph node |

Antigens trigger
T cells

Remission
- —r‘ T /'_
Destructive
insulitis % )
b
ﬂ' Intervention
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Varied dauration of each
Precipitating event? preclinical phase

|

Overt immunologic Overt
abnormalities diabetes

Genetic
Predisposition

Progressive loss
insulin release

Mormal insulin
release

Individual
specific

normal

|
|
Glucose |
|
|
1

C-peptid
present

Beta cell mass

No C-peptide Environmental
factors

e e =T

Age
Modified from Elssnbarit G5 Type 1 dinbetas maellitus. A chronic immune dissase, M Engl J Med. 1984 314:13480,

Figure 1. Stogesin development of fype 1A diobetes (7).
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ICA —Islet cell antibodies
GADG65- glutamic acid dekarboxilase
|A-2 —tyrosine phosphatase related IA-2 molecule

(insulinoma associate antigen 2- Ab) [\

ZnT8A —Zn transporter protein \
|IAA —insulin autoantibodies with epitope on B-chain %

Beta cell
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Progression to Diabetes vs Number of Autoantibodies
(GAD, ICA512, Insulin)
Percent not Diabetic
100
20
&0
40
|
20
D T T T T T 1
0 2.5 5 7.5 10 12.5 15
—— 3 Abs
—— 2 Abs
——1Ab Years of Follow-up
3IAb n= M 17 8 1
2Abs n= 44 27 15 4 2 1
1Abs n= 93 23 14 10 6 4

Frown Wergie at, al. Pradiction of type | dicbatas o frst-degees relathves using o comibination of insuln, A,
arid 1CAS T 2bde /1A-2 autoanlibodies. Didbates, 1990:45/%246-33.



= pE o B e~ pE_ N e B -
u (2 P NIy AT AICADINECA P /C_//c_ alalaaY~-lah s
| 5\_';,,\;:1\[,\/ J Wil UlIDGEI2 WS \'_:,\:/J,fjx'_:,,\_j
g . _F a
20 C OY¢§ - rﬁw T /‘Jf/‘\f:;/}ﬁ; N A "y
il oo L Gl L L =4 NS L s N o UL wid
= 4 L
By Number of Antibodies
5”"1’1‘“
T 09 \‘_‘ I
c o~ - '|
3 0.8 - 0~ o -
L “h- -“ "'ln
S 07 . . 1 .
- a Ving N
3 0.5] . S =i
o . - -
:E 0.5 vt _\ - = - -
n P- Value< 0.001 L - -
o 041 (Log Rank Test) o |
g 0.3 Number at Risk ¥ e o ——— L -
= 0.2 24151 22297 17049 11807 2052 7439 6168 3521 - =)
= . 1401 1045 743 557 457 371" = 199 1
N o1 405 297 229 163 118 a1 66 6, 2
: 378 255 192 130 78 49 3 14 = « .3
0.0- 147 a5 61 40 30 22 16 8 4
7 iI|IIII==||IIII|I'I|III|'II|I|III|llII|II||IIII|I|I=IIIII|-I IIIIII|II||:IIII|
0 1 2 3 4 5 6 7 8
n = 26799 Years Followed ('_,g;\
<ﬂ i
STRATA: 0 —_— 1 = 2 eeme 3 e '




2 . am Bs -
[ - “xia1r i\~ [ o

7 I 57 9 =5

wm W/ U LGl LIS G GUE L L UG el @

Transfer of auto-Ab alone did not reconstitue disease in the
B less NOD mice

Diabetes cannot be transferred using serum from diabetic
humans

The plasmapheresis provides little therapeutic benefit

i

Still affect the time course of disease development



Genetic predisposition (HLA:
DR3-DQ2/DR4-DQ8)

Environment factors,
triggers:

food (milk casein, bovine insulin)

viruses (Coxsackie, rubella)

Autoantigens

Insulin
GADG6g

Autoimmune inflamation,

destruction, apoptosis
APC
LyT (CDg, CD8), Treg
LyB (APC, auto-Ab,)
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APC activation

Phase 2 (lymph node):

Expansion of self Ag specific

Tcells

Phase 3 (pancreas):
Immune cells inducing or
preventing B cell death
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Importance of Treg
= Antiinflamatory citokine

= Supression of
cytotoxicity of B cells

Genetic predisposition
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Attack from the auto-
immune cells

Cell death
Cytotoxic INFy, TNFa, IL-1f

CD8- releasing perforines,
granzymes;

Fas-mediated apoptosis
Free-radical (macrophages)

Genetic predisposition
Immuno tolerance
apoptosis

Lymphocyte and
macrephage recruitment
by CXCLI0, CCL2 and CCL2O
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Only 20-40% concordance among monozigotic twins T1DM

Entero-viruses: Coxsackie, rubella

Food: casein milk protein, bovine albumine

| VitD

Have to be confirmed (controversial results in different studies)

Possible future therapeutic target (options)



Genetic background

Antiviral innate
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Pathogenic factors and consequances in

different stage of disease

Genetic Enviromental TiD
susceptibility trigger Autoantibodies Clinical onset cgmplications

_HLA -Bm
- Insulin xNiruses,
- CD25(IL-2Ra)

B-cells mass

T1D progression (time)
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Genetic Predispositions

HLA-DE/DQ)
VNTR polymorphism
CTLA-4
Others
[slet
Cell
Mass

Lack of environmental
protection from NK-T
cells/ CD25+ T cells

<0 months — 3 years-

Inductive Event
e.g., Coxsackie virus

~
islet Antigens —
IAA, GADGSA,
[A-2A, IA-2BA.,

Ghima-38A

Aetabolic Derangements
FPIR to IVGTT
Impaired OGTT

_ Elevated fasting glucose

Diabetes Onset
I
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(ell-mediated
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HbA1c,
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induce immunological tolerance to islet auto-Ag
prevent and halt the progression of the [ cells destruction

Primary prevention (subjects with genetic predispositions)
Secondary prevention (subjects with the presence of Ab)
Trial interventions (patients with the newly diagnosed T2DM)

3 2

Problem with the evaluation and —

measurement of the success onr
Autoantibodies P e
C-peptid (residual imsulin) 3_ §

free C peptide



|IA-2Ab |AA Insulitis

Genetic Islet " Type | |
risk A autoimmunity A % diabetes mellltus.-:
e N

GADG5ADb ZnT8AD

i ntervention

prevention

Lernmark, A. & Larsson, H. E. (2013) Immune therapy in type 1 diabetes mellitus
Nat. Rev. Endocrinol. doi:10.1038/nrendo.2012.237
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Stop autoimmunity

Stop autoimmunity Put in new beta cells
and keep them safe

FProtect beta cells

Maintain normal
Stop the immune Stop autoimmunity Help maintain blood sugars
system from normal blood
attacking beta cells Protect beta cells sugars Prevent and/or treat
complications
Genetic “Silent” B Cell Loss Diabetes
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Auto-Ab

50% 4+ C-peptld

Interactions Autoimmune
among genes process is

determines triggered; Beta AutoAbs;
susceptibility cell injury begins dysglycemia

Functional Islet Cell Mass

0%

Time



Pro-diabetic Islet : Diabetic Islet
: Without Therapy

\ntibodies

[herapeutic
Approaches Q

Cells & Cytokines

.
( '“ Healthy Islet
" . ’ ealthv Isle
) DMNA Vaccines :
L ] - e
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APC

Treatment with IL-1RA- or
IL-1f-specific antibodies had

minary results

with soluble TNFR wens postive
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Tissue —_
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v
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Micotinamide treatment did

not prevent 110 progression

HSPE0 has shown
benehcial effects
on L peptide levels

class |
TCR
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administration 1o induce
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Priming of
autoreactive T cells
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CD3-specific antibodies
decreased the decline in
C peptide levels: ATG 4
i
with prednisone or bone Plasma
marrow transplant also L cell
successiul -

Beell

CD20-specihc
antibodies delayved the
decling in C peptide
levels for 1 year but did
nat have lasting effects

Activation of
autoreactive
B cells

Elimination of cows’
milk from diet

decrea E | tion
ol autoantibodies
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therapy

Immunomodulation

Sirolimus Sirolimus
Anti T-cell antibodies IL-10 IL-10
Migration intervention Trl infusion Dexamjathasong .
Antigen-specific modulation ‘ 1,25-dihydroxyvitamin Dy

tTgeg infusion
Low-dose IL-2

Rituximab
Proinsulin DNA vaccine | | g,
Alemtuzumab

Immune suppression

aHSCT

o Monocyte

Costimulation blockade
et Anti-cytokines
Genetic engineering

Exenatide
Liraglutide
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now to “cure” at different staaes of the disease
now to “cure” at difterent stages ot e dlisease
Halt Beta Cell Attack
Proinsuline, PI"E"I'-E'I'IT H-'Hﬂ'[E“ - Imrmime [ll‘\?rﬂllﬂnlﬁ H:ug anti- [:lﬂ
Gades, Autoimmunity - Beta cell survival agents
eksogen Ag - ¥aines f.g. incretins)
(bovine -
albumine) Save Beta Cells
1 A - Immune therzpeutics (eg. anti-C03)
k| - et cell survival agents (eq. inaetins) Restare Beta Gell Fanction
- lilet and pancreas transplants
Restore Lost Beta Cels - Beta call regenerative agents
- Beta cell reqenerative agents Arvest Further Beta Cell Attack
- Immune therapeutics {eq. anti-C03)
- Beta cell survival agents (eq. increting)
[Impml.re Glu:mtmtrﬂlj bkt
= ; - Artificial
2 At sk Artificial pancreas
= Family History)
e ( y v Prevent, Halt or
= Reverse Complications
= Prediabetes
&=
0% ¥

Y

'

Time (Timecaurse Varies Dapending on Person)

Cure-targeted strategies and therapies for type 1 diabetes broken down
by stage of disease. (Adapted from JDRF).



Pancreas transplant
Dual organ transplant with kidney
3 year survival is 9o%

Long term immunosuppresion

Islet Cell transplant
Portal injection
11.000 islet equivalents/kg body weight
Difficulties in recovering islet tisue from donor pancreas

Xenogenicislet cells (humanized pig islet cells)
Pancreatic duct cells (expansion and transdifferentiation)
Fetal pancreatic stem cells and b cell precursors
Embrionic stem cells

Engineering other cells to produce insulin (duodenal K cells, hepatocytes)










