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Ordlis inzulin készitménnyel rendelkezésre allo preklinikai és klinikai adatok
attekintése, Osszefoglalasa szakirodalmi adatok, illetve korabban hasonlé
készitménnyel végzett vizsgalatokrdl hozzaférhetd klinikai vizsgalati jelentések
alapjan

1. Egyes tipusu diabétesz

1.1. Egyes tipusu diabétesz gyakorisaga

Az egyes tipusu diabetes mellitus (tovabbiakban T1DM) az egyik leggyakoribb, gyermekkorban
el6forduld hormonalis és anyagcsere megbetegedés. A betegség 6 jellemzGjét, emelkedett vércukor
szintet a hasnyalmirigy Langerhans szigeteiben |évd, inzulin termel6 B sejtek a pusztuldsa okozza [1].
Az esetek tulnyomd tébbségében a B sejtek pusztuldsat és funkcidcsokkenését a B sejtek elleni
autoimmun folyamat eredményezi. A betegek kis részében a B sejtek pusztuldsanak oka nem ismert
[2]. AT1DM gyakorisaga vilagszerte évi 2-3 %-kal ndvekszik, az 5 év alatti kdrcsoportban a névekedés
még gyorsabb [3]. AT1DM betegek szama a vildgban elérheti az 30 milliét [4]. Az 1. Abra a gyermekkori

T1DM incidencidjat és prevalenciajat szemlélteti vilagszerte.
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Figure 2 | The incidence and prevalence of T1IDM in children. The estimated number of new cases of type 1

1. Abra. A gyermekkori (15 éves korig) diabétesz incidencidja (/100.000) és prevalenciaja
(http://www.diabetesatlas.org ).

A T1DM tiinetei leggyakrabban 12-14 éves korban jelentkeznek (2. Abra), de az 5 évnél fiatalabb

betegek ardnya az atlagnal gyorsabban névekszik [5].
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2. Abra. TIDM kor szerinti incidencija Svédorszagban.

Magyarorszag a kodzepes rizikdju orszagok kozé sorolhatd, de az elmdult 20 évben az incidencia
megharomszorozédott (3. Abra). Ugyancsak emelked§ incidencia adatokat regisztraltak nyugat- és

észak-eurdpai orszagokban, valamint Eszak-Amerikdban is.
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2. Abra. Korcsoport specifikus incidencia véltozasa fitikban és lanyokban Magyarorszagon, az

1989-2009 kozti években. (0-4 év kék; 5-9 év zold; 10-14 év piros) (dr. Gyiirlis Eva
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GYERMEKKORI 1-ES TiPUSU DIABETES MELLITUS EPIDEMIOLOGIAJA MAGYARORSZAGON,

Doktori értekezés, 1012)

A T1DM el6fordulasi gyakorisdga a pubertas el6tt lanyokban és fiikban hasonld, a pubertds utan

lanyokban a betegség el6fordulds jelentGsen csdkken. Husz éves kor felett a TIDM megjelenése mar

kétszer gyakoribb fiukban [5]. Eredetileg a TIDM mint gyermekkori megbetegedést ismerték fel, de a

megbetegedés elé6fordulhat barmely korban, a TLDM esetek mintegy 50%-a felné6tt korban jelenik meg

[6].

Legutdbbi id6kben az immune checkpont gatld szer kezelésekhez (anti-cytotoxic T lymphocyte

associated antigen-4 és anti-programmed cell death-1 ) kapcsoléddan figyelték meg indukalt TIDM

kialakulasat [7].

2. T1DM patomechanizmusa

2.1. AT1DM kialakulasahoz tobb tényez6 jarul hozza.

2.1.1.Genetikai hajlam

Az T1DM iranti genetikai hajlamot szdamos gén befolyasolja. Az Ugynevezett GWAS (Genome-
Wide Association Studies) vizsgalatok tobb mint 50, nem-HLA genetikai faktort azonositottak,
ami hozzdjarul a T1DM rizikéjdhoz [8], de Osszességében kisebb jelent6ségliek, mint a
HLA-DR-DQ haplotipus. Egypetéjl ikrekben TIDM konkordancidja 60%, ami arra utal, hogy

kornyezeti faktorok is fontos szerepet jatszanak a betegség kialakuldsaban [9].

A genetikai hajlam 50%-ban a HLA régidhoz kapcsolddik [10]. A HLA Il haplotipus mind
csokkentheti, mind fokozhatja a TIDM gyakorisagat, igy példdul a HLA-DRB1*04:03 protektiv,
mig a , HLA-DRB1*04:01 és HLA-DRB1*04:05 haplotipusok fokozzdk a betegség iranti
érzékenységet [11]. Ismeretes, hogy a HLA-DR4-DQ8 és HLA-DR3-DQ2 haplotipusok a fokozott
TIDM rizik6 mellett fokozzdk a P sejteket tdmadd autoantitestek megjelenésének
valdszinlségét is [12]. Feltételezik, hogy a HLA polimorfizmus befolyasolja a tolerancia
folyamatat a timuszban és hozzajarul, hogy B-sejt antigénekre reagdld T sejtek eliminacidja,

vagy a B-sejt specifikus Treg sejtek képzése hibasan torténik meg [13].

Az autoimmunitas gyakori megbetegedés az USA-ban minden 15. embert érint szisztémas vagy

szerv specifikus autoimmun karosodas [14].
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2.1.2.Korai kdrnyezeti provokald hatasok

A korai kornyezeti hatasok kdzé azok az dgensek tartoznak, amelyek az élet korai szakaszaban
-akdr mar a magzati korban vagy kdzvetlenil a megsziiletés utan - érik a szervezetet. Ezek

valdszinlleg az autoimmun folyamat elinditasaban jatszanak szerepet.
Ide tartoznak:

az anya terhesség alatti virusfert6zései (rézsahimlé, echo virusok, Coxsackie B5 virus)[15]

az anya étkezési szokdsai a terhesség alatt, a csecsemd taplalasa [16]

terhesség alatti, sziiletés koriili tényez6k, ugy, mint légzészavar, sdrgasag, Ujszilottkori
fert6zések, magasabb anyai életkor [17]

anyatejes tapldlas hidnya, D-vitamin adagolds elmaraddsa, védGoltasok

2.1.3.Autoimmun folyamat

Ez akar egy tobb éven keresztiil zajlé szakasz, melynek soran a mikodd inzulintermeld béta-
sejt dllomdany fokozatosan elpusztul a szervezeten beliil zajlé autoimmun folyamat hatdsara.
Néhany esetben, amikor a cukorbetegség a korai gyermekkorban vagy csecsemd&korban
kezdédik, ez a folyamat felgyorsul és id6tartalma néhany hénapra korlatozédik. A beteg kora

a betegség kialakuldsakor altalaban is kihat a betegség lefolyasara (6. Abra).

2.2. AT1DM kialakulasanak az alabbi fazisait kiilonboztetjik meg:

Korai pre-diabétesz: Az autoimmun folyamat meginduldsakor megjelenik a beteg vérében az elsé

autoantitest. A prediabétesz dllapotdban az egyének még tilinet- és panaszmentesek, csak

laboratériumi eltéréseik vannak. Korai autoimmun folyamat nem mindig vezet diabéteszhez. Ebben a

szakaszban stagnalhat a beteg allapota és akdr teljesen le is allhat a folyamat. Egészséges, kés6bb

diabéteszessé nem vald egyének vérében is megjelenhet dtmeneti autoantitest pozitivitas. Az el6szor

megjelend B-sejt reaktiv antitest az inzulin és a glutamic acid decarboxylase 65 (GADG65) elleni antitest

[12]. Az antitestek megjelenése a 1-2 éves korban cslcsosodik. KésGbb jelennek meg a protein tirozin

foszfataz-like fehérjék, 1A-2 és a IA-2 valamint a Hsp60, ZNT8 és tetraspanin-7 elleni antitestek [18].

Tobb autoantitest megjelenése jelentésen fokozza a klinikai tlinetek megjelenésének valdszinliségét

(4. Abra) [19]. Az autoantitestek biomarker jelent&séggel birnak, de rendelkezhetnek oki szereppel is

a T1DM patomechanizmusaban.
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Stage 0 1 2 | 3

Autoantibodies 0-1 >2 : =2 =2

Dysglycaemia Absent Absent Dysglycaemia Hyperglycaemia

Symptoms Absent Absent Absent Present

Ability to predict TIDM Less accurate Less accurate Highly accurate Highly accurate

Prevention trial category Primary prevention Secondary prevention Secondary prevention Tertiary prevention
(intervention)

Ability to prevent TIDM More effective More effective Less effective Less effective

Clinical diagnosis

Variable genetic and
environmental risk for
TiDM

Functional B-cell mass

Presymptomatic TIDM Symptomatic TIDM

Disease progression

3. Abra. A B-sejtek elleni antitestek szama Osszefiigg a diabétesz megjelenési idével és a B-sejt

funkcidval [20, 21].

Elérehaladott pre-diabétesz: Jelezve az autoimmun folyamat el6rehaladdsat - és

visszafordithatatlanna valasat- ebben a szakaszban mar tébb autoantitest is megjelenik. Ezek lehetnek:

— 1AA: inzulin-autoantitest
— ICA: szigetsejt ellenes autoantitest
— GADA: glutaminsav-dekarboxilaz ellenes antitest

— |A-2 és a lA-2[3 valamint Hsp60, ZNT8, tetraspanin-7 elleni antitestek

Az autoantitest termelés kozvetlen kivaltd oka nem pontosan ismert, nélkiilozhetetlen el6feltétele a
dendritikus sejtek altali antigén prezentdacidé és B sejtek kolcsénhatasa az antigén specifikus CD4+ és

CD8+ T sejtekkel (5. Abra) [22].

B-sejt autoantigénre specifikus CD4+ és CD8+ T sejtek megtaldlhatéak mar a betegség korai fazisaban
[23]. Ujabb megfigyelések azt mutatjak, hogy ezek a T sejtek f6ként posztranszlaciésan mddositott
fehérjékre iranyulnak, ami arra utal, hogy B-sejt ER stressz is szerepet jatszhat a tolerancia

megsz(inésében [24]. Az antigén prezentdld sejtek a hasnydlmirigy nyirokcsomdkba vandorolnak, ahol

6
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kolcsdnhatnak az autoreaktiv CD4+ T limfocitakkal, amelyek kivaltjak a CD8+ T sejtek aktivalodasat. Az
aktivalt CD8+ T sejtek a Langerhans szigetekben elinditjak az autoantigént kifejezs B sejtek pusztulasat.
A B-sejt kdrosodas altal kivaltott gyulladas ugyancsak hozzajarul a B-sejt pusztulashoz. Az autoimmun
folyamat nem teljesedhet ki a Treg sejttek m(ikodésének karosodasa nélkil [25]. Az aktivalt, autoraktiv
CD8+ T sejtek kdzvetlen citotoxikus hatdssal rendelkeznek, a CD4+ sejtek B-sejt kdrositd hatdsukat

citokin termelésen at, valamint a CD8+ T és B sejteken keresztil fejtik ki [26].
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4. Abra. Aktivalt B sejtek egyiittmikodnek CD4+ and CD8+T sejtekkel, valamint dendritikus

sejtekkel.

A Langerhans sziget reaktiv CD4+ és CD8+ T sejtjei megtaldlhatok a TADM betegek (de nem a kontroll)
hasnyalmirigyében, a hasnyalmirigy nyirokcsomdkban, valamint a betegek periférids vérében is [25]. A
T sejtek oki szerepét tamasztja ald, hogy TIDM betegbél transzplantalt csontveld fogékony egészséges

egyénben T1DM-t valthat ki [27].

Késdi prediabétesz: Bar még ez az allapot is teljesen tlinetmentes, és a vércukorértékek is
nagyrészt a normal tartomanyon beliil vannak, de cukorterhelés sordn mar csékkend inzulin elvalasztas

mutathato ki.
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2.3. Késébi kornyezeti hatasok

Kornyezeti hatdsok szerepet jatszanak az autoimmun folyamat fenntartdsdban és a diabéteszes
tinetek megjelenésének felgyorsitasaban. Hatasukat valdszinlileg az inzulinigény fokozasan keresztdl
(pl. lazas fertG6zés, novekedés) fejtik ki, amellyel a mar karosodott inzulin elvalasztds nem tud

megbirkdzni, igy megjelennek a diabéteszes tiinetek.
Késdi kérnyezeti hatas lehet:

— virusfert6zések, pl. coxsackie B5, mumpsz, mononukledzis
— pubertaskori felgyorsult névekedés (az inzulinsziikséglet fokozasaval)

— meteoroldgiai tényez6k (Gszi-tavaszi szezonalitas)

20

% of cases (>1y duration) with residual ICls

<7y(n=52) 7-12y(n=45) >13y (n=65)

5. Abra. Abeteg kora a betegség megjelenésekor kihat a betegség lefolydsara, késébb jelentkezd

diébétesz esetén magasabb a rezidudlis inzulint tartalmazo szigetek aranya (ICIS)[28]

2.4. TIDM Kklinikai megjelenése

Az inzulintermel6 béta-sejtek nagy részének (80-90 %) karosoddsakor alakulnak ki az 1-es tipusu
cukorbetegség klasszikus tlnetei (szomjusdg, nagyfoku vizeletirités, jo étvagy melletti fogyas,
gyengeség stb.). Az Ujonnan diagnosztizalt 1-es tipusu diabéteszes gyermekek jelentds hanyada még
ma is késdén, sulyos, életveszélyes allapotban, diabéteszes ketoaciddzissal (DKA) keril felismerésre. A
DKA tovabbra is a haldlozds, valamint a hospitalizacié leggyakoribb oka az 1-es tipusu diabéteszes
gyermekekben, tovabbd kedvezétlenil befolyasolja a hosszutdvu anyagcsere helyzetet is. Jollehet,

néhany kozlemény arrdl szamolt be, hogy az elmult években javult az 1l-es tipusu diabétesz
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prezentacios tlineteinek felismerése, tovabbra sincs elegendé bizonyiték arra, hogy az évek folyaman

a DKA prevalencidja csokkent, s6t az incidencia folyamatos emelkedése és a betegség fiatalabb életkor

felé tolddasa a ketoaciddzissal szov6dott esetek szamanak novekedését feltételezi.

A T1DM kialakuldsanak szakaszait és azok jellemz6it a 7. Abra

20 4 genetic and
environmental

risk for TIDM Presymptomatic TIDM

Stage 1 Stage 2
B-cell autoimmunity
(with the presence  Present* Present
of autoantibodies)
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Disease progression

szemlélteti.

Stage 3
Present

Present
Hyperglycaemia

Present

Symptomatic TIDM

6. Abra A T1DM progresszidjanak szakaszai és jellemz&i [22]

A betegség késGi szakaszaban, sajnos még a legnagyobb odafigyelés és a leginkabb kiegyensulyozott

vércukorszintet tarté gondozas mellett is kialakulhatnak:

- Sziv- és érrendszeri betegségek: coronaria sclerosis, szivinfarktus, stroke, periférids

atherosclerosis, magas vérnyomas. A cukorbetegek

kb. hdromnegyede valamilyen sziv- és

érrendszeri betegséggel kapcsolatos ok miatt hal meg.

- ldegkarosodas (neuropathia)
- Vesekarosodas (nephropathia)

- Szemkarosodas( diabéteszes retinopathia)

A betegpopulacié még Magyarorszagon is nagyszamu. A diabétesz és sz6védményeinek kezelése

hatalmas Osszegeket emészt fel évente. A betegség kia

szamanak csOkkentése 6riasi jelentGségli lehet.

lakulasanak megel6zése és a betegek
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2.5. 1TDM terdapiaja

A T1DM kezelése interdiszciplinaris megkozelitést igényel, az orvos, dietetikus, pszicholdgus, a beteg,
szUil6k, és kornyezet egyluttmikodése nélkilozhetetlen a sikereshez. A kezelés célja egészséges
életmdéd mellett a hosszatavu glikémias egyensuly megteremtése, a sulyos hipoglikémids és
hiperglikémias ketoaciddzis elkeriilése [29]. Az Uj esetek mintegy 30%-ban még ma is diabéteszes
ketoacidozis az els6 észlelt tlinet, amely még ma is jelenthet haldlos kockazatot (0.15-0.3%) [30].
Diabéteszes ketoaciddzis azonnali, lehet&ség szerint intenziv terdpias ellatast igényel, melynek célja a

folyadék és elektrolit egyensuly rendezése egyidejl inzulin infuzié addsaval.

A betegség harmadik stadiumatdl elengedhetetlen a folyamatos inzulin kezelés az endogén inzulin
termelés sulyos elégtelensége miatt. A DCCT irdnyado klinikai vizsgalata 6ta (The diabetes control and
complications trial/epidemiology of diabetes interventions and complications study at 30 years:
overview, [31]) a TIDM kezelés célja a glukdz érték normal értékhez lehet6 legkdzelebbi tartasa a
hipoglikémia elkeriilése mellett. A DCCT vizsgdlat kimutatta, hogy az intenziv glikémias kontroll (HbAlc
7.2%) 35-76%-kal csokkentete a mikrovaszkulasis és 58%-al a makrovaszkularis (passziv utankovetés)
szovédményeket (8. Abra). Mindezek alapjan az ADA gyermekeknél és 18 éves korig fiatal felnStteknél

7.5% HbAlc célértéket javasol, mig egyes szervezetek ennél alacsonyabb 6,5-7% HbAlc célt

tdmogatnak.
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Neuropathy

EDIC Further 3+step prog, Scnd
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e

_————————————————
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New Neuropathy(2007-08)

bect Severe eye

+ Reduced GFR

EDIC CVD events
0 20 40 60 80

Percent (%) reduction in risk
7. Abra A DCCT vizsgalat f6 megallapitasai az intenziv glikémias kontroll hatékonysagardl [31].

Az intenziv glikémias kontroll fenntartdsa jelent&s teher és kényelmetlenség a beteg szdmara a gyakori

vércukorszint mérés inzulin injekciok miatt.

10
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2.6. Immunoldgiai intervencié TIDM-ben

Az 1970-es évek kozepe dta szamos open, kontroll csoport nélkili vizsgalat célozta az autoimmun
folyamat gatlasan keresztil a rezidualis inzulin termel6 B sejtek mennyiségének és inzulin termeld
kapacitasanak a megtartasat, vagy novelését [32]. Az immunszuppressziora épuld klinikai vizsgalatok
(cyclosporin, azathioprine, monoclonal anti CD3 antitest, mycophenolate mofetil és daclizumab
kombinacid) ugyan mutattak eredményt, de a mellékhatdasok miatt felhagytak a legtobb eredeti

vegyiilet vizsgélatat [33-35], de Gjabb szarmazékok vizsgalata folytatédik (9. Abra).
2.6.1.1TDM Prevencid

Genetikai jegyek, elsGsorban HLA tipizalasa alapjan a TIDM-re fokozott hajlamot mutatdk egy része
azonosithatod, valamint az autoantitestek szlirése alapjan a betegség korai fazisban levg, tiineteket még
nem mutatd betegek felismerhet6k. A magas betegség hajlamot hordozd, vagy a betegség korai
fazisdban levs betegek azonositdsa lehetSséget teremt a betegség megel6zésére. A 9. Abra, a
jelent6sebb klinikai vizsgalatokat szemlélteti, amelyek az elmult évtizedben a B sejt elleni

autoimmunitas moduldlasan keresztiil immun intervenciét és prevenciot céloztak TIDM-ben [36].

11
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Thymocyte Depletion + Immunomobilization
Delay & AbATE— ATG + G-CSF - 2016
Teplizumab ATG + G-CSF + Rapamycin + Islet Transplant ~ 2018
Alemtuzumab + Anakinra + Etanercept + Liraglutide +
Plerixafor — 2021
-alph DEFEND 1 & DEFEND 2— ATG + G-CSF + Low dose IL-2 + Etanercept +
=a.phas Otelixizumab Exenatide — 2021
hydroxyvitamin D3 DILT1D— IL-2 Cytokines
Anti-IL-6 (Siltuximab) ~ 2017
" Anti-IL-6 Receptor (Tocilizumab) — 2018
1alpha,25- Aumlogoys_ Canakinumab REPAIR- Autologous Anti-IL12/IL-23 (Ustekinumab) — 2017
dihydroxyvitamin D3 Hematopoietic T1D— CD3*CD4*CD25'CD127° Anti-IL12/IL-23 (Ustekinumab) + INGAP - 2017
Autologous Stem Cell AIDA— Sitagliptin + Polyclonal Treg cell Ant-il21 (’:’l‘:’colu“;?"ﬁf);) L"zi:ll:me -2019
Non-myeloablative ChAglycD3 Transplant Anakinra Lansoprazole therapy = e,'ilzn 2017
Hematopoietic Stem Low dose rhiL-2 - 2018
i Low dose Proleukin (IL-2) - 2023
@l Tra::glint Rty Teplizumab Protégé— Aitologols Anakinra Anti-TNFa (Golimumab) ~ 2019 + 2021
Teplizumab Autologous Tcells
Cyclophosphamide hs;':"';’l g;;:w Umbilical Cord IMCY-0098 - 2018
Conditioning Exenatide +/- Bload START -ATG [’T‘:;’I‘;:':n";?_‘zlog"‘:
Daclizumab henol DIATOR— Wharton's | atologous Cord Tregs
Mycophenolate Atorvastatin jelly-derived | “giooq + Oral ATG + G-CSF CLBS03 (Autologous Ex Vivo Expanded Polyclonal
mofetil + BCG Mesenchymal | pocosahexaenoic Regulatory T-cells) ~ 2020
Daclizumab o Stem Cells | acid + Vitamin D CD4'CD1279/CD25* Polyclonal Tregs + IL-2 — 2021
Vaccination G-CSF Umbilical Cord Blood Tregs + Liraglitude — 2019
Umbilical Cord Blood Tregs ~ 2019
Tregs + anti-CD20 antibody — N/A
Costimulation
Stem Calls Tcells Vitaminp T&B Teell Tcell- ' Stem lygene - Stem Tcells ucs 'Mereti  ,  Thymocytes +/- Abatacept (CTLAd-Ig) - 2018
cells el Frpcl [cels] Mot Cells n& H2* Immunomobilizatio  1"€8

B

Global Immune T cell co- Innate  Vitamin Innate [

Bells Cytokine ", 1orecsion UCB DCs VitaminD  Treg+/- B cell stimulation  Immunit D StemCells  |mmunit Innate Immunity.
Alpha-1 Proteinase Inhibitor — 2017
PGD?2 receptor antagonist MK-1092 - 2018
Autologous Immunoregulatory Dendritic Cells ~ 2019
Stem Cells
Allogeneic Mesenchymal Stem Cells ~ 2017
Autologous Alpha-1 Alpha-1 Mesenchymal Stem Cells - 2017
ENBREL r i antitrypsin nti in  Allogeneic Adipose Mesenchymal Stem Cells with
(Etanercept) dole :g.e." < anytyes Bone Marrow Mononuclear Cells - 2018
anercep! Dendritic Stem Cell Educator Therapy — 2019
Cells TIDAL— Alefacept . alD-SCs / CB-MSCs + G-CSF - 2019
Oral IFN-a P Cholecalciferol Chemotherapeutics
A Imatinib - 2019
" Abatacept Neuropeptide
Rapamycin ubstance P - 2017
+IL-2 CXCR1/2 Inhibitor
Autologous (ATG + G e Ladarixin - 2018
ili S Incretin
Umbilical DF-IL2— Stem Cell Transp Sitagliptin — 2017
Cord Blood -2 +G-CSF Exenatide - 2017
Transfusion Saxagliptin — 2017
o Albiglutide — 2017
Rituximab Umbilical Cord Mesenchymal Stromal Cell + Vildagliptin -2017
Cholecalciferol Autologous Bone Marrow Mononuclear Cell Liraglitude ~ 2018 + N/A
Stern Coll Trancelak Rapamycin + Vildagliptin — 2018
P B cell Stress.
Calcitriol Alphal-Antitrypsin - 2017
G . Adipose-derived Insulin-secreting Mesenchymal ““'°“"°"°‘\’,’2,‘,',',‘;':f.ifwgoq; pen =t
closporin + : -
Myethu’t,r:xat o Stromal Cells + Bone Marrow-derived Alpha difiuoromethylornithine (DFMO) ~ 2019
Hematopoietic Stem Cell Infusion Vitamin D

Ergocalciferol - 2020
Environmental Factors
Stem Cell Educator Therapy Prebiotic Fiber - 2017
Probiotics — 2018
GNDAC1 - 2018
Enterovirus vaccination — 2022
BCG vaccination - 2023

Autologous Mesenchymal Stromal Cells

8. Abra Terdpias szerek és targetek immunoldgiai intervencié és prevencié céljara TIDM-ben

[36].

2.6.2.Masodlagos prevencio

Egy vagy tobb B sejt elleni autoantitest megjelenése utan, de még a klinikai tinetek megjelenése el6tt
inditott, az autoimmun folyamat gatlasat célzo kezelés. Tobb masodlagos prevenciét célzd, az utdbbi
id6ben befejezett, vagy folyamatban levé klinikai vizsgalatok kozil sorol fel jelentGsebbeket az 1.
tablazat. Ujabb vizsgélatok kimutattak, hogy a TLDM-ben a B-sejt toémeg és a B-sejt funkcio valtozasa
gyakran nem parhuzamos. Még egészen alacsony C-peptid szint mellett is jelents mennyiségti B sejt
taldlhato a betegek nagy hanyadaban [37]. Ez arra utal, hogy TIDM klinikai megjelenése nem jelent
sziikségszerlen megfordithatatlan végallapotot az inzulin termelés tekintetében. A megmaradt B-

sejtek nem mikodnek, lehet, hogy éppen abbdl a célbdl, hogy ne jelentsenek célpontot az autoimmun

folyamatban [38].
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Trial Drug Phase n Outcome Clinical Trialks.g
identifier
Complefed sfodies
DPFT-1 (per. 227 Subcutaneocus mnsuin i 339 Mo protective effect - NCTOOO04934
DPT- Oral insulin 1 400 Mo protective effect NCTOO419562
DIPPiper. 228) Intranasal insulin I 264  Moprotective effect NCTOD223613
ENDIT mer. 229 Ord modified-release mioobinamide [l 552 Mo proktective effeck Mok applicable
Oneoing studies
THO? Oral insulin il 400  Ongoing NCTI0419562
INIT 0l Hasal insulin Il 110 Ongeoing NCTOD336674
TH18 Intravencus abatacept IH 206  Ongoing NCTO1 773707
THI1O Intravenous teplizumab I 176  Ongoing NCTO1030861
DiAPREV-IT Subcu taneous alum -G ADGS Il L Ongoing NCTOM 122446
HAPREV-ITZ  Subcutaneous d um-GADGS ] 80 Ongoing NCTOZ387164
and oral vitamin D
Frida Oral insulin Il 220 Ongoing NCTOZ2620072
TEFA Gluten-free diet 1} 60 Ongoing NCTO2605148

1. Tablazat . Nemrég befejezett és folyamatban levé prevencids vizsgalatok TIDM-ben.

2.7. Inzulin hasznalata tolerancia kivaltasara TIDM-ben

A betegség kialakulasanak megelGzésére az elmult néhany évben egy Uj eljarast kezdtek vizsgalni.
Tekintettel a betegség autoimmun eredetére, az eljaras soran arra tesznek kisérletet, hogy az allergias
megbetegedések analdgidjara, mely szintén egy kéros immunvdlasz, mintegy deszenzitizaljak a beteg
szervezetét. Ennek sordn a veszélyeztetett gyermekek szervezetébe szajon at juttattak be inzulint
(ordlis inzulin terapia) kiilonb6z6 mennyiségben. Az elsGdleges klinikai vizsgalatok eredménye szerint
a nagy doézisu oralis inzulin bevitel inzulin-responziv és proinzulin-responziv szabdlyozé T sejtek
indukciéjat valtja ki, mely a betegség kialakuldsanak megel6zését eredményezheti [39]. A
bélcsatornaban kialakuld tolerancia alapvetden egy periférias tolerancia, amelynek fontos adaptacids
funkcidja van, az exogén, bakteridlis és tdplalék antigénekre kialakuléd immunreakcid, gyulladas, és a
bélhdm védelme kozti egyensuly kialakitdsdban [40]. Az oralis antigén emésztése, a fragmensek
atjutdsa a bélhamon (10. Abra) nagyban befolyasolja a kialakulé immunvalaszt és toleranciat [41]. Mind
a CX3CR1+ makrofagok, mind a dendritikus sejtek képesek mintat venni a lumen antigénjeibdl a
nyulvanyaikkal a ham karosodasa nélkil [42]. A goblet sejtek csatornai a vizoldékony antigének, mig
microfold sejtek a baktérium és virus antigének felvételében jatszanak szerepet. A bélbél szarmazé
antigénekre adott valaszban alapvetd szerepet jatszik a bélhez kapcsoldédd limfoid szévet (GALT, gut-
associated lymphoid tissue). A tolerancia kialakulasa antigén doézis fligg6, kis és nagy dozis is kivalthat
toleranciat [43]. A tolerancia kialakulasaért felel6s Treg sejtek tobbsége CD4+CD8+Foxp3+ T sejt. A
nagy antigén dozis altal kivaltott tolerancidban szerepet jatszik az antigén specifikus T sejt eliminacidja

[40] (10.Abra).
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9. Abra. Az ordlis tolerancia kialakulasaban résztvevs sejtek. mediatorok [21]. DCs: Dendritic
cells; M cell: Microfold cell; CCR: CCchemokine receptor; pDCs: Plasmacytoid DCs; IDO:

Indoleamine 2,3-dioxygenase; RA: Retinoic acid; TGF-B: Transforming growth factor-beta.

Az inzulinnal kivalthatd6 T1DM megel6zés alapja, hogy az inzulin elleni autoantitest egyike a
legkorabban megjelend antitesteknek, még a T1DM tiinetmentes szakaszaban. Gyerekekben altaldban
az IAA (insulin autoantibodies) az autoimmunitds elsé jele, mig fiatal feln6ttekben, kilonésen, ha a
DR3-DQ2 HLA haplotipust hordozzak, a GADA lehet az els6é autoantitest [44]. Az inzulin elleni
autoimmunitds szorosan kapcsolddik a HLADR4-DQ8 haplotipushoz, ami egyuttal a TIDM legfébb
rizikdfaktora is. Inzulin oralis adasa csokkentette a diabétesz megjelenését a TIDM allatmodelljében
[45]. Az ordlis inzulin altal eredményezett védelem antigén specifikus és nagy részben az inzulin-
specifikus regulacios T sejtek indukalasan alapul [46]. A populdcié nagy volumen( szlirése mar
lehetséges legalabb négy gyakori TIDM-ben megjelend autoantitestre [47] novekvs hatékonysaggal,

igy a fokozott TIDM rizikénak kitett gyerekeket mar a betegség megjelenése el6tt azonositani lehet.

2.8. Human vizsgalatok inzulinnal kivaltott prevenciéra TIDM-ban

Az els6 klinikai tanulmanyt, melynek célja tolerancia kivaltasa volt ordlis inzulinnal 2000-ben végezték
[48]. A vizsgalatba 82 nemrég (<4 hét) azonositott diabéteszes beteget vontak be, a résztvevék atlagos

életkora 14.8 év volt. A betegek az intenziv sc. inzulin terapia mellé napi 5 mg (144 U) oralis inzulin
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kezelést is kaptak egy éven keresztiil. C peptid és HbAlc szinteket harom havonta monitoroztak,
valamint a betegek egy részében meghataroztak az inzulin ellenes antitest szintet a vizsgalat elején, 3.,

6. és 12. hénapokban.

A vizsgalatot 80 beteg fejezte be. Az oralis inzulinnal és placébdval kezelt betegek kozt egy év kezelés

utan nem volt kilénbség az inzulin igényben, HbA1lc értékben, valamint inzulin elleni antitest szintben.

Metabolic outcomes during follow-up

Oral 1nsulin Placebo

Number of patients = 36
Insulin dose (U/kg) £ SD

3 months 044 +0.3 0.37+£0.2

6 months 048 +£0.3 0.43+0.2

9 months 054+03 0.52+0.3
12 months 0.61+£0.2 0.58+0.3
Glycated haemoglobin (% ) £ SD

3 months 62+1.8 58+15

6 months 65+15 63+1.5

9 months T1£1:6 TS
12 months 76+13 1 1S = [
Basal C peptide (nmol/l) £ SD

3 months 030+0.2 0.30+0.2

6 months 030+0.2 0.30+0.2

9 months 0.20+0.2 0.25+0.2
12 months 0.17+0.2 0.22+0.2

Values between the two groups are not statistically different
for insulin dose, HbA ., C peptide concentration

2. Tablazat. Metabolikus valtozasok az ordlis inzulinnal és placeboval kezelt csoportokban

A napi 5 mg oralisan adott inzulin nem maddositotta a betegség lefolyasat és nem befolyasolta

humordlis autoimmunitast a betegség els6 évében.

Egy masik, hasonld klinikai vizsgalatban 2,5 és 7,5 mg oralis inzulin hatasat vizsgaltak ugyancsak egy
éves kezelés soran és megallapitottak, hogy az alkalmazott kezelés nem gatolta meg a B-sejt m(ikodés

romlasat [49].
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10. Abra. Glukagon és étkezés altal stimulalt C-peptid koncentracié (+SE.)([49]
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—«>—— Oral insulin 2-5 mg
—0— Oral insulin 7-5 mg

T T T T 1
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Follow-up (months)

11. Abra Inzulin elleni antitest szint valtozasa a kezelés alatt (+SE) [49]

Egy tovabbi vizsgalat, amely 1 és 10 mg ordlis inzulin kezelés hatasat vizsgalta ugyancsak negativ

eredményt hozott [50].
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Az els6 valddi diabétesz prevencids vizsgalat autoantitest statusz, genetikai rizikd, immunoldgiai és
metabolikus allapot alapjan kivalasztott, a TAIDM tlineteit még nem mutaté dnkénteseken folyt [51].

Az résztvevdSk napi 7.5 mg ordlis inzulin, illetve placebo kezelésben részesiltek, a 6 év kovetési id

alatt.

Az ordlis inzulin kezelés mérsékelten csokkentette a diabétesz megjelenést

1.0 7
5 0.9 -
°
e 08
e
S 0.7
E 0.6 1
— 'llllll‘.
05 Control:.\=
E 0.4 7
s P- Value= 0.176
2 0.3 | (Log Rank Test)
3
a 0.2 -| Number at Risk

Oral Insulin
0.1 186 174 146 110 85 40 23
186 170 137 102 7 37 12 Oral Placebo
0.0
]lllIlIlTl[ll[l lllll[llTTllIlIIIllIIIIlllllIlll!ll]lllTIllllllI'llYlll]
0 1 2 3 4 5 6 7

Years Followed
STRATA: = Orallnsulin  *re=rreeeeee Oral Placebo

12. Abra. Kaplan-Meier diagram a nem diabéteszes résztvevék aranyat abrazolja az id6

fliggvényében. A csoportok statisztikai 6sszehasonlitasara log-rank tesztet hasznaltak

Azoknal a részvev6knél, akiknél a kezdeti IAA érték > 80nU/ml az ordlis inzulin kezelés hatékonyabb

volt (17. Abra).

1.0
0.9
'§ 0.8 ~ae
g =, Treated
“ 0‘7 ‘!Ih--
p= i reseens,
i "
% 0.6 LCTTTY
2 0.5 b -
= H
2 oud Control ..
w P-Value=0.015
§ 03 (Log Rank Test)
‘g 0.2 | Number at Risk
0.1 130 122 104 86 66 40 23 Qral Insulin
133 121 96 69 46 32 12 Oral Placebo
0.0
Illlllllllllll!lllllllllII|III|IIIIllllllIKIIIIllllllllllIlllllllllllll
o 1 2 3 4 5 6 7

Years Followed

STRATA: = Oral Insulin  =eereremree Oral Placebo
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13. Abra. Abra Kaplan-Meier diagram a nem diabéteszes résztvevSk aranyat abrazolja az id6
flggvényében. Kezdeti IAA érték >80nU/ml. A csoportok statisztikai 6sszehasonlitdsara log-

rank tesztet alkalmaztak.

Ez a klinikai vizsgdlat szolgaltatta az els6 human adatot arra, hogy az oralis inzulin kezelés hatékony

lehet a TIDM megelGzésében.

A Pre-Point, kett6s vak, 2009-2013 kozt lefolytatott vizsgalat, magas T1DM rizikdju, de autoantitest
képzést még nem mutatéd gyerekeket (életkor 2,2-7,7 év) valogatott be [39]. A résztvev6k napi oralis

inzulint (2,5-67,5 mg) vagy placebo kezelést kaptak.

369 Children assessed for eligibility ‘

344 Excluded
331 HLA ineligible
> 2 Declined antibody testing
3 Had insulin, GAD, or IA-2 autoantibodies
8 Eligible but declined to participate

25 Randomized

15 Randomized to receive oral insulin 10 Randomized to receive oral placebo

15 Received oral insulin as randomized

10 Received oral placebo as randomized

\
v

!

Block 1
3 Received 2.5 mg oral insulin for 6 mo
followed by dose escalation to 7.5 mg
3 Completed 18 mo of study medication

Block 2

3 Received 2.5 mg oral insulin for 6 mo
followed by dose escalation to 22.5 mg

3 Completed 18 mo of study medication

Block 3
3 Received 7.5 mg oral insulin for 6 mo
followed by dose escalation to 67.5 mg
3 Completed 18 mo of study medication

3 Received 22.5 mg oral insulin
2 Completed 6 mo of study medication
1 Withdrew consent after 6-mo visit
(no longer considered prevention
possible)
1 Completed 3 mo of study medication

Block 5
3 Received 67.5 mg oral insulin
1 Completed 6 mo of study medication
2 Completed 3 mo of study medication

!

3 Completed 18 mo of study medication
1 Completed 12 mo of study medication
3 Completed 6 mo of study medication

3 Completed 3 mo of study medication
1 Withdrew consent after 3-mo visit
(difficulty attending visits)

‘ 12 Experienced adverse events (67 events)

‘ 10 Experienced adverse events (35 events) ‘

| |

‘ 15 Included in primary analysis ‘ 10 Included in primary analysis ‘

14. Abra. A Pre-Point kett&s vak vizsgélat folyamatabraja.
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Table 3. Imnmune Responses to Insulin According to the Study Drug and Dose Received at the Time of the Response

No./Total (%) [95% Cl]

Insulin, mg?
Immune Response to
Insulin Placebo 22,5 67.5 P Value®
Serum lgG* 1/10 (10)[0.1-29] 1/6 (17)[0.1-46] 3/6 (50) [10-90] .05
Salivary lgA? 0/10 (0)[0.0-31] 1/6 (17)[0.1-46] 0/6 (0)[0.1-31] 40
CDA* T cells® 1/7 (14)[0.1-40] 1/5 (20)[0.1-55]  2/4 (50) [1-99] 24
Antibody or CD4" T-cell 2{10 (20)[0.1-45] 2/6 (33)[0.1-711 5/6 (83)[53-99.91] .02

response

3. Téblazat. Immun valasz inzulinra. ® Fromy2 test, ¢ pozitiv vélasz: >3x stimuldcid inzulinra

Inzulinhoz kotott Se-1gG és nyalban 1évé IgA szintjének emelkedése, valamint a CD4+ T-set proliferativ
vélasz a placeboval kezelt gyerekek 20%-ban (2/10) jelentkezett. Ez az inzulint kapdk koz6tt a 2,5 mg-
os és a 7,5 mg-os csoportban 16,7%-ban (1/6, 1/6), a 22,5 mg-os csoportban 33,3%-ban (2/6), mig a
67,5 mg-os csoportban 83,3 %-ban (5/6) volt detektalhatd.

A nagy dozisu oralis inzulin bevitel inzulin-reszponziv és proinzulin-reszponziv szabalyozé T sejtek

indukcidjat eredményezte. Hipoglikémias esemény nem volt egyik csoportban sem.

A kutatds eredménye biztatd, de nyilvan megvannak limitacidi. Az esetszam kicsi volt, az utankovetés
rovid ideig tartott. Az antigént (inzulint) olyan gyerekek kaptak, akiknek genetikailag a legnagyobb
esélye van az 1-es tipusu diabetes kialakuldsara. Ezek a gyerekek az ilyen betegek minddsszesen 1%-at
jelentik, kérdés, hogy az alacsonyabb genetikai rizikéval bird gyerekek esetén azimmunvalasz hasonlo-
e vagy rosszabb? A pancreas-szigetek elleni auto-antitestek 9 hdnap és 2 éves kor kdzétt termelédnek
a legnagyobb ardnyban, altaldban 1 éves kor koriil érik el a legmagasabb szintet, mig a vizsgalt gyerekek

2-7 évesek voltak.

Osszeségében ugyanakkor egyértelm(en lathaté volt, hogy napi 67,5 mg-os szajon at szedett inzulin a

placeboval 6sszehasonlitva, hipoglikémia nélkili immunvalaszt eredményezett.

Ennek alapjan tovabbi fazis Ill vizsgdlat mindenképpen szlikséges a koncepcié megerdsitésére és
eldontésére, hogy az oralis inzulin bevitel alkalmas-e az autoimmun reakcié kialakuldasanak

megel6zésére ezekben a gyerekekben.

Type 1 Diabetes TrialNet Oral Insulin Study Group T1DM-es betegek rokonait vonta vizsgalatba, akik
legaldabb 2 autoantitesttel rendelkeztek normadlis glukoz tolerancia mellett. A vizsgalat napi 7.5 mg

ordlis inzulin kezelésben részesiiltek és az atlagos kovetési idé 2.7 év volt [52].
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E Discrete-time Mantel-Cox test (adjusted for the 3 strata), 2.7; P=.10
0 T

No. of participants

0 6 12 18 24 30 36 42 48 54 60 66 72 78 84
Months

Oralinsulin 276 270 248 211 182 160 134 115 96 78 68 50 42 32
Placebo 274 267 239 204 168 145 124 97 82 69 59 47 39 32

15. Abra. A TIDM megjelenése a 7,5 mg ordlis inzulinnal és placeboval kezelt csoportokban [52]

betegek tlinetmentes rokonaiban.

A napi 7.5 mg oralis inzulin kezelés csak minimalisan késleltette a TIDM megjelenését TIDM-es

A T1D prevencio fontossagat és egyben a feladat nehézségét jelzi, hogy a Clinicaltrials.gov 181 db T1D

immunoldgiai toleranciaval kapcsolatos klinikai vizsgalatot sorol fel (Recruiting, Not yet recruiting,

Active not recruiting Completed, Enrolling by invitation). A vizsgalatok koziil az els6 szazat az alabbi

felsorolas tartalmazza.

Title
CTLA4-1g (Abatacept)for Prevention of Abnormal

1 Glucose Tolerance and Diabetes in Relatives At -

Risk for Type 1

Autoimmunity-blocking Antibody for Tolerance in
Recently Diagnosed Type 1 Diabetes

Hydroxychloroquine in Individuals At-risk for Type

1 Diabetes Mellitus

4 ADbATE Follow-Up Study

5 Development of Predictive Biomarkers

Study of the Acute Metabolic Effect of Exenatide
in Type 1 Diabetes

Status

Active, not
recruiting

Completed

Recruiting

Completed

Active, not
recruiting

Completed

Interventions
+Drug: CTLA4-Ig (Abatacept)
* Drug: Placebo

« Biological: Anti-CD3 mAb

« Other: Diabetes Standard of Care
Treatment

- Dietary Supplement: Iron
supplementation

« Drug: Hydroxychloroquine
* Drug: Placebo

« Other: Mixed Meal Tolerance Test

+ Drug: Exenatide
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21

22
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A Meal Test Study of LY900014 in Participants
With Type 1 Diabetes Mellitus

Type 1 Diabetes Extension Study

Diabetes Prevention - Inmune Tolerance

Effects of Dapagliflozin on Hormonal Glucose
Homeostasis in Type 1 Diabetes

Investigating the Effect of Liraglutide on the
Endogenous Glucose Production During in Tye 1
Diabetes Subjects

Safety and Efficacy of CLBS03 in Adolescents
With Recent Onset Type 1 Diabetes (The Sanford
Project T-Rex Study)

Intravenous CTLA4-Ig Treatment in Recent Onset
Type 1 Diabetes Mellitus

Improving Metabolic Assessments in Type 1
Diabetes Mellitus Clinical Trials

Rituximab in New Onset Type 1 Diabetes

Effects of Ketosis on Brain Function in
Patients With TIDM

Imatinib Treatment in Recent Onset Type 1
Diabetes Mellitus

A Study of SIMPONI® to Arrest Beta-cell Loss

in Type 1 Diabetes

Closed Loop From Onset in Type 1 Diabetes

Pathogenesis of the Cardiometabolic Risk in
Youth With Type 1 Diabetes

Canakinumab Study in Individuals With Newly
Diagnosed Type 1 Diabetes

Effects of Sitagliptin (Januvia®) on Blood Glucose
Control in Patients With Type 1 Diabetes

A Clinical Proof-of-principle Trial in Adult Subjects
With Newly Diagnosed Type 1 Diabetes Mellitus
Investigating the Effect of NNC0114-0006 and
Liraglutide on Preservation of Beta-cell Function

Tocilizumab (TCZ) in New-onset Type 1
Diabetes

Completed

Recruiting

Completed

Recruiting

Completed

Completed

Completed

Completed

Completed

Recruiting

Completed

Completed

Active, not
recruiting

Recruiting

Completed

Completed

Completed

Completed

+Drug: LY900014
* Drug: Insulin Lispro

+ Drug: Insulin Aspart

« Other: Placebo comparator
+ Drug: Diamyd

+ Drug: Forxiga 10mg

* Drug: Placebo

* Drug: Liraglutide

* Drug: Placebo

+ Drug: Mixed Meal Tolerance Test

with paracetamol

« Biological: CLBS03 Low Dose

« Biological: CLBS03 High Dose

- Biological: Placebo

*Drug: CTLA4 Ig

- Other: Placebo

« Procedure: Mixed Meal Tolerance

Test

« Procedure: Glucagon Stimulation

Test

+ Drug: Anti-CD20 (rituximab)

+ Drug: Placebo Comparator

« Other: Very low carbohydrate diet
- Other: Standard carbohydrate diet

* Drug: Imatinib Mesylate
« Drug: Placebo (For imatinib

mesylate)

« Biological: Golimumab
- Biological: Placebo

« Device: Closed-loop system

(Florence M or CamAPS FX)

« Other: Multiple Daily Injections

« Diagnostic Test: Oral Glucose

Tolerance Test

+ Drug: canakinumab (anti IL-1beta)
* Drug: Placebo

+ Drug: Sitagliptin

+ Drug: Sugar Pill

« Drug: NNC0114-0006

+ Drug: liraglutide

* Drug: placebo

* Drug: Tocilizumab (TCZ)
+ Drug: Placebo

- Other: Standard of Care
* Drug: rhiL-2
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30
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32

33

34

35

36

37

38

39

40

41
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arma

Low-dose rhiL-2 in Patients With Recently-
diagnosed Type 1 Diabetes

A Study of LY900014 Formulation in Participants
With Type 1 Diabetes Mellitus Using Insulin
Pumps

Wharton's Jelly Derived Mesenchymal Stromal
Cell Repeated Treatment of Adult Patients
Diagnosed With Type | Diabetes

Wharton's Jelly Derived Mesenchymal Stromal
Cell Treatment of Adult Patients Diagnosed With

Type | Diabetes

Single Dose and 34-Day Tolerance Study of
INGAP Peptide in Insulin Deficient Patients

Neulasta in Type 1 Diabetes

Lactobacillus Johnsonii Supplementation in
Adults With T1D
A Phase 2, Multicentre, Randomized, Double-

blind, Placebo- controlled Study in Patients With
New-onset Type 1 Diabetes

Effects of Recombinant Human Glutamic Acid
Decarboxylase on the Progression of Type 1
Diabetes in New Onset Subjects

GPPAD-POINT (Global Platform of Autoimmune
Diabetes - Primary Oral Insulin Trial)

Islet Cell Transplantation Alone and CD34+
Enriched Bone Marrow Cell Infusion in Patients
With Diabetes Mellitus: Steroid- Free Regimen

Anti-CD3 mAb Treatment of Recent Onset
Type 1 Diabetes

A Study of LY900014 Administered in Participants

With Type 1 Diabetes Using an Insulin Pump

Adaptive Study of IL-2 Dose Frequency on
Regulatory T Cells in Type 1 Diabetes

Frlda Insulin Intervention

Recent-Onset Type 1 Diabetes Trial Evaluating
Efficacy and Safety of Teplizumab

Pre-POINT-Early Study

Defining the Decline in Endogenous Insulin
Secretion in Type 1 Diabetes Diagnosed After 30

Years of Age.

Active, not
recruiting

Completed

Recruiting

Recruiting

Completed

Completed

Recruiting

Completed

Completed

Recruiting

Completed

Completed

Completed

Completed

Recruiting

Recruiting

Completed

Recruiting

+ Drug: Placebo
+Drug: LY900014

* Drug: Insulin Lispro

+Drug: ProTrans

+ Drug: ProTrans: Allogeneic
transplantation with WJMSCs

+ Drug: Placebos
Drug: INGAP Peptide

Drug: Neulasta (Pegylated)
Drug: Placebo

Dietary Supplement: Mixed Meal
Tolerance Test (MMTT)

Other: Blood test

Other: DNA Test

Drug: L. johnsonii Probiotic
Drug: Placebo Capsule
Drug: Ladarixin

Drug: Placebo

Drug: GAD-Alum

Drug: GAD-Alum and Aluminum
hydroxide

Drug: Aluminum hydroxide
Drug: Oral Insulin
Other: Placebo

Procedure: Islet Cell Transplantation

Drug: mAb hOKT3gammal(Ala-Ala),

Teplizumab
Drug: Placebo Arm

Drug: LY900014
Drug: Insulin Lispro (Humalog)

Drug: Aldesleukin

Drug: Oral Insulin
Other: Placebo
Biological: teplizumab
Biological: Placebo

+ Drug: Oral Insulin

+ Drug: Placebo
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Efficacy and Safety Study of Autologous

43 Hematopoietic Stem Cell Transplantation to Treat Completed
New Onset Type 1 Diabetes

* Procedure: immunosuppression and
stem cell transplantation

Effects of Gluten Free Diet on Type 1 Enrolling by » Other: Gluten Free Diet
Diabetes Mellitus in Children invitation + Other: Placebo

44

Treatment of Patients With Newly Onset of Type
1 Diabetes With Mesenchymal Stem Cells

45 Completed « Biological: Mesenchymal stem cells

* Biological: Autologous UCB

46 g;)gd e Completed « Dietary Supplement: Omega 3 FA

* Dietary Supplement: Vitamin D
* Biological: Albiglutide weekly

Albiglutide Versus Placebo in Insulin-treated injection
47 Subjects With New- onset Type 1 Diabetes Completed « Biological: Placebo weekly injection
Mellitus

« Biological: Insulin

Lactobacillus Johnsonii in Children and » * Drug: L. johnsonii Probiotic
48 - Recruiting

Adolescents With T1D + Drug: Placebo Capsule

Study of the Effects of XOMA 052 on Insulin « Drug: Xoma 052
49 Production in Subjects With Well Controlled Type Completed

1 Diabetes * Drug: Placebo

Safety and Efficacy Study of Islets + Other: Porcine islets
50 - Completed

Xenotransplantation « Other: Autologous Treg

« Biological: GAD-Alum (Diamyd) 20
ng

DIABGAD - Trial to Preserve Insulin Secretion in * Biological: GAD-Alum (Diamyd) 20

51 Type 1 Diabetes Using GAD-Alum (Diamyd) in Completed ng X2

Combination With Vitamin D and lbuprofen

* Drug: Vitamin D
* Drug: Ibuprofen

= Long-Term Treatment Effect of DiaPep277 in Completed « Drug: DiaPep277

Type 1 Diabetes

* Drug: insulin glulisine / insulin

Efficacy Study on the Control of Blood Glucose glargine
>3 Concentration in Type 1 Diabetic Patients Completed . . C . .
* Drug: insulin glulisin / insulin detemir
Ixekizumab Diabetes Intervention Trial (I- . * Drug: Ixekizumab
54 Not yet recruiting
DIT) * Drug: Placebo
Regulatory T Cells in Type 1 Diabetes
55 g_u - ! - YB ! Completed * Drug: Aldesleukin (Proleukin)
Patients Treated With IL-2
i i i +Drug: LY900014
56 A'Studv of LY900'014'|n Earﬂcmants With Type 1 Completed
Diabetes on Insulin Injection Therapy - Drug: Insulin Lispro
) ) ) Active. not + Drug: intranasal insulin
57 PINIT Study: Primary Intranasal Insulin Trial =
recruiting « Other: Placebo
A Study of Oral Ladarixin in New-onset Type 1 i * Drug: Ladarixin
58 Diabetes and a Low Residual #-cell Functi RESTETE
iabetes and a Low Residual #-cell Function + Drug: Placebo
. . « Procedure: Autologous Umbilical
50 Um.blllcal Cord Blood Infusion to Treat Type Completed Cord Blood Transfusion
1 Diabetes « Biological: Cord blood
Study of Insulin Therapy Augmented by Real « Device: monitor Paradigm 754
60 Time Sensor IN Type 1 Children and Adolescents Completed VEO, MINILINK Real Time, Medtronic,
(START-IN!) CE
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An Innovative Approach Towards Understanding
and Arresting Type 1 Diabetes (INNODIA)

Study of Safety and Efficacy of CFZ533 in Type 1
Diabetes Pediatric and Young Adult Subjects

Diabetes Islet Preservation Immune
Treatment

Study to Assess Efficacy & Safety of Reparixin in
Pancreatic Islet Transplantation

Incretin Effect and Use After Clinical Islet
Transplantation

A Study of LY900027 Given by Insulin Pump to
Participants With Type 1 Diabetes Mellitus

Verapamil SR in Adults With Type 1 Diabetes

Multiple Islet Peptide Administration in Type 1
Diabetes (MultiPepT1De)

Atorvastatin in New Onset Type 1 Diabetes
Mellitus (T1DM)

Beta Cell Imaging in T1D Patients With a Different
Glycemic Control

Covid-19 Infection and New Onset Type 1
Diabetes

Immunointervention With Calcitriol in New-
Onset Type 1 Diabetes

Clinical Phase /11l Trial of Ustekinumab to Treat
Type 1 Diabetes (UST1D2)

Priming Exercise in Type 1 Diabetes

New Onset of Type 1 Diabetes Mycophenolate
Mofetil-Daclizumab Clinical Trial

To Investigate the Efficacy and Safety of
Individualized Doses of BioChaperone Insulin
Lispro in Comparison to Humalog® U-100 in
Patients With Type 1 Diabetes Mellitus

Muscle Oxygenation, Type 1 Diabetes, and
Glycated Hemoglobin

Recruiting

Recruiting

Not yet recruiting

Completed

Completed

Completed

Not yet recruiting

Completed

Completed

Recruiting

Recruiting

Completed

Recruiting

Completed

Completed

Completed

Completed

+Drug: CFZ533

« Other: Placebo

« Drug: Anti-Thymocyte Globulin
(ATG)

+ Drug: Placebo

+ Drug: Pegylated GCSF
+ Drug: Interleukin 2

* Drug: Etanercept

+ Drug: Exenatide

* Drug: Reparixin

* Drug: Placebo

« Drug: Pantoprazole

+ Drug: Sitagliptin

+Drug: LY900027

* Drug: Insulin Lispro

+ Drug: Verapamil SR

* Drug: Placebo

+ Drug: MultiPepT1De injection
« Other: Placebo

* Drug: Atorvastatin

- Other: Placebo

- Radiation: gallium-68-exendin
PET/CT

+ Drug: 1,25-dihydroxy-vitamin D3
(calcitriol)

+ Drug: placebo

* Drug: Ustekinumab

+ Drug: Placebo

- Behavioral: Priming exercise

» Behavioral: Control Exercise

« Drug: Mycophenolate mofeteil
(MMF)

+ Drug: Daclizumab (DZB)

+ Drug: Placebo control for
Mycophenolate mofeteil (MMF)

+ Drug: Placebo control for
Daclizumab (DZB)

+ Drug: BioChaperone insulin lispro
+ Drug: Humalog®

- Behavioral: Incremental maximal
exercise

« Dietary Supplement: Oral Glucose
Tolerance Test
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Effects of Acute Intake of Caffeinated Beverages
in Type 1 Diabetes

Proleukin and Rapamune in Type 1 Diabetes

Integrating Insulin Delivery and Glucose Sensing
in Subcutaneous Tissue for the Treatment of
Type-1 Diabetic Patients

Stem Cell Mobilization (Plerixafor) and
Immunologic Reset in Type 1 Diabetes (T1DM)

Trial of Otelixizumab for Adolescents and Adults
With Newly Diagnosed Type 1 Diabetes Mellitus
(Autoimmune): DEFEND-2

Efficacy Study of DiaPep277 in Newly Diagnosed
Type 1 Diabetes Patients

Insulin Pump Therapy in Adolescents With Newly
Diagnosed Type 1 Diabetes (T1D)

Pilot Study of OMEGA-3 and Vitamin D in High-
Dose in Type | Diabetic Patients

TEFA Family Prevention: Glutenfree Diet to
Preserve Beta-cell Function

Cardiovascular Effects of Exercise-related
Hypoglycaemia in Patients With Type 1 Diabetes
(Hypo Heart Exercise)

Islet Allotransplantation in Type 1 Diabetes

Anti-inflammatory Therapy With Anakinra in
Newly Diagnosed Type 1 Diabetes

Liraglutide Effect on Beta-cell Function in C-
peptide Positive Type 1 Diabetes

Early Markers of Disease and Response to
Therapy

Completed

Completed

Completed

Recruiting

Completed

Completed

Completed

Recruiting

Enrolling by
invitation

Recruiting

Enrolling by

invitation

Completed

Completed

Not yet recruiting

« Procedure: Muscle biopsy

* Procedure: Combined DLCO-
DLNO

« Procedure: Dual energy X-ray
absorptiometry

« Procedure: Accelerometry over
one week

+ Other: Questionnaires

- Other: Caffeine enhanced energy
drink

« Other: Glucose drink
*Drug: IL-2
+ Drug: Rapamycin

* Procedure: OGTT and CLAMP

+ Drug: Plerixafor

* Drug: Alemtuzumab

+ Drug: Anakinra

« Drug: Etanercept

+ Drug: Liraglutide

- Biological: Otelixizumab
- Biological: Placebo

* Drug: DiaPep277

+ Drug: Placebo

+ Device: Pump therapy (CSII)

« Drug: Multiple daily injections
(MDI) using insulin glargine + rapid
acting analog

« Drug: Cholecalciferol

+Drug: Omega 3 fatty acid

« Dietary Supplement: Gluten free
diet

« Dietary Supplement: Omega 3 fatty
acid

« Dietary Supplement: Vitamin D

« Dietary Supplement: Probiotics

« Other: Exercise-related
hypoglycaemia

« Other: Hypoglycaemia under
resting conditions

 Drug: Human Pancreatic Islets

* Drug: Anakinra

* Drug: Liraglutide

« Drug: Placebo for liraglutide

« Drug: Abatacept
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Bone Marrow vs Liver as Site for Islet

Transplantation

Evaluation of a Novel Method for Integrating
Insulin Delivery and Glucose Sensing in Adipose
Tissue of Diabetic Patients

Teplizumab for Prevention of Type 1 Diabetes In
Relatives "At- Risk"

Screening of Subjects With Type | Diabetes to
Determine Eligibility for Islet Transplantation

To Examine the Lung When People With
Diabetes Take an Inhaled Form of Insulin,
Compared to Subcutaneous Insulin.

Evaluation of a Diabetes Vaccine in Newly
Diagnosed Diabetics

Islet Transplantation for Type 1 Diabetes

Identification of # Cell Dysfunction in Relatives of
Individuals With Type 1 Diabetes Mellitus

Dapagliflozin Plus Pioglitazone in TIDM

Completed

Completed

Completed

Completed

Completed

Completed

Completed
Recruiting

Recruiting

« Biological: Human pancreatic islet
transplantation

» Procedure: Glucose measurement
at the sc. insulin delivery site

* Drug: Teplizumab

+ Drug: Placebo infusion

+ Drug: Inhaled insulin

« Biological: IBC-VS01
+ Biological: IBC-VS01 placebo

« Procedure: Islet Transplantation
« Other: There is no intervention

+ Drug: Pioglitazone 45 mg

A T1DM ordlis inzulin diabétesz prevencids vizsgalatok tanulsaga a kdvetkez6:

e aterapias esély jobb a nagyon koran, akar néhany honapos korban elkezdett kezelésnél

e anagy dozisu inzulin kezelés |atszik eredményesnek

Az immunolégiai tolerancia kialakuldsanak mechanizmusa még mindig nem eléggé ismert, ami

megneheziti a racionalis intervenciét. A toleranciat el6segité mddszerek kombindalasatdl, valamint a

tolerancia markerek altal vezérelt kezelést6l tovabbi haladas varhato.
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A Debreceni Egyetemen kifejlesztett oralis inzulin formula tulajdonsagai

A CeraMed Kft. a Debreceni Egyetemmel egylittm(kodve Uj ordlisan hatékony inzulin készitményt
fejlesztett ki (eredeti szabadalom US20120129769A1, ADMINISTERABLE PHARMACEUTICAL
PREPARATION CONTAINING INSULIN)

Az inzulin ordlis bevitele, a bélcsatornabdl torténd felszivddds szamos elénnyel jar. Az ordlis gydgyszer
elkerdli a gyakori injekcids inzulin alkalmazasa sordn felmerilé fert6zési veszélyt. Az ordlis gyégyszer
compliance, mivel nem kellemetlen, nem fdjdalmas jobb, mint az injekcidos kezelésé. Az enteralis
felszivddas soran az inzulin kozelebb keril a fizioldgias hatas Utjdhoz, a portalis vénakon keresztil

el6szor a majba kerdl, és nem a periférian lesz a legmagasabb inzulin szint, mint a sc. beadas soran.
1. Kémiai tulajdonsagok

Az inzulin és 6-aminokapronsav keverékb6l AquaPolish P felhaszndlasaval film-granulatumot

képeznek, majd granulatumot kemény kapszuldkba toltik.

A kapszula 0sszetétele a kdvetkez6:

Insulin humanum? 20NE
A-aminokapronsav 100 mg
Crospovividonum Type A 160 mg
Beconat:

AquaPolish P White 712-01E? 80 mg
Trietilcitrat 8 mg

10.2 ml Humulin R 100 NE/m|

2 metacrilsav-etilakrildt-kopolimer, karmell6z natrium, talkum és titan dioxid

2. Bioldgiai hatasok

Az inzulin a protedz gatld hatasu 6-aminikapronsavval és caseinnel olyan micelliumot képez, amelyben
az inzulin jelen&s mértékben védett a bél proteazok hatdsatdl, valamint a micellium képes a beadott

inzulin mintegy 30 %-t aktiv formdban bejuttatni a keringésbe (1. Abra).
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ORALIS INSULIN/PEPTID KESZITMENY

Nutrient
Blood vessel  absorption INTERIQR OF INTESTINE
= with blood Nutrient
v

en route to ____ absorption
the liver lgme=

;1‘ Orélis insulin; Iéneegében
|| gybégyszerkombinacié
Biolégiai hozzéférhetéség ~ 40%

//< /-f:‘"u.ﬁ & "-:3’ '
iy =
Li‘:if’ i‘m@ %r&:’.»;:"‘f--~'”' . ""_» 4
L)

Jelenlegi 6szetevok: Insulin + e-amino- +casein
effectiv proteaz gatlas
micella képzédés
jelent6s biolégiai hozzaférés

1. Abra. Az inzulin-6-aminokapronsav komplex felszivédasa a vékonybélben

Az ordlis készitmény fejlesztése soran megvizsgaltak, hogy a 6-aminokapronsav és az inzulin milyen
aranya eredményezi az inzulin optimalis védelmét. Megvizsgaltak az oralisan adagolt inzulin / 6-
aminokapronsav komplex hatdsat patkdnyban a vércukorszintre és meghatdroztak, hogy a kezelés
miként valtoztatta meg a plazma inzulin szintet. A méréseket a kezelés utan 15 és 60 perccel végezték
el. Az eredményeket a 1. Tablazat tartalmazza. Megdllapithatd, hogy a 6-aminokapronsav (Acepramin)
6nmagdban nem befolydsolta sem a vércukor, sem a plazma inzulin szintet, ellenben segitette az
inzulin bejutdsat a szervezetbe, amit jelent6sen megnovekedett plazma inzulin szint, és az ennek

kovetkeztében csdkkend vércukorszint jelez.

15. perc Vércukor (mmol/I) Plazma inzulin (uU/ml)
Olddszer 7.3+0.34 15.9+3.35
100 mg/kg Acepramin 6.9+141 17.1+3.62
0.1 1U/kg inzulin 7.9+0.92 14.4+1.51
0.1 1U/kg inzulin + 100 mg/kg Acepramin 5.55+0.71% 19.8 £1.7*
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1.0 1U/kg inzulin 7.7+231 27.5 +£3.95*
1.0 IU/kg inzulin + 100 mg/kg Acepramin 4.9+0.86* 44,1 +4.52*
60. perc

Olddszer 7.4 +0.52 14.8 £2.53
100 mg/kg Acepramin 7.3+£0.95 16.7 £3.00
0.1 1U/kg inzulin 7.9+0.83 17.3+2.94
0.1 IU/kg inzulin + 100 mg/kg Acepramin 6.1+ 0.59* 21.4+2.62%*
1.0 1U/kg inzulin 6.9 +0.62 17.1£2.06
1.0 IU/kg inzulin + 100 mg/kg Acepramin 49 +0.43* 31.2+2.79*

*: szignifikdns valtozas, p< 0.05

a vércukorszintet.

A csillaggal és kiemeléssel jelolt adatok mutatjak, hogy az oralis inzulin felszivédott és csokkentette

1. Tablazat. Orélisan adott inzulin / 6-aminokapronsav komplex hatdsa a vércukorszintre és a

plazma inzulin koncentraciora patkanyban. Adatok: atlag+S.D. n=8 mellett csoportonként.

Statisztika: Bonferroni szerint modositott t-teszt, ANOVA-t kévetSen

3. STZ diabétesz modellen végzett vizsgalatok

Sprague-Dawley him patkanyokban (ts:230-250 g) 50 mg/kg streptozotocin egyszeri intravénas

adagolasaval diabetest valtottunk ki. Tiz nap elteltével a 15 mmol/I- nél magasabb éhgyomri (12 6ras

koplalas utan) vércukorértékkel rendelkezé dllatokat vontuk be a kisérletekbe. Az allatok oralis, ill.

parenteralis (s.c.) inzulint (10 IU/kg) kaptak, ezt kdvet6en mértiik a vércukorszintet és a plazma inzulin

immun reaktivitast. A kisérletek eredményét a kovetkez6 abrak mutatjak.
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3.1. Vércukorszintre gyakorolt hatas vizsgalata:

Roviditések:

insoacl = oralis inzulin 1 mg/kg acepramin mellett; insac10
= oralis inzulin 10 mg/kg acepramin mellett; insac100
= oralis inzulin 100 mg/kg acepramin mellett; inss.c.: subcutan inzulin
35
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2. Abra Az egyszeri sc. adott insulin és oralis inzulin+acepremin hatasa STZ diabéteszes patkdnyok
vércukorszintjére. A kisérlet eredményeként szignifikans kiilonbség jelentkezett a kontrollhoz

képest (* p<0.05), n=8 csoportonként.

3.2. A plazma inzulin immunoreaktivitds vizsgalata:

Roviditések:

insoacl = oralis inzulin 1 mg/kg acepramin mellett; insac10
= oralis inzulin 10 mg/kg acepramin mellett; insac100
= oralis inzulin 100 mg/kg acepramin mellett; inss.c.:

subcutan inzulin.
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3. Abra. Az egyszeri oralis inzulin+acepramin (10 IU/kg) és inzulin (10 1U/kg) plazma inzulin szintre
gyakorolt hatasa streptozotocinnal (50 mg/kg i.v.) indukalt diabeteszes patkanyban

* Szignifikans a kilonbség a kontrollhoz képest (p<0.05, n=8 )

A vizsgalatok adataibdl kitlinik, hogy a formulalt oralis inzulin inzulinhianyos diabetesben megemeli a
plazma inzulin szintet és hatékonyan csokkenti a vércukrot. A kisérletek alapjan azonos standard inzulin
(10 1U/kg) mellett a 100 mg/kg acepramin tartalom a 10 mg/kg-hoz acepraminhoz viszonyitva nem
jelent elényt. Valdszinli, hogy a subcutan inzulin ,60 perces” értékei mar lecsengé
plazmakoncentracios értéket mutatnak, tekintve a subcutan beadott inzulin gyors felszivédasat (2.,3.

Abrak).

4. Osszefoglalva megallapithaté:

1. Az inzulin mellett alkalmazott protedz gatld acepramin gydgyszerként forgalomban van és
alacsony toxicitassal rendelkezik. Az emberi alkalmazasanak felsé ddézisa 50 g i.v., ordlisan
gastrointestinalis vérzéseknél ennél is magasabb ddézisban alkalmazzak, s6t, gyomormosé

folyadékokban is — toxikoldgiai ellatasok alkalmaval adjak.

2. Az dllatkisérletek eredményei alapjan megallapithatd, hogy az inzulin 1 mg-ja mellett 100 mg-
os acepramin ddzis elegend6 az inzulin hatékony ordlis felszivédasahoz. Ennek a dézisnak sem
a gastrointestinalis traktusban, sem a szisztémas keringésben nincs az emésztéenzimekre, ill.
a plazma protedzokra szamottevd gatld hatdsa, az inzulin micelldkban azonban alkalmas arra,

hogy az inzulint megvédje a biodegradaciétdl.
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3. Az aminosav szarmazéknak intesztindlis transzportere van, ennek kovetkeztében ezt a

transzportert képes hasznalni az inzulin felszivodasahoz is.

4. Az inzulin-alacsony dézisu acepramin formailag generikus kombindcié, melyhez generikus

viv6anyag technoldgia alkalmazhaté.

5. Klinikai vizsgalatok

A klinikai vizsgalat 12 egészséges onkéntesen folyt, akik egyszer kaptdk meg a 20 NE human
rekombinans inzulint és 300 mg acepramint tartalmazo kisérleti készitményt, illetve a kontroll csoport
a placebo kapszulat kozvetlenil a WHO standardjai szerint elvégzett OGTT (oralis glukdz terhelés)

vizsgalat el6tt.

Effect of oral insulin on blood glucose level
during OGTT in healthy volunteers

[ Placebo B Oral insulin (20 IU+300 mg

acepramine)

Blood glucose level, mmol/l

Omin 30min 60min 90 min 180 min

*vs placebo at p<0.05
*N=8 per group

4. Abra. Az orélis inzulin és a placebo hatdsa OGTT tesztben

Az eredmények azt mutatjak, hogy az oralis inzulinnal kezelt 6nkéntesekben a OGTT teszt 30. és 60.
percében a vércukorszint szignifikdnsan alacsonyabb, mint placeboval kezel egyénekben, tehat sz

oralisan adott inzulin formula szisztémas hatdst mutat (4. Abra).
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Tervezett preklinikai vizsgalatok

1. T1DM allatmodellek

A T1DM vizsgalatara a kovetkez6k a gyakrabban alkalmazott allatmodellek:
Egér modellek
NOD egér: Makino és munkatdrsai tenyésztették ki 1980-ban [1]
Transzgenikusan médositott NOD egér
Human T1DM-re hajlamosité human HLA transzgenikus egér [2]
CRISPR/Cas9 altal gén mddositott NOD, tobb modell [3]
Patkdany modellek
Diabetes-prone BB Rat, LETL, KDP, LEW.1AR1/Ztm-iddm [4]
STZ-vel indukalt diabétesz korai szakasza [5]

Kutya: spontdan T1IDM [6]

A leggyakrabban hasznalt experimentalis TIDM modell a NOD egér, amely szamos tulajdonsagaban
megfelel a human T1DM-nek. Az egér torzs eredetileg, mint kataraktara hajlamositd, nem obez
diabéteszes (NOD) torzs valt ismertté. A NOD egérben a hasnydlmirigy Langerhans szigetek
immunsejtes infiltracidja az 5-6. héten kezddédik el, ami kezdetben csak a szigetek koéril jelenik meg,
kés6bb az immunsejt invazié behatol a szigetekbe. Az szigetek autoimmun gyulladasa minden allatban
megnyilvanul. A diabétesz tipikusan a 12-14. hét kozt jelenik meg a néstény allatokban, mig a himekben
néhdny héttel késébb és a himekben a diabétesz incidencia végig alacsonyabb marad (5. Abra) annak
ellenére, hogy az inzulitisz a két nemben hasonlé mérték(. A hasnydlmirigy szigetek gyulladasos
invaziéjdban CD4+ és CD8+ T sejtek, NK és B sejtek, valamint dendritikus sejtek és makrofagok vesznek
részt. Az autoimmun folyamat fenntartasaban a CD4+ és CD8+ T sejteké a vezets szerep, tisztitott CD4+
és CD8+ T sejtekkel a betegség passzivan atvihet6 masik allatra [7], mig ez nem érheté el a diabéteszes
allatban megjelené autoantitestekkel [8]. A B sejtek ugyanakkor sziikségesek az inzulitisz
progresszidjahoz. Az emberi diabéteszhez hasonldan az autoantitestek NOD egérben is el6re jelzik a
diabétesz megjelenését [9]. Az autoantitestek szerepe vitatott a betegségben, de a B sejt funkcio
jelent6s csokkenésével, a diabétesz megjelenése is visszaszorul [9]. A diabétesz incidencidja NOD

tenyészetben akkor a legmagasabb, ha az allatokat germ-free kérnyezetben tartjak [10]. A NOD egér
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hajlamos mas autoimmun megbetegedésekre is, mint tireoiditisz, polineuropatia, SLE. Toébb Iékusz

felelGs a TIDM rizikoért NOD egérben, koziilik a legfontosabb egy sajatos MHC komplex, a H-2g7 [11].
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5. Abra. A diabétesz megjelenése ideje néstény és him NOD egérben.

Az egér genom két inzulin gént tartalmaz kiilonb6z6 kromoszédmakon. Ins1 elsGsorban a B sejtekben
fejez6dik ki, mig az Ins2 a B sejtek mellett a timuszban is expresszalédik. Az Ins1 delécidja esetén a
NOD egérben nem alakul ki diabétesz, mig az Ins2 knock-out egérben gyorsan kialakul a diabétesz. Ez
arra utal, hogy az Ins1 az autoimmunitds célpontja, mig az Ims2 akdr protektiv hatasu is lehet [12]. Az
peptid megjelenését eredményezte [13]. Az igy létrehozott transzgenikus egér glukdz toleranciaja

normalis és a TIDM csak kés6bb, és csak az egerek 15-20%-ban alakul ki.

NOD egér modellben is az inzulin a legf6bb autoantigén. A diabétesz kialakulasaval parhuzamosan
inzulin fragmens specifikus T sejtek jelennek meg NOD egérben és ezekkel a sejtekkel a betegség
atvihetd egészséges allatra. Az inzulin specifikus, immunogén szakaszanak mutacidja megsziinteti a
betegséget kialakuldsat. Az inzulin epitdpok koziil B:9-23; B13-21 és B12-20 jatszik kitlintetett szerepet

az autoimmunitas és a tolerancia kialakulasaban [14].
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Az inzulin tolerancia hatasat a TIDM megjelenésén elGsz6r NOD T1DM egér modellen vizsgaltak [15].
Ot hetes néstény NOD egereket 10, 100 és 1000 pg disznd inzulinnal hetente kétszer kezeltek egy éven

keresztiil. Az 1 mg dézis jelentSsen csokkentette a diabétesz megjelenését az egerekben (6. Abra).
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6. Abra. Az oralisan adagolt inzulin hatdsa a diabétesz megjelenésére NOD néstény egerekben

(P=0,02 Kaplan-Meier analizis).

Az ordlisan alkalmazott nagy dézisu inzulin nem rendelkezett metabolikus hatassal, nem csdkkentette

az egerek vércukorszintjét (7. Abra).
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7. Abra. Az ordlisan és sc. adott inzulin hatasa hét hetes néstény NOD egerek vércukorszintjére.

« sz

kivaltott diabéteszt, ha a lépsejt donor egereket el6tte nagy ddzisu inzulinnal kezelték két héten at (8.

Abra).
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8. Abra. Az oralis inzulin kezelés hatasa a NOD egértdl szirmazd |épsejt transzferrel kivéltott

diabétesz megjelenésére.
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Pham és munkatdrsai vizsgdlatai szerint, akik megismételték a NOD egereken az inzulinnal kivalthatd
immunoldgiai tolerancia vizsgélatot [16] és nem tapasztaltdak a nagy dozisu inzulin kezelés diabétesz

protektiv hatasat, az egér koldnia eredete, mikrobidlis flordja, az alkalmazott inzulin eredete és

tisztasaga alapvetéen befolyasolhatja az oralis inzulinnal kivalthatd toleranciat és T1DM elleni

védelmet.

Ujabb vizsgalatok szerint az egérben az inzulin mellett single-chain inzulin (SCI-59; 8 tagu linker az A és

B lanc kozt) oralis adasaval is kivalthatd immunoldgiai és terapias hatas [17](9. Abra).
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9. Abra A TIDM mentes &llatok ardnya napi po SCI-59 vagy placebo (BLP) kezelést kdvetSen.
(n=15 / csoport), TIDM diagnosis glukoéz vérszint >11.1 mmol/L. * p <0.05 [17]

Annak ellenére, hogy a NOD egér a T1IDM leginkdbb haszndlt allatmodellje, az immunoldgiai
intervencié hatasa sok esetben kilonbozik a human diabéteszben és a NOD modellben. Az 5. Tablazat

a fontosabb eltéré reakcidkat foglalja 6ssze.

Kezelés Preklinikai eredmény Klinikai vizsgalat eredmény Nehézségek az 6sszehasonlitasban
Parenteralis inzulin Gatolja a TIDM kialakulasat Nem véd TiDM ellen Nem 6sszehasonlithaté ddzisok.
magas rizikéju

NOD egérben. 3
egyénekben.
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Oralis inzulin

Teplizumab és otelixizumab
(FCR  non-binding anti-CD3
mAbs)

Rituximab (anti-hCD20)

Abatacept (CTLA4-Ig)

Rapamycin és IL-2

Antithymocyta globulin

Sertés inzulin gatolja T1DM
kialakulasat NOD-ban

Rekombinans human inzulin
gatolja az sziget infiltracio

kialakulasat

Egyetlen aminosav csere a B30-
as poziciéban gatolja az inzulin

toleranciat NOD egérben

Meggatolta az alacsony ddzisu

STZ-vel kivaltott diabéteszt

egérben visszaforditia DM-t
meggatolja NOD ujszllottekben

T1DM kialakulasat.

Megel6zte a TIDM kialakulasat
és visszaforditotta
hiperglikémiat hCD expresszald

transzgenikus NOD egérben.

Szabalyozé B sejtek kialakulasat

véltotta ki.

Megel6zte T1DM kialakulasat
NOD fiatal egérben, de nem volt

hatasos 8 hetes kor utan.

CTLA4-Ig transzgén gyorsitotta

T1DM kialakulasat NOD egérben.

A kombindcié gétolta a T1IDM

kialakulasat NOD egérben.

A kezelt egerekben
emelkedett FoxP3* Treg

sejtek szama.

Megel6zte T1IDM-t vagy

késleltette a progresszidt.

Exendin-4 (glucagon-like
peptide 1 receptor agonist)
egyutt visszaforditotta TLDM-t

NOD egérben.

Egészében nem dllitja meg a
T1DM progresszidjat, de
hatdst mutat magas anti-
T1DM

inzulin titerd

betegekben.

A kezelés magasabb C-
peptid szintet tart meg és
csokkenti az inzulin igényt
nemrég kialakult T1DM-

ben.

Csokkenti a B-sejt

pusztulast

C-peptid érték javult 1,
de nem volt hatas 2 év

utan.

Késleltette a  C-peptid
csokkenést.

A kezdeti gyenge
eredmények miatt a

vizsgalatot

felfiggesztették.

Nem védte a B-sejt funkciot.

Nem emelte a Tree

sejtek aranyat.

A tolerancia kialakuldsanak inzulin tipus
specificitdsa csak a klinikai vizsgalatok

alatt valt nyilvanvaléva.

Csak néhdny inzulin forma eredményez]

citokin termelést.

A hatas nem volt tartés, mint egérben,

de néhany egyén erételjesen reagalt.

Atmeneti hatds.

Az autoantigénekre kifejtett  hatas|
bizonytalan.
Kilonbségek a betegség

kinetikajaban?

Kulonbségek CD28 expresszidjdbana T

Sejteken.

Rapamycin toxikus lehet a B sejtekre,

amit a fokoz az IL-2.

NK sejt emelkedés lehet felelGs

a B-sejt pusztulasért.

Az IL-2 NK sejtekre kifejtett hatasat
elfedheti az NK-t érint6 mutacié NOD-

ban.

A komplement hidny NOD egérben
magyarazhatja miért élhetnek tul az

indukalt Tres sejtek egérben.
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Alefacept (soluble LFA3-Ig) Elésegitette az inzulinoma Nincs kulonbség a 2 h, Az egérben nics CD2 koté CD58gén,  az
graftok tulélését. de emelkedett 4 h C- egér CD48 alacsonyabb aktivitassal koti
peptid valasz aVD2-t

Csokkent effektor és

memoria T sejt.

Sitagliptin és lansoprazole Visszaforditja aTl DM-t Nincs hatdssal C- peptid Nem vildgos az autoimmunitasra
egérben vélaszra Uj betegekben kifejtett hatas Kulénboz6 a B sejtek

proliferacids kapacitasa.

5. Tablazat. Immunoldgiai intervencidk hatasa human T1IDM-ben és a NOD egérmodellben.

Preklinikai vizsgalati terv

Az oralis inzulinnal kivaltott experimentdlis TIDM prevencids és terapias vizsgalatokat szinte minden
esetben NOD egér modellen végezték, kizarélag ebben a modellben rendelkeziink megbizhato
bizonyitékkal, hogy az oralisan adott inzulin képes a TIDM kialakuldsat és lefolydsat megvaltoztatni.
Ezért ezt a kisérletes modellt valasztjuk az oralis inzulin formula T1IDM-ben kifejtett hatasanak a

vizsgalatara.
A korabbi vizsgalatok tanulsagai, amit figyelembe kell venni a kisérletek tervezésénél.

Az ordlis inzulinnal elérhetd prevencids és terdpids hatds szélséséges varidbilitdst mutat az egyes

vizsgalohelyeken. Az eltéré eredmények oka nem pontosan ismert, feltételezik, hogy a kovetkezd

faktoroknak lehet els6dleges szerepe:

e atenyészet eredete
e amikrobiolégiai kbrnyezet, a bélfléra 6sszetétele
e azinzulin min&sége
e atap mindsége,
hipoallergén tap erésen gatld hatasu [18]

alacsony AGE (Advanced Glycation End product) tartalom gatol [19]

Ezekre a tényez6kre figyelmet kell forditani, ismerten megbizhatd forrasokbdl szarmazoé allatot, tapot

kell haszndlni vizsgalatokban.
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NOD (NOD/LtJ) egér tébb magbizhatd forrasbdl, igy Jackson Laboratory, Taconic, Charles River (Jax
strain), Shanghai Slaccas Experiment Animal Limited Company beszerezhet6. Vizsgdlatokban néstény

allatokat érdemes haszndlni a magasabb a TIDM megjelenési arany miatt.

Inzulin: mind sertés inzulinnal (Sigma-Aldrich), mind rekombindns human inzulinnal (Humilin R, Eli Lilly

higitas savas, Ph:2.5 PBS-ben) kdzoltek pozitiv eredményeket.

1. . Az oralis inzulin formula preventiv hatasanak vizsgalata NOD T1DM

modellben

1.1. A vizsgalat célja, rovid leirasa

A prevenciés vizsgdlatban a néstény NOD allatok kezelését a lehets legkordbbi, 4 hetes korban kezdjik
el, mert a betegség korai stadiumaban a konnyebben kivalthaté immunoldgiai tolerancia [20]. Az ordlis
formuldbdl a beadott inzulin mintegy 30%-a felszivodik és szisztémas metabolikus hatdst fejt ki (4.
Tablazat). Ismeretes, hogy a sc. adott inzulin NOD egérben késlelteti, de nem szlinteti meg a diabétesz
megijelenését [21, 22]. A hatas valdszinl oka, hogy az a B sejtek mikodése exogén inzulin hatasara
visszaszorul, igy kevésbé miikodnek immunoldgiai targetként is. Ezért vizsgalatban szisztémas inzulin
hatdsat is mérni kell (sc. inzulinnal kezelt kontroll), hogy lassuk a hatds milyen részéért felelGs az inzulin
szisztémas hatdsa, illetve az ordlis inzulin altal kivaltott immunoldgiai tolerancia. Tobb T1DM
modellben végzett vizsgalat igazolta, hogy a toleranciat kivaltdé antigén dodzis alapvetéen
befolydsolhatja az immunoldgiai tolerancia kialakuldsat, ezért az ordlis inzulin formulat minimum két
ddzisban kell vizsgalni. NOD egérben a diabétesz megjelenése utan kialakuld sulyos hiperglikémia (akar
600 mg/dl) 5-10 hét alatt az allatok pusztuldsahoz vezet, ezért a 400 mg/dl-es vércukorszint elérésekor

a felesleges szenvedés elkertilése érdekében exterminalni fogjuk az allatokat.

Az allatokat négy csoportra osztjuk, az elsd, kontroll csoportot a vivGanyagokkal kezeljiik, a masodik és
harmadik csoportot a maximalisan toleralt ordlis inzulin formulaval és annak egy tized részével kezeljik
ordlisan, a negyedik csoport az ordlis inzulin formula 30%-nak megfelel6 mennyiségl inzulint kap sc.
Az oralis inzulin formula tervezett magas dozisa 0.5, az alacsony ddzisa 0,05 U/allat, ennek megfelelGen
a sc. inzulin dézisa 0,15 U/allat. Az sc. adott alacsony inzulin dézisnak (0,015U/ allat) ismerten nincs
érdemleges hatdsa a NOD egérben a diabétesz megjelenésére, ezért az alacsony sc. inzulin dézist nem
vizsgaljuk. A 0,15 U/allat sc. inzulin dozist korabbi kisérletben toleraltdk az allatok [21]. Az allatok
kezelését heti 6t alkalommal végezziik az 4.-t6l a 15. hetes korig. A 10 hetes kértdl, hogy a ddzis lépést

tartson az dallatok névekedésével az inzulin dézisokat megduplazzuk. A kezelést nem folytatjuk a 15
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hetes kor utan, hogy az inzulin kezelés ne fedje a kialakulé diabéteszt. A 15. hétt6l az allatok
vércukorszintjét hetente ellendrizzilk a farok, vagy szemzug vénabdl vett vérben. Az Aallatok
megfigyelését 10 héttel tovabb folytatjuk, mint amikor a kontroll csoportban a diabétesz el6fordulasa
(vércukorszint > 250mg/dl) eléri a 90%-t (kb. a 40. hét). Amennyiben az ordlis inzulin formula hatasara
a diabétesz megjelenése legalabb 30%-kal csokken, akkor csoportonként 25 néstény egeret vizsgalva
nagy biztonsaggal ki tudjuk mutatni a hatast. A tervezett inzulin ddzis jelentfs, testsulyra
vonatkoztatva mintegy 50-100x nagyobb, mint a human inzulin igény, igy megfelel a nagy ddézisu
deszenzitizacid koncepcidjanak. Csoportonként tovabbi 5-5 dllatot is vizsgdlatba allitunk a
hasnyalmirigy hisztoldgiai vizsgdlat céljara, az inzulin autoantitest szint mérés, valamint a vérben és a
hasnyalmirigy korili nyirokcsomdékban a Treg sejtek szdmdnak meghatdrozdsara. Ezeknek az
vizsgalatoknak az id6pontjat a diabétesz progresszidja alapjan fogjuk meghatarozni. A kezelések és

vizsgalatok itemezését, valamint a vizsgélat feltételezett kimenetét a 10. Abra szemlélteti.
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10. Abra. A kezelés és a vércukormérés litemezése, valamint a vizsgélat feltételezett kimenetele

NOD egéren végzett TIDM preventiv vizsgalatban.
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1.2

Anyag:

Insulin:

1.3.

. A tervezett vizsgalatok részletes leirasa

NOD/ShilLt) egér

Tenyésztd: Jackson Laboratory
Beszerzés: 125 db 3 hetes nGstény egér
Ar: 42.36 $/egér -
Teljes ar: 1.556.562 Ft (USD arf.:292,5 Ft) "~

Hepa filteres Micro-Isolator rendszerben, vagy Hepa filteres BioContaiment rendszer az egerek
tartasdra

Zsilipelt, VAF (virus ellenanyagtdl mentes) allathaz

Tdp: besugdrzott Picolab Rodent Diet 20, #5053 (LabDiet, vagy LabSupply) vagy
autdklavozhaté 5K52 (LabDiet) és sterilizalt vizet kapnak ad libitum.

Jelolés: Ear tag (egér jelolS rendszer), Jackson Laboratory

Oralis inzulin formula formula: 10U Humulin R (Ely Lilli) + 10 mg Acepremin
Humulin R 100 U/ml (Eli Lilly) injekcié oldat

Vércukormérd: Dcont Nemere, iHealth Smart BG5, vagy Roche Accu-Chek Instant
Vizelet glukdz vizsgald teszt csik, CYBOW™ Urine Reagent Strip

Egér/Patkany C-peptid ELISA Kit (Sigma, EZRMCP2-21K)

Lympholyte®-M (Mouse) egér limfocita izolalé6 médium Tebu-Bio

Treg flow cytometry kit (BioLegend, San Diego).

Human Inzulin Elisa Kit, Mercodia, 10-1132-01; (elhanyagolhaté keresztreakcié egér inzulinnal)
Mouse Insulin Autoantibody (IAA) ELISA Kit; Abbexa, abx053161

CD90.2 (Thy-1.2) Monoclonal Antibody (30-H12), Biotin konjugalt, ThermoFisher
Polyclonal Guinea Pig Anti-Insulin (DAKO)

A vizsgalat menete

A 3 hetes nGstény NOD/ShilLt) egereket egy hetes karantén utan vonjuk vizsgalatba. Az dlatokat 12/12h

vilagos,

sotét ciklusu megvilagitdsu, 18-23°C-os, 40-60% paratartalmu dllatszobdban tartjuk. Az hepa

filteres allattarté dobozok, vagy hepa filteres biocontainer, valamint a zsilipelt, VAF (virus ellenanyagtél
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mentes) allathaz biztositja majd az allatok mikrobioldgiai florajanak allanddsagat. Ugyancsak ezt

szolgdlja, hogy az allatokkal végzett minden manipuldcio steril leveg6jti fulkében torténik, a gondozdk

és a kezel6 személyzet véddfelszerelést (steril kopeny, maszk, keszty( stb.) visel. Az egerek ad libitum

jutnak hozza a steril tdphoz és ivovizhez. A vizsgélati stressz csokkentésére az allatokat dusitott

kornyezetben tartjuk. Az allatok egyedi jelolését fiilbe erGsitheté fém lappal (ear tag, Jackson

Laboratory) fogja elvégezni a kovetkez6 modon.

Csoport
Kontroll

Oralis inzulin  formula,

nagy doézis

Oralis inzulin formula, kis

dézis

Szubkutan inzulin

Funkcionalis vizsgalatok

Jeldlés

1-25

26-50

51-75

76-100

101-125

Kezelés/ 5-15. hét
Hetente 5x oralis és sc. inzulin olddszer
Kezelés hetente 5x

5-9. hét 0,5U/egér oralis inzulin formula, 10-15. hét

1U/egér oralis inzulin formula, sc. kezelés inzulin olddszer
Kezelés hetente 5x

5-9. hét 0,05U/egér oralis inzulin formula, 10-15. hét
0,1U/egér oralis inzulin formula, sc. kezelés inzulin

olddszer
Kezelés hetente 5x

5-9. hét 0,15U/egér sc. Humulin R inzulin, 10-14. hét 0,3

U/egér sc. Humulin R inzulin, po orélis inzulin oldészer
Funkcionalis vizsgalat, el6kisérlet

101-107 0.5 U/egér oralis inzulin formula; 109-114 sc
1015 U/ egér; 114-21 Kontroll, kezelés hetente 5x

Az egerek karantén ideje alatt ellendrizziik, hogy a NOD/Shilt) egér toleralja a tervezett kezelést. Két

allatot az ordlis inzulin formula névekvé, 0,1U; 0,25U; 0,5U; 1U; 2U dézisaival oralisan, két egeret a

Humulin R 0,05; 0,1; 0,2; 0,4, 0,8 U/egér sc. dézisaival kezellink egymast kdvets napokon. Megfigyeljik

az allatok viselkedését, és a felsé két dozisban kezelést kovet6 1 és 3 dra mulva meghatdrozzuk az

allatok vércukorszintjét, valamint vér inzulin szintjét human inzulin specifikus ELISA kittel.
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A NOD egéren végzett probakezeléssel megerdsitett, vagy esetleg mddositott dézisokkal 4 hetes kor
utan elinditjuk az egerek kezelését. Amennyiben az inzulin kezelés kévetkeztében hipoglikémia lépne
fel (nem vart esemény), akkor 1 ml 5% sz6l6cukor tartalmu Ringer oladatot fecskendeziink be a

tuneteket mutatoé allatoknak sc.

Az allatok testsulyat hetente azonos napon megmérijiik. A 14. héten az allatok kezelése befejezédik. A
15. héttél kezd6d6en minden héten megmérjiik az egerek vércukorszintjét a farok vénabdl, nehézség
esetén a periobitalis vénakbdl vett mintdban. A glukéz meghatarozas el6tt nem éheztetjik az
(allatokat, a méréseket mindig a de. 10-12h id6savban végezzik. Azoknal az allatokndl, ahol a
vércukorszint magasabbnak adédik, mint 250 mg/dl (13.9 mmol/l), a kdvetkez6 napon ismételten
megmeérjik a vércukorszintet, valamint a vizelet cukor szintjét. A mérésekhez Dcont Nemere, vagy
ekvivalens glukdz méré6t, illetve Cybow vizelet glukdz teszt csikot hasznalunk. A két egymast kovetd
napon 250 mg/ml-nél magasabb vércukorszinttel rendelkez§ éllatokat diabéteszesnek tekintjik. A
diabéteszessé valt allatotokat, ha a vércukorszintjiik eléri a 400 mg/dl értéket ip. adott pentobarbitallal
tulaltajuk, majd a hasnyalmirigyet eltavolitjuk, a paratlan mintakat 4%-os formalinban fixaljuk, a paros

mintakat folyékony nitrogénben lefagyasztjuk, majd -70 °C-on taroljuk.

A 16. és 20. héten csoportonként 10-10 egért6l (az els6, majd a masodik 10 egér) C-peptid
meghatdarozasra 0,2 ml vérmintdat vesziink. Az EDTA-val alvaddsgatolt vért 4 °C-on lecentrifugaljuk és a
plazmat feldolgozasig -20 °C-on taroljuk. Tovabbi C-peptid meghatarozasrdl a diabétesz megjelenése

szerint dontlink majd.

Ugyan ezekben a mintdkban meghatarozzuk az inzulin ellenes autoantitetek szintjét egy érzékeny

ELISA médszerrel [23].
Treg sejtek meghatarozasa:

A funkcionalis vizsgalatra kezelt allatokbdl a kisérlet lefolydsa altal meghatarozott két id6pontban 3-3-
t allatot felaldozunk, narkdzisban a szivpunkciéval vért nyerink, (kb. 0,5 ml) majd az alvadasgatolt
vérb6l a magvas sejteket Lympholyte®-M (Mouse) egér limfocita izoldlé médiumon (Tebu-Bio)
izolaljuk. A Treg sejtek szamat Treg flow cytometry kit (BioLegend, San Diego) segitségével
meghatarozzuk. Ugyancsak eltavolitjuk a hasnyalmirigy korili nyirokcsomadkat és a Treg flow cytometry

kit-t hasznalva meghatarozzuk a nyirokcsomadban taldlhaté Treg limfocitak aranyat.
Hisztoldgiai vizsgalat:

A formalin fixalt, paraffinba dgyazott metszeteket hematoxilin-eozinnal festjiik. A metszeteken 100

hasnyalmirigy szigeten a kovetkez6k szerint kategorizaljuk az immunreakcio mértékét:
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nincs gyulladasos reakcié (0)

csak sziget kordli, vagy kisebb, mint 25% infiltracid (1)

25-75% infiltracio (2)

nagyobb, mint 75% infiltracié (3).

A fagyasztott szovetek a vizsgalati eredmények alapjan felmeriilé tovabbi kérdések (pl. rezidualis

inzulin expresszo, az infiltrald sejtek tipizdsala) megvalaszolasara szolgalnak, felhasznalasukrél csak az

eredmények figgvényében fogunk donteni.
Statisztikai analizis:

A diabétesz mentes tulélési id6 vizsgalatdra a Kaplan-Meier tesztet hasznaljuk és a p< 0.05 értéket
tekintjuk szignifikdnsnak. A tobb csoportos adatok értékelésére ANOVA és Bonferroni teszteket fogunk

hasznalni.
Ertékelés:

A legfontosabb kérdés, hogy az diabétesz megjelenését késlelteti-e az oralis inzulin formula kezelés.
Erre a diabétesz megjelenési idé Kaplan-Meier analizise ad valaszt. Amennyiben a kezelés késlelti a
diabétesz megjelenését el6térbe kerll a hatds mechanizmusa. A Treg sejtek szama, a szigeteket
infiltralé sejtek tipusa bizonyithatja, hogy a TLDM preventiv hatds az inzulinnal kivaltott tolencidnak a

kovetkezménye.

2. Az ordlis inzulin formula terapias hatasanak vizsgalata NOD T1DM

modellben

2.1. A vizsgalat célja, révid leirasa

A vizsgdlat célja annak eldontése, hogy a mar kialakult diabéteszben az ordlis inzulin formula kezelés
képes-e hosszantartd remissziot kivaltani. Az oralis inzulin formula szisztémds inzulin hatdssal is
rendelkezik, ami befolyasolhatja a T1D lefolyasat, a B-sejtek kimeriilését, ezért az ordlis inzulin altal
kivaltott immunolégiai tolerancia és a szisztémas inzulin hatds megkiilonboztetésére megvizsgaljuk a
parenteralisan adott inzulin hatasat is. A parenteralisan adott inzulin mennyiségét ugy valasztjuk meg,

hogy azonos hatasu legyen, mint az ordlis inzulin formula szisztémas inzulin hatasa.

A NOD egereket (0sszesen 50 egér) csak akkor vonjuk kezelésbe, amikor diabeteszessé valnak

(vércukorszint > 250mg/dl). A néstény diabeteszes egereket harom csoportra osztjuk, egy csoport
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kontrollként szolgdl, egy csoport oralis inzulin formula kezelést kap, a harmadik csoport sc inzulin

kezelésben részesiil. Ot hét kezelés utdn maximum 6t napra az inzulin kezelést felfiiggesztjiik, hogy

megbecsiiljik az endogén inzulin termelés allapotat a vércukorszint valtozasa alapjan. Amennyiben az

vércukorszint 250 mg/dl folé emelkedik az inzulin kezelést Gjrainditjuk tovabbi 5 hétig (6sszesen 10

hét). A terdpia hatdsat a diabétesz megjelenése (vércukorszint >250 mg/dl) alapjan mérjuk. A hosszu

kovetés célja a hatds tartdssaganak (atmeneti vagy esetleg tartds hatds) meghatarozasa. A kezelések

és vizsgalatok litemezését, valamint a vizsgélat feltételezett kimenetét a 11. Abra szemlélteti.

SC. inzulin
Kontroll i

Vércukorszint
mg/dl

250

100 -

po. inzulin

Hét

11. Abra Abra. A kezelés és a vércukormérés (itemezése, valamint a vizsgélat feltételezett

kimenetele NOD egéren végzett TIDM terapias vizsgalatban.

Anyag, mddszer:

e NOD/Shilt) egér

e Tenyésztd: Jackson Laboratory

e Beszerzés: 70 db 10 hetes néstény egér (Ar: 42.36 $/egér)
e Teljes ar: 867000 Ft (Ar: 42.36 S/egér, USD &rf.:292,5 Ft)
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e Hepafilteres Micro-Isolator rendszerben, vagy Hepa filteres BioContaiment rendszer az egerek
tartasdra

e Zsilipelt VAF (virus ellenanyagtdl mentes) allathazban.

e Tap: PicoLab Rodent Diet 20, #5053 (LabDiet, vagy LabSupply), vagy vagy autdklavozhaté 5K52
(LabDiet), sterilizalt viz ad libitum.

o Jelolés: Ear tag (egér jel6l6 rendszer), Jackson Laboratory
Insulin:

e Oralinsulin formula: 10U Humulin R (Ely Lilli) + 10 mg Acepremin

e Humulin R 100 U/ml (Eli Lilly) injekcio oldat

e Vércukormérd: Dcont Nemere, iHealth Smart BG5, vagy Roche Accu-Chek Instant
o Vizelet glukdz vizsgald teszt csik, CYBOW™ Urine Reagent Strip

e Egér/Patkany C-peptid ELISA Kit (Sigma, EZRMCP2-21K)

e Mouse Insulin Autoantibody (IAA) ELISA Kit; Abbexa, abx053161

e Alzet ozmotikus minipumpa, (Alzet model 1002)

e Lympholyte®-M (Mouse) egér limfocita izoldlé médium Tebu-Bio

o Treg flow cytometry kit (BioLegend, San Diego).

2.2. A vizsgéalat menete

Az egereket vércukorszintjét az allatok 11 hetes koratdl hetente kétszer (hétfg, csttortok délel6tt) a
farokvénabdl, vagy a periorbitalis vénas plexusbdl vett vérben meghatarozzuk. Amennyiben a
vércukorszint 250 mg/dl-nél magasabb a mérést a kovetkezd napon megismételjik. Az egymast kovets
napokon 250 mg/dl értéknél magasabb vércukor értéket mutato allatokat diabéteszesnek tekintjuk és
kezelésiiket a kovetkezd napon elkezdjiik. Az allatok egyedi jelolését fllbe erdsithet6 fém lappal (ear

tag, Jackson Laboratory) végezziik a kovetkez6k szerint:

Csoport Jel6lés Kezelés / 10 héten at

Kontroll 1-10 Hetente 7x oralis inzulin formula oldészer

Oradlis inzulin formula 11-30 Hetente 7x, 2U / egér ordlis inzulin formula
Szubkutan inzulin 31-50 0,3 U/nap Humulin R, Alzet ozmotikus minipumpa

51



Aux:;l;ﬁs

Pharma
A NOD1 néstény egerekben a diabétesz legnagyobb gyakorisaggal a 15 hét korul jelentkezik és 30.
hétre az egerek mintegy 80%-ban kialakul. A vizsgalatot 70 nésrény egérrel inditjuk, hogy a

csoportokhoz sziikséges 50 allatot 2-3 hét alatt ki tudjuk valasztani.

A kontroll csoportot az oralis inzulin higitasara hasznalt oldészerrel kezeljuk orélisan, 0,1 ml/10g
testsuly térfogatban naponta egyszer 10 hétig. A kontroll dllatokban heti két alkalommal ellenérizzik
a vércukorszintet, ha a vércukorszint a 400 mg/dl-es szintet ismételten eléri az allatokat ip. nembutal
injekcioval elaltatjuk, szivpunkcidval vért vesziink, a plazmat izoldlunk autoantitest és C-peptid

meghatarozas céljara. A mintakat a felhasznalasig -20 °C-on taroljuk.

A vizsgalatban tervezett oralis inzulin formula ddzisat és a kezelés itemezését el6kisérletben kell
ellendrizni. Az eddigi eredmények alapjan feltehetd, hogy sikeril olyan ddzist talalni, ami napi egyszeri
kezeléssel is elfogadhatd tartomanyban (50-200mg/dl) tartja az egész nap az egerek vércukorszintjét.
Az elGkisérletben diabéteszes NOD egereket (2-2 egér, vércukorszint ismételten magasabb, mint
250mg/dl) az orélis inzulin formula 2 és 4 U/egér ddzisaval oralisan kezeljik, majd 0, 3, 6, 9, 12, 18, 24
O6ra mulva végzett méréssel meghatarozzuk az allatok napi vércukor profiljat. Ha szlikséges, a napi
dozist és a kezelési litemezést Ugy modositjuk (dozis emelés, csokkentés vagy napi kétszeri kezelés),

hogy a napi minimalis és maximalis vércukorszint az 50-200 mg/dI| tartomanyban maradjon.

Az elGkisérletben kivalasztott ordlis inzulin formula dézis és itemezés szerint inditjuk el az allatok

kezelését.

A parenteralis inzulin kezelést Alzet ozmotikus minipumpa hasznalataval fogjuk végezni. Korabbi
vizsgalatok kimutattak, hogy Alzet ozmotikus minipumpaval adagolt inzulinnal tobb, mint két hétig a
normalis tartomanyban tarthaté a NOD1 diabéteszes egerek vércukorszintje (Comp Med. 2012; 62(5):
381-390). Az egerekbe 50 U/ml Humulin R-el felt6ltott Alzet ozmotikus minipumpat fogunk betltetni,
amely napi 0,3 U folyamatos inzulint kezelést biztosit és fenntartja a normalis vércukorszintet NOD1
egerekben [24]. Az egerek leborotvalt b6rét alkoholos jéddal fert6tlenitjiik, majd izofluran narkdzisban
kis vagason kereszt(l intraperitonealisan behelyezziik a gyartd hasznalati utasitasa szerint el6készitett
ozmotikus minipumpat, majd a sebet kapcsokkal zarjuk. Az Alzet minipumpadakat 16-18 naponként
cseréni fogjuk. Hetente egyszer meghatdrozzuk a csoportban két allat vércukorszintjét, tovabba soron

kiviil megvizsgaljuk a tlineteket vagy szokatlan viselkedést mutaté allatok vércukorszintjét.

Az oralis inzulin formulaval végzett kezelés soran (kezelési térfogat 0,1ml/10g testsuly) hetente egyszer
meghatarozzuk két allat glukdz profiljat (a kezelés el6tt és 3,9, 18, 24 éraval utdna) valamint ugyancsak
meghatarozzuk a tiineteket, vagy eltéré viselkedést mutatd allatok vércukorszintjét. Az eredmények
fliggvényében az ordlis inzulin formula ddzisat, vagy a kezelés (temezését mddosithatjuk, hogy az

egerek napi vércukorszintje az meghatarozott tartomanyban maradjon.
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Ot hét kezelés utan 5 napra felfiiggesztjiik az oralis inzulin adasat, hogy megbecsiiljiik az egerek inzulin
termelését. A kezelés felfliggesztését kévetGen naponta mérjiik (délel6tt) az egerek vércukorszintjét
és plazma mintat nyerlink C-peptid meghatarozasra, valamint figyeljik az allatok viselkedését.
Amennyiben a vércukorszint 6t napnal hamarabb 250 mg/d| f6lé emelkedik az orélis inzulin kezelést
Ujrainditjuk és a 10. hét végéig folytatjuk. Az inzulin dézis mddositasara, az allatok vércukor profilja

alapjan ebben az idGszakban is sor keriilhet.

A tiz hét inzulin kezelési id6t kovet6en Ot napon keresztil naponta, majd hetente kétszer
meghatarozzuk az allatok vércukorszintjét. A 13. és 15. és héten vért vesziink a Treg sejtszam, valamint
plazma mintat (50 ul) nyertink C-peptid és autoantitest szint meghatarozasra, amit -20 °C-on tarolunk

felhasznalasig. A Treg limfocitak meghatarozashoz poolozzuk az 50 pl-es vérmintakat.

Amennyiben egy allat vércukorszintje ismételten 400 mg/dl folé emelkedik az allatot exterminaljuk, a
hasnydlmirigyet eltdvolitjuk a paratlan mintakat 4 %-os formalinban fixaljuk, paros mintakat gyors

fagyasztds utan-70 °C-on taroljuk.

C-peptid mehatarozas:

C-peptid szint meghatéarozasat Egér/Patkany C-peptid ELISA Kit-el (Sigma, EZRMCP2-21K) végezziik
Inulin ellenes autoantitest meghatarozas

Az inzulin ellenes autoantitest szint meghatarozasara egy érzékeny ELISA moddszert, Abbexa,

abx053161 [24] hasznalunk.
Treg limfocita meghatarozas:

A csoportonként poolozott 50 pl-es mintakbdl Lympholyte limfocita izoldlé médiumban szeparaljuk a

limfocitakat, majd Treg flow cytomery kit segitségével meghatarozzuk a Treg limfocitak aranyat.
Hisztoldgiai vizsgalat:

A formalin fixalt, paraffinba agyazott metszeteket hematoxilin-eozinnal festjiik. A metszeteken 100

hasnyalmirigy szigeten a kovetkez6 értékelés szerint kategorizaljuk az immunreakcié mértékét:
nincs gyulladasos reakcié (0)

csak sziget kordili, vagy kisebb, mint 25% infiltracid (1)

25-75% infiltracio (2)

nagyobb, mint 75% infiltracid (3).
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A fagyasztott szovetek a vizsgalati eredmények alapjan felmeriilé tovabbi kérdések (pl. rezidualis
inzulin expresszo, az infiltrald sejtek tipizdsala) megvalaszolasara szolgalnak, felhasznalasukrél csak az

eredmények figgvényében fogunk donteni.
Statisztikai analizis:

A diabétesz mentes tulélési id6 vizsgalatdra a Kaplan-Meier tesztet hasznaljuk és a p< 0.05 értéket
tekintjuk szignifikdnsnak. A tobb csoportos adatok értékelésére ANOVA és Bonferroni tobbszoros

Osszehasonlitasi teszteket fogunk hasznalni.
3. Ertékelés

A legfontosabb kérdés, hogy a mar kialakult diabéteszben képes-e az ordlis inzulin formula remisszidt
kivaltani. Ennek legegyszerlbb hatékony méréje a diabétesz megjelenésének id6 fliiggése. Varhatdan
a parenterdlis inzulinnal kezelt allatok vércukorszintje révid id6n belll (néhany nap-egy hét) Ujra eléri
a diabétesz kiszobértékil szabott 250 mg/dl értéket. Amennyiben az oralis inzulin formulaval kezelt
allatokban csak jelentésen kés6bb alakul ki Ujra diabétesz, akkor felmeril annak lehet&sége, hogy az

oralis inzulin csokkenti a Langerhans szigetek elleni autoimmunitast.

Az inzulinnal altal kivaltott tolerancian alapuld autoimmunitds mechanizmusat tdmasztja ald, a Treg
limfocitdk szdmanak emelkedése a vérben és a hasnyalmirigyet infiltrdlé limfocitak kozt, vagy a

hasnyalmirigy koriili nyirokcsomdkban.
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Allatkisérlet végzésére sz616 engedély iranti kérelem
a 40/2013. (1. 14.) Korm. Rendelet 2. szamu mellékletenek megfeleloen

A kérelem tartalmi elemei:

1. A kérelmezd (a projekt altalanos megvaldsitasaért, valamint a projektengedélyben
foglalt feltételeknek valo megfeleléséért felelds személy)

neve: Késobb keriil megnevezésre
munkakore:
postai ¢és elektronikus levelezési cime:
2. A felhasznal6 intézmény
megnevezése: Debreceni Egyetem, Farmakologiai és Farmakoterapiai Intézet
cime: 4032 Debrecen, Nagyerdei krt. 98.

3. Az intézményben az allatvédelmi jogszabalyok teljesiilésének biztositasaért felelds
személy

neve:
munkakore:
postai ¢és elektronikus levelezési cime:

4. A felhasznal6 intézmény miikodési engedélyét kiadd hatosag
megnevezése: Debreceni Egyetem
az engedély szama:

5. A kérelmezd nyilatkozata arrdl, hogy a kérelem célja

a) [X] 1ij engedély megszerzése,

b) [ | hatalyos engedély megujitasa, (engedély szama: )
c¢) [ ] hatalyos engedély modositasa, (engedély szama: )
d) [ ] hatalyos engedély meghosszabbitasa. (engedély szama: )

A b)—d) esetekben az engedély szamat ¢és lejartat is meg kell adni.



II. A kérelem tovabbi tartalmi elemei 0j engedély megszerzése esetén:

1. A projekt megnevezése: Oralis inzulin terdpia az I-es tipust diabétesz kialakuldsédnak
megeldzésére

2. Annak megjeldlése, hogy az alabbiak koziil mely célkitlizésnek, illetve
célkitlizéseknek felel meg a kisérleti tevékenység, azzal, hogy tobb célkitiizés
megjelolése esetén meg kell jeldlni a kisérlet elsddleges céljat:

a) [ ] alapkutatas,
b) transzlacios vagy alkalmazott kutatas az alabbi célok barmelyikével:
ba) [X] emberek, allatok vagy ndvények betegségeinek, egészségi
rendellenességeinek vagy mas koros elvaltozasainak, azok hatasainak

elkertilése, megeldzése, felismerése vagy kezelése,

bb) [ | emberek, allatok vagy novények élettani allapotanak feltarasa,
értékelése, szabdlyozasa vagy modositasa, vagy

be) [ ] az allatok joléte és a mezégazdasagi célbol tartott allatok termelési
feltételeinek javitasa,

¢) [X] ab) pontban foglalt barmely célbol gyogyszerek, élelmiszerek és
takarmanyok, valamint egyéb anyagok vagy termékek kifejlesztése vagy
gyartasa, azok mindségének, hatékonysaganak €s biztonsagossaganak

ellendrzése,

d)[ | atermészetes kdrnyezet védelme az emberek vagy allatok egészsége vagy
joléte érdekében,

e) ] afajok megdrzésére iranyulo kutatas,

f) [ ] felsdoktatds vagy a szakmai készségek megszerzése, fenntartisa vagy
fejlesztése céljabol folyo képzés,

g) [ ] igazsagiigyi orvostani vizsgélat.
Tobb célkitlizés esetén a kisérlet elsddleges célja:

3. A kérelmez0 nyilatkozata arrol, hogy hatosagi szabalyozasi kdvetelmények teljesitése
céljabol végzendo, vagy bevalt modszereket alkalmazd, termelési vagy
diagnosztikai célbol végzendo tobb azonos tipusu projekt egyiittes engedélyezését
kéri-e [44. § (4) bekezdés].

Nem kérjiik

4. A projekt ismertetése, tudomanyos indokoldsa, amelynek keretében a kérelmezdnek



a) be kell mutatnia a projekt céljat, indokoltsagat, tudomanyos megalapozottsagat
(Iehetdleg szakirodalmi hivatkozéasokkal) és a varhat6 eredményeket;

Az egyes tipust diabetes mellitus (tovabbiakban TIDM) az egyik
leggyakoribb, gyermekkorban el6forduld hormonadlis és anyagcsere
megbetegedés. A betegség 10 jellemz0jét, az emelkedett vércukorszintet a
hasnyalmirigy Langerhans szigeteiben 1évd, inzulin termeld B sejtek
pusztulasa erdményezi [1]. Az esetek tulnyomo tobbségében a B sejtek
pusztulasat és funkcio csokkenését a  sejtek elleni autoimmun folyamat
okozza. A T1DM gyakorisaga vilagszerte évi 2-3 %-kal novekszik, az 5 év
alatti korcsoportban a novekedés még gyorsabb [2]. A TIDM betegek szama
a vilagban elérheti az 30 milliot [3]. Magyarorszag a kozepes rizikdjua
orszagok koz¢é sorolhatd, de az elmult 20 évben az incidencia
meghéaromszorozodott. A TIDM el6fordulési gyakorisaga a pubertas elott
lanyokban ¢s fitkban hasonlo, a pubertas utan lanyokban a betegség
eléfordulas jelentdsen csokken [4]. Eredetileg a T1DM mint gyermekkori
megbetegedést ismerték fel, de a megbetegedés eléfordulhat barmely korban,
a T1DM esetek mintegy 50%-a felndtt korban jelenik meg [5]. Legutdbbi
idékben az immune checkpont gatld szer kezelésekhez (anti-cytotoxic T
lymphocyte associated antigen-4 ¢és anti-programmed cell death-1)
kapcsolddoan figyelték meg indukalt T1DM kialakulasat [6]. A TIDM
diabétesz kialakuldsaban mind genetikai, mind kornyezeti hatasok szerepet
jatszanak. Az inzulin termeld B-sejtek pustulasa miatt a betegegek jelenleg
egész ¢letiikon at tart6 inzulin kezelésre szorulnak.

Az 1970-es évek kozepe Ota szdmos vizsgalat célozta az autoimmun folyamat
gatlasan keresztiil a rezidualis inzulin termel6 B sejtek mennyiségének €s
inzulin termeld kapacitasanak a megtartasat, vagy novelését [7]. Az
immunszuppressziora €piilo klinikai vizsgalatok (cyclosporin, azathioprine,
monoclonal anti CD3 antitest, mycophenolate mofetil és daclizumab
kombinacio) ugyan mutattak eredményt, de a mellékhatasok miatt felhagytak
a legtobb eredeti vegyiilet vizsgalatat [8], de ujabb szarmazékok (pl.
Teplizumab, ant-CD20, anti-TNFa) vizsgalata folytatodik.

Tekintettel a betegség autoimmun eredetére, aminek alapja a hibas immunologiai
tolerancia, felmertilt, hogy oralisan adott nagy dézisu specifikus antigénnel a
tolerancia helyreallithatd. T1D-ben az egyik legkorabban megjelend
autoantigén az inzulin. Az oralisan adott inzulinnal tolencia kivaltasat célzo
klinikai vizsgalatok koziil kiemelkedik a Pre-Point, kettds vak, 2009-2013
kozt lefolytatott vizsgéalata. Magas T1DM rizikdjt, de autoantitest képzést
még nem mutatd gyerekeket (életkor 2,2-7,7 év) valogattak be a vizsgalatba
[9]. A résztvevOk napi oralis inzulint (2,5-67,5 mg) vagy placebo kezelést
kaptak. A nagy dozisu oralis inzulin kezelés inzulin-reszponziv és proinzulin-
reszponziv szabalyozo T sejtek indukcidjat eredményezte. Hipoglikémias
esemény nem volt egyik csoportban sem. A TrialNet Oral Insulin Study
Group T1DM-es betegek rokonait vonta vizsgélatba, akik legalabb 2
autoantitesttel rendelkeztek normalis glukoz tolerancia mellett. A vizsgélat
napi 7.5 mg oralis inzulin kezelésben részesiiltek és az atlagos kdvetési id6
2.7 év volt [10]. A napi 7.5 mg ordlis inzulin kezelés kismértékben késleltette
a TIDM megjelenését. A vizsgalatok azt is kimutattdk, hogy oréalisan adott



inzulinnak csak elenyészd része szivodik fel olyan polipeptid formdban amely
immunvalszt képes kivaltani.

A Debreceni Egyetem 1j oralis inzulin formulat fejlesztett ki, aminek jelentds része
felszivodik és szisztémas hatast fejt ki. Varhato, hogy az ordlisan felszivodo
inzulin formula immunolégiai hatdsa akar nagysagrendekkel is jelentésebb
lehet, mint a bélcsatornaban a degradaciotdl nem védett inzuliné. A vizsgalat
célja annak eldontése, hogy az 10j oralis inzulin formula alkalmas lehet-e a
T1D megeldzésére, vagy kezelésére.

A vizsgalatokat a legelfogadottabb T1DM modellen a NOD egér modellen
tervvezziik elvégezni. Korabbi vizsgalatok mar igazoltak, hogy ebben a
modellben izulinnal immunolégiai tolerancia, a T1DM prevencidja ¢hetd el. A
NOD egéren végzett hatastani vizsgalatok alapjat képezhetik az oralis inzulin
formula tovabbi, a huméan T1DM prevenvidjat célzo klinikai vizsgalatanak.

aa) ha rutinvizsgalatrol van sz, hivatkoznia kell a sziikségességet igazolo
dokumentumra (eldirasra),

ab) ha oktatasi célbol torténik a beavatkozas, legfeljebb egy oldalban
korvonalaznia kell annak hasznat a képzésben résztvevok szamara,

b) le kell irnia az alkalmazott modszertan indokoltsagat ¢s tudoméanyos
megalapozottsagat,

A leggyakrabban hasznalt experimentélis T1DM modell a NOD egér, amely szdmos
tulajdonsagaban megfelel a huméan T1DM-nek. A NOD egérben a hasnyalmirigy Langerhans
szigetek immunsejtes infiltracidja az 5-6. héten kezdddik el, ami kezdetben csak a szigetek
kortiil jelenik meg, késébb az immunsejt invazid behatol a szigetekbe. Az szigetek autoimmun
gyullad4sa minden allatban megnyilvanul. A diabétesz tipikusan a 12-14. hét kozt jelenik meg
a ndstény allatokban, mig a himekben néhany héttel késébb és himekben a diabétesz
incidencia végig alacsonyabb marad annak ellenére, hogy az inzulitisz a két nemben hasonld
B sejtek, valamint dendritikus sejtek és makrofagok vesznek részt. Az autoimmun folyamat
fenntartdsaban a CD4+ és CD8+ T sejteké a vezetd szerep, tisztitott CD4+ és CD8+ T
sejtekkel a betegség passzivan atvihetd masik allatra [11], mig ez nem érhet6 el a diabéteszes
allatban megjelend autoantitestekkel [12]. A B sejtek ugyanakkor sziikségesek az inzulitisz
progressziojahoz. Az emberi diabéteszhez hasonldan az autoantitestek NOD egérben is elore
jelzik a diabétesz megjelenését [13]. Az autoantitestek szerepe vitatott a betegségben, de a B
sejt funkcid jelentds csokkenésével, a diabétesz megjelenése is visszaszorul [14]. A diabétesz
incidenciaja NOD tenyészetben akkor a legmagasabb, ha az allatokat germ-free kdrnyezetben
tartjak [15]. Tobb 16kusz felelés a TIDM rizik6ért NOD egérben, koziiliik a legfontosabb egy
sajatos MHC komplex, a H-2g7 [16]. NOD egér modellben is az inzulin a legfébb
autoantigén. A diabétesz kialakuldsaval parhuzamosan inzulin fragmens specifikus T sejtek



jelennek meg NOD egérben ¢és ezekkel a sejtekkel a betegség atvihetd egészséges allatra. Az
inzulin specifikus, immunogén szakaszdnak mutacioja megsziinteti a betegséget kialakulésat.
Az inzulin epitopok koziil B:9-23; B13-21 ¢és B12-20 jatszik kitiintetett szerepet az
autoimmunitas €s a tolerancia kialakulasadban [17].

Az inzulin tolerancia hatasat a T1DM megjelenésén eldszér NOD T1DM egér modellen
vizsgaltak [18]. A diszn6 és rekombinans human inzulin (Humulin R) egyarant hatékonynak
bizonyult tolerancia kivaltasara NOD egérben.
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c) ki kell térnie az allatok kisérletekben val6 felhasznalasanak helyettesitésére és
csokkentésére iranyuld modszerek alkalmazasara,

Nincs olyan in vitro modell, amelyben az orélisan adott inzulin specifikus
toleranciat kivalté hatasa modellezhetd lenne. Tovabba az immunologiai
tolerancia vizsgélatara hasznalt in vitro modellek nem elégségesek egy
lehetséges human klinikai vizsgéalat megalapozasara.

d) amennyiben a projektben természetvédelmi oltalom alatt all6 vagy nemzetkdzi
természetvédelmi egyezmény hatalya ala tartozé faj egyedét nem
természetvédelm céllal tervezik felhaszndlni, meg kell adnia azokat a
tudoményos indokokat, melyek alapjan kifejezetten a fenti fajok felhasznaldsa
sziikséges,

e) amennyiben a projektben féemlds faj egyedét tervezik felhasznalni, meg kell
adnia azokat a tudomanyos indokokat, melyek alapjan kifejezetten a fenti
egyedek felhasznalasa sziikséges.

5. A projektben alkalmazott 6sszes kisérlet szdmozott felsoroldsa és ismertetése,
melynek keretében a kérelmezdnek

a) ismertetnie kell a kisérletben alkalmazott modszereket, kitérve az allaton
végzett beavatkozasokra; amennyiben végeznek miitétet a kisérletben,



ismertetni kell az alkalmazott érzéstelenitési, gyogyszeres €s
fajdalomcsillapitési eljarasokat,

1. Kisérletek eldtti elokészitd 1épések:

Az éllatok jelolését fiilre erdsithetd fém jelold rendszerrel végezziik végezziik (Ear
tag, Jackson Laboratory), a jel616 lapok felhelyezése nem igényel
fajdalomcsillapitast.

A T1D két stadiumaban vizsgaljuk az oralis inzulin formula hatasat:
1. A diabétesz kialakulasa eldtt
2. A diabétesz kialakulasa utan

1. A prevencios vizsgalatban a ndstény NOD allatok kezelését a lehetd legkorabbi, 4 hetes
korban kezdjiik el, mert a betegség korai stddiumaban a konnyebben kivalthaté immunologiai
tolerancia [1]. Az oralis formulabol a beadott inzulin mintegy 30%-a felszivodik és szisztémas
metabolikus hatést fejt ki. Ismeretes, hogy a sc. adott inzulin NOD egérben késlelteti, de nem
sziinteti meg a diabétesz megjelenését [2]. A hatas valdszinti oka, hogy az a 3 sejtek
mitkddése exogén inzulin hatasara visszaszorul, igy kevésbé mitkddnek immunologiai
targetként is. Ezért vizsgalatban szisztémas inzulin hatasat is mérni kell (sc. inzulinnal kezelt
kontroll), hogy lassuk a hatas milyen részéért felelds az inzulin szisztémas hatasa, illetve az
oralis inzulin altal kivaltott immunologiai tolerancia. Tébb T1D modellben végzett vizsgalat
igazolta, hogy a toleranciat kivalté antigén dozis alapvetden befolydsolhatja az immunologiai
tolerancia kialakulasat, ezért az oralis inzulin formulat minimum két dozisban kell vizsgélni.
NOD egérben a diabétesz megjelenése utan kialakulo6 stlyos hiperglikémia (akar 600 mg/dl)
5-10 hét alatt az allatok pusztulasdhoz vezet, ezért a 400 mg/dl-es vércukorszint elérésekor a
felesleges szenvedés elkeriilése érdekében extermindlni fogjuk az allatokat. Az allatokat négy
csoportra osztjuk, az els6, kontroll csoportot a vivéanyagokkal kezeljiik, a méasodik és
harmadik csoportot a maximalisan toleralt oralis inzulin formulaval és annak egy tized
részével kezeljiik ordlisan, a negyedik csoport az ordlis inzulin formula 30%-nak megfeleld
mennyiségll inzulint kap sc. Az oralis inzulin formula magas do6zisa 0.5, az alacsony do6zisa
0,05 U/allat lesz, ennek megfelelden a sc inzulin dozisa 0,15 U/éllat. Az sc. adott alacsony
inzulin dozisnak (0,015U/ éllat) ismerten nincs érdemleges hatdsa a NOD egérben a diabétesz
megjelenésére, ezért az alacsony sc. inzulin dézist nem vizsgaljuk. A 0,15 U/allat sc. inzulin
dozist korabbi kisérletben toleraltak az allatok [2]. Az allatok kezelését heti 6t alkalommal
végezziik az 4.-t0l a 15. hetes korig. A 10 hetes kortol, hogy a dozis 1épést tartson az allatok
novekedésével az inzulin dozisokat megduplazzuk. A kezelést nem folytatjuk a 15 hetes kor
utan, hogy az inzulin kezelés ne fedje a kialakul6 diabéteszt. A 15. héttdl az allatok
vércukorszintjét hetente ellendrizziik a farok, vagy szemzug vénabdl vett vérben. Az allatok
megfigyelését 10 héttel tovabb folytatjuk, mint amikor a kontroll csoportban a diabétesz
eléfordulasa (vércukorszint > 250mg/dl) eléri a 90%-t (kb. a 40. hét). Amennyiben az oralis
inzulin formula hatdséra a diabétesz megjelenése legalabb 30%-kal csdkken, akkor
csoportonként 25 ndstény egeret vizsgalva nagy biztonsaggal ki tudjuk mutatni a hatast. A
tervezett inzulin dozis jelentds, teststilyra vonatkoztatva mintegy 50-100x nagyobb, mint a
human inzulin igény, igy megfelel a nagy doézisu deszenzitizacid koncepcidjanak.
Csoportonként tovabbi 5-5 allatot is vizsgalatba allitunk a hasnyalmirigy hisztoldgiai
vizsgalat céljara, az inzulin autoantitest szint mérésére, valamint a vérben és a hasnyalmirigy



koriili nyirokcsomodkban Treg sejtek szamanak meghatarozasara. Ezeknek az vizsgalatoknak
az idépontjat a diabétesz progressziodja alapjan fogjuk meghatarozni.

A legfontosabb kérdés, hogy az diabétesz megjelenését késlelteti-e az oralis inzulin formula
kezelés. Erre a diabétesz megjelenési idé Kaplan-Meier analizise ad valaszt. Amennyiben a
kezelés késlelti a diabétesz megjelenését eldtérbe kertiil a hatds mechanizmusa. A Treg sejtek
szama, a szigeteket infiltralo sejtek tipusa bizonyithatja, hogy a TIDM preventiv hatas az
inzulinnal kivaltott tolencidnak a kovetkezménye.

2. A vizsgélat célja annak eldontése, hogy a mar kialakult diabéteszben az oralis inzulin
formula kezelés képes-e hosszantartd remissziot kivaltani. Az oralis inzulin formula
szisztémas inzulin hatéssal is rendelkezik, ami befolyasolhatja a T1D lefolyasat, a B-sejtek
kimeriilését, ezért az oralis inzulin altal kivaltott immunologiai tolerancia €s a szisztémas
inzulin hatds megkiilonboztetésére megvizsgaljuk a parenteralisan adott inzulin hatasat is. A
parenteralisan adott inzulin mennyiségét ugy valasztjuk meg, hogy azonos hatast legyen, mint
az oralis inzulin formula szisztémas inzulin hatdsa. A NOD egereket (6sszesen 50 egér) csak
akkor vonjuk vizsgalatba, amikor diabeteszessé valnak (vércukorszint > 250mg/dl). A ndstény
diabeteszes egereket harom csoportra osztjuk, egy csoport kontrollként szolgal, egy csoport
oralis inzulin formula kezelést kap, a harmadik csoport sc inzulin kezelésben részesiil. Ot hét
kezelés utdn maximum 6t napra az inzulin kezelést felfliggesztjiik, hogy megbecsiiljiik az
endogén inzulin termelés allapotat a vércukorszint véaltozasa alapjan. Amennyiben az
vércukorszint 250 mg/dl f6l¢ emelkedik az inzulin kezelést Gjrainditjuk tovabbi 6 hétig
(6sszesen 12 hét). A terapia hatdsat a diabétesz megjelenése (vércukorszint >250 mg/dl)
alapjan mérjiik. A hosszu kovetés célja a hatas tartossaganak (dtmeneti vagy esetleg tartos
hatés) meghatarozasa. Az egereket vércukorszintjét az allatok 12 hetes koratol hetente kétszer
(hétfo, cstitortok déleldtt) a farokvéndbol, vagy a periorbitalis vénas plexusbol vett vérben
meghatarozzuk. Amennyiben a vércukorszint 250 mg/dl-nél magasabb a mérést a kdvetkezd
napon megismételjiik. Az egymast kovetd napokon 250 mg/dl értéknél magasabb vércukor
értéket mutato allatokat diabéteszesnek tekintjiik és kezeléstiket a kovetkez6 napon elkezdjiik.
Az allatok egyedi jelolését fiilbe erdsithetd fém lappal (ear tag, Jackson Laboratory) végezziik
a kovetkezok szerint:

Csoport Jelolés Kezelés / 10 héten at
Kontroll 1-10 Hetente 7x oralis inzulin formula oldoszer
Oralis inzulin formula 11-30 Hetente 7x, 2U / egér oralis inzulin formula

Szubkutan inzulin ~ 31-50 0,3 U/nap Humulin R, Alzet ozmotikus minipumpa

A NODI1 néstény egerekben a diabétesz legnagyobb gyakorisaggal a 15 hét kortl jelentkezik
¢s 30. hétre az egerek mintegy 80%-ban kialakul. A vizsgéalatot 70 nésrény egérrel inditjuk,
hogy a csoportokhoz sziikséges 50 allatot 2-3 hét alatt ki tudjuk valasztani.

A kontroll csoportot az oralis inzulin higitasara hasznalt oldoszerrel kezeljiik oralisan
(gavage), 0,1 ml/10g teststly térfogatban naponta egyszer 10 hétig. A kontroll allatokban heti



két alkalommal ellendrizziik a vércukorszintet mindaddig, amig az a 400 mg/dl-es szintet
ismételten el nem éri. Ekkor az allatokat ip. nembutal injekcidval elaltatjuk, szivpunkcioval
vért vesziink, a plazmat izolalunk autoantitest és C-peptid meghatarozas céljara, a mintakat a
felhasznalasig -20 °C-on taroljuk.

A vizsgalatban alkalmazni ordlis inzulin formula tervezett dozisat €s a kezelés litemezését
elokisérletben kell ellendrizni. Az eddigi eredmények alapjan elképzelhetd, hogy sikeriil
olyan dozist talalni, ami napi egyszeri kezeléssel is elfogadhato tartoméanyban (50-200mg/dl)
tartja az egész nap az egerek vércukorszintjét. Az eldkisérletben diabéteszes NOD egereket
(2-2 egér, vércukorszint ismételten magasabb, mint 250mg/dl) az oralis inzulin formula 2 és 4
Ulegér dozisaval oralisan kezeljiik, majd 0, 3, 6, 9, 12, 18, 24 6ra mulva végzett méréssel
meghatarozzuk az allatok napi vércukor profiljat. Ha sziikséges, a napi dozist és a kezelési
iitemezést ugy modositjuk (dozis emelés, csokkentés vagy napi kétszeri kezelés), hogy a napi
minimalis és maximalis vércukorszint az 50-200 mg/dl tartomanyban maradjon. Az
elokisérletben kivalasztott oralis inzulin formula dozis €s tlitemezés szerint inditjuk el az
allatok kezelését.

A parenteralis inzulin kezelést Alzet ozmotikus minipumpa hasznalataval fogjuk végezni.
Korabbi vizsgalatok kimutattdk, hogy Alzet ozmotikus minipumpaval adagolt inzulinnal t6bb,
mint két hétig a normalis tartomanyban tarthato a NOD1 diabéteszes egerek vércukorszintje
(Comp Med. 2012; 62(5): 381-390). Az egerekbe 50 U/ml Humulin R-el feltoltott Alzet
ozmotikus minipumpat fogunk beiiltetni, amely napi 0,3 U folyamatos inzulint kezelést
biztosit €s fenntartja a normalis vércukorszintet [3]. Az egerek leborotvalt borét alkoholos
joddal fertétlenitjiik, majd izofluran narkdzisban kis vagéason keresztll intraperitoneéalisan
behelyezziik a gyartd hasznalati utasitasa szerint el6készitett ozmotikus minipumpat, majd a
sebet kapcsokkal zarjuk. Az Alzet minipumpakat 16-18 naponként cseréni fogjuk. Hetente
egyszer meghatarozzuk a csoportban két allat vércukorszintjét, tovabba soron kiviil
megvizsgaljuk a tliineteket vagy szokatlan viselkedést mutaté allatok vércukorszintjét.

Az oralis inzulin formulaval végzett kezelés soran (kezelési térfogat 0,1ml/10g testsuly)
hetente egyszer meghatarozzuk két allat glukoz profiljat (a kezelés elott és 3, 9, 18, 24 6raval
utana) valamint ugyancsak meghatarozzuk a tiineteket, vagy eltérd viselkedést mutato allatok
vércukorszintjét. Az eredmények fliggvényében az oralis inzulin formula dézisat, vagy a
kezelés litemezését modosithatjuk, hogy az egerek napi vércukorszintje az meghatarozott
tartomanyban maradjon.

Ot hét kezelés utan 5 napra felfiiggesztjiik az oralis inzulin adaséat, hogy megbecsiiljiik az
egerek inzulin termelését. A kezelés felfiiggesztését kovetden naponta mérjiik (délelétt) az
egerek vércukorszintjét és plazma mintat nyeriink C-peptid meghatarozasra, valamint
figyeljiik az allatok viselkedését. Amennyiben a vércukorszint 6t napnal hamarabb 250 mg/dl
folé emelkedik az oralis inzulin kezelést Gjrainditjuk és a 10. hét végéig folytatjuk. Az inzulin
dozis modositasara, az allatok vércukor profilja alapjan ebben az idészakban is sor kertilhet.

A tiz hét inzulin kezelési 1d6t kdvetden 6t napon keresztiil naponta, majd hetente kétszer
meghatarozzuk az allatok vércukorszintjét. A 13. és 15. és héten 100 pl vért vesziink a Treg
sejtszdm, valamint plazma mintét (20 pl) nyeriink C-peptid €s autoantitest szint
meghatdrozasra, amit -20 °C-on tarolunk felhasznalasig. A Treg limfocitak meghatdrozashoz
poolozzuk az 50 pl-es vérmintakat.



Amennyiben egy allat vércukorszintje ismételten 400 mg/dl fol¢ emelkedik az allatot
exterminaljuk, a hasnyalmirigyet eltdvolitjuk a paratlan mintdkat 4 %-os formalinban fixaljuk,
paros mintakat gyors fagyasztas utan-70 °C-on taroljuk. A 26. héten az 6sszes maradék allatot
pentobarbitallal tulaltatjuk, a hasnyalmirigyeket a at el6bbivel azonos modon fixaljuk, vagy
lefgyasztjuk.

A mar kialakult diabéteszben a legfontosabb kérdés, hogy a az oralis inzulin formula képes-e
remissziot kivaltani. Ennek legegyszeribb hatékony mérdje a diabétesz megjelenési id6
vizsgalata az inzulin kezelés befejezése utdn. Varhatdan a parenteralis inzulinnal kezelt
allatok vércukorszintje rovid idon beliil (néhany nap-egy hét) Gjra eléri a diabétesz
kiiszobértékiil szabott 250 mg/dl értéket. Amennyiben az oralis inzulin formuléval kezelt
allatokban csak jelentdsen késébb alakul ki jra diabétesz, akkor az oralis inzulin cs6kkenti a
Langerhans szigetek elleni autoimmunitast.

b) meg kell adnia a kisérlet idotartamat,

Egy kisérlet teljes id6tartama 0,5-1 év az oralis inzulin formula
takékonysagatol fiiggden.

c) meg kell adnia a kisérletben felhasznalt allatok fajat és fejlodési allapotat, adott
esetben jeleznie és indokolnia kell az allatok ismételt felhasznalasanak
elofordulasat,

A kisérletekben NOD/ShiLtJ egeret hasznalunk a hatéas vizsgélatara, a
vizsgalat indulésakor az egerek 3 és 10 hetes koruak lesznek. Az allatok nem
keriilnek ismételt felhasznalasra.

d) ki kell térnie a felhasznalt kisérleti allatok szamanak csokkentése érdekében
alkalmazott kisérleti vagy statisztikai modszertanra; meg kell adnia a tervezett
mintaelemszamot,

Helyettesités: A jelen projektben vizsgaland6 jelenségek komplexitdsa in vivo
modell hasznalatat kivanja meg, ezért vizsgalatainkat egéren végezzik.
Csokkentés: A felhasznalando allatok szdmat a vizsgalando valtozok
irodalomban leirt szérdsa alapjan tervezve (korabbi hasonlé vizsgalatok
Kaplan-Meier analizisének eredményei alapjan becsiilve) tigy alakitottuk ki,
hogy kisérleteink soran a lehetd legkevesebb egyedet hasznaljunk fel. Ekkora
minta a becslések alapjan elegendd ahhoz, hogy a vizsgalt hatasokrol
megfigyeléseink alapjan megfeleld kovetkeztetéseket vonjunk le a
vizsgéalandd populaciot tekintve, de még nem jar indokolatlanul nagy
egyedszam felhasznalasaval.

e) ismertetnie kell a felhasznalt kisérleti allatok fajdalmanak, szenvedésének,
kinjanak csokkentése érdekében alkalmazott kisérleti, megfigyelési vagy
méréstechnikai mddszereket, kitérve a kiméletes végpontok alkalmazésara,



Az Alzet minipumpak beiiltetését és cseréjét rovid izofluran narkozisban
végezziik, minimalis nagysagu sebet ejtve. A seb zarasakor a sebszélekre 1%
lidocain helyi érzéstelenit6t cseppentiink.

f) be kell mutatnia, mi torténik az allatokkal a kisérlet végeztével, milyen modon
torténik az allatok életének kioltasa,

Az éllatokat pentobarbitallal exterminaljuk.

g) meg kell adnia a kisérlet javasolt stlyossagi besorolasat, ismételt felhasznalas
esetén kiilon figyelemmel az el6z6 kisérletek halmozodé hatasara.

A kisérlet sulyossagi besorolasa enyhe, mivel a kezelések, oralis gavage,
szubkutan injekcid csak minimalis kellemetlenséget okoznak, az Alzet
minipumpa beiiltetése rovid, néhany perces narkdzisban torténik lokalis
fajdalomcsillapitassal, a diabétesz kialakuldsa esetén, miel6tt az stilyosan
megviselné az allatot (vércukorszint >400 mg/dl) ip. adott pentobarbitallal
ledljiik az egereket. A vérmintakat a farokvéndbdl és a retroorbitalis vénakbol
rovid kellemetlenséget okozva nyerjiik. Az allatok egyéb kellemetlen vagy
fajdalmas hatasoknak a kisérlet soran nincsenek kitéve.

Hivatkozasok:
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6. A projektben felhasznalni kivant allatfajok felsoroldsa a felhasznalni kivant allatok

tervezett szamanak és eredetének a megjelolésével.

195 NOD/ShiltJ egér, Jackson Laboratory

7. A projektben felhaszndlni kivéant allatok elhelyezésének, tartasanak és gondozasanak

8.

koriilményei.

Hepa filteres Micro-Isolator rendszerben, vagy Hepa filteres BioContaiment
rendszer az egerek tartasara, Zsilipelt, VAF (virus ellenanyagt6l mentes) allathazban

Amennyiben a projektet nem vagy nem kizaroélag az 1. pont 2. alpontjaban

megnevezett 1étesitményben hajtjak végre, a kisérletek végrehajtasanak helyszinéiil
szolgald

1étesitmény, illetve terep megnevezése:



10.

a 1étesitmény miikodési engedélyének szama:

az azt kiad6 hatosdg megnevezése:

A kérelmezd6 nyilatkozata arrol, hogy a projektben részt vevé munkatarsak
megfelelnek a 35. §-ban eldirt oktatasi, végzettségi €s képzettségi
kovetelményeknek

Mentességi kérelmek felsorolasa a megfeleld indoklassal ellatva:

a)

b)

d)

g)

h)

a 3. § (1) bekezdés a)-i) és k)-1) pontjaiban felsorolt fajok nem kifejezetten
kisérleti célra tenyészetett egyedeinek felhasznalasara tudomanyos indokok
alapjan,;

haziasitott fajok gazdatlan vagy elvadult egyedének kisérletben vald
felhasznalasara az 5. § a), illetve b) pontjaban szerepld indokok alapjan;

vadon ¢€l6 vagy vadon befogott allat felhasznalasara tudomanyos indokok
alapjan a 7. § (1) és (4) bekezdésének feltételei szerint;

vadon befogott sériilt vagy rossz egészségi allapotu allat szenvedésének
minimalizalasara iranyul¢6 intézkedések al6l tudomanyos indokok alapjan a 7.
§ (3) bekezdése szerint;

az allat leGlésére a 4. mellékletben felsorolt modszerektol eltéré6 modszerrel a
14. § (5) bekezdés a) és b) pontjaban szerepld indokok alapjan;

az allatok tartasara (elhelyezésére és gondozasara) vonatkozo, a 24-27. §-
okban foglalt eldirasok alkalmazasa al6l tudoményos, allatjoléti vagy
allategészségiigyi okbol;



1) a 3. mellékletben foglalt elhelyezési és gondozasi eldirasok alkalmazasa alol
tudomanyos, allatjoléti vagy allategészségiigyi okbal.

11. A projekt nem szakmai jellegli 6sszefoglaloja:

Az 1-es tipust, mas néven gyerekkori cukorbetegség (T1D) kozvetlen oka az inzulin
termeld B-sejtek autoimmun gyulladas kovetkeztében kialakuld pusztulasa, ezaltal az inzulin
termelés megsziinésé. Inzulin hidnyaban elsésorban a gluk6z felhasznalas sulyos, kezelés
nélkiil halalhoz is vezetd zavara kovetkezik be. Jelenleg a betegek egész €letiikben inzulin
kezelésre (inzulin injekcid) szorulnak és még a leggondosabb kezelés esetén sem lehet
elkeriilni betegség hosszutavu kovetkezményeit, elsdsorban a fokozott sziv és érrendszeri
betegség hajlamot.

Az autoimmun megbetegedést a szervezett sajat molekuldival szemben természetesen
kialakul¢6 tolerancia varavar valtja ki. Immunreakcio6 indul el a sajat inzulin molekula, ezen
keresztiil az inzulin termeld sejtek ellen, ami végiil az inzulin termeld sejtek pusztuldsdhoz
vezet. A sajat molekulak, igy az inzulinhoz kapcsolodoé tolerancia helyreallitasa megsziintetné
a betegség hajtomotorjat, igy lehetdség nyilna az inzulin termel6 sejtek regeneralddasara,
vagy poétlasara, ami a betegek akar végleges gydgyulésat jelentheti.

A tolerancia helyreallitasanak egyik mddja az immunologiai reakciot kivaltdo molekula nagy
mennyiségének addsa. Ez a mddszer jol miikodik példaul egyes allergiat okozé anyagok
esetében. Allaton végzett kisérletes és human klinikai vizsgalatok arra utalnak, hogy nagy
dézist inzulin szdjon at torténd adasaval az inzulinra tolerancia valthato ki TIDM-ben. A
bélbe jutd inzulint az emésztd enzimek lebontjak, igy a szdjon at beadott inzulin
molekuldknak csak elenyé€sz0 része juthat 4t a bélhamon ¢és valthat ki immunologiai reakciot.

Az szajon at adott inzulinnak ezt a gyenge pontjat keriilheti meg a Debreceni Egyetemen
kifejlesztett oralis inzulin formula, amely biztositja, hogy az inzulin egy része a
bélcsatornabol hatékony formaban bejut a szervezetbe €s a bélcsatorna faldban talalhatd nagy
mennyiségli immunsejten keresztiil helyreallithatja az inzulin irdnti toleranciat.

Az orals inzulin formula feltételezett hatasanak vizsgalatara tobb allatmodell hasznélhato,
koziilik a NOD egér modell a legalkalmasabb. Ebben az egértérzsben spontan modon a
humén T1DM-hez hasonld, autoimmun mechanizmusu cukorbetegség alakul ki.

Kisérleteinkben azt vizsgaljuk, hogy szajon at adott oralis inzulin formula, képes-e
meggatolni a cukorbetegség kialakuldsat, vagy a mar kialakult cukorbetegséget
visszaforditani, tovabba miként befolyasolja a kezelés az inzulinra kialakult autoimmunitast.
A cukorbetegség kovetése az allatban egyszerii, mert az dramaian megemeli az egerek
vércukorszintjét, igy a vércukorszinten keresztiil monitorzhatjuk a betegség kialakulasat és a
kezelés hatésat is.

Amennyiben a kezelés hatékonynak bizonyul a NOD egér modellben, akkor az ordlis inzulin
formula terapias hatast eredményezhet betegekben is.



12. A kérelem
kelte: 2021. O1. ..

13. A kérelmezd
alairasa:

14. A munkahelyi allatjoléti bizottsag vagy az allatjoléti felelds nyilatkozata arrol, hogy
a) az engedélyezni kért projektben alkalmazott kisérleteket a munkahelyi

allatjoléti bizottsag (allatjoléti felelds) eldzetesen elbirdlta, azok alkalmazasat
a javasolt sulyossagi besoroléassal jovahagyta,

b) aprojekt artalom-haszon elemzése alapjan a beterjesztett kérelmet tdmogatja.

15. Al pont 14. alpontja szerinti nyilatkozatokra vonatkoz6an a munkahelyi allatjoléti
bizottsag elndkének vagy az allatjoléti feleldsnek

neve:
alairasa:
a nyilatkozattétel datuma:
16. Felhivjuk a kérelmez0 figyelmét arra, hogy a 40/2013. (II. 14.) Korm. rendelet 47. §
(7) bekezdése értelmében a projektengedély modositasat vagy megujitasat kell
kérelmezni a projektben bekdvetkezd, az allatok jolétét esetlegesen hatranyosan
érintd barmely valtozas esetén.
III. A kérelem tovabbi tartalmi elemei hatalyos engedély megujitasa esetén:
[ ] Megegyeznek az 1ij engedély megszerzéséhez sziikséges, I1. fejezet szerinti elemekkel,
kiegészitve annak ismertetésével a II. pont 4. alpontjaban, hogy mi tette indokolttd a
megujitast és melyek a hatalyos engedélyben foglaltakhoz képest megvaltozé fobb
elemek.
IV. A kérelem tovabbi tartalmi elemei hatalyos engedély modositasa esetén:
1. A hatalyos engedéllyel rendelkez6 projekt
megnevezese:

2. Az engedély modositando feltételének

megjelolése:



a modositas indokolasa:
3. A modositott feltétel
leirasa:

4. Adott esetben a projekt modositott nem szakmai jellegli 6sszefoglaldja.

5. A kérelem
kelte:

6. A kérelmez6
alairasa:

7. A munkahelyi allatjoléti bizottsag vagy az allatjoléti felelds nyilatkozata arrol, hogy
az engedélyeztetni kivant modositast elbiralta és azt tdimogatja.

8. A IV.pont 7. alpontja szerinti nyilatkozatra vonatkozdan a munkahelyi allatjoléti
bizottsag elnokének vagy az allatjoléti felelosnek

neve:
alairasa:
a nyilatkozattétel datuma:
9. Felhivjuk a kérelmez0 figyelmét arra, hogy a 40/2013. (II. 14.) Korm. rendelet 47. §
(7) bekezdése értelmében a projektengedély modositasat vagy megujitasat kell
kérelmezni a projektben bekdvetkezd, az allatok jolétét esetlegesen hatranyosan
érintd barmely valtozas esetén.
V. A kérelem tovabbi tartalmi elemei hatalyos engedély meghosszabbitdsa esetén:
1. A hatalyos engedéllyel rendelkezd projektmegnevezése:
2. A meghosszabbités kérelmezett
ideje:
5. A kérelem

kelte:

6. A kérelmezo



alairasa:

5. Felhivjuk a kérelmez6 figyelmét arra, hogy a 40/2013. (II. 14.) Korm. rendelet 47. §
(7) bekezdése értelmében a projektengedély modositasat vagy megujitasat kell
kérelmezni a projektben bekovetkezd, az allatok jolétét esetlegesen hatranyosan
érintd barmely valtozas esetén.

Kelt: , Y . ho .nap
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Klinikai vizsgalati terv
1. Bevezetés

A preklinikai fejlesztési |épések sikeres befejezését és kiértékelését kovetden keriilhet sor a human
fejlesztés kivitelezésére. Ehhez mindenekelStt a felligyel6 hatdésagnal kell kezdeményezni az

engedélyezést, vagyis EU terminoldgiaval CTA-t (Clinical Trial Application) kell benyujtani.

Elméletileg a human fejlesztés els6 |épése lehetne egy Osszevont Fazis I-Il jellegl klinikai vizsgalat.
Tekintetbe kell venni azonban, hogy inzulin ordlis bevitelével kapcsolatban jelenleg igen kevés
szakirodalmilag megalapozott informaciéval rendelkeziink. Ezen tulmenéen az inzulin sikeres
felszivddasa esetén nem csupdn a jelen fejlesztés szempontjabdl kivanatos terdpids hatas (vagyis az
immunrendszerre gyakorolt kedvezd hatas), hanem az inzulin vércukorhaztartdsra gyakorolt hatdsa is
megjelenhet, ezért legcélszer(ibb a human fejlesztést klasszikus mdédon, azaz egészséges dnkéntesek

bevonasaval végrehajtott human I/a fazisu klinikai vizsgalattal kezdeni.

A klasszikus lineadris fejlesztési séma a jelen esetre alkalmazva vazlatosan a kdvetkez6:

Fazis Fazis Fazis

Preklinika Il (felno6tt) ™ 1l (feln6tt) » IV
\/_-

Fazis
Il (gyermek)

Fazis
lll (gyermek)

A fejlesztés tervezésének jelenlegi szakaszdban a fazis Il és Fazis IV vizsgalatok (az abran barna
hattérrel jelennek meg) tervezése még nem indokolt, mivel azokra csak a korai human fejlesztés sikeres

befejezése, és a fejlesztési hipotézis igazolasa utan keriilhet sor.

AT1D minden fazisaban lehet terapias értéke az oralis inzulinnal antigen specifikus toleranciat indukalo

kezelésnek
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ElGnyok és hatranyok a kiilonb6z6 fazisokban:

Fazis El6ny
0 Nincs még ismert autoimmunitas (<1

autoantitest), csak predispozicié

1 Az elsGdleges immunoldgiai folyamat mar
elindult, minimalis a B-sejt vesztés, kevés a

halmozddd patoldgids elvaltozas,

2 Diszglikémia, sz(rni kell, prediktiv

progressziora

3 JelentGs a B-sejt vesztés, halmozddo

patoldgiai elvaltozasok

Hatrany

Nincs még ismert autoimmunitds, nem

biztos, hogy valaha lesz megbetegedés

Sz(irést igényel a gyerekek kivalasztasa; (van
hatékony mddszer autoantitestre) még nincs
nyilvanvalé betegség, kisebb a hajlanddsag a

kezelésre.

Csokkend érzékenység?

Definitiv megbetegedés, a betegek
azonositottak, jobb hajlanddsag a kezelésre,
a kezelés hatasa az altalanos varakozas

szerint alacsonyabb.

Javaslat: 1-2 fazisok hatdra, screen autoantitest sz(irés, utdana metabolizmus vizsgdlat (OGTT, C-peptid)

2-3 autoantitest jelenléte esetén, a 3 éven beliili progresszid manifeszt diabéteszhez kb. 15%. Ezt az

aranyt a metabolizmus és HLA vizsgalat még jelentésen emelheti, kivanatos a legaldbb 50%-o0s arany,

hogy a statisztikai analizishez sziikséges esetszam elérhetd legyen.

Szisztémds inzulin hatds:

Az oralis inzulin formula kb. 30%-os felszivéddsa révén jelentGs szisztémas hatdssal rendelkezik, ezért

adasanal mérlegelni kell a potencidlis nyereség és az esetleges, nem jél ismert rizikd aranyat. A

szisztémas inzulin hatds minden esetben limitalni fogja a maximalisan adhatoé doézist.

Fazis Szisztémds inzulin hatds megitélése

0 Nem kivanatos, safety, alacsony betegség

prediktivitds miatt felesleges kezelés

Lehetséges ordlis inzulin ddzis

Inkabb nem
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1 Nem kivanatos, de a betegség valdszind 0,1-0,3 U/kg/nap, ebbdl felszivodik
kialakuldsa mar megengeddbb allapot 30% (napi inzulin igény 7-20%-a)
2 A kezd6d6 B-sejt diszfunkcid miatt indokolhatéd A testsuly alapjan szamitott napi
az oralis inzulin kezelés. inzulin igény 30-100%-a
3 Inzulin pdétlas mindenképpen sziikséges, ennek  Napi inzulin igény 100%-a

része lehet az ordlis inzulin o, )
(33% szisztémas hatas)

Javaslat: Elfogadhatd az oralis inzulin kezelés késdi 1. fazistol.
Betegek elérhetbsége:

Fazis Betegek kivalasztasa Szlikséges betegszam

0 1./ T1D hozzatartozd: 5% high risk, genetikai sz(irés:

10% high risk; nem elég hatékonyak

1 Autoantitest sz(rés: 0,3% taldlati arany; 1 millids Elsédleges végpont:

vonzaskorzetben évente kb. 8 ezer sziiletés, (1.5-6 év  progresszid diabéteszhez 3,

35 ezer) kb. 90 gyerek autoantitesttel (60 (0.22%) (5?) év alatt. Kaplan Meier
with stage 1) modellezést el kell végezni.
2 Csokkent glukdz toleranciat maceras mérni, marad az  Kb. 2x30 beteg, de egy ddzis
autoantitest, mint elsédleges sz(irés nem elégséges
3 Az Uj megbetegedéseket (<6 hdnap) lehet érdemes Ha nincs remisszio, gyenge a

vizsgalni, évente (3-12 éves kb 50/100ezer) végpont
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2. Tervezett klinikai vizsgalatok

A feln6tt és gyermek populdciék bevondsaval tervezett klinikai vizsgalat(ok) f6bb paramétereinek

(elrendezés, kezelési idG, végpontok, stb.) és Gtemtervének meghatarozasa az elsé feladat.

A human hatastani klinikai vizsgalat realitdsa a preklinikai vizsgalatokban megfigyelt hatds fliggvénye.
Ugyancsak a preklinikai vizsgalatokban megfigyelt hatékonysag alapvet6 meghatdrozza a human
klinikai vizsgdlatok lehetséges céljaira, példaul, ha csak mérsékelt preventiv hatas varhatd, akkor az
hosszu kezelést igényel és nagyszamu még tiineteket nem mutaté gyerek bevondsat, kezelését igényli,
vagy kifejezett terapias hatds, aminek vizsgalata kisebb szamu, mar a T1D tlineteit mutatd, ismert

betegeken sokkal konnyebben megvaldsithato.
A klinikai vizsgalat el6feltétele

e Stabil, mindsitett gydgyszerformulak (verum és placebo), ami a klinikai vizsgalat varhato
végéig felhaszndlhato, Ujra gyarthaté.
e Analitikai vizsgald mddszer a gydgyszerformula minésitéséghez.

e A hatastani klinikai vizsgalatok eléfeltétele a human fazis | vizsgalat sikeres eredménye.

A korabbi, inzulinnal térténé immunoldgiai tolerancia kivaltasat célzé klinikai vizsgalatok atlagos
hatékonysaganal jobbat feltételezve, ami eléri a CD-3 ellenes antitestek hatdsat - legalabb két évvel
késleltetni tudjak a human T1D megjelenését- a kbvetkezd altalanos megfontolasok meriilnek fel egy

T1D prevencios klinikai vizsgalat kapcsan.

Preklinikai eredmények és a T1D ismert immunoldgiai patomechanizmusa alapjan, a T1D 6sszes klinikai
fazisaban varhatd kedvez6 terdpids hatas antigén specifikus. A T1D kialakulasanak egyes szakaszai az
eddigi vizsgalatok alapjan azonban eltéré médon reagalnak az immunoldgiai toleranciat eredményezé

kezelésre.

2.1. Fazis | klinikai vizsgdlat - egészséges felnétt dnkénteseken tervezett vizsgdlat

Osszefoglaldsa

A human |/ a fazisu vizsgalat soran atlagos létszamu, egészséges onkéntesek bevonasara kerllne
sor. Mivel a készitmény human sajatossagai értelemszerlien kevéssé ismertek, ezért célszerlien
tobb dézisszint alkalmazasa kivdnatos. A ddézisok szama azonban praktikusan ne legyen tul magas,

mivel az a klinikai vizsgalat elhizdédasahoz vezetne.
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Fazis | klinikai vizsgalat f6bb adatai:

A vizsgalat id6tartama: akar 10 hét is lehet
Vizsgaldhely: Debreceni Egyetem — Klinikai Farmakolégiai Tanszék
A vizsgalat elrendezése: Kett6s vak, randomizalt, placebd-kontrolldlt elrendezés dozis

eszkalacidval, egy vizsgaldhelyen

A vizsgalat alanyai: 24 egészséges férfi és n6

A human fazis |/a vizsgélat tipikusan az alabbi informacidkat szolgaltatja:

a) Gyogyszerbiztonsagossag igazolasa

b) Mellékhatasok feltérképezése

¢) Maximalisan toleralhaté human ddézis meghat.
d) 4: Human PK/metabolizmus vizsgélata

e) 5:Terapias/farmakodinamias hatas vizsgalata

Jelen fejlesztés sordn a fenti a) és b) szempontok (Gydgyszerbiztonsagossag, illetve Mellékhatasok)
vizsgalata kiemelt fontossagu, kiilondsen, mert az ordlisan adott inzulin felszivédasa esetén az
befolydsolhatja a vércukor-szintet. A tervezett inzulin-ddzisok mellett, egészséges szervezet esetén
nem varhatd komoly, tlinetekkel jaré vércukor-esés, azonban ennek lehet&ségét — kilondsen

ebben a legkorabbi human klinikai fejlesztési szakban mindenképpen indokolt figyelemmel kbvetni.

A korabban a human fazis | vizsgalatokban nagy fontossagu szempont, a maximalisan toleralhatd
ddzis meghatdrozdsa napjainkban hattérbe szorult. Mivel a fejlesztés kozéppontjaban varhatdan

nem dézisfligg6 szervezeti valtozast kivanunk kutatni, ezért e szempont vizsgdlata nem indokolt.

A human farmakokinetikai paraméterek vizsgalatat abban az esetben érdemes a vizsgalat céljai
kozé felvenni, amennyiben az allatkisérletes adatok szerint mérhetd vérszint-valtozasok alakulnak
ki az ordlisan adott inzulin kovetkeztében. A vizsgalat ezen irdnyu kiterjesztésérdl ezért a preklinikai

szakasz adatainak ismeretében lehet donteni.

Szintén a fejlesztés kozéppontjdban all6 indikacid, valamint az egészséges Onkéntesek
szervezetének homeosztatikus pufferkapacitasa miatt a terapias/farmakodinamias hatas varhatéan

nem lesz vizsgalhato.
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A Fazis I/a vizsgalat eredményeként az aldbbi eredményekre lehet szamitani:

e Megallapithatd, hogy egészséges onkénteseknek az ordlis inzulint tartalmazd készitmény
biztonsagosan adagolhato, illetve, hogy az alkalmazas jar-e, és ha igen, milyen
mellékhatasokkal. Tekintettel arra, hogy a human Fazis I/a vizsgéalatban csak kis létszamu
Onkéntes csoport vesz részt, ebbdl a vizsgalatbdl csupan a leggyakrabban el6forduld
mellékhatdsok azonositdasa varhaté. A mellékhatds-spektrum megbizhaté megallapitasa
varhatdan csak a Fazis Ill, de még inkdbb a posztregisztracids (Fazis IV és kés6bbi) klinikai
vizsgalatok révén lesz lehetséges. Ez fontos szempont annak eldéntéséhez, hogy a készitmény
kedvez6 kockazati profillal adhaté-e betegeknek, illetve — kés6bb — gyermekeknek.

e Megfelel6 farmakokinetikai vizsgalati lehetGség esetén human adatokra alapozva lehet a

kés6bbi human fejlesztési szakaszokban alkalmazandd inzulin-adagokat kivalasztani.

Osszességében megallapithatd, hogy a human Fazis 1/a vizsgalatok elsédleges célja és értéke annak
igazolasa, hogy az oralis inzulinkészitmény betegeken torténd alkalmazasa varhatéan kedvezd

kockazat-haszon egyensuly alapjan valdsulhat meg.

Amennyiben a Fazis |/a vizsgalat soran kedvezd eredmények sziiletnek, a fejlesztés tovabbvihetd a
Fazis Il. szakaszba, vagyis a betegeken térténd klinikai vizsgalatokra. A fejlesztési terv két csoporttal
szamol: feln6tt és gyermek betegekkel. A ,beteg” terminoldgia jelen fejlesztés esetében nem a
klasszikus értelemben vett, mar manifeszt betegségallapotban lévG személyeket jelent, hanem
olyan személyeket, akik esetében a mas dokumentumokban részletesen ismertetett biokémiai
marker-paraméterek alapjan varhatdéan ki fog alakulni idével a manifeszt diabetes mellitus. A
gyermekek vizsgdlatara csak a feln6tt fazis Il vizsgdlatok lezardsa, kiértékelése és kedvezd
eredménye esetén lehet sort keriteni. A fejlesztéshez kapcsolddo klinikai vizsgdlatok gyermekekre
torténd kiterjesztése esetén kilén gyermekgyodgydszati fejlesztési tervet (PIP — Paediatric

Investigation Plan) kell késziteni.

A human fazis | vizsgalat tervezett protokolljat a melléklet tartalmazza.

2.2. Fdzis Il klinikai vizsgdlat tervezet ésszefoglaldsa

Az explorativ terapias jellegli Fazis Il vizsgalatok célkitlizése lényegében megegyezik a Fazis |
vizsgalatokéval, egy lényeges kilonbséggel. A Fazis |l vizsgalatok soran kiemelt szempontta valik a
fejlesztett készitmény megcélzott terdpias hatékonysaga meglétének igazoldsa. Amennyiben ezt a
szempontot nem sikeriil meggy6z6 adatokon alapuld bizonyitékkal alatdmasztani, a készitmény

tovabbi fejlesztése nem indokolt. A jelen fejlesztési terv sajatossaga (feln6tt és gyermek Fazis I

7
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vizsgalat) ez azt jelenti, hogy a felnGtteken elvégzett sikertelen Fazis Il vizsgdlat esetén mar nem

keriilne sor a gyermekek Fazis Il vizsgalatara.

A Fazis Il vizsgalatokba olyan személyek kivalasztasa és bevonasa sziikséges, akiknél a
meghatarozott biokémiai marker-profil egyértelmlen jelzi, hogy az illet6 személyek diabetes
mellitus (T1DM) kialakuldasa szempontjabdl egyértelmiien veszélyeztetettnek tekintheték. Ez
egyuttal a vizsgalt személyek toborzasat jelent6s mértékben nehezité tényezd. Szakirodalmi
adatokbdl ismert, hogy ez a konstellacié viszonylag ritkan fordul el6 az atlagos populacidban.
Hasonléképpen, a megfelel szlrbvizsgalatok hijan ez a betegségmegel6z6 allapot ritkan kerdl
felismerésre. A kialakult TIDM esetén pedig mar bizonytalan, hogy az ordlis inzulin-terapia képes-
e ezt az allapotot kedvezden befolyasolni. Mindezek alapjan a Fazis Il vizsgalatokban gyakorlati
okbdl jelentds (néhany szaz) f6s betegpopulacié bevonasa nem realisan elérhet6 cél. A jelen
fejlesztés keretében végzendd Fazis Il vizsgdlatok ezért ,Proof of Concept” jellegl és igényl(
vizsgalatok lehetnek. A kezelési id6 tekintetében mindazondltal mérlegelni kell, hogy az alkalmas

legyen az optimalis terapias hatas kifejlédéséhez.

Fazis Il felnétt klinikai vizsgalat f6bb adatai:

A vizsgalat id6tartama: 25 hénap
Vizsgaldhely: 3-5 klinikai vizsgalati hely Magyarorszagon
A vizsgalat elrendezése: Kett6s vak, randomizalt, placebd-kontrollalt elrendezés dozis

eszkalacidval, 3-5 vizsgalohelyen

A vizsgalat alanyai: 50 f6 18-25 év kozotti felnstt

Fazis Il gyermek klinikai vizsgalat f6bb adatai:

A vizsgalat id6tartama: 25 hénap
Vizsgaldhely: 3-5 klinikai vizsgalati hely Magyarorszdgon
A vizsgalat elrendezése: Kett6s vak, randomizalt, placebd-kontrolldlt elrendezés dozis

eszkalacidval, 3-5 vizsgaldhelyen

A vizsgalat alanyai: 50 f6 6-18 év kozotti gyermek/serdiilé

A vizsgdlatnak a készitmény hatékonysaganak megallapitasara szolgalé aspektusahoz szlikséges a

vizsgalatokba bevont személyek allapotanak a szakirodalom adatainak ismeretében kialakitott

8
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hatékonysagi paraméterek hosszmetszeti kovetése és értékelése. E tekintetben a feln6tteken,

illetve a kés6bb a gyermekeken elvégzendd Fazis |l vizsgalatok felépitése hasonlé.

A Fazis Il vizsgalatokbdl szdrmazd eredmények aldtdmaszthatjak a terdpids hipotézist, tehat a
premorbid statusbél manifeszt TLDM betegségbe torténd atalakulds elmaraddsat. Mindazonaltal a
Fazis Il vizsgalatok id6ben korlatozott hosszisaga miatt e tekintetben inkabb egy szignifikansan
kedvez6 tendencia varhaté elsGsorban. Amennyiben ez a tendencia igazolhatd, ugy a valds

hatékonysag bizonyitasara Fazis Ill vizsgalatok elvégzése indokolt.

A human fazis |l vizsgalatok tervezett protokolljait a melléklet tartalmazza.

3. Megfontolasok egy eredményes klinikai vizsgalat megvaldsitasahoz.

Az immunoldgiai tolerancia kialakuldsat igen jelent6sen befolyasolhatja a tolerancia kivaltasara
alkalmazott antigén mennyisége. A ragcsaldéba hatékony antigén mennyisége alapjan, csak nagy
kockazattal valszthatd egyetlen human ddzis, ezért legaldabb két human antigén dézis vizsgdlata

kivanatos.

A CD-3 ellenes antitestek legaldbb két évvel késleltetni tudjak a human T1D mgjelenését. Ezért egy Uj

prevencios célu eljarastol legaldbb ez a hatékonysag elvarhatd, hogy terapias értéke legye.

Ezekbdl a feltételekbdl - a kontroll csoportban 5 év alatt 50%-os diabétesz megjelenése, a kezelt
csoportban 2 évet késik a megbetegedés - a sikeres vizsgalathoz sziikséges esetszam 25-27 betegnek
adddik karonként, hogy a placeboval és oralis inzulinnal kezelt csoportok kézt p<0,05 mebizhatdsaggal

kiilonbséget tudjunk tenni.

Akar lehetne open vizsgélat is, mert elegendd adat all rendelkezésre a betegség lefolyasara. Mivel a
kornyezeti hatasok fontos szerepe van a betegség kialakulasaban, a kettds vak vizsgalat eredménye

sokkal tobbet ér.

Preklinikai eredmények és a T1D ismert immunolégiai patomechanizmusa alapjan a T1D 6sszes klinikai
fazisaban varhaté kedvezd terapids hatds antigén specifikus, részben az inzulinhoz kapcsolddo
immunoldgiai tolerancia kivaltasatél. A T1D kialakulasanak egyes szakaszai az eddigi vizsgalatok alapjan
azonban eltér6 mdodon reagalnak az immunoldgiai toleranciat eredményezd kezelésre. A tlinetmentes
és autoantitest termelést még nem mutatd korai fazisban a prediszpozicid csak alacsony
hatékonysaggal mutathaté ki. A T1 diabéteszes betegek kozeli rokonai kdzt csak 5%-os a késébbi T1D

el6fordulasa, a genetikai jegyek alapjan legfeljebb 10%-os biztonsaggal jelezhet6 elére a diabétesz
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megjelenése, igy 0 fazisban végzett vizsgalat hatékonysaga rendkivil alacsony és a résztvevék donté

tobbsége feleslegesen lenne kitéve a kezelésnek, mert naluk sosem alakul ki a betegség.

A T1D els6 fazisaban mar megfoghaté objektiv elvaltozdsok jelennek meg, Langerhans szigetek elleni
autoantitestek és a B-sejt funkcid finom romlasa. Az autoantitestek (>2) jelenléte nagy hatékonysdggal
akar néhany pl plazmabdl is kimutathatd, a B-sejt funkcid romldsa OGTT és C-peptid méréssel
érzékenyen meghatarozhatd, de a kis foku, a természetes variabilitas szélén levs értékek novelik a fals
pozitiv egyének kivalasztasanak az esélyét. A betegség még bizonytalan megjelenése ronthatja a
vizsgalatban valé részvételi hajlanddsagot. A bizonytalansagok ellenére a kés6i egyes fazisbhan 50%
feletti hatékonysaggal vélaszthatdak ki azok a gyerekek, akikben kés6bb kialakul a T1D. A csoport

fontossagat adja, hogy varhatéan magasan érzékeny a toleranciat indukald kezelésre.

A T1D masodik fazisaban lévé betegek nagy hatékonysaggal azonositani lehet az autoantitestek (>2)
jelenléte és a diszglikémia (OGTT) alapjan. A tlinetek megjelenése el6tt a betegek azonositasa
szlir6vizsgalatot igényel. A T1D-es betegek leszarmazottjai kdzt 5%-ban alakul ki késébb T1D ezért
koztik hatékonyabb a szlirés, de az igy azonosithatd esetek szama messze nem elég egy klinikai
vizsgalat szamara. Az aldbbi dbra a T1D incidenciajat mutatja a kor fliggvényében. A gorbe csucsa 10-

12 év koré esik, ezért a 1-2 fazisu betegeket kimutatasara 10 éves kor alatt van a legnagyobb esély.
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Magyarorszagon évente 200-250 Uj T1D jelenik meg gyermekkorban és ennek mintegy fele 10 éves kor

el6tt.
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Két-hét éves T1D prediszpozicidval rendelkezé gyerekek kovetése esetén a T1D legnagyobb
megjelenési valdszinlisége beleesik egy még toleralhaté ot éves kovetési idGbe. A teljes 2-7 éves
korcsoport mintegy 420.000 f6 Magyarorszagon. Koziilik varhatéan 1200-nal alakul majd ki T1D és kb.
300 gyereknél ez 12 éves koruk el6tt kovetkezik be. Az 1-2 stadiumu T1D-es betegeket csak szlréssel
lehet megtalalni, gyerek populacié szlrések a vizsgaltok 0,3-ban mutatnak ki szigetsejt ellenei
autoantitestet (2-5 éves koércsoport) [3]. A kdvetkez6 dbra mutatja, hogy id6ben hogyan jelenik meg a
diabétesz az autoantitestet hordozé betegek korében. A két autoantitestet hordozd gyerekeknek
mintegy 20%-ban alakult ki diabétesz 5 éven beliil (z6ld). A B-sejt miikbdés zavara alapjan a kivalasztasi
arany javithato, de ez azzal jar, hogy a sz(irés hatékonysdaga becsiilhetGen a felére csékken, ha 50% -os
diabétesz megjelenést varunk a kivalasztott csoportban 5 éven belil. Tehat 100 potencialis vizsgalati

jelolt kivalasztasahoz kb. 66.000 gyerek szlirését (autoatitest, OGTT) kell elvégezni

A harmadik fazisu T1D-es betegek a tlinetek alapjan mar azonositottak. A csoport legnagyobb
hatranya, hogy az altalanos nézet szerint a tiinetek megjelenésekor, évekkel azimmunoldgiai folyamat
elinduldsa utdn, a betegekben mar kevésbé valthaté ki immunoldgiai tolerancia. A patoldgids
elvaltozdsok a betegség tartamdaval aranyosan halmozddnak (pl. epigenetikai valtozasok jelennek

meg), ami jol magyarazhatja a csokkent terapias érzékenységet.

A mar diabéteszes betegek esetén a kezelés hatdsanak megitélését neheziti, hogy a tinetek
megjelenésekor a B-sejtek jelentds része mar elpusztult és a inzulin termelés helyreallasahoz a B-sejtek
proliferacidja is sziikség van az autoimmunitas felfliggesztése mellett. Az inzulin kezelés miatt az
immunoldgiai kezelés hatasat csak az inzulin igény és a C-peptid szint valtozasa alapjan lehet mérni. Az
immunoldgiai hatds egyszerlien becslilhet6 az autoantitestek mennyiségi valtozasa és a Treg limfocitak
szamanak valtozasa alapjan. Ugyancsak bonyolitjia a hatas megitélését, hogy a diabétesz
diagnosztizalasat kovetSen inzulin kezelés mellet, vagy akar a nélkil is, mitegy az esetek felében a
betegek allapota dtmenetileg javuldst (“honeymoon period”) mutat. A mar diabéteszes betegek esetén
a B-sejt funkcid kisfoku javuldsanak lehet értékes eredménye, mert az exogén inzulin mellett
hozzasegithet az egyenletesebb egész napi glukdz szint fenntartdsdhoz, aminek hosszu tdvon a

szov6dmények csokkenése lehet az eredménye.

Az immunoldégiai tolerancia kialakuldsat igen jelent6sen befolydsolhatja a tolerancia kivaltasara
alkalmazott antigén mennyisége. A ragcsaldba hatékony antigén mennyisége alapjan, csak nagy
kockdzattal valszthaté egyetlen humdn ddzis, ezért legaldabb két human antigén dézis vizsgdlata

kivanatos.

11



Auxﬁgl;ﬁs

Pharma
A CD-3 ellenes antitestek legalabb két évvel késleltetni tudjdk a human T1D mgjelenését. Ezért egy Uj

prevencios célu eljarastdl legaldbb ez a hatékonysag elvarhatd, hogy terapias értéke legyen.

Ezekbdl a feltételekbdl - a kontroll csoportban 5 év alatt 50%-os diabétesz megjelenése, a kezelt
csoportban 2 évet késik a megbetegedés - a sikeres vizsgalathoz szlikséges esetszam 25-27 betegnek
adddik karonként, hogy a placeboval és oralis inzulinnal kezelt csoportok kézt p<0,05 mebizhatosaggal

kiilonbséget tudjunk tenni.

Ez azt jelenti, hogy két inzulin ddzis esetén 75-80 beteget kellene bevonni a vizsgalkatba, ami mitegy
50 ezer gyerek szlirését igényli. Debrecen korzetében mintegy egymillié ember él, a 2-5 éves
korcsoport nagysdga mintegy 70.000 f6. Ez azt jelenti, hogy szinte a teljes korcsoport vizsgalatara
szlikség akkor is, ha magas a hajlanddsag a vizsgdlatban valo részvételre. Az alacsony vizsgalati
hajlanddsag valdszinl, mivel a gyerekek még nem mutatnak klinikai tiineteket, nem betegek, ezért a
sz(il6k nem szivesen teszik ki a gyerekeket vizsgalati fazisban levé gyogyszerrel folytatott kezelésnek,
kiilonosen akkor, ha a csalddban nincs T1D-es beteg. Alacsonyabb vizsgdlati hajlanddsag esetén

Debrecen vonzaskorzete nem elégséges a szliséges betegszam szlirésére.

Ugyanakkor létez6 gyakorlat a gyerekek T1D rizikéjanak szlirése. A Helmholtz Zentrum Miinchenben
vezette a vilagon elGszor gyereket T1D rizikdjanak nagy volumend sz(irését az autoantitestek alapjan,
és 2015-19 kozt tobb, mint 90.000 vizsgalatot végeztek. Figyelembe véve a nagy volumend vizsgalat
rendkivili koltségét, célszerlibbnek latszik a klinikai vizsgalattal egy mar m(ikodé sziiré renszerhez

csatlakozni, mint a vizsgdlatok céljabdl uj vizsgald rendszert alapitani.

Jelenleg nincs klinikai vizsgalat, ami irdnyadd lenne a varhatd hatékonysagra. A preklinikai vizsgalatok
eredményire lehet alapozni majd a vizsgalatot. A vizsgdlat célozhatja az inzulin termelés részleges
helyreallitasat legaldbb 3 évig. Rovidebb idejl, vagy kisebb hatasnak nincs terapias értéke, ha a beteg
ugy is inzulin kezelésen van. Legjobb esetben is csak a betegek egy része fog reagalni a kezelésre.
Amenyiben a kezelt betegek 25%-ban latunk javulast és placeboval kezelt betegeken ez az arany
négyszer kisebb, akkor karonként 30-40 beteg esetén értékelhet6 lehet a vizsgalat. Amennyiben a
kezelésre reagald betegek aranya ennek a fele, akkor karonként 80-100 beteg esetén varhatunk csak,

hogy kimutathato a hatas.

A fenti fejlesztési tervben hivatkozott szakirodalmi adatok kilén dokumentumban talalhaték.
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Oralis inzulin vakcina fejlesztése az I-es tipusu diabétesz
kialakuldsanak megeldzésére gyermekekben

Fazis I klinikai vizsgalati protokoll tervezet
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1.  Synopsis

Name of Sponsor: University of Debrecen

Study medication: A novel new orally active insulin preparation in capsule form

Title of Study: A randomized, double-blind, placebo controlled human Phase I study of a novel
oral insulin preparation in healthy volunteers

Investigator: Prof. Dr. Dénes PALL

Study centre: University of Debrecen, Department of Clinical Pharmacology
H-4032 Debrecen, Nagyerdei krt. 94., Hungary

Study period per subject: Up to 10 weeks Phase of development: Phase 1

Objectives:

1. To investigate the safety of single ascending doses of IMP administered per os.

2. To investigate the tolerability of single ascending doses of IMP administered per os.
Study design:

Single center, double-blind, placebo controlled, randomized design with dose-escalation.

Subjects:

24 eligible healthy male and female subjects will be enrolled into the study. (Drop-outs will be
replaced.)

Screening procedures:

Demography data (age, race), body weight and height, BMI.

Medical history.

Physical examination (including measurements of blood pressure and heart rate after 5
minutes supine rest, and body temperature), standard 12 lead ECG.

Laboratory tests (after 10 hours fasting): haematology, blood chemistry and urinalysis.

Urine drug screen.

Alcohol breath test.

Viral serology (HBsAg, Anti HCV, HIV 1+2, COVID PCR).

Confinements and visits:

For each period, subjects will be confined at least 11 hours before dosing until 24+1 hours post-
dose

VVVY VVY

Subject safety:
In each study period:

Medical history update, short interview for presence of exclusion criteria.

Physical examination update

Temperature before dosing.

Blood pressure, pulse rate before dosing and 1, 2 and 4 hours post dose

ECG before dosing and 5 hours post-dose

Blood sampling for routine lab assessments before dosing

Blood sampling for blood glucose, Se insulin, C-peptide before dosing and 30°, 60°, 90°,
120°, 180’ and 240’ post-dose

All adverse events will be monitored and recorded throughout the study period.

VVVYVVY

Statistical analysis:
Individual and summary blood pressures, heart rate, ECG parameters, and clinical laboratory data
will be presented in tabular form with mean, median, standard deviation and range (min and
max) as appropriate.
For the laboratory safety data, out of range values will be flagged in the data listings and a list of
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clinically significantly abnormal values will be presented.
Adverse events will be tabulated and summarised according to the current version of Medical

Dictionary for Regulatory Activities (MedDRA)
This study will be conducted in compliance with GCP guidelines (CPMP/ICH/FDA).
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2.  Study Flow Chart

HitH
Assessment Screening Treatment Periods 1, 2, 3, 4 Follow-up
Day -1 Day 1 Day 2
Informed Consent X
Demographic Data X
HIV, HbsAg, Hep C X
Medical History X
Medical History update X X
Drug + Alcohol Screen X X
Physical Exam X X X
IMP Administration OD X
Vital Signs (blood
pressure, pulse rate, body X X! X2 X
temperature)
12 lead ECG X X3 X2 X
Routine lab tests X x4 x4 X
Blood glucose, Se insulin, X5
C-peptide
Adverse Events X X X X
Discharge from Unit X
1: before dosing and 1, 2 and 4 hours after dosing
2: before discharge
3: before dosing and 5 hours after dosing
4: before dosing and approx. 24 hours after dosing (before discharge)
5: before dosing and 30°, 60°, 90°, 120°, 180’ and 240’ after dosing
State of protocol: draft CONFIDENTIAL
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3. Abbreviations and Acronyms

AE
ALP
ALT
ANOVA
AST
CEC
CK
CRF
ECG
FDA
GCP
GGT
GLP
GMP
HbsAg
HCV
HIV
ICH
IMP
ITT
LDH
Max
MCHC
MCV
Min
oD

PP

SD
SOP
SAE
SUSAR
SDV
TBD

Adverse Event

Alkaline Phosphatase

Alanine amino transferase
Analysis of Variance

Aspartate amino transferase
Central Ethics Committee
Creatine phosphokinase

Case Report Form
Electrocardiography

Food and Drug Administration
Good Clinical Practice

Gamma glutamyl transpeptidase
Good Laboratory Practice

Good Manufacturing Practice
Hepatitis B surface antigen
Hepatitis C

Human immunodeficiency virus
International Council for Harmonization
Investigational Medical Product
Intention-to-treat

Lactate dehydrogenase
Maximum

Mean corpuscular haemoglobin concentration
Mean corpuscular volume
Minimum

Once daily

Per Protocol

Standard deviation

Standard Operating Procedure
Serious Adverse Events
Suspected Unexpected Serious Adverse Reaction
Source document verification
To be defined (later)
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4. General Information

Name and address of the Sponsor

Name and address of the clinical
investigational site

Statistical evaluation

Safety data analysis

In case of adverse drug reaction should be
informed

Estimated start of the study
Estimated end of the clinical part of the study
Final report

5. Responsibilities and Addresses

Sponsor

Study Supervisor:

University of Debrecen

H-4032 Debrecen, Egyetem tér 1., Hungary
@&: (+36 1) TBD
Fax. (+36 1)

University of Debrecen, Department of Clinical
Pharmacology

H-4032 Debrecen, Nagyerdei krt. 94., Hungary
@&: (+36 1) TBD

Fax. (+36 1)

TBD

TBD

TBD

Q32021
Q42021

Q22022

Name and address, phone, mail

Study Manager:
Name and address, phone, mail
Monitor:
Name and address, phone, mail
Drug Safety:
Name and address, phone, mail
State of protocol: draft CONFIDENTIAL
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Clinical investigational site

Principal investigator:
Name and address, phone, mail

Clinical Laboratory:
Name and address, phone, mail

Statistical evaluation:
Name and address, phone, mail

Safety analysis and Reporting

Safety data analysis:

Name and address, phone, mail

Author of Integrated Study Report:

Name and address, phone, mail
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6. Background and rationale

6.1. Description of the Investigational Drug: IMP

6.1.1. Mode of action of IMP

Oral administration of insulin, i.e. absorption from the intestinal tract, has several benefits. The oral
medicine avoids the risk of infection with frequent use of parenteral insulin. Oral drug compliance, as
it is not unpleasant, is not painful is also superior to injectable treatment. During enteral absorption,
insulin gets closer to the pathway of its physiological action, as first it enters the liver through the
portal veins, and the highest insulin levels will not be observed at the periphery as it happens
subcutaneous administration.

6.1.2. Indications of (IMP):

Diabetes mellitus (both Type 1 and Type 2) is a common illness affecting more and more people —
both adults and children. One of the mainstays of diabetes therapy is insulin, known and used for over
100 years. The insulin, being a protein is not absorbed from the gastrointestinal tract intactly, thus it
can be administered only parenterally (subcutaneously or intravenously). While this does not limit its
use, an isnsulin preparation that could be administered orally offer huge advantage and increase patient
compliance.

Another potential use of the oral insulin could be the prevention or at least delaying onset of Type 1
diabetes in children.

6.1.3. Side effect profile of IMP

At this stage of development human adverse event profile is unknown yet.

It can be expected that potential blood glucose lowering may occur with its linked side-effects (e.g.
hypoglycaemia, weakness, feeling faint, feeling hungry, fainting), but at the doses administrated in this
study such events are unlikely.

Also, allergic reactions to all components of the preparations may be expected.

6.1.4. Pharmacokinetic profile of IMP

Absorption: IMP is rapidly absorbed. Available data show that 30’ after administration of the oral
insulin preparation the blood glucose levels are already decreasing.

Distribution:Oral insulin enters the circulation in a near-physiological way, and enters the liver in the
portal system. Thus its distribution follows the physiological process.

Elimination: Eliimination of the insulin also occurs by a physiological pattern.

Important and favourable feature of IMP is that no dose adjustment is necessary in liver or kidney
diseases because due to its metabolism it does not cumulate.

Changes of pharmacokinetic properties under special circumstances (e.g. age, accompanying
diseases): This was not examined in depth. Further clinical trials are necessary to define thius aspect.
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6.2. Rationale for study

Type 1 diabetes mellitus (T1DM) is one of the most common hormonal and metabolic
diseases that occur in childhood. The main feature of the disease, i.e. elevated blood sugar
levels, is caused by the destruction of insulin-producing B cells in the pancreatic islets of
Langerhans (1). In the vast majority of cases, the death and loss of function of B cells is
caused by the autoimmune process against 3 cells. The cause of B-cell death in a small
proportion of patients is unknown (2). The incidence of T1DM is increasing by 2-3% per year
worldwide, with growth even faster in the under-5 age group (3).

Figure 1 illustrates the incidence and prevalence of childhood T1DM worldwide.

Figure 1. Incidence and prevalence of childhood T1DM worldwide
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Figure 2 | The incidence and prevalence of T1DM in children. The estimated number of new cases of type 1

The direct cause of autoantibody production is not precisely known, an essential prerequisite is the
antigen presentation by dendritic cells and the interaction of B cells with antigen-specific CD4+ and
CD8+ T cells.

Treating T1DM requires an interdisciplinary approach, and collaboration between physician, dietitian,
psychologist, patient, parents, and environment is essential to success. The goal of treatment is to
maintain a long-term glycemic balance in a healthy lifestyle and to avoid severe hypoglycemic and
hyperglycemic ketoacidosis. From the third stage of the disease, continuous insulin treatment is
essential due to severe insufficiency of endogenous insulin production.

Since the mid-1970s, a number of open-label, uncontrolled studies have aimed to maintain or increase
the amount and insulin-producing capacity of residual insulin-producing B cells through inhibition of
the autoimmune process.

A new procedure to prevent the development of the disease has been started in the last few years. In a
mouse model the chronic administration of oral insulin significantly decreased the incidence of Type 1
diabetes.

Given the autoimmune origin of the disease, the procedure attempts to desensitize the patient’s body
by an analogy to allergic diseases, which is also an abnormal immune response. In doing so, different
amounts of insulin (oral insulin therapy) were given orally to at-risk children.

The aim of the current drug development is an oral insulin preparation that can be used in the everyday
clinical practice.
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7.1. Primary objectives

e To investigate the tolerability of repeated ascending doses of IMP administered per os.

7.2. Secondary objectives

e To investigate the safety of repeated ascending doses of IMP administered per os.
e To investigate the treatment effect on blood glucose, se-insulin and C-peptide

8. STUDY POPULATION

8.1. Sample size

24 eligible healthy male and female subjects will be enrolled into the study. (Drop-outs will be
replaced.)

8.2. Selection of study population

There will be three subject populations defined for the study:

e The full analysis set is defined to be as close to the idea of including all randomized subjects
(by intention-to-treat principle, ITT). Volunteers will be excluded from the full analysis set for
the following reasons:

— Failing to satisfy major entry criteria
— Failing to take at least one dose of the study medication
— Lack of any data post randomization

e The per-protocol (PP) population will include all randomized subjects who were included in
the ITT and who completed the 3 treatment periods according to the protocol. Volunteers will
be excluded from the PP set for the following reasons:

— Failing to satisfy full analysis set criteria
— Presence of a major protocol violation
— Pharmacokinetic target parameters not available for any of the periods.

e The safety population will include all randomized subjects who received at least one dose of

study medication.

8.3. Subject recruitment procedures
Subjects will be recruited according to the standard operating procedures of the study site.

Potential male and female volunteers will be screened for eligibility within 14 days of admission
having given written informed consent. Screening will consist of demographic data, medical and
medication histories, physical examination, body measurements (height, weight, BMI, body
temperature), vital signs, 12 lead ECG, clinical laboratory safety tests (haematology, biochemistry,
urinalysis, HBsAg, anti-HCV and HIV I & II, drugs of abuse and alcohol screen).

A person is considered healthy, if medical examination does not find any pathological signs and other
screening test parameters stated in the Protocol are within the normal range and the volunteer does not
mention any significant disease when taking the case history.

If, in the course of screening, some pathological values would be observed, these findings have to be
regarded as an exclusion criterion. Any laboratory value outside the normal range could generally not
be regarded as an exclusion criterion provided that:

- they were not accompanied by clinical symptoms, and

- the context of related laboratory values gave no indication of pathological process, and
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- the Investigator classified them as clinically irrelevant in written form in the CRF.

Every deviation from the normal laboratory parameters should be explained in the Case Report Form.
In case of enrolment the following short comment would be enough to be marked: “NCR” (no clinical
relevance).

8.4. Subject inclusion criteria

Subjects enrolled in this study will be members of the community at large.
They must meet all of the following criteria in order to be included in the study:

e  Adult males and females aged 18-45 years with body mass index between 18.5-30 kg/m?

e Healthy as determined by pre-study medical history, physical examination and 12 lead ECG.

e Have clinical laboratory tests within the reference ranges or clinically acceptable to the
investigator.

e Are negative for hepatitis HbsAg, C antibody and HIV I and II tests at screening.

e Are negative for COVID PCR test at screening

e Are negative for drugs of abuse and alcohol tests at screening and admission.

e Able and willing to give written informed consent.

8.5. Subject exclusion criteria

Subjects to whom any of the following applies will be excluded from the study:

e A clinically relevant history or presence of respiratory, gastrointestinal, renal, hepatic,
haematological, lymphatic, neurological, psychological, cardiovascular, psychiatric,
musculoskeletal, genitourinary, immunological, dermatological, connective tissue diseases or
disorders.

e Any medical disorder or previous surgery that might significantly interfere with absorption,
metabolism, or excretion of the study medication.

e A history of relevant atopy or drug hypersensitivity to IMP or any of the ingredients.

e A history of alcohol or other drug abuse.

e Frequently consume more than 10 units of alcohol a week. (1 unit = 150 mL of wine or 360
mL of beer or 45 mL of alcohol 40%).

e A significant infection or known inflammatory process on screening.

o ECG abnormalities (clinically significant); or vital signs abnormalities (systolic blood pressure
lower than 90 or over 140 mmHg, or diastolic blood pressure lower than 50 or over 90 mmHg,
or heart rate less than 50 or over 100 bpm at screening after resting in supine position for 5
minutes).

o QTc is greater than 450 ms at screening.

e Acute gastrointestinal symptoms at the time of screening and/or admission (e.g. nausea,
vomiting, diarrhoea, heartburn).

e An acute infection such as influenza at the time of screening and/or admission.

e Used prescription drugs or over the counter medication within 2 weeks of first dosing unless
agreed by the investigator and the sponsor.

e Smoking more than 10 cigarettes per day.
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e Excessive caffeine drinking (more than 3 cups a day).

e Used any investigational drug within 3 months or have participated in any other clinical trial
within 3 months of their first admission to this study

e Donated and/or received any blood or blood products within the previous 3 months prior to
screening.

e Vegans, or any food allergy, intolerance, restriction or special diet that, in the opinion of the
investigator, contraindicates the subject’s participation in this study.

e C(Caffeine, alcohol and grapefruit containing food and beverages are prohibited at 48 hours
before dosing until after the last blood collection.

e (Can not communicate reliably with the investigator.

e Unlikely to co-operate with the requirements of the study.

e Vulnerable subject.

8.6. Subject compliance

The study will be run in a hospital environment. Subject compliance ill be maintained by the
study team.

8.7. Subject withdrawal criteria

In accordance with the Declaration of Helsinki and the applicable regulatory requirements, the subject
involved in the study can withdraw his consent at any time without giving any reason, and it should
not be announced in written form. It is enough to inform the investigator about his decision orally.

Volunteers may be withdrawn for the following reason:

e at their own request with or without giving reasons,
e at the discretion of the Investigator for reason of medical prudence,
e at the proposal of the Sponsor.

The principal investigator or the institutional ethics committee should initiate the withdrawal in the
following cases:

If circumstances defined as exclusion criteria are registered.

e Onset of any disease demanding any medicinal treatment during the study period, which can
influence the validation of the results, even if any relationship between the illness and the
study treatment seems not to be likely.

e In cases of adverse events that are dangerous to the health of the subject.

e If the volunteer does not cooperate with the investigator, and does not comply with the
regulations prescribed in Volunteers’ Information Sheet.

e If personal circumstances suggest that the visits required by the protocol cannot be guaranteed
any longer.

e In case of serious protocol deviation.

Each volunteer being withdrawn should undergo a complete final examination within one week after
the withdrawal with regard to the volunteer’s health conditions and for safety aspects.

In case of any withdrawal from the study (whether voluntary or not) the Sponsor should be
immediately notified. The date and reason of withdrawal should be clearly stated in the volunteer’s
CRF.
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The Sponsor should also be immediately consulted / notified in the following cases:

» Vomiting within 2 X tmsx of the active ingredients (namely within 2 hours after drug
administration).

» Protocol violations which are potentially serious, and thus being potential reasons to withdraw the
volunteers from the trial.

» Concomitant mediation or other events which can influence the authenticity of data collected
throughout the study.

» Serious adverse events, whether expected or unexpected.

8.8. Replacement of Drop-outs

Subjects being withdrawn must be replaced. For details see Section 9.2.

8.9. Premature Termination of the Study

If the study sponsor or the Principal Investigator discovers conditions arising during the study which
indicate that the clinical investigation should be stopped, the study can be terminated after appropriate
consultation among the study sponsor and the Principal Investigator.

In addition, conditions which may warrant study termination include, but not limited to the following:

e Unexpected and significant or unacceptable risks for the subjects are revealed during the
study.
e The sponsor’s decision to suspend or discontinue the trial for administrative or other reason.

If a trial is prematurely terminated or suspended, the sponsor has to inform promptly the investigators,
the authorities and the EC of the termination or suspension and the reason(s) for the termination or
suspension.

If premature termination of the study is unavoidable, investigators must take measures to safeguard the
interests of the included subjects.

Premature termination does not affect the documentation responsibilities of the investigator and the
sponsor.

9. Study design

Single center, double-blind, placebo controlled, randomized design with dose-escalation.
Stopping rules

Dose escalation will be stopped when one of the following conditions applies:

e A serious adverse event (SAE), which, in the opinion of the Principal Investigator or
Sponsor’s medical representative, is likely to be causally related to drug (code break if
necessary) and warrants discontinuation of dose-escalation on safety grounds.

e Unacceptable adverse events (AEs) in at least 2 of the subjects, whether serious or not, that, in
the opinion of the Principal Investigator or Sponsor’s medical representative, are likely to be
causally related to drug (code break if necessary) e.g. clear evidence of severe hypoglycaemia.

9.1. Assignment to treatments and randomization procedures

Following admission to the study, subjects will be randomly assigned a treatment number. The
treatment number will determine the treatment sequence.
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Subjects who are replacing dropouts will be allocated the same treatment number prefixed with the
number 1 e.g. if treatment number 008 is replaced then the replacement number will be 108.
Replacement subjects will receive the same treatment allocation sequence as those whom they replace
starting from the beginning of the study.

Randomization will be carried out by a modified latin square design, where each subject will be
treated by 3 different doses of the IMP and once by placebo in a randomized order.

A paper copy of the allocation will be produced, quality controlled and retained by the Unit
responsible for statistical analysis. Individual sealed subject codes with instructions for code breaking
will be provided to the Principal Investigator.

9.2. Blinding

In the event of a medical emergency when management of a subject’s condition requires knowledge of
the trial medication, the sealed “code-break” envelope provided may be opened to determine the
nature of the trial medication dispensed. If possible, such emergencies should be discussed with
Sponsor’s representative prior to disclosure of the treatment allocation.

Reasons for breaking a code must be clearly explained and justified in the CRF. The date on which the
code was broken together with the identity of the person responsible must also be documented.

9.3. Protocol adherence

The protocol must be read thoroughly and the instructions followed exactly. Any intentional change
should be agreed by both the Sponsor and the Investigator, with the appropriate written and approved
protocol amendments made to reflect the changes agreed upon. Where the change occurs for the
wellbeing of the subject, the Sponsor must be informed of the action.

9.4. Statistical analysis

9.4.1. Efficacy data analysis

Methods and details of the analysis of efficacy data will be detailed in a separate Statistical Analysis
Plan.

9.4.2. Safety data analysis

Individual and summary blood pressures, heart rate, ECG parameters, and clinical laboratory data will
be presented in tabular form with mean, median, standard deviation and range (min and max) as
appropriate.

For the laboratory safety data, out of range values will be flagged in the data listings and a list of
clinically significantly abnormal values will be presented.

Adverse events will be tabulated and summarised according to the current version of Medical
Dictionary for Regulatory Activities (MedDRA).

10. STUDY MEDICATION, DOSAGES AND DURATION OF
TREATMENT

10.1. Supply, packaging and labelling

The study medications will be produced and packaged by an appropriate GMP-compliant facility
selected by the Sponsor.
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Individual subject study medications will be packaged in bottles for each subject and each study
period separately according to the randomization list.

Analytical certificates with the batch numbers will be attached to the study medications. Study
medications should be released before transport to the clinical study site by a Qualified Person.

Labelling instructions (in Hungarian):
e Name, address of the sponsor;
The batch and/or code number to identify the contents and packaging operation,
Dosage and administration as detailed in Section 10.4
Investigator’s name, phone,
Study code number,
Expiry date,
Storage conditions,
“For clinical trial use only”,
Subject identification number,
Name and formula of the study medication,
Name and strength of the active ingredient,
Study period number,

10.2. Storage, handling procedures, accountability

All study medication will be stored as stated in the Certificate of Analysis.

No special procedures for the safe handling of the medication are required.

The Investigator will dispense the study medication only to volunteers included in the study, by
following the procedure set in this protocol. It is forbidden to use the study medication for any other
purpose.

The sponsor will be permitted upon request to audit the supply storage and dispensing procedures and
records.

All unused supplies of study medication will be returned to SPONSOR., at the end of the study.
Copies of the study drug accountability record will be provided to the sponsor.

10.3. Detailed description of study medications

Name: IMP capsule 10 NE
Formulation: Capsule
Manufacturer: TBD

Active ingredient: Insulin humanum
Unit dose: 101U

Mode of administration: Oral

Regimen: See Section 10.4
Batch number: See the Certificate of Analysis
Expiry date: See the Certificate of Analysis

Storage conditions:

As stated in the Certificate of Analysis

Name: IMP capsule 20 NE
Formulation: Capsule

Manufacturer: TBD

Active ingredient: Insulin humanum

Unit dose: 201U

Mode of administration: Oral

Regimen: See Section 10.4

Batch number: See the Certificate of Analysis
Expiry date: See the Certificate of Analysis

Storage conditions:

Name:

As stated in the Certificate of Analysis

IMP capsule 30 NE
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Formulation: Capsule

Manufacturer: TBD

Active ingredient: Insulin humanum

Unit dose: 301U

Mode of administration: Oral

Regimen: See Section 10.4

Batch number: See the Certificate of Analysis

Expiry date: See the Certificate of Analysis
Storage conditions: As stated in the Certificate of Analysis
Name: Placebo capsule

Formulation: Capsule

Manufacturer: TBD

Active ingredient: No active ingredient

Unit dose: N/A

Mode of administration: Oral

Regimen: See Section 10.4

Batch number: See the Certificate of Analysis

Expiry date: See the Certificate of Analysis
Storage conditions: As stated in the Certificate of Analysis

10.4. Dosage and administration

In each period, study medication will be administered to each subject in a fed state with approximately
200 mL water, which will be followed by a hand and mouth check. Administration of the medications
will only be performed by authorized members of the clinical research staff in the following manner:

10.5. Duration of treatment

There are 4 treatment periods. After each period an interval of at least 7 days will be inserted.

10.6. Selection of doses and duration of treatment

There will be 3 active doses in the study:

e 10 IU oral insulin capsule preparation once daily

e 201U oral insulin capsule preparation once daily

e 301U oral insulin capsule preparation once daily
The active doses will be administered for 3 consecutive days. The next dose level can be started when
the lower dose level is completed. In the 4% treatment cycle all subjects will be given placebo
capsules. The placebo cycle will be randomly positioned among the active treatment cycles for each
volunteer by a pre-arranged order.

10.7. Concomitant therapy

In the interests of subject safety and acceptable standards of medical care the Investigator will be
permitted to prescribe treatment(s) at his/her discretion which must be recorded on the subjects Case
Report Form. Volunteers will not be permitted to take any other medication unless prescribed by the
Investigator.

11. STUDY PROCEDURES

Prior to participation in the trial, each volunteer should give his/her consent to participate by signing
and dating the informed consent form. The investigator should not undertake any investigations
specifically required only for the clinical study until valid consent had been obtained.
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The screening examination will be carried out not more than 3 weeks prior to the study drug
administration.

Volunteers will be interrogated with respect to inclusion and exclusion criteria. Those who seem to be
suitable will be included.

Subjects will attend the unit not later than 8 p.m. on the evening before the treatment (this is the
hospitalization day in all treatment periods, day -1 in the flow chart) and will remain there for 24+1
hours after the dosing in each study period. The investigator will check on each volunteer well-being
prior to their discharge from clinic. If necessary, some volunteers will remain at the clinic until any
adverse events have resolved.

The second, third and fourth period will be conducted according to the same procedure after a wash-
out period of at least 7 days.

All volunteers will return to the clinic 4-10 days after the 4" study period for a post-study
examination.

For each volunteer being withdrawn from the study due to any reason, a complete final examination
has to be performed within one week after the withdrawal with regard to the volunteer’s safety.

11.1. Screening

Within three weeks prior to beginning of the study:

Signature of Informed Consent Form.

Demography data (age, race), body weight and height, BMI.

Medical history.

Physical examination (including measurements of blood pressure and heart rate after 5 minutes
supine rest, and body temperature), standard 12 lead ECG.

Laboratory tests (after 10 hours fasting): haematology, blood chemistry and urinalysis.

Urine drug screen.

Alcohol breath test.

Viral serology (HBsAg, Anti HCV, HIV 1+2, COVID PCR).

VVVY VVVY

All laboratory tests will be carried out in the local laboratory of clinical study site.

If in the course of screening any clearly pathological value is observed, this finding will be regarded as
an exclusion criterion. Single laboratory values outside the normal range will generally not be
regarded as an exclusion criterion provided that:

» they are not accompanied by clinical symptoms,

» the context of related laboratory values gives no indication of a pathological process,

» the investigator regards them as clinically irrelevant.

11.2. Study procedure in each treatment period
Hospitalisation of subjects

Before dosing days subjects will be required to attend the Unit on the evening preceding dose
administration not later than 8 p.m. Subjects will be allowed to read, write and watch television, etc.
during the hospitalisation. Excessive effort or physical activity is not allowed for volunteers. Meals are
provided within the Unit, and it is prohibited to consume any other meals or drink. Subjects will be
allowed to leave the clinic after the blood sampling 2441 hours after IMP dosing.

Daily activities during the trial

All 4 treatment periods will be carried out the same way.
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Days -1: This day is the day before administration of study medication and has to be not later than 3
weeks after screening procedure or 7 days following the previous treatment period. Volunteers will
have to report to the clinic not later than 8 p.m. on the day before dosing. Following medical
procedures will be performed:

» Medical history update, short interview for presence of exclusion criteria.

» Physical examination update (including measuring of body temperature).

» Questioning for and registration of adverse events.

» Urine drug abuse test.

» Alcohol breath test.

Afterwards the volunteers will receive an evening meal not later than 8:45 p.m.

Days 1: Following procedures will be carried out or checked in case of all volunteers:

» Short interview for possible presence of exclusion criteria.

» Temperature before dosing.

» Blood pressure, pulse rate before dosing and 1, 2 and 4 hours post dose

» ECG before dosing and 5 hours post-dose

» Blood sampling for routine lab assessments before dosing

» Blood sampling for blood glucose, Se insulin, C-peptide before dosing and 30°, 60°, 90°, 120°,
180’ and 240’ post-dose

» Treatment: randomized administration according to the randomization table of the study
medication with mouth check. Subjects will take the medication in upright position and will
remain upright for 1 minute after dosing.

» Standard meal before dosing, 4+0.5 h after morning dose (lunch), 12+0.5 h after morning dose

(dinner).
» Questioning for and registration of adverse events.

Days 2: Following procedures will be carried out:

Short interview for possible presence of exclusion criteria.
Temperature before discharge.

Blood pressure, pulse rate before discharge

ECG before discharge

Blood sampling for routine lab assessments before discharge
Standard morning meal will be offered before subjects leave the Unit

YVVVYVYYY

Wash-out periods:
Wash-out period of at least 7 days follows after the first, second and third period; with registration of
adverse events.

11.3. Post-Study Procedure
After 4-10 days after the fourth treatment period.

» Questioning for and registration of adverse events.

» Medical history update (focusing to any changes since the screening examination and the last drug
administration).

» Physical examination update (including blood pressure and heart rate after 5 minutes supine rest,
ECG and body temperature measuring).

» Laboratory tests: haematology, blood chemistry and urinalysis (after 10 hours of fasting
condition).
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Clinically relevant deviations of laboratory parameters should be regarded as adverse events.
Laboratory values outside the normal range repeatedly found as while screening, unaccompanied by
symptoms and giving no indication of any pathological process, and therefore judged as clinically
non-significant by the Principal Investigator will not be recorded as adverse events.

11.4. Safety assessments

Complete medical history will be obtained at screening and will include evaluation for past or present
cardiovascular, respiratory, gastrointestinal, renal, hepatic, neurological, endocrine, lymphatic,
haematologic, immunologic, dermatologic, psychiatric, genitourinary, drug, and surgical history or
any other diseases or disorders. A medical history update will be obtained on each admission (Day-1).

At screening, at Day -1 and at follow-up physical examinations will be performed by a physician and
will include body measurements (weight, height, BMI only at screening) and examination of the
following: general appearance, head, ears, eyes, nose, throat, neck, skin, cardiovascular system,
respiratory system, abdominal system, nervous system.

All adverse events will be monitored and recorded throughout the whole study period. The Investigator
and study personnel will provide close monitoring for possible signs of significant hypoglycaemia for the
first 4 hours post-dose in each treatment period.

12-lead ECGs (with measurement RR, PQ, QRS, QT and QTc), blood pressure (supine systolic and
diastolic) and heart rate and body temperature will be monitored at screening, during the study periods as
described in Section 11.2 and at follow up.

Blood will be sampled for full blood counts and biochemistry at screening, before and 24 h after dosing
in each treatment period again at follow-up. Routine urinalalysis will be performed at the same time-
points.

Blood sampling for blood glucose, Se insulin, C-peptide will be carried out before dosing and 30°, 60°,
90°, 120°, 180’ and 240’ post-dose in each treatment period.

11.5. Study Restrictions

e Subjects will be required to attend the Unit for screening and follow up visits and will be admitted
to the Unit for 4 study periods.

e For each treatment periods subjects will be admitted to the Unit in the afternoon/evening of
Day —1, approximately 11 hours prior to receiving the dose of trial medication.

e During each treatment period subjects will receive a standard diet as described above.

e C(Caffeine, alcohol and grapefruit containing food and beverages will be prohibited 48 hours prior
the dosing and for Days 1 and 2 in each study period.

e For 7 days before the first dosing occasion and for the duration of the study, subjects will be
required to abstain from rigorous exercise.

12. Determination of Safety

12.1. Definition

Adverse event (AE): any untoward medical occurrence in a patient or clinical trial subject
administered a medicinal product and which does not necessarily have a causal relationship with this
treatment.

Adverse reaction of an investigational medicinal product (AR): all untoward and unintended responses
to an investigational medicinal product related to any dose administered.
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Serious adverse event or adverse reaction (SAE, SAR): any untoward medical occurrence or effect that
at any dose results in death, is life-threatening, requires hospitalisation or prolongation of existing
hospitalisation, results in persistent or significant disability or incapacity, or is a congenital anomaly or
birth defect. Additionally, based upon appropriate medical judgement, the adverse event can be
regarded as serious if it may jeopardize the subject and may require medical or surgical intervention to
prevent one of the other outcomes listed in the definition of serious.

Suspected Unexpected Serious Adverse Reaction (SUSAR): a serious adverse event judged by either
the investigator or the sponsor as having reasonable causal relationship to the investigational
medicinal product, with the nature or severity of which is not consistent with the investigators
brochure. They are subject to expedited reporting.

12.2. Documentation and Reporting of adverse events

Reporting requirements from a clinical trial are described in 35/2005. Hungarian Ministerial decree
and the 20/2001 EU Clinical Trial Directive.

12.2.1. Reporting procedure

12.2.1.1. The Investigator is responsible for:

Independently from the time of the next visit in case of adverse event the subject can revisit the
investigator.

The starting point for the collection of AEs will be the time the volunteer signs the Informed Consent.
All adverse events must be entered into the Case Report Form (CRF), whether or not they are
considered to be drug-related. Signs and symptoms of each AE should be described in detail in the AE
report form.

The investigator shall report any serious adverse events immediately (within 24 hours of the
investigator’s awareness) to the sponsor’s representative and the Local Ethics Committee (IKEB). The
immediate report shall be followed by detailed, written reports. The immediate and follow-up reports
shall identify subjects by unique code numbers assigned to the latter. For reported deaths of a subject,
the investigator shall supply the sponsor and the Ethics Committee with any additional information
requested.

The Investigator will be requested to complete a separate SAE (Serious Adverse Event) Report Form
form in addition to the information on the CRF.

In the event of unexplained or unexpected laboratory values abnormalities encountered during or after
the study, the tests have to be repeated as soon as possible and followed up until the results turn to
normal range and/or adequate explanation for abnormality is found.

Adverse events which are related or possibly related to the Investigational Medicinal Product(s)
should be followed until recovery or a trend towards recovery becomes evident. All specialized

medical interventions needed in case of such adverse events should be documented.

The investigator will clearly mark in the Case Report Form all laboratory findings outside the normal
range and will indicate which of these deviations are clinically significant.

Only clinically significant laboratory findings should be recorded on the AE Registration Form.
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12.2.1.2. The Sponsor is responsible for:

Serious adverse events
The sponsor shall report any serious, unexpected, suspected adverse reactions (SUSAR) to the
competent authority (OGYEI) and the Central Ethics Committee (ETT KFEB).

The sponsor ensures that all relevant information about suspected serious unexpected adverse
reactions (SUSAR) that are fatal or life-threatening is reported to the OGYEI and to the ETT KFEB,
as soon as possible but no later than seven days after knowledge by the sponsor of such a case, and
that relevant follow-up information is subsequently communicated within an additional eight days.

All other suspected serious unexpected adverse reactions shall be reported to the OGYEI and to the
ETT KFEB as soon as possible but within a maximum of fifteen days of first knowledge by the
sponsor.

Once a year throughout the clinical trial, the sponsor shall provide OGYEI and ETT KFEB with a
listing of all suspected serious adverse reactions which have occurred over this period and a report of
the subjects' safety.

The sponsor will keep detailed records about all serious adverse events reported by the Investigators at
any time during the whole clinical period of the study. All records are to be submitted on request of
the competent authority.

Non-serious adverse events
Non-serious adverse events will be recorded in the CRF and will be entered into clinical database after
closing the clinical phase of the study.

The following table shows the reporting responsibility of the Investigators.

What Reporting to Timelines Means
Serious adverse event | o Sponsor Within 24 hours Phone , fax, e-mail
/reaction (SAE / SAR) (following by a  written
o Local Ethics confirmation on SAE report
Committee form)
Non-serious AE / AR o Sponsor On the occasion of | Detection in CRF
monitor visit

The following table shows the reporting responsibility of the Sponsor.

What Reporting to Timelines Means

Serious suspected and | o OGYEI Within 7 calendar | Fax or e-mail SAE form,
unexpected adverse | o ETT KFEB | days to EMEA electronically.
reaction (SUSAR) Follow up report

resulting in death or within 8 calendar day

being life-threatening after 1* report.

Serious suspected and | o OGYEI Within 15 calendar | Fax or e-mail SAE form,
unexpected adverse o ETTKFEB | days to EMEA electronically.
reaction (SUSAR)

which are not resulting

State of protocol: draft CONFIDENTIAL

20 NOV 2020 28/36



StUuDpY CODE NO: TBD
EUDRACT: TBD UNIVERSITY OF DEBRECEN

A randomized, double-blind, placebo controlled human Phase I study of a novel oral insulin preparation in healthy volunteers

TRIAL PROTOCOL

in death or being life-
threatening.
All serious suspected | o OGYEI Once a year, or | Written form in Line listing
adverse reactions o ETTKFEB | according to the
authority’s request
Non-serious AE / AR o OGYEI At the end of the | Final Report
study
12.2.2. Documentation of adverse events

AE report form:
1. Date of AE reporting
2. Type of report:
e Initial
e Follow up
Verbatim of the event
Description of event,
5. Severity:
e Mild: It does not affect the daily activity of the subject.
e Moderate: Interfere with the daily activity of the subject.
e Severe: Severely interfere with the daily activity of the subject or there is a need of
complex treatment or hospitalization.
6. Onset time and date of AE,
7. Outcome:
e Recovered without sequelae
Recovered with sequelae
Ongoing
Lost for follow up
Death
8. Offset time and date of AE,

9. Last date of administration of investigational product,
10. Dates of treatment

11. Criteria of seriousness:
e Death
Life threatening
Involved or prolonged subject hospitalisation
Involved persistence of significant disability or incapacity
Congenital anomaly
Medically important
12. Seriousness:
e Serious
¢ Non serious
13. Relationship to investigational product:

e Related: Reasonable temporal relation to study medication administration, AND
cannot be reasonably explained by other factors (such as the subject’s clinical state,
concomitant therapy, and/or other interventions).

e Possibly related: Relationship to study medication could not be ruled out.

e Not related: Data are available to identify a clear alternative cause for the reaction.

14. Action taken to the investigational product:

W

B
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e there is no need to stop administration
e there is a need to stop administration
e protocol specific (tapering, reduction...)
15. Action taken due to AE:
1 = None
2 = Medication
3 = Intervention
4 = Medication and intervention
16. Need to follow-up:
* 1o
® yes
17. Comments

The criteria of seriousness are listed above (see section “Definition”). Additionally, based upon
appropriate medical judgement, the adverse event can be regarded as serious if it may jeopardize the
subject and may require medical or surgical intervention to prevent one of the other outcomes listed in
the definition of serious.

Adverse events which are definitely or possibly related to the investigational medicinal product(s)
should be followed until recovery or a trend towards recovery becomes evident. All specialized
medical interventions needed in case of such adverse events should be documented.

12.3. Validation, evaluation of adverse event reports

Validation and evaluation of adverse event reports are pursued according to regulations and standard
operating procedures of the sponsor.

12.4. Coding dictionary

Medical Dictionary for Regulatory Activities (MedDRA) will be used as coding dictionary. Serious
AE(s) / AR(s) will be coded as soon as they will be recorded in safety database by sponsor. Non-
serious AE(s) /AR(s) will be coded after ending the clinical phase of the study.

12.5. Analysis of safety data

Safety data from the clinical trial will be regularly overviewed by the sponsor during the clinical phase
of the study.

All subjects who received at least one dose of study medication will be included in the final safety data
analysis (including those who did not complete the study).

12.6. Emergency Procedures

Emergency equipment and drugs should be available within the clinical unit. In that case if emergency
treatment would be necessary, the treatment, and the drugs used during the emergency should be
documented.

12.7. Clinical laboratory tests

All clinical laboratory (safety) tests will be performed at the lab of study site. Sample volumes and
sampling conditions are according to the local lab requirements. Details of reference ranges are
provided in the Trial Master File. Any clinically relevant deviation of laboratory parameters should be
regarded as adverse events and should be handled accordingly.
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13.1. Monitoring

The purposes of trial monitoring are to verify the following:

» The rights and well-being of human subjects are protected.

» The reported trial data are accurate, complete and verifiable from source documents.

» The conduct of the trial is in compliance with the currently approved protocol/amendments, with
GCP, and with the applicable regulatory requirements.

The Sponsor should ensure that the trial be adequately monitored. The Sponsor should determine the
appropriate extent and nature of monitoring. Sponsor has to be informed about the state of the trial.
Representatives of Sponsor may conduct visits also at suitable intervals throughout the trial.

It is the responsibility of the Investigator to assure that the study will be conducted in accordance with
the protocol and the valid data are entered into the CRF. The Investigator will permit the
representatives of the Sponsor to monitor the study as frequently as necessary to determine that data
recording and protocol adherence are satisfactory. The CRFs and related documents will be reviewed
in detail in accordance with Good Clinical Practice regulations.

The monitor in accordance with the Sponsor’s requirements should ensure that the trial is conducted
and documented properly by carrying out the following activities, when relevant and necessary:

» Verifying that the investigator has adequate qualification and resource and remain adequate
throughout the trial period.

Verifying if the study is conducted properly and complied with the Good Clinical Practice
guidelines, the Helsinki Declaration and the applicable regulatory requirements.

Verifying the compliance with the protocol

Verifying if the CRFs are completed continuously and accurately and stored in accordance with
the requirements.

Verifying the registration of the investigational drug.

Verifying the signed Informed Consent.

Checking the source data with the data in the CRF.

Verifying if the necessary documents are available.

Verifying if the works described in protocol are accurately done.

Inform the principal investigator and Sponsor about the perceptions.

VVVVVYV VYV V

13.2. Auditing

The purpose of Sponsor’s audit, which is independent of and separate from routine monitoring or
quality control functions, should be to evaluate trial conduct and compliance with the protocol, SOPs,
GCP and applicable regulatory requirements.

14. REGULATORY AND ETHICAL ISSUES

14.1. Declaration of Helsinki

The study should be performed in accordance with the spirit and principles of the current revision of
the Declaration of Helsinki (Fortaleza, Brazil, 2013).

14.2. Ethics Committee and Regulatory Authorities

Before the start of the study, the protocol and other appropriate documents must be submitted to the
Medical Research Council Ethics Committee for Clinical Pharmacology (ETT-KFEB), as Independent
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Ethics Committee and the National Institute of Pharmacy (OGYEI) as Regulatory Authority, for
review and approval.

The trial should be conducted in compliance with the protocol.

If significant changes require a protocol amendment, the amendment has to be also submitted to the
Regulatory Authority and Ethics Committee for review and approval. Non-significant changes that do
not affect the conduct of the study or do not have a significant effect on the safety of the subjects or do
not significantly reduce the scientific value of the trial, have to be submitted to the Ethics Committee
and the Regulatory Authority for notification only.

It is the Principal Investigator’s responsibility to get the approval of the leader of the institute. The
leader of the institute declares that the investigational site is in possession of personal and material
conditions for the study. The Principal Investigator informs the Local Ethics Committee about the
study.

14.3. Information for Volunteers and Informed Consent

Before the subject being admitted to the trial, she/he has consent to participate in the study, after that
he has been given written and verbal information about the clinical study. These information forms,
both the written and verbal should be clear to all. Neither the written, nor the verbal information
should contain technical terms, and any formulation that causes the volunteer to waive or to appear to
waive any legal rights or that releases or appears to release the investigators, institute, the Sponsor or
their agents from liability for negligence.

Information Sheets and Informed Consent can be used to confirm the volunteers’ consents to
participate in the trial. After the subject have read the Information Sheet and got oral information
about the trial, they confirm their participation in the study by signing and dating the Informed
Consent. The Investigator has to sign and date the Information for Volunteers and the Informed
Consent too. By signing and dating the Case Report Form the Investigator states that the Informed
Consent has been obtained. The original signed and dated Consent Forms will be kept and archived by
the Principal Investigator. All subjects will receive both the signed Informed Consent Form and the
Volunteers Information Sheet.

To ensure the medical confidentiality and data protection the signed Informed Consent Forms remain
with the Principal Investigator and must be archived in accordance with the current legislation after the
study has been completed. The Investigator who is responsible for archiving of the Informed Consent
Forms will allow inspection of these documents by the competent authority, the ethics committee and
the sponsor’s representatives.

14.4. Confidentiality

Volunteers’ identity data (name, date, and place of birth) should be handled strictly confidential. The
Principal Investigator is responsible for preserve the identity data in Subject Identification Forms and
takes care of that the data will not be available to any unauthorized person. Each subject gets a
randomization number. For further protection of the identity data, only the volunteers’ initials and
randomization numbers will appear on the Case Report Form (data sheet).

Laboratory findings and other source documents made at the investigational site will contain the full
name of the subjects; these should be reached only by the investigator staff, the monitor and auditor on
behalf of Sponsor, the inspector of the Regulatory Authorities and the ethics committee.

Other person can gain access to only the data written in the CRFs or originated form these documents.
Rules related to the handling of the identity data are stated in the Volunteers Information Sheet too.
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15.1. Investigator’s File

Investigator’s File will be set up according to the latest guideline (ICH Topic E6 Note for Guidance on
Good Clinical Practice CPMP/ICH/135/95).

15.2. Case Report Forms

These forms are used to transmit the information collected during the clinical trial to the Sponsor.
Case Report Forms must be completed for each subject enrolled in this study. All Case Report Form
must be legible and completed in black or blue ball point pen. The Investigators may enter corrections
on original CRFs. Data should not be obliterated by blacking out, correction fluid or an eraser.

The examination findings should be written into the Case Report Form as soon as possible, at least on
the day of the examination or on that day, when the investigator receives the findings. At all times the
investigator has final responsibility for the accuracy and authenticity of all clinical and laboratory data
entered in the CRFs.

The Principal Investigator has to review the Case Report Form for completeness and accuracy and has
to sign and date it on the first page at the end of the study. Selected pages should be signed by an
investigator after filling in. These signatures serve to attest that data contained on the CRFs are true
and have not been falsified.

The monitor and auditor will review the complete Case Report Forms against the volunteers’ medical
records and verify that all data are complete and accurate.

Major corrections have to be justified.
Assurance of the completion, review and approval of all CRFs is the investigator‘s responsibility.

15.3. Archiving

The Screening LOG, the Subject Identification LOG, all Information for Volunteers, Informed
Consents, source documents (laboratory findings, case history), and copies of the CRFs, whether these
CRFs are completed or not, should be archived in accordance with the current legislation at the
investigational site.

The Sponsor archives all other documents (except Informed Consent Forms, and source documents)
related to the study in accordance with the requirements of GCP guidelines and applicable regulatory
requirements.

Any transfer of responsibilities for archiving should be documented.

15.4. Disclosure of information

Information concerning the study, patent applications, processes, scientific data or other pertinent
information is confidential and remains the property of the sponsor. The investigator may use this
information for the purposes of the study only.

It is understood by the investigator that the sponsor will use information developed in this clinical
study in connection with the development of IMP, and therefore may disclose it as required to other
clinical investigators and to regulatory agencies. In order to allow the use of the information derived
from this clinical study, the investigator understands that he/she has an obligation to provide complete
test results and all data developed during this study to the sponsor.
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Verbal or written discussion of results prior to study completion and full reporting should only be
undertaken with written consent from the sponsor.

16. Protocol Amendments and deviations

Anytime after the approval of the protocol (before, during, and after the start of the study) any
amendment turns out to be necessary it should be done in written form by the completion of the form
“Amendment of Approved Protocol”.

If significant changes require a protocol amendment, the amendment has to be submitted to the
Regulatory Authority for approval. Except for shifts regarding the quality of the investigational
medicinal products and changes of administrative nature, the Regulatory Authority also should
transmit the planned protocol amendments to the CEC for review and approval.

Minor changes, that do not affect the conduct of the study or do not have a significant effect on the
safety of the subject's, do not imply changes of the Volunteer Information Leaflet, or do not
significantly reduce the scientific value of the trial, do not need a re-submit to the Regulatory
Authority for approval. These amendments will be sent to the Regulatory Authority only for
information.

The approved amendment should be sent to everybody, who signed the original protocol; and they
have to enclose it to the original protocol.

The Investigator should not implement any deviation from or changes of the protocol without
agreement by the Sponsor and prior review and documented approval of the CEC and/or Regulatory
Authority, except when necessary to eliminate an immediate hazard to trial subjects or when the
changes involve only logistical or administrative aspects (e.g. changes of addresses).

Any deviation from the approved protocol should be regarded as protocol deviation. Any deviation
will be recorded in the raw data of the study and covered in the final report.

As soon as possible, the implemented deviation or change, the reason for it and if appropriate, the
proposed protocol amendment should be submitted to the

» Ethics Committee

» Sponsor for agreement and approval

» Competent Authorities.

17. Financial Aspects

Agreement on the amount and the methods of payment will be stated in a separate document signed
and dated by the Sponsor and the study site.
The study is financed from Government grant No. TBD

18. Insurance

Volunteers participating in the study will be duly insured for any study-related health deterioration for
which the Sponsor is held legally liable.

The Sponsor will submit a copy of the certificate of insurance for the Trial Master File and the
Investigator Site File of the study. This insurance, however, will be waived if the health deterioration
is probably connected with the non-compliance of the volunteer or the professional misconduct of the
study site personnel.
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The subjects participating in the study can report their claim of damages in written form, directly to
the Insurance Company mentioned above, or to the Principal Investigator, or to the Sponsor as soon
as possible, but not later than 7 days after notice.

19. Clinical study report

The integrated study report will be prepared by Sponsor according to CPMP/ICH/137/95 (ICH Topic
E 3) Structure and Content of Clinical Study Report. This report should include the results of efficacy
and safety statistical reports.

20. Publication Policy

By signing this protocol the Principal Investigator agrees that the results of this study may be used for
submission to national and/or international registration and supervisor authorities.

Inasmuch the principal investigator wants to write publication about the study, the manuscript of this
publication should be handed over the Sponsor for approval. In this way the Sponsor can state whether
the publication does or does not infringe patent or trade secret brake.

If the Sponsor initiates the publication or the expose of study results, he/she should notify the Principal
Investigator and consider his/her professional opinion.

21. GENERAL REFERENCES

1. Declaration of Helsinki Adopted by the 18th WMA General Assembly, Helsinki, Finland, June
1964 and amended by the: 29th WMA General Assembly, Tokyo, Japan, October 1975, 35th
WMA General Assembly, Venice, Italy, October 1983, 41st WMA General Assembly, Hong
Kong, September 1989, 48th WMA General Assembly, Somerset West, Republic of South Africa,
October 1996, 52nd WMA General Assembly, Edinburgh, Scotland, October 2000, 53rd WMA
General Assembly, Washington DC, USA, October 2002 (Note of Clarification added), 55th
WMA General Assembly, Tokyo, Japan, October 2004 (Note of Clarification added), 59th WMA
General Assembly, Seoul, Republic of Korea, October 2008 and 64th WMA General Assembly,
Fortaleza, Brazil, October 2013

2. ICH Topic E6R2. Guideline for Good Clinical Practice.
https://database.ich.org/sites/default/files/E6 R2 Addendum.pdf

3. 1997. évi XLVII tv. Az egészségligyrdl és a hozzajuk kapcsolodo személyes adatok kezelésérol €s
védelmérodl

4. 1997. évi CLIV. tv. Az egészségiigyrol

5. 35/2005 EiM rendelet Az emberi felhasznalasra keriilé vizsgalati készitmények klinikai
vizsgalatarol és a helyes klinikai gyakorlat alkalmazasarol

6. 2005. évi XCV. torvény Az emberi alkalmazasra keriilé gyogyszerekrol és egyéb, a
gyogyszerpiacot szabalyozo torvények modositasarol
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7. 235/2009. (X. 20.) Korm. rendelet az emberen végzett orvostudomanyi kutatdsok, az emberi
felhasznalasra keriil¢ vizsgalati készitmények klinikai vizsgalata, valamint az emberen torténd
alkalmazasra szolgalo, klinikai vizsgalatra szant orvostechnikai eszk6zok klinikai vizsgalata
engedélyezési eljarasanak szabalyairol

8. AZ EUROPAI PARLAMENT ES A TANACS 2001/20/EK IRANYELVE az emberi
felhasznalasra szant gyogyszerekkel végzett klinikai vizsgédlatok soran alkalmazandd helyes
klinikai gyakorlat bevezetésére vonatkozo tagallami torvényi, rendeleti és kozigazgatasi
rendelkezések kozelitésérol

9. AZ EUROPAI PARLAMENT ES A TANACS 536/2014/EU RENDELETE emberi felhasznéalasra
szant gyogyszerek klinikai vizsgalatairdl és a 2001/20/EK iranyelv hatalyon kiviil helyezésérol

10. ICH Topic E3 Structure And Content Of Clinical Study Reports
https://database.ich.org/sites/default/files/E3 Guideline.pdf
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Declaration and Signature of Persons Responsible for the Study

The Sponsor and investigator agree with the protocol and declare that they will carry out the study
according to the protocol, current legislations, GCP guidelines as well as requirements of authorities.
If any intentional change from the protocol turns out to be necessary the Sponsor and the Investigator
should make an agreement on amendment of protocol in a written form.

Sponsor: University of Debrecen
H-4032 Debrecen, Egyetem tér 1.,
Hungary

Responsible study supervisor:

Name/Signature Date /dd.mmm.yyyy./
Clinical Study Sites: 3-5 Departments of Diabetology in
Hungary
Principal (coordinating)
investigator:
Name/Signature Date /dd.mmm.yyyy./
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1.  Synopsis

Name of the Sponsor/Company: Study Code:
University Debrecen

Name of the Investigational Product: EudraCT No:
Oral insulin formula

Development Phase of the Study:
Phase II

TITLE OF THE STUDY:

Phase 2, double-blind, parallel assignment, randomized, placebo-controlled study to evaluate the preventive
effect of oral insulin formula on the development of T1D in high-risk young individuals through the induction of
immunological tolerance

OBJECTIVES:

Primary objective:

Prevention of the development of T1D in high-risk young individuals.

Secondary objective:

Evaluation of the long-term efficacy and safety of oral insulin formula in young individuals with increased risk
for the development of T1D.

ENDPOINTS:

Primary endpoint:

The difference in the newly appearing T1D in the active ingredient and placebo treated groups.
Secondary endpoints:

Change in c-peptide level.

Change in insulin autoantibody level.

Insulin demand at the end of the treatment period.

STUDY DESIGN:

Phase 2, double-blind, parallel assignment, randomized, placebo-controlled study on young individuals (18-25
years of age) with high-risk T1D defined by the presence of autoantibodies and impaired glucose tolerance.
Subjects will be enrolled in 1:1 ratio into the active ingredient and placebo groups.

Participants will take one capsule of active ingredient or placebo once per day.
Fifty young adults with high-risk T1D are planned to be enrolled.

TREATMENT DURATION:
Treatment starts immediately after randomization.
Treatment ends (whichever comes first):

e after two years

e development of T1D

Estimated study period: 2023-2026

The total maximum duration per patient is up to 25 months
The study consists of minimum 11 visits:
e A screening and randomization visit on Day 0 and Day 1.
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o During the treatment period visits will be at the end of the 1., 3., 6.,9., 12., 15, 18., 21., 24. months.
e The Follow-up Visit will be performed 30 days after the End of Treatment Visit
e For individuals who discontinue the study early, all the assessments listed for the Early Discontinuation
Visit as specified in the schedule of visits (End of Treatment) will be performed.
First patient in: January 2023
Last patient in: August 2024
Last patient out: September 2026

INVESTIGATIONAL MEDICINAL PRODUCT:

Name: Oral insulin formula

Active ingredient: insulin, Humulin R

Dose: 20 IU Humulin R + 300 mg Acepramin once daily (May be subject to change if the results of the Phase 1
study warrants it.)

Administration: oral

Formulation: capsule

Developed by: CeraMed Kft. / University of Debrecen

Manufactured by: Meditop Gydgyszeripari Kft.

Name: Placebo

Active ingredient: None

Daily Dose: 1 capsule once daily
Administration: oral

Formulation: capsule

Manufactured by: Meditop Gyogyszeripari Kft.

Investigational Medicinal Products will be taken with 200 ml water.
Storage: According to the Certificate of Analysis

STUDY POPULATIONS:
Fifty young adults with anti-islet antibodies positivity (one of the antibodies is anti-insulin) and decreased
glucose tolerance (GTT, 60 min PG:>8 mmol/l) aged 18-25 years.

NUMBER OF STUDY CENTRES:
3-5 study sites are envisaged in Hungary.

MAIN INCLUSION AND EXCLUSION CRITERIA:
Inclusion Criteria:

18-25 years age

Presence of two anti-islet antibodies

Impaired glucose tolerance, GTT 60 min PG > 8 mmol/I

Ability to comprehend and willingness to sign statements of the Informed Consent Form
Agree to use medically acceptable and effective birth control throughout the study

Nk e

Exclusion criteria:

1. Pre-existing T1D

Any disease if the investigator considers that it can significantly influence the development of
T1D.

Long-term steroid treatment.

Ongoing immunosuppressive or immunomodulator treatment

5. Cytostatic therapy

W
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6. Positive urine pregnancy test
7. Any disease that can be negatively influenced by insulin treatment.

Study procedures

Screening after signing the ICF.

Personal data, medical history, physical examinations (height, weight, 12-lead ECG), vital signs (blood pressure,
heart rate, temperature) and laboratory tests. (including: GTT, c-peptide, anti-islet antibody assay)

Randomization to treatment: 1:1 ratio receiving oral insulin formula or placebo respectively.

Blood samples:
The prescribed blood samples are drawn at the appropriate timepoints.
e Screening: 10-15 ml
e In every three months: glucose, GTT, c-peptide (25-30 ml)
e End of Treatment: 10-15 ml
e Total taken blood volume per patient: 250-300 ml.

SAFETY ASSESSMENTS:
Clinical safety:
- physical examination
- 12 lead ECG
- Pulse rate, body temperature
- Concomitant medication
- Adverse Events

Laboratory Safety:
- Clinical chemistry
- Urinalysis
- Hematology

EFFICACY AND SAFETY VARIABLES:

Efficacy Variables:

- Appearance of T1D

- Blood glucose level/GTT

- C-peptide level

- Anti-islet autoantibody level
Safety Variables:

- Adverse Events
- Vital signs: pulse rate, body temperature

Sample size: Using a two-sided alpha level of 0.05, a total of 50 subjects is required to achieve 80% power if the
change in the appearance T1D is 30%.

Statistical Analysis:
Statistical analysis will be described in a separate Statistical analysis Plan

This study will be conducted in compliance with GCP guidelines (CPMP/ICH/FDA).
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2.  Study Flow Chart

Visit Scree- Rando- Visit2 Visit3 Visit4 Visit5 Visit6 Visit7 Visit8 Visit9 End of Follow-
ning  mization treatment* up

Study Day, Month Day -1 Day 1 Month | Month | Month | Month | Month | Month | Month | Month | Month 24 Month

1 3 6 9 12 15 18 21 25

Informed consent X

Inclusion/exclusion criteria

Randomization X

Demography X

Medical History X

Concomitant Medication X X X X X X X X X X X X

Physical examination X X X X X X X X X X X

Height and Weight X X X X X X X X X X X

Vital signs X X X X X X X X X X

12 lead ECG X X X

Blood sampling (routine labs) X X X X X

Urine sampling X X X X X

Blood sampling (Se insulin, C- X X X X X X X X X X

peptide, islet antibodies)

Pregnancy test (for female X X X X X X X X X X

subjects only)

Oral Glucose Tolerance test X X X X X X

IMP dispensation X X X X X X X X

IMP return X X X X X X X

AE recording X X X X X X X X X X X

Subject compliance check X X X X X X X X X X

e In case of early withdrawal an Early Termination Visit should be performed. The Early Termination Visit will be identical to the End-of-Treatment Visit
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Abbreviations and Acronyms

AE
ALP
ALT
ANOVA
AST
CEC
CK
CRF
ECG
FDA
GCP
GGT
GLP
GMP
GTT
HbsAg
HCV
HIV
ICH
IMP
ITT
LDH
Max
MCHC
MCV
Min
mmol/l
OD

PP

SD
SOP
SAE
SUSAR
SDV
TBD

Adverse Event

Alkaline Phosphatase

Alanine amino transferase
Analysis of Variance

Aspartate amino transferase
Central Ethics Committee
Creatine phosphokinase

Case Report Form
Electrocardiography

Food and Drug Administration
Good Clinical Practice

Gamma glutamy] transpeptidase
Good Laboratory Practice

Good Manufacturing Practice
(oral) Glucose Tolerance test
Hepatitis B surface antigen
Hepatitis C

Human immunodeficiency virus
International Council for Harmonization
Investigational Medical Product
Intention-to-treat

Lactate dehydrogenase
Maximum

Mean corpuscular haemoglobin concentration
Mean corpuscular volume
Minimum

millimol(liter

Once daily

Per Protocol

Standard deviation

Standard Operating Procedure
Serious Adverse Events

Suspected Unexpected Serious Adverse Reaction

Source document verification
To be defined (later)
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4. General Information

Name and address of the Sponsor

Name and address of the clinical
investigational site

Statistical evaluation

Safety data analysis

In case of adverse drug reaction should be
informed

Estimated start of the study
Estimated end of the clinical part of the study
Final report

5. Responsibilities and Addresses

Sponsor

Study Supervisor:

Study Manager:

Monitor:

Drug Safety:

University of Debrecen

H-4032 Debrecen, Egyetem tér 1., Hungary
@&: (+36 1) TBD
Fax. (+36 1)

TBD

TBD

TBD

TBD

Q12023
Q32026

Q12027

Name and address, phone, mail

Name and address, phone, mail

Name and address, phone, mail

Name and address, phone, mail
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Safety analysis and Reporting

Safety data analysis:

Name and address, phone, mail

Author of Integrated Study Report:

Name and address, phone, mail
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6. Background and rationale

6.1. Description of the Investigational Drug: IMP

6.1.1. Mode of action of IMP

Oral administration of insulin, i.e. absorption from the intestinal tract, has several benefits. The oral
medicine avoids the risk of infection with frequent use of parenteral insulin. Oral drug compliance, as
it is not unpleasant, is not painful is also superior to injectable treatment. During enteral absorption,
insulin gets closer to the pathway of its physiological action, as first it enters the liver through the
portal veins, and the highest insulin levels will not be observed at the periphery as it happens
subcutaneous administration.

6.1.2. Indications of (IMP):

Diabetes mellitus (both Type 1 and Type 2) is a common illness affecting more and more people —
both adults and children. One of the mainstays of diabetes therapy is insulin, known and used for over
100 years. The insulin, being a protein is not absorbed from the gastrointestinal tract intactly, thus it
can be administered only parenterally (subcutaneously or intravenously). While this does not limit its
use, an isnsulin preparation that could be administered orally offer huge advantage and increase patient
compliance.

Another potential use of the oral insulin could be the prevention or at least delaying onset of Type 1
diabetes in children.

6.1.3. Side effect profile of IMP

At this stage of development human adverse event profile is unknown yet.

It can be expected that potential blood glucose lowering may occur with its linked side-effects (e.g.
hypoglycaemia, weakness, feeling faint, feeling hungry, fainting), but at the doses administrated in this
study such events are unlikely.

Also, allergic reactions to all components of the preparations may be expected.

6.1.4. Pharmacokinetic profile of IMP

Absorption: IMP is rapidly absorbed. Available data show that 30’ after administration of the oral
insulin preparation the blood glucose levels are already decreasing.

Distribution:Oral insulin enters the circulation in a near-physiological way, and enters the liver in the
portal system. Thus its distribution follows the physiological process.

Elimination: Eliimination of the insulin also occurs by a physiological pattern.

Important and favourable feature of IMP is that no dose adjustment is necessary in liver or kidney
diseases because due to its metabolism it does not cumulate.

Changes of pharmacokinetic properties under special circumstances (e.g. age, accompanying
diseases): This was not examined in depth. Further clinical trials are necessary to define thius aspect.
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Type 1 diabetes mellitus (T1DM) is one of the most common hormonal and metabolic
diseases that occur in childhood. The main feature of the disease, i.e. elevated blood sugar
levels, is caused by the destruction of insulin-producing B cells in the pancreatic islets of
Langerhans (1). In the vast majority of cases, the death and loss of function of B cells is
caused by the autoimmune process against 3 cells. The cause of B-cell death in a small
proportion of patients is unknown (2). The incidence of T1DM is increasing by 2-3% per year
worldwide, with growth even faster in the under-5 age group (3).

Figure 1 illustrates the incidence and prevalence of childhood T1DM worldwide.

Figure 1. Incidence and prevalence of childhood T1DM worldwide
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Figure 2 | The incidence and prevalence of T1DM in children. The estimated number of new cases of type 1

The direct cause of autoantibody production is not precisely known, an essential prerequisite is the
antigen presentation by dendritic cells and the interaction of B cells with antigen-specific CD4+ and
CD8+ T cells.

Treating T1DM requires an interdisciplinary approach, and collaboration between physician, dietitian,
psychologist, patient, parents, and environment is essential to success. The goal of treatment is to
maintain a long-term glycemic balance in a healthy lifestyle and to avoid severe hypoglycemic and
hyperglycemic ketoacidosis. From the third stage of the disease, continuous insulin treatment is
essential due to severe insufficiency of endogenous insulin production.

Since the mid-1970s, a number of open-label, uncontrolled studies have aimed to maintain or increase
the amount and insulin-producing capacity of residual insulin-producing B cells through inhibition of
the autoimmune process.

A new procedure to prevent the development of the disease has been started in the last few years. In a
mouse model the chronic administration of oral insulin significantly decreased the incidence of Type 1
diabetes.

Given the autoimmune origin of the disease, the procedure attempts to desensitize the patient’s body
by an analogy to allergic diseases, which is also an abnormal immune response. In doing so, different
amounts of insulin (oral insulin therapy) were given orally to at-risk children.

The aim of the current drug development is an oral insulin preparation that can be used in the everyday
clinical practice.
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7.1. Primary objective

Prevention of the development of T1D in high-risk young individuals..

7.2. Secondary objective

Evaluation of the long-term efficacy and safety of oral insulin formula in young individuals with
increased risk for the development of T1D..

7.3. Primary endpoint

e The difference in the newly appearing T1D in the active ingredient and placebo treated groups.

7.4. Secondary endpoints

e Change in c-peptide level.
e Change in insulin autoantibody level.
e Insulin demand at the end of the treatment period.

8. STUDY POPULATION

8.1. Sample size

50 eligible young adults (18-25 years of age) will be enrolled into the study. (Drop-outs will not be
replaced.)

8.2. Selection of study population

There will be three subject populations defined for the study:

o The full analysis set is defined to be as close to the idea of including all randomized subjects
(by intention-to-treat principle, ITT). Subjects will be excluded from the full analysis set for
the following reasons:

— Failing to satisfy major entry criteria
— Failing to take at least one dose of the study medication
— Lack of any data post randomization

e The per-protocol (PP) population will include all randomized subjects who were included in
the ITT and who completed the 3 treatment periods according to the protocol. Subjects will be
excluded from the PP set for the following reasons:

— Failing to satisfy full analysis set criteria
— Presence of a major protocol violation
— Pharmacokinetic target parameters not available for any of the periods.

e The safety population will include all randomized subjects who received at least one dose of

study medication.

8.3. Subject recruitment procedures

Subjects will be recruited from the patient population of the study sites. Study sites may also receive
referrals from other departments/physicians.

Potential male and female subjects will be screened for eligibility within 14 days after given written
informed consent. Screening will consist of demographic data, medical and medication histories,
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physical examination, body measurements (height, weight, BMI, body temperature), vital signs, 12
lead ECG, clinical laboratory safety tests (haematology, biochemistry, urinalysis, HBsAg, anti-HCV
and HIV I & 1), efficacy tests (se insulin, C-peptide, islet antibodies), GTT.

A person is considered eligible if the results of the screening test meet all the inclusion and none of the
exclusion criteria

Any laboratory value outside the normal range could generally not be regarded as an exclusion
criterion provided that:

- they were not accompanied by clinical symptoms, and

- the context of related laboratory values gave no indication of pathological process, and

- the Investigator classified them as clinically irrelevant in written form in the CRF.

8.4. Subject inclusion criteria

Subjects enrolled in this study will be patients identified by and/or referred to the clinical study sites.
They must meet all of the following criteria in order to be included in the study:

e 18-25 years of age
Presence of two anti-islet antibodies
Impaired glucose tolerance, GTT 60 min PG > 8 mmol/I
Ability to comprehend and willingness to sign statements of the Informed Consent Form
Agree to use medically acceptable and effective birth control throughout the study

8.5. Subject exclusion criteria

Subjects to whom any of the following applies will be excluded from the study:

Pre-existing T1D

Any disease if the investigator considers that it can significantly influence the
development of T1D.

Long-term steroid treatment.

Ongoing immunosuppressive or immunomodulator treatment

Cytostatic therapy

Positive urine pregnancy test

Any disease that can be negatively influenced by insulin treatment.

8.6. Subject compliance

The study will be run on outpatient base. Subject compliance will be checked by the study team during
study visits.

8.7. Subject withdrawal criteria

In accordance with the Declaration of Helsinki and the applicable regulatory requirements, the subject
involved in the study can withdraw his consent at any time without giving any reason, and it should
not be announced in written form. It is sufficient to inform the investigator about his decision orally.

Subjects may be withdrawn for the following reason:

e at their own request with or without giving reasons,
e at the discretion of the Investigator for reason of medical prudence,
e at the proposal of the Sponsor.
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The principal investigator or the institutional ethics committee should initiate the withdrawal in the
following cases:
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e If circumstances defined as exclusion criteria are registered.

e Onset of any disease demanding any medicinal treatment during the study period, which can
influence the validation of the results, even if any relationship between the illness and the
study treatment seems not to be likely.

¢ In cases of adverse events that are dangerous to the health of the subject.

e If the subject does not cooperate with the investigator, and does not comply with the
regulations prescribed in Subjects’ Information Sheet.

e If personal circumstances suggest that the visits required by the protocol cannot be guaranteed
any longer.

e In case of serious protocol deviation.

Each subject being withdrawn should undergo a complete final examination within one week after the
withdrawal with regard to the subject’s health conditions and for safety aspects.

In case of any withdrawal from the study (whether voluntary or not) the Sponsor should be
immediately notified. The date and reason of withdrawal should be clearly stated in the subject’s CRF.

The Sponsor should also be immediately consulted / notified in the following cases:

» Vomiting within 2 X tma of the active ingredients (namely within 2 hours after drug
administration).

» Protocol violations which are potentially serious, and thus being potential reasons to withdraw the
subjects from the trial.

» Concomitant mediation or other events which can influence the authenticity of data collected
throughout the study.

» Serious adverse events, whether expected or unexpected.

8.8. Replacement of Drop-outs

Subjects being withdrawn will not be replaced

8.9. Premature Termination of the Study

If the study sponsor or the Principal Investigator discovers conditions arising during the study which
indicate that the clinical investigation should be stopped, the study can be terminated after appropriate
consultation among the study sponsor and the Principal Investigator.

In addition, conditions which may warrant study termination include, but not limited to the following:

e Unexpected and significant or unacceptable risks for the subjects are revealed during the
study.
e The sponsor’s decision to suspend or discontinue the trial for administrative or other reason.

If a trial is prematurely terminated or suspended, the sponsor has to inform promptly the investigators,
the authorities and the EC of the termination or suspension and the reason(s) for the termination or
suspension.

If premature termination of the study is unavoidable, investigators must take measures to safeguard the
interests of the included subjects.

Premature termination does not affect the documentation responsibilities of the investigator and the
sponsor.

State of protocol: draft CONFIDENTIAL

20 NOV 2020 21/35



StUuDpY CODE NO: TBD
EUDRACT: TBD UNIVERSITY OF DEBRECEN

Phase 2, double-blind, parallel assignment, randomized, placebo-controlled study to evaluate the preventive effect of oral insulin formula on the
development of T1D in high-risk young individuals through the induction of immunological tolerance

9. Study design
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Phase 2, double-blind, parallel assignment, randomized, placebo-controlled study on young
individuals (18-25 years of age) with high-risk T1D defined by the presence of autoantibodies and
impaired glucose tolerance.

Subjects will be enrolled in 1:1 ratio into the active ingredient and placebo groups.

9.1. Assignment to treatments and randomization procedures

The randomization scheme will be prepared by the study statistician. Subject codes will be made
available to the investigators in individual closed envelopes, showing only the treatment number on
the outside. Following admission to the study, subjects will be assigned the next available treatment
number. Instructions for code breaking will be provided to the Investigators.

9.2. Blinding

In the event of a medical emergency when management of a subject’s condition requires knowledge of
the trial medication, the sealed “code-break” envelope provided may be opened to determine the
nature of the trial medication dispensed. If possible, such emergencies should be discussed with
Sponsor’s representative prior to disclosure of the treatment allocation.

Reasons for breaking a code must be clearly explained and justified in the CRF. The date on which the
code was broken together with the identity of the person responsible must also be documented.

9.3. Protocol adherence

The protocol must be read thoroughly and the instructions followed exactly. Any intentional change
should be agreed by both the Sponsor and the Investigator, with the appropriate written and approved
protocol amendments made to reflect the changes agreed upon. Where the change occurs for the
wellbeing of the subject, the Sponsor must be informed of the action.

9.4. Statistical analysis

The statistical analysis methods will be described in a separate Statistical Analysis Plan

Individual and summary blood pressures, heart rate, ECG parameters, and clinical laboratory data will
be presented in tabular form with mean, median, standard deviation and range (min and max) as
appropriate.

For the laboratory safety data, out of range values will be flagged in the data listings and a list of
clinically significantly abnormal values will be presented.

Adverse events will be tabulated and summarised according to the current version of Medical
Dictionary for Regulatory Activities (MedDRA).

10. STUDY MEDICATION, DOSAGES AND DURATION OF
TREATMENT

10.1. Supply, packaging and labelling

The study medications will be produced and packaged by an appropriate GMP-compliant facility
selected by the Sponsor.
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Individual subject study medications will be packaged in bottles for each subject and each study
period separately according to the randomization list.
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Analytical certificates with the batch numbers will be attached to the study medications. Study
medications should be released before transport to the clinical study site by a Qualified Person.

Labelling instructions (in Hungarian):
e Name, address of the sponsor;
The batch and/or code number to identify the contents and packaging operation,
Dosage and administration as detailed in Section 10.4
Investigator’s name, phone,
Study code number,
Expiry date,
Storage conditions,
“For clinical trial use only”,
Subject identification number,
Name and formula of the study medication,
Name and strength of the active ingredient,
Study period number,

10.2. Storage, handling procedures, accountability

All study medication will be stored as stated in the Certificate of Analysis.

No special procedures for the safe handling of the medication are required.

The Investigator will dispense the study medication only to subjects included in the study, by
following the procedure set in this protocol. It is forbidden to use the study medication for any other
purpose.

The sponsor will be permitted upon request to audit the supply storage and dispensing procedures and
records.

All unused supplies of study medication will be returned to SPONSOR., at the end of the study.
Copies of the study drug accountability record will be provided to the sponsor.

10.3. Detailed description of study medications

Name: IMP capsule 20 NE
Formulation: Capsule
Manufacturer: TBD

Active ingredient: Insulin humanum
Unit dose: 20NE

Mode of administration: Oral

Regimen: See Section 10.4
Batch number: See the Certificate of Analysis
Expiry date: See the Certificate of Analysis

Storage conditions:

As stated in the Certificate of Analysis

Name: Placebo capsule
Formulation: Capsule

Manufacturer: TBD

Active ingredient: No active ingredient

Unit dose: N/A

Mode of administration: Oral

Regimen: See Section 10.4

Batch number: See the Certificate of Analysis
Expiry date: See the Certificate of Analysis

Storage conditions:

As stated in the Certificate of Analysis
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During the study patients are expected to take one capsule (containing oral insulin preparation or
placebo) once daily with approx. 200 ml tap water. Subjects are encouraged to take their daily
medication preferably at the same time each day.

In case the subject forgets taking a daily dose, he/she may take it within 4 hours to nominal intake
time. If the elapsed time is longer than 4 hours, the dose should not be taken, and routine
administration should resume the next day.

10.5. Duration of treatment

Treatment will last up to 24 months

10.6. Concomitant therapy

Any drugs taken routinely prior to the study may be continued with the approval of the Investigator.
Any new drug treatments (including over-the-counter preparations, vitamins and dietary supplements)
may only be started with the prior approval of the Investigator.

11. STUDY PROCEDURES

Prior to participation in the trial, each subject should give his/her consent to participate by signing and
dating the informed consent form. The investigator should not undertake any investigations
specifically required only for the clinical study until valid consent had been obtained.

The screening examination will be carried out not more than 1 week prior to the study drug
administration.

Following evaluation of the screening results, in/exclusion criteria those subjects who are eligible will
be included.

The study treatment period will be carried out on outpatient basis, with regular scheduled visits to the
study site.

For each subject being withdrawn from the study due to any reason, a complete final examination has
to be performed within one week after the withdrawal with regard to the subject’s safety.

11.1. Screening

Within three weeks prior to beginning of the study:

Signature of Informed Consent Form.

Demography data (age, race), body weight and height, body temperature, BMIL.

Medical history.

Physical examination (including measurements of blood pressure and heart rate after 5 minutes
supine rest, and body temperature), standard 12 lead ECG.

Laboratory tests (after 10 hours fasting): haematology, blood chemistry and urinalysis.

Lab tests for efficacy parameters (se insulin, C-peptide, islet antibodies, GTT)

Viral serology (HBsAg, Anti HCV, HIV 1+2, COVID PCR).

VVV VVVY

All laboratory tests will be carried out in the local laboratories of clinical study sites.

Single laboratory values other than those relevant to the study efficacy analysis outside the normal
range will generally not be regarded as an exclusion criterion provided that:

» they are not accompanied by clinical symptoms,

» the context of related laboratory values gives no indication of a pathological process,

» the investigator regards them as clinically irrelevant.
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11.2. Study procedures in the treatment period

During the treatment period there will be 8 scheduled visits and an End-of-Treatment Visit i.e. in
Month 1, Month 3, Month 6, Month 9, Month 12, Month 15, Month 18, Month 21 and Month 24. In
case of early withdrawal an Early Discontinuation Visit should be performed within 1 week following
withdrawal. The Early Discontinuation Visit is identical to the End-of-Treatment Visit. 30 (£3) days
after the End-of-Treatment Visit or the Early Discontinuation Visit (whichever is applicable) a safety
follow-up visit has to be performed.
At the regular visits (Month 1, Month 3, Month 6, Month 9, Month 12, Month 15, Month 18, Month
21) the following tests/procedures should be performed:

e Physical examination, including body height and weight measurement.
Vital signs
12-lead ECG (Month 12 only)
Blood and urine sampling for routine labs (Months 6, 12 and 18 only)
Blood sampling for efficacy parameters
Pregnancy test for female patients only
Oral glucose tolerance test (Months 3, 6, 12 and 18 only)
Recording adverse events and concomitant medication
Compliance check

At the End-of-Treatment Visit or the Early Discontinuation Visit (whichever is applicable) the
following tests/procedures should be performed:

Physical examination, including body height and weight measurement.
Vital signs

12-lead ECG

Blood and urine sampling for routine labs

Blood sampling for efficacy parameters

Pregnancy test for female patients only

Oral glucose tolerance test

Recording adverse events and concomitant medication

Compliance check

At the Safety Follow-up visit the following tests/procedures should be performed:
e Physical examination, including body height and weight measurement.
e Recording adverse events and concomitant medication
e Compliance check

11.3. Post-Study Procedure
After 4-10 days after the fourth treatment period.

e Questioning for and registration of adverse events.

e Medical history update (focusing to any changes since the screening examination and the last
drug administration).

e Physical examination update (including blood pressure and heart rate after 5 minutes supine
rest, ECG and body temperature measuring).

e Laboratory tests: haematology, blood chemistry and urinalysis (after 10 hours of fasting
condition).
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Clinically relevant deviations of laboratory parameters should be regarded as adverse events.
Laboratory values outside the normal range repeatedly found as while screening, unaccompanied by
symptoms and giving no indication of any pathological process, and therefore judged as clinically
non-significant by the Principal Investigator will not be recorded as adverse events.
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11.4. Safety assessments

Complete medical history will be obtained at screening and will include evaluation for past or present
cardiovascular, respiratory, gastrointestinal, renal, hepatic, neurological, endocrine, lymphatic,
haematologic, immunologic, dermatologic, psychiatric, genitourinary, drug, and surgical history or
any other diseases or disorders.

All adverse events will be monitored and recorded throughout the whole study period.

12-lead ECGs (with measurement RR, PQ, QRS, QT and QTc), blood pressure (supine systolic and
diastolic) and heart rate and body temperature will be monitored at screening, during the treatment
period and at follow up.

Routine lab tests will be performed screening, during the treatment period and at follow up.

12. Determination of Safety

12.1. Definition

Adverse event (AE): any untoward medical occurrence in a patient or clinical trial subject
administered a medicinal product and which does not necessarily have a causal relationship with this
treatment.

Adverse reaction of an investigational medicinal product (AR): all untoward and unintended responses
to an investigational medicinal product related to any dose administered.

Serious adverse event or adverse reaction (SAE, SAR): any untoward medical occurrence or effect that
at any dose results in death, is life-threatening, requires hospitalisation or prolongation of existing
hospitalisation, results in persistent or significant disability or incapacity, or is a congenital anomaly or
birth defect. Additionally, based upon appropriate medical judgement, the adverse event can be
regarded as serious if it may jeopardize the subject and may require medical or surgical intervention to
prevent one of the other outcomes listed in the definition of serious.

Suspected Unexpected Serious Adverse Reaction (SUSAR): a serious adverse event judged by either
the investigator or the sponsor as having reasonable causal relationship to the investigational
medicinal product, with the nature or severity of which is not consistent with the investigators
brochure. They are subject to expedited reporting.

12.2. Documentation and Reporting of adverse events

Reporting requirements from a clinical trial are described in 35/2005. Hungarian Ministerial decree
and the 20/2001 EU Clinical Trial Directive.
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12.2.1.1. The Investigator is responsible for:

Independently from the time of the next visit in case of adverse event the subject can revisit the
investigator.

The starting point for the collection of AEs will be the time the subject signs the Informed Consent.
All adverse events must be entered into the Case Report Form (CRF), whether or not they are
considered to be drug-related. Signs and symptoms of each AE should be described in detail in the AE
report form.

The investigator shall report any serious adverse events immediately (within 24 hours of the
investigator’s awareness) to the sponsor’s representative and the Local Ethics Committee (IKEB). The
immediate report shall be followed by detailed, written reports. The immediate and follow-up reports
shall identify subjects by unique code numbers assigned to the latter. For reported deaths of a subject,
the investigator shall supply the sponsor and the Ethics Committee with any additional information
requested.

The Investigator will be requested to complete a separate SAE (Serious Adverse Event) Report Form
form in addition to the information on the CRF.

In the event of unexplained or unexpected laboratory values abnormalities encountered during or after
the study, the tests have to be repeated as soon as possible and followed up until the results turn to
normal range and/or adequate explanation for abnormality is found.

Adverse events which are related or possibly related to the Investigational Medicinal Product(s)
should be followed until recovery or a trend towards recovery becomes evident. All specialized

medical interventions needed in case of such adverse events should be documented.

The investigator will clearly mark in the Case Report Form all laboratory findings outside the normal
range and will indicate which of these deviations are clinically significant.

Only clinically significant laboratory findings should be recorded on the AE Registration Form.

12.2.1.2. The Sponsor is responsible for:

Serious adverse events
The sponsor shall report any serious, unexpected, suspected adverse reactions (SUSAR) to the
competent authority (OGYEI) and the Central Ethics Committee (ETT KFEB).

The sponsor ensures that all relevant information about suspected serious unexpected adverse
reactions (SUSAR) that are fatal or life-threatening is reported to the OGYEI and to the ETT KFEB,
as soon as possible but no later than seven days after knowledge by the sponsor of such a case, and
that relevant follow-up information is subsequently communicated within an additional eight days.

All other suspected serious unexpected adverse reactions shall be reported to the OGYEI and to the
ETT KFEB as soon as possible but within a maximum of fifteen days of first knowledge by the
sponsor.

Once a year throughout the clinical trial, the sponsor shall provide OGYEI and ETT KFEB with a
listing of all suspected serious adverse reactions which have occurred over this period and a report of
the subjects' safety.
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The sponsor will keep detailed records about all serious adverse events reported by the Investigators at
any time during the whole clinical period of the study. All records are to be submitted on request of

the competent authority.

Non-serious adverse events

Non-serious adverse events will be recorded in the CRF and will be entered into clinical database after
closing the clinical phase of the study.

The following table shows the reporting responsibility of the Investigators.

What Reporting to Timelines Means
Serious adverse event | o Sponsor Within 24 hours Phone , fax, e-mail
/reaction (SAE / SAR) (following by a  written
o Local Ethics confirmation on SAE report
Committee form)
Non-serious AE / AR o Sponsor On the occasion of | Detection in CRF
monitor visit
The following table shows the reporting responsibility of the Sponsor.
What Reporting to Timelines Means
Serious suspected and | o OGYEI Within 7 calendar | Fax or e-mail SAE form,
unexpected adverse | o ETT KFEB | days to EMEA electronically.
reaction (SUSAR) Follow up report
resulting in death or within 8 calendar day
being life-threatening after 1% report.
Serious suspected and | o OGYEI Within 15 calendar | Fax or e-mail SAE form,
unexpected adverse o ETTKFEB | days to EMEA electronically.
reaction (SUSAR)
which are not resulting
in death or being life-
threatening.
All serious suspected | o OGYEI Once a year, or | Written form in Line listing
adverse reactions o ETTKFEB | according to the
authority’s request
Non-serious AE / AR o OGYEI At the end of the | Final Report

study

12.2.2.

AE report form:
1. Date of AE reporting

2. Type of report:
e Initial

Documentation of adverse events

e Follow up

3. Verbatim of the event
4. Description of event,

State of protocol: draft
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o

10.
1.

12.

13.

14.

15.

16.

17.

e Mild: It does not affect the daily activity of the subject.
e Moderate: Interfere with the daily activity of the subject.
Severe: Severely interfere with the daily activity of the subject or there is a need of
complex treatment or hospitalization.
Onset time and date of AE,

Outcome:
e Recovered without sequelae
e Recovered with sequelae
e Ongoing
e Lost for follow up
e Death

Offset time and date of AE,

Last date of administration of investigational product,
Dates of treatment

Criteria of seriousness:

e Death
e Life threatening
e Involved or prolonged subject hospitalisation
e Involved persistence of significant disability or incapacity
e Congenital anomaly
e  Medically important
Seriousness:
e Serious

e Non serious
Relationship to investigational product:

e Related: Reasonable temporal relation to study medication administration, AND
cannot be reasonably explained by other factors (such as the subject’s clinical state,
concomitant therapy, and/or other interventions).

e Possibly related: Relationship to study medication could not be ruled out.

e Not related: Data are available to identify a clear alternative cause for the reaction.

Action taken to the investigational product:

e there is no need to stop administration

e there is a need to stop administration

e protocol specific (tapering, reduction...)

Action taken due to AE:

1 =None

2 = Medication

3 = Intervention

4 = Medication and intervention

Need to follow-up:

e 1o
® yes
Comments

The criteria of seriousness are listed above (see section “Definition”). Additionally, based upon
appropriate medical judgement, the adverse event can be regarded as serious if it may jeopardize the
subject and may require medical or surgical intervention to prevent one of the other outcomes listed in
the definition of serious.
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Adverse events which are definitely or possibly related to the investigational medicinal product(s)
should be followed until recovery or a trend towards recovery becomes evident. All specialized
medical interventions needed in case of such adverse events should be documented.

12.3. Validation, evaluation of adverse event reports

Validation and evaluation of adverse event reports are pursued according to regulations and standard
operating procedures of the sponsor.

12.4. Coding dictionary

Medical Dictionary for Regulatory Activities (MedDRA) will be used as coding dictionary. Serious
AE(s) / AR(s) will be coded as soon as they will be recorded in safety database by sponsor. Non-
serious AE(s) /AR(s) will be coded after ending the clinical phase of the study.

12.5. Analysis of safety data

Safety data from the clinical trial will be regularly overviewed by the sponsor during the clinical phase
of the study.

All subjects who received at least one dose of study medication will be included in the final safety data
analysis (including those who did not complete the study).

12.6. Emergency Procedures

Emergency equipment and drugs should be available within the clinical unit. In that case if emergency
treatment would be necessary, the treatment, and the drugs used during the emergency should be
documented.

12.7. Clinical laboratory tests

All clinical laboratory (safety) tests will be performed at the lab of study site. Sample volumes and
sampling conditions are according to the local lab requirements. Details of reference ranges are
provided in the Trial Master File. Any clinically relevant deviation of laboratory parameters should be
regarded as adverse events and should be handled accordingly.

13. Quality Control and Quality Assurance

13.1. Monitoring

The purposes of trial monitoring are to verify the following:

» The rights and well-being of human subjects are protected.

» The reported trial data are accurate, complete and verifiable from source documents.

» The conduct of the trial is in compliance with the currently approved protocol/amendments, with
GCP, and with the applicable regulatory requirements.

The Sponsor should ensure that the trial be adequately monitored. The Sponsor should determine the
appropriate extent and nature of monitoring. Sponsor has to be informed about the state of the trial.
Representatives of Sponsor may conduct visits also at suitable intervals throughout the trial.

It is the responsibility of the Investigator to assure that the study will be conducted in accordance with
the protocol and the valid data are entered into the CRF. The Investigator will permit the
representatives of the Sponsor to monitor the study as frequently as necessary to determine that data
recording and protocol adherence are satisfactory. The CRFs and related documents will be reviewed
in detail in accordance with Good Clinical Practice regulations.
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The monitor in accordance with the Sponsor’s requirements should ensure that the trial is conducted
and documented properly by carrying out the following activities, when relevant and necessary:
Verifying that the investigator has adequate qualification and resource and remain adequate
throughout the trial period.

Verifying if the study is conducted properly and complied with the Good Clinical Practice
guidelines, the Helsinki Declaration and the applicable regulatory requirements.

Verifying the compliance with the protocol

Verifying if the CRFs are completed continuously and accurately and stored in accordance with
the requirements.

Verifying the registration of the investigational drug.

Verifying the signed Informed Consent.

Checking the source data with the data in the CRF.

Verifying if the necessary documents are available.

Verifying if the works described in protocol are accurately done.

Inform the principal investigator and Sponsor about the perceptions.

VVVVVYVY VYV V V

13.2. Auditing

The purpose of Sponsor’s audit, which is independent of and separate from routine monitoring or
quality control functions, should be to evaluate trial conduct and compliance with the protocol, SOPs,
GCP and applicable regulatory requirements.

14. REGULATORY AND ETHICAL ISSUES

14.1. Declaration of Helsinki

The study should be performed in accordance with the spirit and principles of the current revision of
the Declaration of Helsinki (Fortaleza, Brazil, 2013).

14.2. Ethics Committee and Regulatory Authorities

Before the start of the study, the protocol and other appropriate documents must be submitted to the
Medical Research Council Ethics Committee for Clinical Pharmacology (ETT-KFEB), as Independent
Ethics Committee and the National Institute of Pharmacy (OGYEI) as Regulatory Authority, for
review and approval.

The trial should be conducted in compliance with the protocol.

If significant changes require a protocol amendment, the amendment has to be also submitted to the
Regulatory Authority and Ethics Committee for review and approval. Non-significant changes that do
not affect the conduct of the study or do not have a significant effect on the safety of the subjects or do
not significantly reduce the scientific value of the trial, have to be submitted to the Ethics Committee
and the Regulatory Authority for notification only.

It is the Principal Investigator’s responsibility to get the approval of the leader of the institute. The
leader of the institute declares that the investigational site is in possession of personal and material
conditions for the study. The Principal Investigator informs the Local Ethics Committee about the
study.

14.3. Information for Subjects and Informed Consent

Before the subject being admitted to the trial, she/he has consent to participate in the study, after that
he has been given written and verbal information about the clinical study. These information forms,
both the written and verbal should be clear to all. Neither the written, nor the verbal information
should contain technical terms, and any formulation that causes the subject to waive or to appear to
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waive any legal rights or that releases or appears to release the investigators, institute, the Sponsor or
their agents from liability for negligence.

Information Sheets and Informed Consent can be used to confirm the subjects’ consents to participate
in the trial. After the subject have read the Information Sheet and got oral information about the trial,
they confirm their participation in the study by signing and dating the Informed Consent. The
Investigator has to sign and date the Information for Subjects and the Informed Consent too. By
signing and dating the Case Report Form the Investigator states that the Informed Consent has been
obtained. The original signed and dated Consent Forms will be kept and archived by the Principal
Investigator. All subjects will receive both the signed Informed Consent Form and the Subjects
Information Sheet.

To ensure the medical confidentiality and data protection the signed Informed Consent Forms remain
with the Principal Investigator and must be archived in accordance with the current legislation after the
study has been completed. The Investigator who is responsible for archiving of the Informed Consent
Forms will allow inspection of these documents by the competent authority, the ethics committee and
the sponsor’s representatives.

14.4. Confidentiality

Subjects’ identity data (name, date, and place of birth) should be handled strictly confidential. The
Principal Investigator is responsible for preserve the identity data in Subject Identification Forms and
takes care of that the data will not be available to any unauthorized person. Each subject gets a
randomization number. For further protection of the identity data, only the subjects’ initials and
randomization numbers will appear on the Case Report Form (data sheet).

Laboratory findings and other source documents made at the investigational site will contain the full
name of the subjects; these should be reached only by the investigator staff, the monitor and auditor on
behalf of Sponsor, the inspector of the Regulatory Authorities and the ethics committee.

Other person can gain access to only the data written in the CRFs or originated form these documents.
Rules related to the handling of the identity data are stated in the Subjects Information Sheet too.

15. DATA MANAGEMENT

15.1. Investigator’s File

Investigator’s File will be set up according to the latest guideline (ICH Topic E6 Note for Guidance on
Good Clinical Practice CPMP/ICH/135/95).

15.2. Case Report Forms

These forms are used to transmit the information collected during the clinical trial to the Sponsor.
Case Report Forms must be completed for each subject enrolled in this study. All Case Report Form
must be legible and completed in black or blue ball point pen. The Investigators may enter corrections
on original CRFs. Data should not be obliterated by blacking out, correction fluid or an eraser.

The examination findings should be written into the Case Report Form as soon as possible, at least on
the day of the examination or on that day, when the investigator receives the findings. At all times the
investigator has final responsibility for the accuracy and authenticity of all clinical and laboratory data
entered in the CRFs.

The Principal Investigator has to review the Case Report Form for completeness and accuracy and has
to sign and date it on the first page at the end of the study. Selected pages should be signed by an
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investigator after filling in. These signatures serve to attest that data contained on the CRFs are true
and have not been falsified.

The monitor and auditor will review the complete Case Report Forms against the subjects’ medical
records and verify that all data are complete and accurate.

Major corrections have to be justified.
Assurance of the completion, review and approval of all CRFs is the investigator‘s responsibility.

15.3. Archiving

The Screening LOG, the Subject Identification LOG, all Information for Subjects, Informed Consents,
source documents (laboratory findings, case history), and copies of the CRFs, whether these CRFs are
completed or not, should be archived in accordance with the current legislation at the investigational
site.

The Sponsor archives all other documents (except Informed Consent Forms, and source documents)
related to the study in accordance with the requirements of GCP guidelines and applicable regulatory
requirements.

Any transfer of responsibilities for archiving should be documented.

15.4. Disclosure of information

Information concerning the study, patent applications, processes, scientific data or other pertinent
information is confidential and remains the property of the sponsor. The investigator may use this
information for the purposes of the study only.

It is understood by the investigator that the sponsor will use information developed in this clinical
study in connection with the development of IMP, and therefore may disclose it as required to other
clinical investigators and to regulatory agencies. In order to allow the use of the information derived
from this clinical study, the investigator understands that he/she has an obligation to provide complete
test results and all data developed during this study to the sponsor.

Verbal or written discussion of results prior to study completion and full reporting should only be
undertaken with written consent from the sponsor.

16. Protocol Amendments and deviations

Anytime after the approval of the protocol (before, during, and after the start of the study) any
amendment turns out to be necessary it should be done in written form by the completion of the form
“Amendment of Approved Protocol”.

If significant changes require a protocol amendment, the amendment has to be submitted to the
Regulatory Authority for approval. Except for shifts regarding the quality of the investigational
medicinal products and changes of administrative nature, the Regulatory Authority also should
transmit the planned protocol amendments to the CEC for review and approval.

Minor changes, that do not affect the conduct of the study or do not have a significant effect on the
safety of the subject's, do not imply changes of the Subject Information Leaflet, or do not significantly
reduce the scientific value of the trial, do not need a re-submit to the Regulatory Authority for
approval. These amendments will be sent to the Regulatory Authority only for information.

The approved amendment should be sent to everybody, who signed the original protocol; and they
have to enclose it to the original protocol.
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The Investigator should not implement any deviation from or changes of the protocol without
agreement by the Sponsor and prior review and documented approval of the CEC and/or Regulatory
Authority, except when necessary to eliminate an immediate hazard to trial subjects or when the
changes involve only logistical or administrative aspects (e.g. changes of addresses).

Any deviation from the approved protocol should be regarded as protocol deviation. Any deviation
will be recorded in the raw data of the study and covered in the final report.

As soon as possible, the implemented deviation or change, the reason for it and if appropriate, the
proposed protocol amendment should be submitted to the

» Ethics Committee

» Sponsor for agreement and approval

» Competent Authorities.

17. Financial Aspects

Agreement on the amount and the methods of payment will be stated in a separate document signed
and dated by the Sponsor and the study site.
The study is financed from Government grant No. TBD

18. Insurance

Subjects participating in the study will be duly insured for any study-related health deterioration for
which the Sponsor is held legally liable.

The Sponsor will submit a copy of the certificate of insurance for the Trial Master File and the
Investigator Site File of the study. This insurance, however, will be waived if the health deterioration
is probably connected with the non-compliance of the subject or the professional misconduct of the
study site personnel.

The subjects participating in the study can report their claim of damages in written form, directly to
the Insurance Company mentioned above, or to the Principal Investigator, or to the Sponsor as soon
as possible, but not later than 7 days after notice.

19. Clinical study report

The integrated study report will be prepared by Sponsor according to CPMP/ICH/137/95 (ICH Topic
E 3) Structure and Content of Clinical Study Report. This report should include the results of efficacy
and safety statistical reports.

20. Publication Policy

By signing this protocol the Principal Investigator agrees that the results of this study may be used for
submission to national and/or international registration and supervisor authorities.

Inasmuch the principal investigator wants to write publication about the study, the manuscript of this
publication should be handed over the Sponsor for approval. In this way the Sponsor can state whether
the publication does or does not infringe patent or trade secret brake.

If the Sponsor initiates the publication or the expose of study results, he/she should notify the Principal
Investigator and consider his/her professional opinion.
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21.

GENERAL REFERENCES

Declaration of Helsinki Adopted by the 18th WMA General Assembly, Helsinki, Finland, June
1964 and amended by the: 29th WMA General Assembly, Tokyo, Japan, October 1975, 35th
WMA General Assembly, Venice, Italy, October 1983, 41st WMA General Assembly, Hong
Kong, September 1989, 48th WMA General Assembly, Somerset West, Republic of South Africa,
October 1996, 52nd WMA General Assembly, Edinburgh, Scotland, October 2000, 53rd WMA
General Assembly, Washington DC, USA, October 2002 (Note of Clarification added), 55th
WMA General Assembly, Tokyo, Japan, October 2004 (Note of Clarification added), 59th WMA
General Assembly, Seoul, Republic of Korea, October 2008 and 64th WMA General Assembly,
Fortaleza, Brazil, October 2013

2. ICH Topic E6R2. Guideline for Good Clinical Practice.
https://database.ich.org/sites/default/files/E6 R2 Addendum.pdf

3. 1997. évi XLVII tv. Az egészségligyrol és a hozzajuk kapcsolodo személyes adatok kezelésérol és
veédelmérdl

4. 1997. évi CLIV. tv. Az egészségligyrol

5. 35/2005 EiM rendelet Az emberi felhasznalasra keriild vizsgalati készitmények klinikai
vizsgalatarol és a helyes klinikai gyakorlat alkalmazasarol

6. 2005. évi XCV. torvény Az emberi alkalmazasra keriildé gyogyszerekrol ¢és egyéb, a
gyogyszerpiacot szabalyozo torvények modositasarol

7. 235/2009. (X. 20.) Korm. rendelet az emberen végzett orvostudomanyi kutatdsok, az emberi
felhasznalasra keriild vizsgalati készitmények klinikai vizsgalata, valamint az emberen torténd
alkalmazasra szolgalo, klinikai vizsgalatra szant orvostechnikai eszkdzok klinikai vizsgalata
engedélyezési eljarasanak szabalyairol

8. AZ EUROPAI PARLAMENT ES A TANACS 2001/20/EK IRANYELVE az emberi
felhasznalasra szant gyogyszerekkel végzett klinikai vizsgalatok soran alkalmazando helyes
klinikai gyakorlat bevezetésére vonatkozd tagallami torvényi, rendeleti és kozigazgatasi
rendelkezések kozelitésérol

9. AZ EUROPAI PARLAMENT ES A TANACS 536/2014/EU RENDELETE emberi felhasznalasra
szant gyogyszerek klinikai vizsgalatairol és a 2001/20/EK iranyelv hatalyon kiviil helyezésérol

10. ICH Topic E3 Structure And Content Of Clinical Study Reports
https://database.ich.org/sites/default/files/E3 Guideline.pdf
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Declaration and Signature of Persons Responsible for the Study

The Sponsor and investigator agree with the protocol and declare that they will carry out the study
according to the protocol, current legislations, GCP guidelines as well as requirements of authorities.
If any intentional change from the protocol turns out to be necessary the Sponsor and the Investigator
should make an agreement on amendment of protocol in a written form.

Sponsor: University of Debrecen
H-4032 Debrecen, Egyetem tér 1.,
Hungary

Responsible study supervisor:

Name/Signature Date /dd.mmm.yyyy./
Clinical Study Sites: 3-5 Departments of Diabetology in
Hungary
Principal (coordinating)
investigator:
Name/Signature Date /dd.mmm.yyyy./
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1.  Synopsis

Name of the Sponsor/Company: Study Code:
University Debrecen

Name of the Investigational Product: EudraCT No:
Oral insulin formula

Development Phase of the Study:
Phase II

TITLE OF THE STUDY:

Phase 2, double-blind, parallel assignment, randomized, placebo-controlled study to evaluate the preventive
effect of oral insulin formula on the development of T1D in high-risk children and adolescents through the
induction of immunological tolerance

OBJECTIVES:

Primary objective:

Prevention of the development of T1D in high-risk young individuals.

Secondary objective:

Evaluation of the long-term efficacy and safety of oral insulin formula in young children with increased risk for
the development of T1D.

ENDPOINTS:

Primary endpoint:

The difference in the newly appearing T1D in the active ingredient and placebo treated groups.
Secondary endpoints:

Change in c-peptide level.

Change in insulin autoantibody level.

Insulin demand at the end of the treatment period.

STUDY DESIGN:

Phase 2, double-blind, parallel assignment, randomized, placebo-controlled study in children (6-18 years of age)
with high-risk T1D defined by the presence of autoantibodies and impaired glucose tolerance.
Subjects will be enrolled in 1:1 ratio into the active ingredient and placebo groups.

Participants will take one capsule of active ingredient or placebo once per day.
Fifty young adults with high-risk T1D are planned to be enrolled.

TREATMENT DURATION:
Treatment starts immediately after randomization.
Treatment ends (whichever comes first):

e after two years

e development of T1D

Estimated study period: 2023-2026

The total maximum duration per patient is up to 25 months
The study consists of minimum 11 visits:
e A screening and randomization visit on Day 0 and Day 1.
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o During the treatment period visits will be at the end of the 1., 3., 6.,9., 12., 15, 18., 21., 24. months.
e The Follow-up Visit will be performed 30 days after the End of Treatment Visit
e For individuals who discontinue the study early, all the assessments listed for the Early Discontinuation
Visit as specified in the schedule of visits (End of Treatment) will be performed.
First patient in: Q2 2026
Last patient in: Q2 2028
Last patient out: Q4 2028

INVESTIGATIONAL MEDICINAL PRODUCT:

Name: Oral insulin formula

Active ingredient: insulin, Humulin R

Dose: 20 IU Humulin R + 300 mg Acepramin once daily (May be subject to change if the results of the Phase 1
and adult Phase 2 studies warrant it.)

Administration: oral

Formulation: capsule

Developed by: CeraMed Kft. / University of Debrecen

Manufactured by: Meditop Gydgyszeripari Kft.

Name: Placebo

Active ingredient: None

Daily Dose: 1 capsule once daily
Administration: oral

Formulation: capsule

Manufactured by: Meditop Gyogyszeripari Kft.

Investigational Medicinal Products will be taken with 100 ml water.
Storage: According to the Certificate of Analysis

STUDY POPULATIONS:
Fifty children/adolescents with anti-islet antibodies positivity (one of the antibodies is anti-insulin) and decreased
glucose tolerance (GTT, 60 min PG:>8 mmol/l) aged 6-18 years.

NUMBER OF STUDY CENTRES:
3-5 study sites are envisaged in Hungary.

MAIN INCLUSION AND EXCLUSION CRITERIA:
Inclusion Criteria:

1. 6-18 years age
Presence of two anti-islet antibodies

3. Ability to comprehend and willingness of parents/guardians to sign statements of the Informed Consent
Form. Giving informed assent is seeked from the subjects themselves.

Exclusion criteria:
1. Pre-existing T1D

2. Any disease if the investigator considers that it can significantly influence the development of
T1D.

3. Long-term steroid treatment.

4. Ongoing immunosuppressive or immunomodulator treatment

5. Cytostatic therapy

6. Any disease that can be negatively influenced by insulin treatment.
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Study procedures

Screening after signing the ICF.

Personal data, medical history, physical examinations (height, weight, 12-lead ECG), vital signs (blood pressure,
heart rate, temperature) and laboratory tests. (including: GTT, c-peptide, anti-islet antibody assay)

Randomization to treatment: 1:1 ratio receiving oral insulin formula or placebo respectively.

Blood samples:

The prescribed blood samples are drawn at the appropriate timepoints.
e Screening:5 ml
e In every three months: glucose, c-peptide (capillary method)
e End of Treatment: 5 ml
e Total taken blood volume per patient: Up to 60 ml.

SAFETY ASSESSMENTS:
Clinical safety:
- physical examination
- 121lead ECG
- Pulse rate, body temperature
- Concomitant medication
- Adverse Events

Laboratory Safety:
- Clinical chemistry
- Urinalysis
- Hematology

EFFICACY AND SAFETY VARIABLES:

Efficacy Variables:

- Appearance of T1D

- Blood glucose level

- C-peptide level

- Anti-islet autoantibody level
Safety Variables:

- Adverse Events
- Vital signs: pulse rate, body temperature

Sample size: Using a two-sided alpha level of 0.05, a total of 50 subjects is required to achieve 80% power if the
change in the appearance T1D is 30%.

Statistical Analysis:
Statistical analysis will be described in a separate Statistical analysis Plan

This study will be conducted in compliance with GCP guidelines (CPMP/ICH/FDA).
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2.  Study Flow Chart

Visit Scree- Rando- Visit2 Visit3 Visit4 Visit5 Visit6 Visit7 Visit8 Visit9 End of Follow-
ning  mization treatment* up

Study Day, Month Day -1 Day 1 Month | Month | Month | Month | Month | Month | Month | Month | Month 24 Month

1 3 6 9 12 15 18 21 25

Informed consent X

Inclusion/exclusion criteria

Randomization X

Demography X

Medical History X

Concomitant Medication X X X X X X X X X X X X

Physical examination X X X X X X X X X X X

Height and Weight X X X X X X X X X X

Vital signs X X X X X X X X X X

12 lead ECG X X X

Blood sampling (routine labs) X X X X X

Urine sampling X X X X X

Blood sampling (Se insulin, C- X X X X X X X X X X

peptide, islet antibodies)

Pregnancy test (for female X X X X X X X X X X

subjects only)

IMP dispensation X X X X X X X X

IMP return X X X X X X X

AE recording X X X X X X X X X X X

Subject compliance check X X X X X X X X X X

e In case of early withdrawal an Early Termination Visit should be performed. The Early Termination Visit will be identical to the End-of-Treatment Visit




Abbreviations and Acronyms

AE
ALP
ALT
ANOVA
AST
CEC
CK
CRF
ECG
FDA
GCP
GGT
GLP
GMP
HbsAg
HCV
HIV
ICH
IMP
ITT
LDH
Max
MCHC
MCV
Min
mmol/l
OD

PP

SD
SOP
SAE
SUSAR
SDV
TBD

Adverse Event

Alkaline Phosphatase

Alanine amino transferase
Analysis of Variance

Aspartate amino transferase
Central Ethics Committee
Creatine phosphokinase

Case Report Form
Electrocardiography

Food and Drug Administration
Good Clinical Practice

Gamma glutamy] transpeptidase
Good Laboratory Practice

Good Manufacturing Practice
Hepatitis B surface antigen
Hepatitis C

Human immunodeficiency virus
International Council for Harmonization
Investigational Medical Product
Intention-to-treat

Lactate dehydrogenase
Maximum

Mean corpuscular haemoglobin concentration
Mean corpuscular volume
Minimum

millimol(liter

Once daily

Per Protocol

Standard deviation

Standard Operating Procedure
Serious Adverse Events

Suspected Unexpected Serious Adverse Reaction

Source document verification
To be defined (later)
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4. General Information

Name and address of the Sponsor

Name and address of the clinical
investigational site

Statistical evaluation

Safety data analysis

In case of adverse drug reaction should be
informed

Estimated start of the study
Estimated end of the clinical part of the study
Final report

5. Responsibilities and Addresses

Sponsor

Study Supervisor:

Study Manager:

Monitor:

Drug Safety:

University of Debrecen

H-4032 Debrecen, Egyetem tér 1., Hungary
@&: (+36 1) TBD
Fax. (+36 1)

TBD

TBD

TBD

TBD

Q12023
Q32026

Q12027

Name and address, phone, mail

Name and address, phone, mail

Name and address, phone, mail

Name and address, phone, mail
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Safety analysis and Reporting

Safety data analysis:

Name and address, phone, mail

Author of Integrated Study Report:

Name and address, phone, mail

State of protocol: draft CONFIDENTIAL

20 NOV 2020 11/34



StUuDpY CODE NO: TBD
EUDRACT: TBD UNIVERSITY OF DEBRECEN

Phase 2, double-blind, parallel assignment, randomized, placebo-controlled study to evaluate the preventive effect of oral insulin formula on the
development of T1D in high-risk children and adolescents through the induction of immunological tolerance

TRIAL PROTOCOL

6. Background and rationale

6.1. Description of the Investigational Drug: IMP

6.1.1. Mode of action of IMP

Oral administration of insulin, i.e. absorption from the intestinal tract, has several benefits. The oral
medicine avoids the risk of infection with frequent use of parenteral insulin. Oral drug compliance, as
it is not unpleasant, is not painful is also superior to injectable treatment. During enteral absorption,
insulin gets closer to the pathway of its physiological action, as first it enters the liver through the
portal veins, and the highest insulin levels will not be observed at the periphery as it happens
subcutaneous administration.

6.1.2. Indications of (IMP):

Diabetes mellitus (both Type 1 and Type 2) is a common illness affecting more and more people —
both adults and children. One of the mainstays of diabetes therapy is insulin, known and used for over
100 years. The insulin, being a protein is not absorbed from the gastrointestinal tract intactly, thus it
can be administered only parenterally (subcutaneously or intravenously). While this does not limit its
use, an isnsulin preparation that could be administered orally offer huge advantage and increase patient
compliance.

Another potential use of the oral insulin could be the prevention or at least delaying onset of Type 1
diabetes in children.

6.1.3. Side effect profile of IMP

At this stage of development human adverse event profile is unknown yet.

It can be expected that potential blood glucose lowering may occur with its linked side-effects (e.g.
hypoglycaemia, weakness, feeling faint, feeling hungry, fainting), but at the doses administrated in this
study such events are unlikely.

Also, allergic reactions to all components of the preparations may be expected.

6.1.4. Pharmacokinetic profile of IMP

Absorption: IMP is rapidly absorbed. Available data show that 30’ after administration of the oral
insulin preparation the blood glucose levels are already decreasing.

Distribution:Oral insulin enters the circulation in a near-physiological way, and enters the liver in the
portal system. Thus its distribution follows the physiological process.

Elimination: Eliimination of the insulin also occurs by a physiological pattern.

Important and favourable feature of IMP is that no dose adjustment is necessary in liver or kidney
diseases because due to its metabolism it does not cumulate.

Changes of pharmacokinetic properties under special circumstances (e.g. age, accompanying
diseases): This was not examined in depth. Further clinical trials are necessary to define thius aspect.
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Type 1 diabetes mellitus (T1DM) is one of the most common hormonal and metabolic
diseases that occur in childhood. The main feature of the disease, i.e. elevated blood sugar
levels, is caused by the destruction of insulin-producing B cells in the pancreatic islets of
Langerhans (1). In the vast majority of cases, the death and loss of function of B cells is
caused by the autoimmune process against 3 cells. The cause of B-cell death in a small
proportion of patients is unknown (2). The incidence of T1DM is increasing by 2-3% per year
worldwide, with growth even faster in the under-5 age group (3).

Figure 1 illustrates the incidence and prevalence of childhood T1DM worldwide.

Figure 1. Incidence and prevalence of childhood T1DM worldwide

R
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Figure 2 | The incidence and prevalence of T1DM in children. The estimated number of new cases of type 1

The direct cause of autoantibody production is not precisely known, an essential prerequisite is the
antigen presentation by dendritic cells and the interaction of B cells with antigen-specific CD4+ and
CD8+ T cells.

Treating T1DM requires an interdisciplinary approach, and collaboration between physician, dietitian,
psychologist, patient, parents, and environment is essential to success. The goal of treatment is to
maintain a long-term glycemic balance in a healthy lifestyle and to avoid severe hypoglycemic and
hyperglycemic ketoacidosis. From the third stage of the disease, continuous insulin treatment is
essential due to severe insufficiency of endogenous insulin production.

Since the mid-1970s, a number of open-label, uncontrolled studies have aimed to maintain or increase
the amount and insulin-producing capacity of residual insulin-producing B cells through inhibition of
the autoimmune process.

A new procedure to prevent the development of the disease has been started in the last few years. In a
mouse model the chronic administration of oral insulin significantly decreased the incidence of Type 1
diabetes.

Given the autoimmune origin of the disease, the procedure attempts to desensitize the patient’s body
by an analogy to allergic diseases, which is also an abnormal immune response. In doing so, different
amounts of insulin (oral insulin therapy) were given orally to at-risk children.

The aim of the current drug development is an oral insulin preparation that can be used in the everyday
clinical practice.
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7. STUDY OBJECTIVE(S)

7.1. Primary objective

Prevention of the development of T1D in high-risk children/adolescents.

7.2. Secondary objective

Evaluation of the long-term efficacy and safety of oral insulin formula in children/adolescents with
increased risk for the development of T1D..

7.3. Primary endpoint

e The difference in the newly appearing T1D in the active ingredient and placebo treated groups.

7.4. Secondary endpoints

e Change in c-peptide level.
e Change in insulin autoantibody level.
e Insulin demand at the end of the treatment period.

8. STUDY POPULATION

8.1. Sample size

50 eligible children and adolescents (6-18 years of age) will be enrolled into the study. (Drop-outs will
not be replaced.)

8.2. Selection of study population

There will be three subject populations defined for the study:

o The full analysis set is defined to be as close to the idea of including all randomized subjects
(by intention-to-treat principle, ITT). Subjects will be excluded from the full analysis set for
the following reasons:

— Failing to satisfy major entry criteria
— Failing to take at least one dose of the study medication
— Lack of any data post randomization

e The per-protocol (PP) population will include all randomized subjects who were included in
the ITT and who completed the 3 treatment periods according to the protocol. Subjects will be
excluded from the PP set for the following reasons:

— Failing to satisfy full analysis set criteria
— Presence of a major protocol violation
— Pharmacokinetic target parameters not available for any of the periods.

e The safety population will include all randomized subjects who received at least one dose of

study medication.

8.3. Subject recruitment procedures

Subjects will be recruited from the patient population of the study sites. Study sites may also receive
referrals from other departments/physicians.

Potential male and female subjects will be screened for eligibility within 14 days after given written
informed consent. Screening will consist of demographic data, medical and medication histories,
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physical examination, body measurements (height, weight, BMI, body temperature), vital signs, 12
lead ECG, clinical laboratory safety tests (haematology, biochemistry, urinalysis, HBsAg, anti-HCV
and HIV I & 1), efficacy tests (se insulin, C-peptide, islet antibodies).

A person is considered eligible if the results of the screening test meet all the inclusion and none of the
exclusion criteria

Any laboratory value outside the normal range could generally not be regarded as an exclusion
criterion provided that:

- they were not accompanied by clinical symptoms, and

- the context of related laboratory values gave no indication of pathological process, and

- the Investigator classified them as clinically irrelevant in written form in the CRF.

8.4. Subject inclusion criteria

Subjects enrolled in this study will be patients identified by and/or referred to the clinical study sites.
They must meet all of the following criteria in order to be included in the study:
e 06-18 years age
e Presence of two anti-islet antibodies
e Ability to comprehend and willingness of parents/guardians to sign statements of the Informed
Consent Form. Giving informed assent is seeked from the subjects themselves.

8.5. Subject exclusion criteria

Subjects to whom any of the following applies will be excluded from the study:
e Pre-existing T1D
e Any disease if the investigator considers that it can significantly influence the
development of T1D.
Long-term steroid treatment.
Ongoing immunosuppressive or immunomodulator treatment
Cytostatic therapy
Any disease that can be negatively influenced by insulin treatment.

8.6. Subject compliance

The study will be run on outpatient base. Subject compliance will be checked by the study team during
study visits.

8.7. Subject withdrawal criteria

In accordance with the Declaration of Helsinki and the applicable regulatory requirements, the subject
involved in the study can withdraw his consent at any time without giving any reason, and it should
not be announced in written form. It is sufficient to inform the investigator about his decision orally.

Subjects may be withdrawn for the following reason:

e at their own request with or without giving reasons,
e at the discretion of the Investigator for reason of medical prudence,
e at the proposal of the Sponsor.

The principal investigator or the institutional ethics committee should initiate the withdrawal in the
following cases:

e If circumstances defined as exclusion criteria are registered.
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e Onset of any disease demanding any medicinal treatment during the study period, which can
influence the validation of the results, even if any relationship between the illness and the
study treatment seems not to be likely.

o In cases of adverse events that are dangerous to the health of the subject.

o If the subject does not cooperate with the investigator, and does not comply with the
regulations prescribed in Subjects’ Information Sheet.

e If personal circumstances suggest that the visits required by the protocol cannot be guaranteed
any longer.

e In case of serious protocol deviation.

TRIAL PROTOCOL

Each subject being withdrawn should undergo a complete final examination within one week after the
withdrawal with regard to the subject’s health conditions and for safety aspects.

In case of any withdrawal from the study (whether voluntary or not) the Sponsor should be
immediately notified. The date and reason of withdrawal should be clearly stated in the subject’s CRF.

The Sponsor should also be immediately consulted / notified in the following cases:

» Vomiting within 2 X tmsx of the active ingredients (namely within 2 hours after drug
administration).

» Protocol violations which are potentially serious, and thus being potential reasons to withdraw the
subjects from the trial.

» Concomitant mediation or other events which can influence the authenticity of data collected
throughout the study.

» Serious adverse events, whether expected or unexpected.

8.8. Replacement of Drop-outs

Subjects being withdrawn will not be replaced

8.9. Premature Termination of the Study

If the study sponsor or the Principal Investigator discovers conditions arising during the study which
indicate that the clinical investigation should be stopped, the study can be terminated after appropriate
consultation among the study sponsor and the Principal Investigator.

In addition, conditions which may warrant study termination include, but not limited to the following:

e Unexpected and significant or unacceptable risks for the subjects are revealed during the
study.
e The sponsor’s decision to suspend or discontinue the trial for administrative or other reason.

If a trial is prematurely terminated or suspended, the sponsor has to inform promptly the investigators,
the authorities and the EC of the termination or suspension and the reason(s) for the termination or
suspension.

If premature termination of the study is unavoidable, investigators must take measures to safeguard the
interests of the included subjects.

Premature termination does not affect the documentation responsibilities of the investigator and the
sponsor.
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Phase 2, double-blind, parallel assignment, randomized, placebo-controlled study on children and
adolescents (6-18 years of age) with high-risk T1D defined by the presence of autoantibodies and
impaired glucose tolerance.

Subjects will be enrolled in 1:1 ratio into the active ingredient and placebo groups.

9.1. Assignment to treatments and randomization procedures

The randomization scheme will be prepared by the study statistician. Subject codes will be made
available to the investigators in individual closed envelopes, showing only the treatment number on
the outside. Following admission to the study, subjects will be assigned the next available treatment
number. Instructions for code breaking will be provided to the Investigators.

9.2. Blinding

In the event of a medical emergency when management of a subject’s condition requires knowledge of
the trial medication, the sealed “code-break” envelope provided may be opened to determine the
nature of the trial medication dispensed. If possible, such emergencies should be discussed with
Sponsor’s representative prior to disclosure of the treatment allocation.

Reasons for breaking a code must be clearly explained and justified in the CRF. The date on which the
code was broken together with the identity of the person responsible must also be documented.

9.3. Protocol adherence

The protocol must be read thoroughly and the instructions followed exactly. Any intentional change
should be agreed by both the Sponsor and the Investigator, with the appropriate written and approved
protocol amendments made to reflect the changes agreed upon. Where the change occurs for the
wellbeing of the subject, the Sponsor must be informed of the action.

9.4. Statistical analysis

The statistical analysis methods will be described in a separate Statistical Analysis Plan

Individual and summary blood pressures, heart rate, ECG parameters, and clinical laboratory data will
be presented in tabular form with mean, median, standard deviation and range (min and max) as
appropriate.

For the laboratory safety data, out of range values will be flagged in the data listings and a list of
clinically significantly abnormal values will be presented.

Adverse events will be tabulated and summarised according to the current version of Medical
Dictionary for Regulatory Activities (MedDRA).

10. STUDY MEDICATION, DOSAGES AND DURATION OF
TREATMENT

10.1. Supply, packaging and labelling

The study medications will be produced and packaged by an appropriate GMP-compliant facility
selected by the Sponsor.
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Individual subject study medications will be packaged in bottles for each subject and each study
period separately according to the randomization list.
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Analytical certificates with the batch numbers will be attached to the study medications. Study
medications should be released before transport to the clinical study site by a Qualified Person.

Labelling instructions (in Hungarian):
e Name, address of the sponsor;
The batch and/or code number to identify the contents and packaging operation,
Dosage and administration as detailed in Section 10.4
Investigator’s name, phone,
Study code number,
Expiry date,
Storage conditions,
“For clinical trial use only”,
Subject identification number,
Name and formula of the study medication,
Name and strength of the active ingredient,
Study period number,

10.2. Storage, handling procedures, accountability

All study medication will be stored as stated in the Certificate of Analysis.

No special procedures for the safe handling of the medication are required.

The Investigator will dispense the study medication only to subjects included in the study, by
following the procedure set in this protocol. It is forbidden to use the study medication for any other
purpose.

The sponsor will be permitted upon request to audit the supply storage and dispensing procedures and
records.

All unused supplies of study medication will be returned to SPONSOR., at the end of the study.
Copies of the study drug accountability record will be provided to the sponsor.

10.3. Detailed description of study medications

Name: IMP capsule 20 NE

Formulation: Capsule (If possible, formulation in small size capsule to suit the subject population)
Manufacturer: TBD

Active ingredient: Insulin humanum

Unit dose: 20NE

Mode of administration:

Oral

Regimen: See Section 10.4
Batch number: See the Certificate of Analysis
Expiry date: See the Certificate of Analysis

Storage conditions:

As stated in the Certificate of Analysis

Name: Placebo capsule
Formulation: Capsule

Manufacturer: TBD

Active ingredient: No active ingredient

Unit dose: N/A

Mode of administration: Oral

Regimen: See Section 10.4

Batch number: See the Certificate of Analysis
Expiry date: See the Certificate of Analysis

Storage conditions:

As stated in the Certificate of Analysis
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10.4. Dosage and administration
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During the study patients are expected to take one capsule (containing oral insulin preparation or
placebo) once daily with approx. 200 ml tap water. Subjects are encouraged to take their daily
medication preferably at the same time each day.

In case the subject forgets taking a daily dose, he/she may take it within 4 hours to nominal intake
time. If the elapsed time is longer than 4 hours, the dose should not be taken, and routine
administration should resume the next day.

10.5. Duration of treatment

Treatment will last up to 24 months

10.6. Concomitant therapy

Any drugs taken routinely prior to the study may be continued with the approval of the Investigator.
Any new drug treatments (including over-the-counter preparations, vitamins and dietary supplements)
may only be started with the prior approval of the Investigator.

11. STUDY PROCEDURES

Prior to participation in the trial, the parents/guardians of each subject should give his/her consent to
participate by signing and dating the informed consent form. Also, the informed assent of the subjects
need to be actively asked for. The investigator should not undertake any investigations specifically
required only for the clinical study until valid consent had been obtained.

The screening examination will be carried out not more than 1 week prior to the study drug
administration.

Following evaluation of the screening results, in/exclusion criteria those subjects who are eligible will
be included.

The study treatment period will be carried out on outpatient basis, with regular scheduled visits to the
study site.

For each subject being withdrawn from the study due to any reason, a complete final examination has
to be performed within one week after the withdrawal with regard to the subject’s safety.

11.1. Screening

Within three weeks prior to beginning of the study:

Signature of Informed Consent Form.

Demography data (age, race), body weight and height, body temperature, BMIL.

Medical history.

Physical examination (including measurements of blood pressure and heart rate after 5 minutes
supine rest, and body temperature), standard 12 lead ECG.

Laboratory tests (after 10 hours fasting): haematology, blood chemistry and urinalysis.

Lab tests for efficacy parameters (se insulin, C-peptide, islet antibodies)

Viral serology (HBsAg, Anti HCV, HIV 1+2, COVID PCR).

All laboratory tests will be carried out in the local laboratories of clinical study sites.

VVV VVVY

Single laboratory values other than those relevant to the study efficacy analysis outside the normal
range will generally not be regarded as an exclusion criterion provided that:

» they are not accompanied by clinical symptoms,

» the context of related laboratory values gives no indication of a pathological process,

State of protocol: draft CONFIDENTIAL

20 NOV 2020 23/34



StUuDpY CODE NO: TBD
EUDRACT: TBD UNIVERSITY OF DEBRECEN

Phase 2, double-blind, parallel assignment, randomized, placebo-controlled study to evaluate the preventive effect of oral insulin formula on the
development of T1D in high-risk children and adolescents through the induction of immunological tolerance

» the investigator regards them as clinically irrelevant.
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11.2. Study procedures in the treatment period

During the treatment period there will be 8 scheduled visits and an End-of-Treatment Visit i.e. in
Month 1, Month 3, Month 6, Month 9, Month 12, Month 15, Month 18, Month 21 and Month 24. In
case of early withdrawal an Early Discontinuation Visit should be performed within 1 week following
withdrawal. The Early Discontinuation Visit is identical to the End-of-Treatment Visit. 30 (£3) days
after the End-of-Treatment Visit or the Early Discontinuation Visit (whichever is applicable) a safety
follow-up visit has to be performed.
At the regular visits (Month 1, Month 3, Month 6, Month 9, Month 12, Month 15, Month 18, Month
21) the following tests/procedures should be performed:

e Physical examination, including body height and weight measurement.
Vital signs
12-lead ECG (Month 12 only)
Blood and urine sampling for routine labs (Months 6, 12 and 18 only)
Blood sampling for efficacy parameters
Pregnancy test for female patients only
Recording adverse events and concomitant medication
Compliance check

At the End-of-Treatment Visit or the Early Discontinuation Visit (whichever is applicable) the
following tests/procedures should be performed:

Physical examination, including body height and weight measurement.

Vital signs

12-lead ECG

Blood and urine sampling for routine labs

Blood sampling for efficacy parameters

Pregnancy test for female patients only

Recording adverse events and concomitant medication

Compliance check

11.3. Post-Study Procedure

At the Safety Follow-up visit the following tests/procedures should be performed:
e Physical examination, including body height and weight measurement.
e Recording adverse events and concomitant medication
e Compliance check

11.4. Safety assessments

Complete medical history will be obtained at screening and will include evaluation for past or present
cardiovascular, respiratory, gastrointestinal, renal, hepatic, neurological, endocrine, lymphatic,
haematologic, immunologic, dermatologic, psychiatric, genitourinary, drug, and surgical history or
any other diseases or disorders.

All physical examinations will be performed by a physician and will include body measurements
(weight, height, BMI) and examination of the following: general appearance, head, ears, eyes, nose,
throat, neck, skin, cardiovascular system, respiratory system, abdominal system, nervous system.

All adverse events will be monitored and recorded throughout the whole study period.

State of protocol: draft CONFIDENTIAL

20 NOV 2020 24/34



StUuDpY CODE NO: TBD
EUDRACT: TBD UNIVERSITY OF DEBRECEN

Phase 2, double-blind, parallel assignment, randomized, placebo-controlled study to evaluate the preventive effect of oral insulin formula on the
development of T1D in high-risk children and adolescents through the induction of immunological tolerance

12-lead ECGs (with measurement RR, PQ, QRS, QT and QTc), blood pressure (supine systolic and
diastolic) and heart rate and body temperature will be monitored at screening, during the treatment
periods as described in Section 11.2 and at follow up.

TRIAL PROTOCOL

Blood will be sampled for full blood counts and biochemistry during the treatment periods as described
in Section 11.2. Routine urinanalysis will be performed at the same time-points.

12. Determination of Safety

12.1. Definition

Adverse event (AE): any untoward medical occurrence in a patient or clinical trial subject
administered a medicinal product and which does not necessarily have a causal relationship with this
treatment.

Adverse reaction of an investigational medicinal product (AR): all untoward and unintended responses
to an investigational medicinal product related to any dose administered.

Serious adverse event or adverse reaction (SAE, SAR): any untoward medical occurrence or effect that
at any dose results in death, is life-threatening, requires hospitalisation or prolongation of existing
hospitalisation, results in persistent or significant disability or incapacity, or is a congenital anomaly or
birth defect. Additionally, based upon appropriate medical judgement, the adverse event can be
regarded as serious if it may jeopardize the subject and may require medical or surgical intervention to
prevent one of the other outcomes listed in the definition of serious.

Suspected Unexpected Serious Adverse Reaction (SUSAR): a serious adverse event judged by either
the investigator or the sponsor as having reasonable causal relationship to the investigational
medicinal product, with the nature or severity of which is not consistent with the investigators
brochure. They are subject to expedited reporting.

12.2. Documentation and Reporting of adverse events

Reporting requirements from a clinical trial are described in 35/2005. Hungarian Ministerial decree
and the 20/2001 EU Clinical Trial Directive.

12.2.1. Reporting procedure

12.2.1.1. The Investigator is responsible for:

Independently from the time of the next visit in case of adverse event the subject can revisit the
investigator.

The starting point for the collection of AEs will be the time the subject signs the Informed Consent.
All adverse events must be entered into the Case Report Form (CRF), whether or not they are
considered to be drug-related. Signs and symptoms of each AE should be described in detail in the AE
report form.

The investigator shall report any serious adverse events immediately (within 24 hours of the
investigator’s awareness) to the sponsor’s representative and the Local Ethics Committee (IKEB). The
immediate report shall be followed by detailed, written reports. The immediate and follow-up reports
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shall identify subjects by unique code numbers assigned to the latter. For reported deaths of a subject,
the investigator shall supply the sponsor and the Ethics Committee with any additional information
requested.

The Investigator will be requested to complete a separate SAE (Serious Adverse Event) Report Form
form in addition to the information on the CRF.

TRIAL PROTOCOL

In the event of unexplained or unexpected laboratory values abnormalities encountered during or after
the study, the tests have to be repeated as soon as possible and followed up until the results turn to
normal range and/or adequate explanation for abnormality is found.

Adverse events which are related or possibly related to the Investigational Medicinal Product(s)
should be followed until recovery or a trend towards recovery becomes evident. All specialized

medical interventions needed in case of such adverse events should be documented.

The investigator will clearly mark in the Case Report Form all laboratory findings outside the normal
range and will indicate which of these deviations are clinically significant.

Only clinically significant laboratory findings should be recorded on the AE Registration Form.

12.2.1.2. The Sponsor is responsible for:

Serious adverse events
The sponsor shall report any serious, unexpected, suspected adverse reactions (SUSAR) to the
competent authority (OGYEI) and the Central Ethics Committee (ETT KFEB).

The sponsor ensures that all relevant information about suspected serious unexpected adverse
reactions (SUSAR) that are fatal or life-threatening is reported to the OGYEI and to the ETT KFEB,
as soon as possible but no later than seven days after knowledge by the sponsor of such a case, and
that relevant follow-up information is subsequently communicated within an additional eight days.

All other suspected serious unexpected adverse reactions shall be reported to the OGYEI and to the
ETT KFEB as soon as possible but within a maximum of fifteen days of first knowledge by the
Sponsor.

Once a year throughout the clinical trial, the sponsor shall provide OGYEI and ETT KFEB with a
listing of all suspected serious adverse reactions which have occurred over this period and a report of
the subjects' safety.

The sponsor will keep detailed records about all serious adverse events reported by the Investigators at
any time during the whole clinical period of the study. All records are to be submitted on request of
the competent authority.

Non-serious adverse events
Non-serious adverse events will be recorded in the CRF and will be entered into clinical database after
closing the clinical phase of the study.

The following table shows the reporting responsibility of the Investigators.

What Reporting to Timelines Means
Serious adverse event | o Sponsor Within 24 hours Phone , fax, e-mail
/reaction (SAE / SAR) (following by a written
o Local Ethics confirmation on SAE report
Committee form)
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Non-serious AE / AR o Sponsor On the occasion of | Detection in CRF
monitor visit

The following table shows the reporting responsibility of the Sponsor.

What Reporting to Timelines Means

Serious suspected and | o OGYEI Within 7 calendar | Fax or e-mail SAE form,
unexpected adverse | o ETT KFEB | days to EMEA electronically.
reaction (SUSAR) Follow up report

resulting in death or within 8 calendar day

being life-threatening after 1* report.

Serious suspected and | o OGYEI Within 15 calendar | Fax or e-mail SAE form,
unexpected adverse o ETTKFEB | days to EMEA electronically.

reaction (SUSAR)
which are not resulting
in death or being life-

threatening.
All serious suspected | o OGYEI Once a year, or | Written form in Line listing
adverse reactions o ETTKFEB | according to the
authority’s request
Non-serious AE / AR o OGYEI At the end of the | Final Report
study
12.2.2. Documentation of adverse events

AE report form:
1. Date of AE reporting
2. Type of report:
o [Initial
e Follow up
Verbatim of the event
Description of event,
5. Severity:
e Mild: It does not affect the daily activity of the subject.
e Moderate: Interfere with the daily activity of the subject.
e Severe: Severely interfere with the daily activity of the subject or there is a need of
complex treatment or hospitalization.
Onset time and date of AE,
7. Outcome:
e Recovered without sequelae
Recovered with sequelae
Ongoing
Lost for follow up
Death
8. Offset time and date of AE,
9. Last date of administration of investigational product,
10. Dates of treatment

B w

o
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11. Criteria of seriousness:
e Death
Life threatening
Involved or prolonged subject hospitalisation
Involved persistence of significant disability or incapacity
Congenital anomaly
Medically important
12. Seriousness:
e Serious
e Non serious
13. Relationship to investigational product:

e Related: Reasonable temporal relation to study medication administration, AND
cannot be reasonably explained by other factors (such as the subject’s clinical state,
concomitant therapy, and/or other interventions).

e Possibly related: Relationship to study medication could not be ruled out.

e Not related: Data are available to identify a clear alternative cause for the reaction.

14. Action taken to the investigational product:

e there is no need to stop administration

e there is a need to stop administration

e protocol specific (tapering, reduction...)

15. Action taken due to AE:

1 =None

2 = Medication

3 = Intervention

4 = Medication and intervention

16. Need to follow-up:

® 1o

e yes

17. Comments

TRIAL PROTOCOL

The criteria of seriousness are listed above (see section “Definition”). Additionally, based upon
appropriate medical judgement, the adverse event can be regarded as serious if it may jeopardize the
subject and may require medical or surgical intervention to prevent one of the other outcomes listed in
the definition of serious.

Adverse events which are definitely or possibly related to the investigational medicinal product(s)
should be followed until recovery or a trend towards recovery becomes evident. All specialized
medical interventions needed in case of such adverse events should be documented.

12.3. Validation, evaluation of adverse event reports

Validation and evaluation of adverse event reports are pursued according to regulations and standard
operating procedures of the sponsor.

12.4. Coding dictionary

Medical Dictionary for Regulatory Activities (MedDRA) will be used as coding dictionary. Serious
AE(s) / AR(s) will be coded as soon as they will be recorded in safety database by sponsor. Non-
serious AE(s) /AR(s) will be coded after ending the clinical phase of the study.
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12.5. Analysis of safety data

Safety data from the clinical trial will be regularly overviewed by the sponsor during the clinical phase
of the study.

All subjects who received at least one dose of study medication will be included in the final safety data
analysis (including those who did not complete the study).

TRIAL PROTOCOL

12.6. Emergency Procedures

Emergency equipment and drugs should be available within the clinical unit. In that case if emergency
treatment would be necessary, the treatment, and the drugs used during the emergency should be
documented.

12.7. Clinical laboratory tests

All clinical laboratory (safety) tests will be performed at the lab of study site. Sample volumes and
sampling conditions are according to the local lab requirements. Details of reference ranges are
provided in the Trial Master File. Any clinically relevant deviation of laboratory parameters should be
regarded as adverse events and should be handled accordingly.

13. Quality Control and Quality Assurance

13.1. Monitoring

The purposes of trial monitoring are to verify the following:

» The rights and well-being of human subjects are protected.

» The reported trial data are accurate, complete and verifiable from source documents.

» The conduct of the trial is in compliance with the currently approved protocol/amendments, with
GCP, and with the applicable regulatory requirements.

The Sponsor should ensure that the trial be adequately monitored. The Sponsor should determine the
appropriate extent and nature of monitoring. Sponsor has to be informed about the state of the trial.
Representatives of Sponsor may conduct visits also at suitable intervals throughout the trial.

It is the responsibility of the Investigator to assure that the study will be conducted in accordance with
the protocol and the valid data are entered into the CRF. The Investigator will permit the
representatives of the Sponsor to monitor the study as frequently as necessary to determine that data
recording and protocol adherence are satisfactory. The CRFs and related documents will be reviewed
in detail in accordance with Good Clinical Practice regulations.

The monitor in accordance with the Sponsor’s requirements should ensure that the trial is conducted
and documented properly by carrying out the following activities, when relevant and necessary:
Verifying that the investigator has adequate qualification and resource and remain adequate
throughout the trial period.

Verifying if the study is conducted properly and complied with the Good Clinical Practice
guidelines, the Helsinki Declaration and the applicable regulatory requirements.

Verifying the compliance with the protocol

Verifying if the CRFs are completed continuously and accurately and stored in accordance with
the requirements.

Verifying the registration of the investigational drug.

Verifying the signed Informed Consent.

Checking the source data with the data in the CRF.

Verifying if the necessary documents are available.

Verifying if the works described in protocol are accurately done.

Inform the principal investigator and Sponsor about the perceptions.

VVVVVYVY VYV V V
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13.2. Auditing

The purpose of Sponsor’s audit, which is independent of and separate from routine monitoring or
quality control functions, should be to evaluate trial conduct and compliance with the protocol, SOPs,
GCP and applicable regulatory requirements.

TRIAL PROTOCOL

14. REGULATORY AND ETHICAL ISSUES

14.1. Declaration of Helsinki

The study should be performed in accordance with the spirit and principles of the current revision of
the Declaration of Helsinki (Fortaleza, Brazil, 2013).

14.2. Ethics Committee and Regulatory Authorities

Before the start of the study, the protocol and other appropriate documents must be submitted to the
Medical Research Council Ethics Committee for Clinical Pharmacology (ETT-KFEB), as Independent
Ethics Committee and the National Institute of Pharmacy (OGYEI) as Regulatory Authority, for
review and approval.

The trial should be conducted in compliance with the protocol.

If significant changes require a protocol amendment, the amendment has to be also submitted to the
Regulatory Authority and Ethics Committee for review and approval. Non-significant changes that do
not affect the conduct of the study or do not have a significant effect on the safety of the subjects or do
not significantly reduce the scientific value of the trial, have to be submitted to the Ethics Committee
and the Regulatory Authority for notification only.

It is the Principal Investigator’s responsibility to get the approval of the leader of the institute. The
leader of the institute declares that the investigational site is in possession of personal and material
conditions for the study. The Principal Investigator informs the Local Ethics Committee about the
study.

14.3. Information for Subjects and Informed Consent

Before the subject being admitted to the trial, she/he has consent to participate in the study, after that
he has been given written and verbal information about the clinical study. These information forms,
both the written and verbal should be clear to all. Neither the written, nor the verbal information
should contain technical terms, and any formulation that causes the subject to waive or to appear to
waive any legal rights or that releases or appears to release the investigators, institute, the Sponsor or
their agents from liability for negligence.

Information Sheets and Informed Consent can be used to confirm the subjects’ consents to participate
in the trial. After the subject have read the Information Sheet and got oral information about the trial,
they confirm their participation in the study by signing and dating the Informed Consent. The
Investigator has to sign and date the Information for Subjects and the Informed Consent too. By
signing and dating the Case Report Form the Investigator states that the Informed Consent has been
obtained. The original signed and dated Consent Forms will be kept and archived by the Principal
Investigator. All subjects will receive both the signed Informed Consent Form and the Subjects
Information Sheet.

To ensure the medical confidentiality and data protection the signed Informed Consent Forms remain
with the Principal Investigator and must be archived in accordance with the current legislation after the
study has been completed. The Investigator who is responsible for archiving of the Informed Consent
Forms will allow inspection of these documents by the competent authority, the ethics committee and
the sponsor’s representatives.
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14.4. Confidentiality

Subjects’ identity data (name, date, and place of birth) should be handled strictly confidential. The
Principal Investigator is responsible for preserve the identity data in Subject Identification Forms and
takes care of that the data will not be available to any unauthorized person. Each subject gets a
randomization number. For further protection of the identity data, only the subjects’ initials and
randomization numbers will appear on the Case Report Form (data sheet).
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Laboratory findings and other source documents made at the investigational site will contain the full
name of the subjects; these should be reached only by the investigator staff, the monitor and auditor on
behalf of Sponsor, the inspector of the Regulatory Authorities and the ethics committee.

Other person can gain access to only the data written in the CRFs or originated form these documents.
Rules related to the handling of the identity data are stated in the Subjects Information Sheet too.

15. DATA MANAGEMENT

15.1. Investigator’s File

Investigator’s File will be set up according to the latest guideline (ICH Topic E6 Note for Guidance on
Good Clinical Practice CPMP/ICH/135/95).

15.2. Case Report Forms

These forms are used to transmit the information collected during the clinical trial to the Sponsor.
Case Report Forms must be completed for each subject enrolled in this study. All Case Report Form
must be legible and completed in black or blue ball point pen. The Investigators may enter corrections
on original CRFs. Data should not be obliterated by blacking out, correction fluid or an eraser.

The examination findings should be written into the Case Report Form as soon as possible, at least on
the day of the examination or on that day, when the investigator receives the findings. At all times the
investigator has final responsibility for the accuracy and authenticity of all clinical and laboratory data
entered in the CRFs.

The Principal Investigator has to review the Case Report Form for completeness and accuracy and has
to sign and date it on the first page at the end of the study. Selected pages should be signed by an
investigator after filling in. These signatures serve to attest that data contained on the CRFs are true
and have not been falsified.

The monitor and auditor will review the complete Case Report Forms against the subjects’ medical
records and verify that all data are complete and accurate.

Major corrections have to be justified.
Assurance of the completion, review and approval of all CRFs is the investigator‘s responsibility.

15.3. Archiving

The Screening LOG, the Subject Identification LOG, all Information for Subjects, Informed Consents,
source documents (laboratory findings, case history), and copies of the CRFs, whether these CRFs are
completed or not, should be archived in accordance with the current legislation at the investigational
site.
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The Sponsor archives all other documents (except Informed Consent Forms, and source documents)
related to the study in accordance with the requirements of GCP guidelines and applicable regulatory
requirements.

Any transfer of responsibilities for archiving should be documented.
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15.4. Disclosure of information

Information concerning the study, patent applications, processes, scientific data or other pertinent
information is confidential and remains the property of the sponsor. The investigator may use this
information for the purposes of the study only.

It is understood by the investigator that the sponsor will use information developed in this clinical
study in connection with the development of IMP, and therefore may disclose it as required to other
clinical investigators and to regulatory agencies. In order to allow the use of the information derived
from this clinical study, the investigator understands that he/she has an obligation to provide complete
test results and all data developed during this study to the sponsor.

Verbal or written discussion of results prior to study completion and full reporting should only be
undertaken with written consent from the sponsor.

16. Protocol Amendments and deviations

Anytime after the approval of the protocol (before, during, and after the start of the study) any
amendment turns out to be necessary it should be done in written form by the completion of the form
“Amendment of Approved Protocol”.

If significant changes require a protocol amendment, the amendment has to be submitted to the
Regulatory Authority for approval. Except for shifts regarding the quality of the investigational
medicinal products and changes of administrative nature, the Regulatory Authority also should
transmit the planned protocol amendments to the CEC for review and approval.

Minor changes, that do not affect the conduct of the study or do not have a significant effect on the
safety of the subject's, do not imply changes of the Subject Information Leaflet, or do not significantly
reduce the scientific value of the trial, do not need a re-submit to the Regulatory Authority for
approval. These amendments will be sent to the Regulatory Authority only for information.

The approved amendment should be sent to everybody, who signed the original protocol; and they
have to enclose it to the original protocol.

The Investigator should not implement any deviation from or changes of the protocol without
agreement by the Sponsor and prior review and documented approval of the CEC and/or Regulatory
Authority, except when necessary to eliminate an immediate hazard to trial subjects or when the
changes involve only logistical or administrative aspects (e.g. changes of addresses).

Any deviation from the approved protocol should be regarded as protocol deviation. Any deviation
will be recorded in the raw data of the study and covered in the final report.

As soon as possible, the implemented deviation or change, the reason for it and if appropriate, the
proposed protocol amendment should be submitted to the

» Ethics Committee

» Sponsor for agreement and approval

» Competent Authorities.
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17. Financial Aspects

Agreement on the amount and the methods of payment will be stated in a separate document signed
and dated by the Sponsor and the study site.
The study is financed from Government grant No. TBD
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18. Insurance

Subjects participating in the study will be duly insured for any study-related health deterioration for
which the Sponsor is held legally liable.

The Sponsor will submit a copy of the certificate of insurance for the Trial Master File and the
Investigator Site File of the study. This insurance, however, will be waived if the health deterioration
is probably connected with the non-compliance of the subject or the professional misconduct of the
study site personnel.

The subjects participating in the study can report their claim of damages in written form, directly to
the Insurance Company mentioned above, or to the Principal Investigator, or to the Sponsor as soon as
possible, but not later than 7 days after notice.

19. Clinical study report

The integrated study report will be prepared by Sponsor according to CPMP/ICH/137/95 (ICH Topic
E 3) Structure and Content of Clinical Study Report. This report should include the results of efficacy
and safety statistical reports.

20. Publication Policy

By signing this protocol the Principal Investigator agrees that the results of this study may be used for
submission to national and/or international registration and supervisor authorities.

Inasmuch the principal investigator wants to write publication about the study, the manuscript of this
publication should be handed over the Sponsor for approval. In this way the Sponsor can state whether
the publication does or does not infringe patent or trade secret brake.

If the Sponsor initiates the publication or the expose of study results, he/she should notify the Principal
Investigator and consider his/her professional opinion.
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21.

GENERAL REFERENCES

Declaration of Helsinki Adopted by the 18th WMA General Assembly, Helsinki, Finland, June
1964 and amended by the: 29th WMA General Assembly, Tokyo, Japan, October 1975, 35th
WMA General Assembly, Venice, Italy, October 1983, 41st WMA General Assembly, Hong
Kong, September 1989, 48th WMA General Assembly, Somerset West, Republic of South Africa,
October 1996, 52nd WMA General Assembly, Edinburgh, Scotland, October 2000, 53rd WMA
General Assembly, Washington DC, USA, October 2002 (Note of Clarification added), 55th
WMA General Assembly, Tokyo, Japan, October 2004 (Note of Clarification added), 59th WMA
General Assembly, Seoul, Republic of Korea, October 2008 and 64th WMA General Assembly,
Fortaleza, Brazil, October 2013

2. ICH Topic E6R2. Guideline for Good Clinical Practice.
https://database.ich.org/sites/default/files/E6 R2 Addendum.pdf

3. 1997. évi XLVII tv. Az egészségligyrdl €és a hozzajuk kapcsolodo személyes adatok kezelésérol €s
védelmérdl

4. 1997. évi CLIV. tv. Az egészségiigyrol

5. 35/2005 EiM rendelet Az emberi felhasznalasra keriilé vizsgalati készitmények klinikai
vizsgalatarol és a helyes klinikai gyakorlat alkalmazasarol

6. 2005. évi XCV. torvény Az emberi alkalmazasra keriilé gyogyszerekrol és egyéb, a
gyogyszerpiacot szabalyozo torvények modositasarol

7. 235/2009. (X. 20.) Korm. rendelet az emberen végzett orvostudomanyi kutatasok, az emberi
felhasznalasra keriil¢ vizsgalati készitmények klinikai vizsgalata, valamint az emberen torténd
alkalmazasra szolgalo, klinikai vizsgalatra szant orvostechnikai eszk6zok klinikai vizsgalata
engedélyezési eljarasanak szabalyairol

8. AZ EUROPAI PARLAMENT ES A TANACS 2001/20/EK IRANYELVE az emberi
felhasznalasra szant gyogyszerekkel végzett klinikai vizsgédlatok soran alkalmazandd helyes
klinikai gyakorlat bevezetésére vonatkozo tagallami torvényi, rendeleti és kozigazgatasi
rendelkezések kozelitésérol

9. AZ EUROPAI PARLAMENT ES A TANACS 536/2014/EU RENDELETE emberi felhasznalasra
szant gyogyszerek klinikai vizsgalatairol és a 2001/20/EK iranyelv hatalyon kiviil helyezésérol

10. ICH Topic E3 Structure And Content Of Clinical Study Reports
https://database.ich.org/sites/default/files/E3 Guideline.pdf
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