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|. Introducere

Diabetul zaharat tip 1 este 0 boala caracterizata prin distrugerea autoimuna a celulelor
B-pancreatice cu pierderea secretiei de insulina si deficit insulinic absolut’. Diabetul zaharat
(DZ) tip 1 reprezinta aproximativ 10% din totalul cazurilor de diabet zaharat, cu o incidenta
Tn continua crestere si se dezvolta mai ales la copii, adolescenti sau adulti tineri. Aproximativ
40% dintre pacienti dezvolta boalainainte de 20 de ani, ceea ce face caDZ tip 1 sa reprezinte
cea mai frecventa boala cronica a copilariei. Mai multe gene contribuie la susceptibilitatea
pentru DZ tip 1, iar identificarea acestora a permis identificarea etaplelor precoce in
producerea bolii: toleranta imuna inadecvata, declansarea autoimunitatii impotriva celulelor
si, In final, distrugerea acestora. Tntrucét principalul factor genetic implicat in DZ tip 1 este
reprezentat de complexul major de histocompatibilitate (MHC), in special genele MHC de
clasaall-aHLA-DRBL1 si HLA-DQB1, mi-am propus sa determin variatia alelica a acestor
gene laun lot de pacienti cu diabet zaharat tip 1 si la rudele de gradul | ale acestora, precum
si corelatia variantelor alelice cu manifestarile clinice la debutul bolii.

I1. Stadiul actual al cunoasterii

1. Etiologia diabetului zaharat tip 1

Marea majoritate a cazurilor de diabet sunt clasificate in doua mari categorii
etiopatogenice: diabetul zaharat tip 1 (DZ tip 1), unde cauza hiperglicemiei este deficitul
absolut a secretiei de insulina, si diabetul tip 2, unde cauza hiperglicemiei este o combinatie
ntre rezistenta la actiunea insulinei si un raspuns secretor compensator inadecvat.

Determinismul diabetului zaharat tip 1

Istoricul natural a diabetului zaharat tip 1 sugereaza dezvoltarea unui proces
aparitia simptomelor caracteristice diabetului zaharat®. Desi se cunoaste faptul ci
autoanticorpii anti-insulari apar precoce in evolutia bolii si modul cum factorii genetici
influenteaza aparitia lor, diferiti factori din mediu par afi de asemenea implicati Tn modularea
proceselor autoimune care conduc la producerea bolii. Cu toate ca ih majoritatea cazurilor nu
exista istoric familial pozitiv pentru boala, exista totusi o agregare familiala semnificativa cu
o prevalenta medie de 6% la fratii pacientilor, comparativ cu 0.4% in populatia generala.
Agregarea familiala (As = riscul relativ al fratilor) poate fi calculata ca raportul dintre riscul
fratilor si prevalenta in populatia generala, deci As = 6/0.4 = 15",

O serie de factori declansatori exogeni, cum ar fi anumiti factori din dieta si
virusurile, induc procesul mediat imun conducénd la distrugerea extensiva a celulelor B si, in
final, la diabetul zaharat manifest clinic*’. Pe langa rolul lor de factori declansatori, factorii
de mediu pot de asemenea avea un efect de accelerare a evolutiei sau protector, modificand
astfel cursul procesului prediabetic.

Factorii genetici implicayi in diabetul zaharat tip 1

Locii de susceptibilitate pentru DZ tip 1 sunt notati conventional folosind prescurtarea
IDDM si un numar — de exemplu IDDM1, IDDMZ2, etc., numarul reflectand de obicei ordinea
Tn care acesti loci au fost raportati. Principalele gene implicate in determinismul DZ tip 1 sunt
(1) regiunea HLA (IDDM1) si (2) locusul genei insulinei INS (IDDM2). Acesti doi loci
contribuie la o parte din agregarea familiala (50% pentru IDDM1 si 10% pentru INS)
sugerand existenta unor loci aditionali®.

Regiunea genelor HLA clasa a ll-a

Majoritatea pacientilor caucazieni prezinta alelele de clasa all-aHLA-DR3 sau DR4,
si aproximativ 30-50% din pacienti sunt heterozigoti DR3/DR4. Genotipul DR3/DR4 confera
cel mai mare risc, prin modul sinergic de actiune, urmat de genotipurile homozigote DR4,



respectiv. DR3. Ulterior, locusul HLA-DQ a fost gasit a fi ma puternic asociat cu
susceptibilitatea la DZ tipl. La populatia caucaziana, asocierea cea mai puternica cu diabetul
este prezenta pentru moleculele DQ8 si DQ2, codificate de alelele DQA1*0301, DQB1*0302
si respectiv DQA1*0501, DQB1*0201%. Aceste alele DQ sunt in dezechilibru de linkage cu
alelele HLA-DRA4 si respectiv DR3%.

2. Complexul major de histocompatibilitate

Complexul major de histocompatibilitate uman, denumit HLA, reprezinta un
ansamblu de gene, dispuse in continuitate pe un fragment de ADN de aproximativ 4000 kb,
pe bratul scurt a cromozomului 6 (6p21)**.Dintre genele acestui complex, genele de clasa a
II-aHLA-DRBL1 si DQB1 sunt implicate in determinismul diabetului zaharat tip 1.

Taria asocierii dintre alelele HLA si boli - Valoarea clinica a unei asocieri HLA-boala
vine din posibilitatea tipizarii HLA pentru confirmarea diagnosticului sau prezicerea
probabilitatii ca un individ sa dezvolte boala. Calculareatariei asocierii dintre o alela HLA si
0 boala se face prin determinarea frecventel alelelor HLA exprimate la bolnavi si compararea
cu frecventa lor Tn populatia generala — se calculeaza un raport a probabilitatilor numit risc
relativ.

Implicarea alelelor HLA de clasa a Il1-a in DZ tip 1 - Anumite alele HLA codifica
moleculele care predispun la DZ tip 1; acestea prezinta o structura a santului de legare a
antigenelor care interactioneaza slab cu anumite antigene insulare, ceea ce duce in final la
persistenta clonelor de limfocite T autoreactive si efect diabetogen.

[11. Contributia personala

1. Obiective

Am efectuat un studiu analitic caz-martor privind prezenta principalilor markeri
genetici pentru diabetul zaharat tip 1, reprezentati de alelele genelor complexului major de
histocompatibilitate de clasa a 11-a, HLA-DRB1 si HLA-DQB1, la un lot de pacienti cu
diabet zaharat tip 1 si rudele de gradul | sanatoase ale acestora. Am efectuat de asemenea si
un studiu comparativ al manifestarilor clinice Tnregistrate la debutul bolii la diferite grupe de
pacienti definite prin prezenta genotipurilor HLA-DR recunoscute ca avand risc diferit pentru
boala.

2. Metodologie generala

Include proiectarea studiilor, subiectii luati in studiu, dimensiunea loturilor de studiu,
criteriile de includere sau de excludere, precum si metodele utilizate ca fisa de lucru,
metodele de laborator necesare investigatiilor genetice si metodele statistice utilizate pentru
evaluarea rezultatelor obtinute in studiile propriu-zise.

3. Studiul 1 - Studierea riscului pentru diabet zaharat tip 1 conferit de alelele
HLA-DRB1si DQB1

Capitolul 3.1. — Introducere, prezinta o motivatie a metodelor alese pentru redlizarea
studiului, precum si obiectivele primului studiu, respectiv determinarea alelelor HLA-DRB1
si HLA-DQB1 la subiectii inscrisi in studiu si detectarea alelelor, genotipurilor sau
haplotipurilor generate de acestea, ce actioneaza ca factori de risc sau de protectie pentru
diabetul zaharat tip 1.

Capitolul 3.2. — Ipoteza de lucru, aduce argumentatia studiului ca studiu analitic caz-
martor, considerand ca reprezentarea in exces in lotul de pacienti a factorilor genetici testati
poate conferi un risc crescut pentru diabetul zaharat tip 1, in timp ce reprezentarea lor in
exces la lotul martor poate fi considerata a conferi protectie pentru boala.

Capitolul 3.3. — Material si metoda, descrie analitic modul de determinare a alelelor
HLA-DRBL1 si DQB1 si dimensiunea lotului de studiu.



Au fost luati in studiu 121 de subiecti. Lotul a fost alcatuit dintr-un numar de 62 de
pacienti cu diabet zaharat tip 1, cu varste cuprinse intre 2 si 25 ani, pacienti aflati Tn evidenta
Clinicii de Pediatrie a Spitalului Judetean Constanta in perioada octombrie 2008 — septembrie
2009, precum si rude de gradul | ale acestora care laréndul lor prezinta diabet zaharat tip 1.
Lotul martor este alcatuit din 59 de persoane, rude de gradul | sinitoase ale pacientilor cu
diabet (unul sau ambii parinti, precum si frati sau surori ai pacientilor).

Pentru toti subiectii selectati a fost izolat ADN-ul genomic (dupa un prealabil
consimtamant informat, standardizat si acceptat in scris, sub semnatura). Ulterior am
determinat alele HLA prin metoda cu oligonucleotide specifice pentru secventa (SSO), cu
amplificarea regiunilor polimorfice ale genelor HLA-DRB1 si HLA-DQBL1 si cu hibridizarea
inversi a produsilor de amplificare cu sonde SSO specifice pentru HLA-DRB1 si HLA-
DQBL1, iar pentru determinarea alelelor HLA prin metoda cu primeri specifici pentru secventa
(SSP) au fost amplificate genele HLA-DRB1 si HLA-DQB1 cu primeri specifici pentru
secventa (SSP) folosind diverse kit-uri adecvate, urmate de electroforeza in gel de agaroza.
Pentru a evalua semnificatia rezultatelor am utilizat in mod adecvat o metodologie de
prelucrare statistica ce ainclus calculul descriptiv, procentual n functie de natura variabilelor
studiate si calculul de semnificatii (testareariscului relativ si aintervalelor de incredere 95%,
testarea semnificatiei statistice — testul 5%, corectarea erorilor si cresterea puterii statistice etc).

Capitolul 3.4. — Rezultate

Alelele DRB1 — in tabelele VII si VIII sunt prezentate frecventele alelelor DRB1 la
pacienti si la lotul martor, precum si riscul relativ conferit de alelele HLA-DRB1 pe
esantionul studiat:

Tabel VII. Frecventele alelelor DRB1 la pacienti si la lotul martor

Aleld/locus Pacienti Lot martor x? Valoare p ps
Alele Alele
nr. frecv. nr. frecv.
DRB1
01 6 4.84 8 6.78 0.42 0.51
0101 4 3.23 7 5.93 1.02 031
0102 2 161 1 0.85 0.29 0.59
0301 41 33.06 19 16.10 9.33 0.0023 <0.05
04 49 39.51 30 25.42 5.46 0.019 0.214
0401 21 16.94 14 11.86 1.26 0.26
0402 10 8.06 6 5.08 0.87 0.35
0403 2 161 1 0.85 0.29 0.59
0404 6 484 2 1.69 1.87 0.17
0405 7 5.74 2 1.69 2.63 0.10
0407 2 161 3 2.54 0.26 0.61
0408 1 0.81 2 1.69 0.39 0.53
0701 1 0.81 3 2.54 1.12 0.29
0801 1 0.81 1 0.85 0.001 0.97
0901 2 1.61 1 0.85 0.29 0.59
11 2 1.61 19 16.10 16.02 6.28 x 10-5 <0.001
1101 1 0.81 5 4.24 294 0.086
1104 1 0.81 14 11.86 12.72 3.62x 104 <0.01
13 6 4.84 12 10.17 3.95 0.047 0.517
1301 4 3.23 9 7.63 3.86 0.049 0.893
1302 2 161 3 254 0.26 0.61
1401 2 1.61 6 5.08 2.28 0.13
1501 1 0.81 4 3.39 1.99 0.16
1601 13 10.48 15 12.71 0.29 0.59

Se observa ca doar in trei cazuri aelele au putut fi desemnate ca alele de risc
(DRB1*0301) sau de protectie (grupul DRB1*11 si alela*1104).



Tabel VIII. Riscul pentru DZ tip 1 conferit de alelele HLA-DRB1 pe esantionul studiat (selectat)

Intervale de incredere

HLA-DRB1 RR 95% Pc

*0301 2.53 139 - 461 <0.05
*04 19 111 - 3.26 0.214
*13 0.46 0.22 - 0.98 0.517
*1301 0.43 0.18 - 0.99 0.893
*11 0.1 0.03 - 031 <0.001
*1104 0.08 0.02 - 0.33 <0.01

Alelele DQB1 — in tabelele IX si X sunt prezentate frecventele alelelor DQBL1 la
pacienti si la lotul martor, precum si riscul relativ conferit de alelele HLA-DQB1 pe
esantionul studiat:

Tabel 1X. Frecvenrdealdeor DOB1 la pacienti si lalotul martor

Aleld/locus Pacienti Lot martor X2 Valoare p pcs
Alele Alele

nr. frecv. nr. frecv.
DQB1
DQ2 45 36.29 23 19.49 9.40 0.0022 <0.05
0201 40 32.26 22 18.64 5.88 0.015 0.105
0202 5 4.03 1 0.85 254 0.11
DQ7 6 4.84 25 21.19 14.47 143 x 104 <0.001
0301 4 3.23 22 18.64 14.99 1.08 x 104 <0.01
0304 2 161 3 254 0.26 0.61
DQ8-0302 43 34.68 24 20.34 6.21 0.013 0.076
DQ9 - 0303 2 1.61 1 0.85 0.29 0.59
DQ5 21 16.94 29 24.58 2.15 0.14
0501 6 4.84 8 6.78 0.42 041
0502 13 10.48 15 1271 0.29 0.59
0503 2 161 6 5.08 2.28 0.13
DQ6 7 5.65 16 13.56 4.40 0.036 0.216
0602 1 0.81 4 3.39 1.99 0.16
0603 4 323 9 7.63 2.30 0.13
0604 2 161 3 2.54 0.26 0.61

Se observa ca doar in trei cazuri alelele au putut fi desemnate ca alele de risc (grupul
DQB1*02) sau de protectie (grupul DQB1*03 DQ7 si alela DQB1*0301).

Tabd X. Risculpentru DZ tip 1 conferit de alelele HL A-DQB1pe egsantionul studiat (sel ectat)
Intervale de Tncredere

HLA-DQB1 RR 95% Pc

*02 232 1.35- 3.98 <0.05
*0201 2.05 1.14 - 3.68 0.105
*0302 DQ8 2.05 1.16 - 3.63 0.076
*06 0.39 0.16 - 0.94 0.216
*03 DQ7 0.2 0.08 - 045 <0.001
*0301 0.16 0.06 - 04 <0.01

Haplotipurile DRB1/DQB1 — in tabelele XI si XII sunt prezentate frecventele
haplotipurilor DRB1/DQBL1 la pacienti si la lotul martor, precum si riscul relativ conferit de
acestea pe esantionul studiat.

Se observa ca un singur haplotip poate fi desemnat ca fiind asociat cu boala, si anume
*1104/* 0301ca haplotip protector.



Tabel XI. Frecventele haplotipurilor DRB1/DQB1 la pacienti si la lotul martor

Haplotip Pacienti Lot martor X2 Valoare p pet
DRB1/DQB1
nr. frecv. nr. frecv.
*0101/*0501 4 3.22 7 5.93 1.02 0.31
*0301/*0201 40 32.26 19 16.1 8.561 0.0034 0.544
*0401/*0302 20 16.13 13 11.02 1.34 0.25
*0402/*0302 10 8.06 6 5.08 0.87 0.35
*0404/*0302 5 4.03 1 0.85 2.54 0.11
*0405/*0202 3 2.42 1 0.85 0.92 0.34
*0405/*0302 4 3.22 2 1.69 0.58 0.44
*0407/*0301 1 0.81 3 2.54 1.12 0.29
*1101/*0301 1 0.81 5 4.24 2.94 0.086
*1104/*0301 1 0.81 14 11.86 12.72 3.66 x 104 <0.01
*1301/*0603 4 3.22 9 7.63 2.30 0.13
*1302/*0604 2 1.61 3 2.54 0.26 0.61
*1401/*0503 2 1.61 6 5.08 2.28 0.13
*1501/*0602 1 0.81 4 3.39 1.99 0.16
*1601/*0502 13 10.48 15 12.71 0.29 0.59

[uny
w

Alte haplotipuri 10.48 10 8.47 0.29 0.59

Tabel XII. Riscul pentru DZ tip 1conferit de haplotipurile DRB1-DQB1pe esantionul studiat (selectat)

Haplotipuri DR/DQ RR Intervale de incredere Pc
95%

*0301/*0201 2.44 134 - 445 0.544

*1104/*0301 0.08 0.02 - 0.33 <0.01

Genotipurile DR — in tabelele X111 si X1V sunt prezentate frecventele genotipurilor DR la
pacienti si la lotul martor, precum si riscul relativ conferit de acestea pe esantionul studiat:

Tabel XI111. Frecventele genotipurilor DR la pacienti si la lotul martor

Genotip DR Pacienti Lot martor X2 Valoare p pct

nr. frecv. nr. frecv.

DR3/DR4 19 30.64 2 3.39 1566  7.59x10-°5 <0.001
DR4/DR4 7 11.29 4 6.78 0.744 0.39

DR3/DR3 5 8.06 0 0 4.963 0.026 0.156
DR4/X 16 25.80 20 33.90 0.947 0.33

DR3/X 12 19.35 17 28.81 1.484 0.22
nonDR3-nonDR4 3 4.84 16 27.12 11.34 7.59x 104 <0.01

Tabel X1V. Riscul pentru DZ tip 1 conferit de genotipurile DR pe esantionul studiat (selectat)

Genotipuri DR RR Intervale de incredere Pc
95%

DR3/DR3 11.38 1.33 - 96.72 0.156

DR3/DR4 10.31 3.24 - 32.74 <0.001

nonDR3-nonDR4 0.15 0.05 - 0.45 <0.01

Se observa ca genotipul DR3/4 este asociat pozitiv cu boala (risc), iar genotipul
nonDR3-nonDR4 este negativ asociat cu boala (protector).

Capitolul 3.5. — Discurii, rezultatele obtinute sunt evaluate comparativ cu datele
raportate in literatura internationala de eciadlitate at& Tn populatii  din
Europa!*3!32456667.68.7180196 o4 i in tara noastra'®*'%*'* selectand ca studiu de referinta
studiul lui Erlich si colab.'* Rezultatele noastre concordi cu cele din studiile prezentate, care
Tnsa nu au putut fi reproduse in totalitate.



Capitolul 3.6 — Concluzii, am demonstrat 0 serie de asocieri atét negative cat si
pozitive ale alelelor HLA-DRB1 si DQB1 cu diabetul zaharat tip 1, dar am observat si
rezultate neconcludente, care ar putea fi rezultate reale, dar studiul nu a avut puterea statistica
dea le demonstra

4. Studiul 2 —Coréatii intre manifestarile clinice la debutul diabetului zaharat
tip 1si prezenta genotipurilor HLA-DR cu risc diferit pentru boala

Capitolul 4.1. — Introducere prezinta 0 motivatie a metodelor alese pentru realizarea
celui de-al 2-lea studiu.

Capitolul 4.2. — Ipoteza de lucru, este ca prezenta genotipurilor DR cu risc crescut se
va corela cu manifestari clinice mai severe/mai precoce/istoric familial prezent si, invers, iar
prezenta genotipurilor DR cu risc redus se va putea corela cu un debut mai putin sever al
bolii/mai tardiv/istoric familial absent.

Capitolul 4.3. — Material si metoda. Am subimpartit cel 62 de pacienti cu diabet
zaharat tip 1 pe categorii, in functie de mai multe variabile: genotipurile DR cu risc diferit,
varsta la debut, modul de debut si istoricul familial (ca variabile discrete), iar glicemia la
debut a fost analizata ca variabila continua. Categoriile in cadrul genotipului DR au fost:
genotipul heterozigot DR3/DR4 — risc Tnalt, genotipul DR4/nonDR3 — risc moderat pentru
boala, genotipul DR3/X — risc redus (dar totusi mai mare decét unitatea) si genotipul
nonDR3/nonDR4 — nu confera risc pentru DZ tip 1. Categoriile in cadrul varstei la debut au
fost clasificate n ordinea severitatii: debut precoce — sub vérsta de 5 ani este considerat un
semn de severitate a bolii si debut tardiv — peste varsta de 5 ani, acesta fiind considerat mai
putin sever. Dupa modul de debut, pacientii au fost Tmpartiti, pe baza severitatii
simptomatologiei la debut si pe baza informatiilor despre pH si concentratia serica a ionului
bicarbonat, in trei categorii: cetoacidoza usoara, cetoacidoza moderata si cetoacidoza severa.
Pentru analiza istoricului familial de boald, am separat pacientii in doua categorii, cazuri
familiale — pacientii care au rude afectate cu diabet zaharat tip 1, indiferent de gradul de
rudenie si respectiv cazuri unice — pacientii care nu au rude afectate cu diabet zaharat tip 1.
Testarea semnificatiel statistice s-a facut prin testul hi patrat (x?), si analiza ANOVA.

Capitolul 4.4. — Rezultate. Tn cele cinci sectiuni am analizat:

Asocierea intre genotipul DR si varsta paciengilor la debut — testul semnificatiei
statistice arata ca exista o asociere intre cele doua variabile. Se observa ca genotipurile derisc
Tnalt si moderat (DR3/4 si DR4/Y) sunt mai bine reprezentate la categoria cu debut tardiv, Tn
vreme ce celelalte doua genotipuri au o distributie echilibrata in cele doua categorii de varsta

Tabel XVII. Analiza asocierii intre Genotipul DR si Varsta la debut (date selectate)

Varsta la debut
0-5ani >5ani Total
3/4 Numar cazuri 1 18 19
% din Total 1.6% 29.0% 30.6%
4/Y Numar cazuri 6 17 23
Genotip % din Total 9.7% 27.4% 37.1%
DR 3/X Numar cazuri 7 10 17
% din Total 11.3% 16.1% 27.4%
Z/Z Numar cazuri 2 1 3
% din Total 3.2% 1.6% 4.8%
Total Numar cazuri 16 46 62
% din Total 25.8% 74.2% 100.0%
X2 8.902 Valoareap 0.031

Asocierea intre genotipul DR si modul de debut — cele doua variabile nu sunt
asociate in acest studiu (p>0.05). S-a constatat, totusi o frecventa mai mare aformel severe la
pacientii cu genotip DR3/X.



Tabel XVIII. Analiza asocierii dintre Genotipul DR si Modul de debut (date selectate)

Mod de debut
CAD CAD CAD Total
severa moderata usoara
3/4 Numar cazuri 2 8 9 19
% din Total 3.2% 12.9% 14.5% 30.6%
4/Y Numar cazuri 3 10 10 23
Genotip % din Total 4.9% 16.1% 16.1% 37.1%
DR 3/X Numar cazuri 4 5 8 17
% din Total 6.4% 8.1% 12.9% 27.4%
Z/Z Numar cazuri 0 1 2 3
% din Total 0.0% 1.6% 3.2% 4.9%
Total Numir cazuri 9 24 29 62
% din Total 8% 38.7% 46.8% 100.0%
x2 1.725 Valoareap 0.786

Asocierea intre genotipul DR si valoarea glicemiel la debut — nu se confirma
asocierea (p>0.05), glicemia la debut a avut valori omogene intre categorii: 475 + 163 mg/dl
la pacientii cu genotipul DR3/4, 462 + 115 mg/dl la pacientii cu genotipul DR4/Y, 507 + 128
mg/dl la pacientii cu genotipul DR3/X si, respectiv, 370 + 121 mg/dl la pacientii cu
genotipul DR Z/Z.

Asocierea ntre modul de debut si varsta la debut — Tntre aceste doua categorii s-a
demonstrat existenta unei asocieri (p=0.04) bazata in principal pe prezenta cazurilor severe la
categoria cu debut precoce.

Tabel XX. Analiza asocierii dintre Modul de debut si Varsta la debut (date selectate)

Varsta la debut
(0-5) [5-..) Total

CAD Numar cazuri 5 4 9

severa % din Total 8.1% 6.5% 14.5%

Mod de CAD Numar cazuri 3 21 24
debut moderata % din Total 4.8% 33.9% 38.7%
CAD Numar cazuri 8 21 29

usoara % din Total 12.9% 33.9% 46.8%

Total Numar cazuri 16 46 62

% din Total 25.8% 74.2% 100.0%

X2 6.427 Valoarea p 0.040

Analiza cazurilor familiale — dintre cele 60 de cazuri index 8 (13.33%) au prezentat
istoric familial de boala, dintre acestea au fost prezentate 4 cazuri cu rude de gradul 1
afectate. Arborii genealogici sunt prezentati in figurile 33-36. Doi dintre probanzi au avut
frati afectati, iar ceilalti doi au avut un parinte afectat (tatal in ambele cazuri).
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5. Concluzii generale

1. Tn studiul asocierii genelor HLA-DRB1 si DQB1 cu DZ tip 1 am observat asociarea
ca alela de risc pentru DZ tip 1 doar pentru alela DRB1*0301. Au fost respinse, dupa
aplicarea corectiilor pentru comparatii multiple, asocierile pozitive cu grupul DRB1*04 si cu
alelele DQB1*0201 si *0302, cunoscute ca diabetogene.

2. Am observat asocierea negativa, protectoare, cu DZ tip 1 pentru alela DRB1* 1104,
pentru alela DQB1*0301 si pentru haplotipul care poarta aceste doua alele, haplotipul
DRB1/DQB1 *1104/*0301.

3. Genotipurile DR au avut o distributie diferita fata de alte studii efectuate in
Roménia, cu frecventa mai mare in studiul nostru a genotipului de risc DR3/4 si frecventa
mai mica a genotipului fara risc nonDR3-nonDR4, dar s-au incadrat Tn valorile medii pentru
populatii din Europa

4. Repartitia genotipurilor de risc nalt (DR3/4) si moderat (DR4/Y) a fost scazuta Tn
categoriile clinice considerate de severitate crescuta, cum ar fi varsta ladebut sub 5 ani.

5. Pentru celelalte aspecte clinice analizate Tn raport cu genotipul pacientilor nu am
putut demonstra existenta unei asocieri. Istoricul familial pentru DZ tip 1 prezinta diferente
evidente in distributia genotipurilor DR, dar acestea nu au avut semnificatie statistica.

6. Tn familiile pacientilor cu DZ tip 1 tipul Tnrudirii (parinte, frate, copil), precum si
prezenta la membrii familiei a haplotipurilor de risc identice prin descendenta moduleaza
riscul de aparitie a bolii.

6. Originalitatea si contributiile inovative ale tezei — constau in (1) prezentarea
unui studiu a genelor HLA intr-un esantion din populatia regiunii Dobrogea, regiune cu
diversitate etnica accentuata, (2) implementarea metodelor de diagnostic molecular pentru
detectarea alelelor HLA si (3) desemnarea cu rezolutie inalta a alelelor HLA-DRB1 si DQB1,
pentru 0 mai buna Tntelegere a asocierii lor cu DZ tip 1.
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|. Introduction

Type 1 diabetes is a disease characterised by autoimmune destruction of pancreatic 3
cellswith loss of insulin secretion and absolute insulin deficiency®. Type 1 diametes mellitus
(T1DM) represents about 10% of al cases of diabetes, with a continuously growing incidence,
and develops mainly in children, teenagers and young adults. Approximately 40% of patients
develop the disease before 20 years of age, fact that makes type 1 diabetes the most common
chronic chilhood disease. Several genes contribute to susceptibility to type 1 diabetes and by
finding them was possible to identify the early stages of disease production: inappropriate
immune tolerance, triggering autoimmunity against B cells and, ultimately, p cells
destruction. Since the main genetic factor involved in type 1 diabetes is the major
histocompatibility complex (MHC), especially class I MHC genes HLA-DRB1 and HLA-
DQB1, | set out to determine the allelic variation of these genes in a group of patients with
type 1 diabetes and their first degree relatives, as well as correlation of allelic variants with
clinical manifestations at disease onset.

1. The current state of knowledge

1. Etiology of tpe 1 diabetes

The vast majority of diabetes cases are classified into two broad pathogenic
categories. type 1 diabetes mellitus (TIDM), where hyperglycemia is due to absolute
deficiency of insulin secretion, and type 2 diabetes, where hyperglycemia is due to a
combination of resistance to the insulin action and an inadequate compensatory secretory
response.

Determinism of type 1 diabetes

The natural history of type 1 diabetes suggests the development of an autoimmune
process in the presence of genetic susceptibility, initially without clinical changes, then
followed by symptoms of diabetes®. Although it is known that anti-insular autoantibodies
occur early in the disease and how genetic factors influence their occurrence, various factors
in the environment seem to be also involved in modulating the autoimmune process leading
to the production of disease. Although in most cases there is no family history of disease,
there is a significant familial aggregation with an average prevalence of 6% in siblings of
patients, compared with 0.4% in the general population. Family aggregation (As = relative
risk of siblings) can be calculated as the ratio of risk of siblings and prevalence in the general
population, so As= 6/0.4 = 15%".

A number of exogenous triggers, such as dietary factors and viruses, are able to
induce the immune-mediated process leading to extensive destruction of  cells and, finally,
to manifest diabetes”’. In addition to their role as triggers, environmental factors may also
have an effect of accelerating the disease development or protector role, thus changing the
course of pre-diabetic processes.

Genetic factorsinvolved in type 1 diabetes

Susceptibility loci for to type 1 diabetes are conventionaly noted with IDDM and a
number - for example IDDM1, IDDM2, etc. The number usually reflects the order in which
these loci have been reported. The main genes involved in type 1 diabetes determinism are
(1) HLA region (IDDM1) and (2) insulin gene INS locus (IDDM2). These two loci contribute
to part of the family aggregation (50% for IDDM1 and 10% for INS) suggesting the existence
of additional loci®.

Region of class || HLA genes

Most Caucasian patients have class |1 allelesHLA-DR3 or DR4, and about 30-50% of
the patients are DR3/DR4 heterozygous. DR3/DR4 genotype confers the highest risk by
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synergistic mode of action, followed by genotypes homozygous DR4, and DR3 respectively.
Subsequently, HLA-DQ locus was found to be more strongly associated with susceptibility to
type 1 diabetes. In Caucasian populations, the strongest association with diabetes is present
with DQ8 and DQ2 molecules encoded by alleles DQA1*0301, DQB1*0302 and
DQA1*0501 and DQB1*0201, respectively®. The DQ alleles are in linkage disequilibrium
with HLA-DR4 alleles and DR3, respectively®.

2. Themajor histocompatibility complex

The human major histocompatibility complex, called HLA, is a set of genes, arranged
in a continuous DNA fragment of about 4000 kb on the short arm of chromosome 6
(6p21)**". From the genes of this complex, class Il genes HLA-DRB1 and DQB1 are
involved in the determinism of type 1 diabetes.

The strength of association between HLA alleles and diseases - The clinical value of an
association HL A-disease comes from the possibility of HLA typing to confirm the diagnosis
or predict the likelihood that an individual developing the disease. Calculation of strength of
association between an HLA and a disease is made by determining the frequency of HLA
alleles expressed in patients and comparing with their frequency in the general population - a
ratio of probabilitiesis calculated called relative risk.

Involvement of HLA class |1 alleles in type 1 diabetes - Some HLA alleles encode for
molecules that predispose to type 1 diabetes, these molecules have a structure of the antigen-
binding groove that interact poorly with certain island antigens, leading ultimately to
persistence of autoreactive T lymphocyte clones and diabetogenic effect.

1. Contributia personala

1. Objectives

We conducted a case-control analytical study on the presence of key genetic markers
for type 1 diabetes, represented by alleles of class Il genes of major histocompatibility
complex, HLA-DRB1 and HLA-DQB1, on a group of patients with diabetes type 1 and
healthy first-degree relatives of these. We also performed a comparative study of clinical
manifestations at onset recorded at different groups of patients defined by presence of HLA-
DR genotypes recognized as having different risk for disease.

2. General methodology

Includes study design, subjects studied, size of study lots, inclusion or exclusion
criteria and methods used such as the worksheet, the laboratory methods required for the
genetic investigation and statistical methods used for evaluation of the results.

3. Study 1 — Study of risk for type 1 diabetes conferred by HLA-DRB1 and
DQB1 alleles

Chapter 3.1. — Introduction, presents a motivation for the selected methods used in
the study and aims of the first study, that is: determination of HLA-DRB1 and HLA-DQB1
aleles in subjects enrolled in the study and detection of alleles, genotypes or haplotypes
generated by them, that act asrisk or protection factors for type 1 diabetes.

Chapterl 3.2. —Working hypothesis, brings study arguments as case-control analytic
study, considering that the overrepresentation of tested genetic factors in patients may confer
an increased risk for type 1 diabetes, while their overrepresentation in the control group may
be considered to confer protection for disease.

Chapter 3.3. — Materials si methods, analytically describes how to determine the
HLA-DRB1 and DQBL1 alleles and the size of the study group.

There were 121 subjects studied. The lot was composed of a number of 62 patients
with type 1 diabetes, aged between 2 and 25 years, patients recorded in the Pediatrics Clinic
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Constanta County Hospital from October 2008 - September 2009, and their first degree
relatives which also have type 1 diabetes. Control group consists of 59 people, healthyfirst

degree relatives of patients with diabetes (one or both parents and siblings of patients).

For al selected subjects genomic DNA was isolated (after a prior standardized
informed consent, accepted in writing and signed). Subsequently we determined the alleles
HLA by sequence specific oligonucleotides method (SSO), with amplification of
polymorphic regions of the gene HLA-DRB1 and HLA-DQB1 and reverse hybridization of
amplification products with SSO probes specific for HLA-DRB1 and HLA-DQB1; when
necessary we determined the HLA alleles by sequence-specific primer method (SSP) - genes
were amplified HLA-DRB1 and HLA-DQB1 with primers specific for the sequence (SSP)
using various appropriate kits, followed by agarose gel electrophoresis. To assess the
significance of the results we used adequately a methodology of statistical processing
including descriptive calculation of percentage depending on the nature of variables studied
and calculation of significance (relative risk test and 95% confidence intervals, statistical
significance testing - test x2 , correcting errors and increasing statistical power, etc.).

Chapter 3.4. — Rezults

DRB1 allelels — DRB1 allele frequencies to patients and the control group and
relative risk conferred by HLA-DRBL alleles in the sample studied are presented in tables VI
and VIII:

Table VII. Frequency of DRB1 alleles in patients and controls

Aleld/locus Pacienti Lot martor x? Valoare p ps
Alele Alele
nr. frecv. nr. frecv.
DRB1
01 6 4.84 8 6.78 0.42 0.51
0101 4 3.23 7 5.93 1.02 031
0102 2 161 1 0.85 0.29 0.59
0301 41 33.06 19 16.10 9.33 0.0023 <0.05
04 49 39.51 30 25.42 5.46 0.019 0.214
0401 21 16.94 14 11.86 1.26 0.26
0402 10 8.06 6 5.08 0.87 0.35
0403 2 161 1 0.85 0.29 0.59
0404 6 4.84 2 1.69 1.87 0.17
0405 7 5.74 2 1.69 2.63 0.10
0407 2 1.61 3 254 0.26 0.61
0408 1 0.81 2 1.69 0.39 0.53
0701 1 0.81 3 2.54 1.12 0.29
0801 1 0.81 1 0.85 0.001 0.97
0901 2 1.61 1 0.85 0.29 0.59
11 2 1.61 19 16.10 16.02 6.28 x 10-5 <0.001
1101 1 0.81 5 4.24 294 0.086
1104 1 0.81 14 11.86 12.72 3.62x 104 <0.01
13 6 4.84 12 10.17 3.95 0.047 0.517
1301 4 3.23 9 7.63 3.86 0.049 0.893
1302 2 1.61 3 2.54 0.26 0.61
1401 2 1.61 6 5.08 2.28 0.13
1501 1 0.81 4 3.39 1.99 0.16
1601 13 10.48 15 12.71 0.29 0.59

It is noted that only in three cases the alleles could be designated as risk alleles
(DRB1*0301) or protective (allele group DRB1*11 and *1104).
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Table VIII. Risk conferred by HLA-DRB1 alleles on the sample studied (selected data)
Intervale de incredere

HLA-DRB1 RR 95% Pc

*0301 2.53 139 - 461 <0.05
*04 19 111 - 3.26 0.214
*13 0.46 0.22 - 0.98 0.517
*1301 0.43 0.18 - 0.99 0.893
*11 0.1 0.03 - 031 <0.001
*1104 0.08 0.02 - 0.33 <0.01

DQBL1 alleles— DQB1 allele frequencies to patients and the control group and relative
risk conferred by individual HLA-DQBL alleles in the sample studied are presented in tables
IX and X:

Table I X. Frequency of DQB1 alleles in patients and controls

Aleld/locus Pacienti Lot martor X2 Valoare p pcs
Alele Alele

nr. frecv. nr. frecv.
DQB1
DQ2 45 36.29 23 19.49 9.40 0.0022 <0.05
0201 40 32.26 22 18.64 5.88 0.015 0.105
0202 5 4.03 1 0.85 254 0.11
DQ7 6 4.84 25 21.19 14.47 143 x 104 <0.001
0301 4 3.23 22 18.64 14.99 1.08 x 104 <0.01
0304 2 161 3 254 0.26 0.61
DQ8-0302 43 34.68 24 20.34 6.21 0.013 0.076
DQ9 - 0303 2 1.61 1 0.85 0.29 0.59
DQ5 21 16.94 29 24.58 2.15 0.14
0501 6 4.84 8 6.78 0.42 041
0502 13 10.48 15 1271 0.29 0.59
0503 2 161 6 5.08 2.28 0.13
DQ6 7 5.65 16 13.56 4.40 0.036 0.216
0602 1 0.81 4 3.39 1.99 0.16
0603 4 323 9 7.63 2.30 0.13
0604 2 161 3 2.54 0.26 0.61

It is noted that only in three cases aleles could be designated as risk alleles
(DQB1*02 group) or protective (allele group DQB1*03 DQ7 and DQB1* 0301).

Table X. Risk conferred by HLA-DQB1 alleles on the sample studied (selected data)
Intervale de incredere

HLA-DQB1 RR 95% Pe

*02 232 1.35 - 3.98 <0.05
*0201 2.05 1.14 - 3.68 0.105
*0302 DQ8 2.05 1.16 - 3.63 0.076
*06 0.39 0.16 - 0.94 0.216
*03 DQ7 0.2 0.08 - 0.45 <0.001
*0301 0.16 0.06 - 04 <0.01

DRB1/DQB1 haplotypes— DRB1/DQBL1 frequencies to patients and the control group
and relative risk conferred by DRBL/DQB1 haplotypes in the sample studied are presented in
tables X and X.

It is noted that a single haplotype can be designated as being associated with the
disease, namely *1104 / *0301, as protective haplotype.
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Table XI. Frequrncy of DRB1/DQB1 haplottypes in patients and controls

Haplotip Pacienti Lot martor X2 Valoare p pet
DRB1/DQB1
nr. frecv. nr. frecv.

*0101/*0501 4 3.22 7 5.93 1.02 0.31

*0301/*0201 40 32.26 19 16.1 8.561 0.0034 0.544
*0401/*0302 20 16.13 13 11.02 1.34 0.25

*0402/*0302 10 8.06 6 5.08 0.87 0.35

*0404/*0302 5 4.03 1 0.85 2.54 0.11

*0405/*0202 3 2.42 1 0.85 0.92 0.34

*0405/*0302 4 3.22 2 1.69 0.58 0.44

*0407/*0301 1 0.81 3 2.54 1.12 0.29

*1101/*0301 1 0.81 5 4.24 2.94 0.086
*1104/*0301 1 0.81 14 11.86 12.72 3.66 x 104 <0.01
*1301/*0603 4 3.22 9 7.63 2.30 0.13

*1302/*0604 2 1.61 3 2.54 0.26 0.61

*1401/*0503 2 1.61 6 5.08 2.28 0.13

*1501/*0602 1 0.81 4 3.39 1.99 0.16

*1601/*0502 13 10.48 15 12.71 0.29 0.59

[uny
w

Alte haplotipuri 10.48 10 8.47 0.29 0.59

Table XII. Risk conferred by DRB1/DQB1 haplotypes on the sample studied (selected data)

Haplotipuri DR/DQ RR Intervale de incredere Pc
95%

*0301/*0201 2.44 134 - 445 0.544

*1104/*0301 0.08 0.02 - 0.33 <0.01

DR genotypes — tables XI1II and XIV show the frequencies of DR genotypes la in
patients and controls, and also the relative risk conferred by them on the sample studied:

Tabel XI11. Frequency of DR genotypes in patients and controls

Genotip DR Pacienti Lot martor X2 Valoare p pct

nr. frecv. nr. frecv.

DR3/DR4 19 30.64 2 3.39 1566 7.59x10-°5 <0.001
DR4/DR4 7 11.29 4 6.78 0.744 0.39

DR3/DR3 5 8.06 0 0 4.963 0.026 0.156
DR4/X 16 25.80 20 33.90 0.947 0.33

DR3/X 12 19.35 17 28.81 1.484 0.22
nonDR3-nonDR4 3 4.84 16 27.12 11.34 7.59x10+4 <0.01

Tabel XIV. Risk conferred by DR genotypes on the sample studied (selected data)

Genotipuri DR RR Intervale de incredere Pc
95%

DR3/DR3 11.38 1.33 - 96.72 0.156

DR3/DR4 10.31 3.24 - 32.74 <0.001

nonDR3-nonDR4 0.15 0.05 - 0.45 <0.01

It is noted that the genotype DR3/4 is positively associated with T1IDM (risk) and the
genotype nonDR4-nonDR3 is negatively associated with disease (protective).

Chapter 3.5. — Discutions, the results are compared with data reported in specialized
international literature both in populations from Europe!#31:32426067.687180146 any jn our
country'®#1631%* - choosing as referencestudy the study of Erlich et a.** Our results are
consistent with the studies presented, which however could not be reproduced in totality.
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Chapter 3.6 — Conclusions, we have demonstrated a range of both negative and
positive association of HLA-DRB1 and DQB1 with type 1 diabetes, but we also observed
inconclusive results, which could be real results, but the study didn’'t have the statistical
power to demonstrate them.

4. Study 2 — Correlation between clinical manifestations at the onset and the
presence of HLA-DR genotypeswith different risk for type 1 diabetes

Chapter 4.1. — Introduction presents the motivation of the methods used for the
second study.

Chapter 4.2. — Working hypothesis, is that the presence of high-risk DR genotypes
correlate with clinical manifestations will be more severe / early / positive family history and
vice versa, and the presence of low-risk DR genotypes will be able to correlate with less
severe disease onset / more late / absent family history.

Chapter 4.3. — Materials si methods. We subdivided the 62 patients with type 1
diabetes by categories, depending on several variables: DR genotypes with different risk, age
at onset, mode of onset and family history (as a discrete variables), and glucose at onset was
analyzed as a continuous variable. Categories in the DR genotype were DR3/DR4
heterozygous genotype - high risk genotype, DR4/nonDR3 - moderate risk for disease,
genotype DR3 / nonDR4 - low risk (but sill greater than unity) and genotype
nonDR3/nonDR4 - does not confer risk for type 1 diabetes. The age at onset categories were
ranked in order of severity: early-onset under the age of 5 years is considered a sign of
disease severity and late onset - over the age of five years, which is considered less severe.
By mode of onset, patients were divided based on severity of symptoms at onset and the
information about pH and serum bicarbonate ion in three categories: mild ketoacidosis,
diabetic ketoacidosis, diabetic ketoacidosis, moderate and severe. For the analysis of family
history of disease, we separated patients into two groups, family cases - patients who have
relatives affected with type 1 diabetes, regardless of the degree, and that unique cases -
patients who don’t have relatives affected with type 1 diabetes. Statistical significance testing
was done by chi square test (%), and ANOVA analysis.

Chapter 4.4. — Rezults. In the five sections we analyzed:

Association between DR genotype and age of onset — datistical significance test
shows that there is an association between two variables. It is noted that high and moderate
risk genotype (DR3 / 4 and DR4 / Y) are better represented in the category of late-onset,
while the other two genotypes have a balanced distribution in the two age groups.

Table XVII. Analysis of association between DR genotype and age of onset (selected data)

Varsta la debut
0-5ani >5ani Total
3/4 Numar cazuri 1 18 19
% din Total 1.6% 29.0% 30.6%
4/Y Numar cazuri 6 17 23
Genotip % din Total 9.7% 27.4% 37.1%
DR 3/X Numar cazuri 7 10 17
% din Total 11.3% 16.1% 27.4%
Z/Z Numar cazuri 2 1 3
% din Total 3.2% 1.6% 4.8%
Total Numar cazuri 16 46 62
% din Total 25.8% 74.2% 100.0%
X2 8.902 Valoareap 0.031

Association between DR genotype and the mode of onset — the two variables are not
associated in this study (p> 0.05). It was found, however, a higher frequency of severe forms
in patients with genotype DR3/ X.
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Table XVIII. Analysis of association between DR genotype and the mode of onset (selected data)

Mod de debut
CAD CAD CAD Total
severa moderata usoara
3/4 Numar cazuri 2 8 9 19
% din Total 3.2% 12.9% 14.5% 30.6%
4/Y Numar cazuri 3 10 10 23
Genotip % din Total 4.9% 16.1% 16.1% 37.1%
DR 3/X Numar cazuri 4 5 8 17
% din Total 6.4% 8.1% 12.9% 27.4%
Z/Z Numar cazuri 0 1 2 3
% din Total 0.0% 1.6% 3.2% 4.9%
Total Numir cazuri 9 24 29 62
% din Total 8% 38.7% 46.8% 100.0%
x2 1.725 Valoareap 0.786

Association between DR genotype and glucose levels at onset — the association was
not confirmed (p> 0.05), blood glucose values at onset was homogeneous between groups:
475 + 163 mg / dl in patients with genotype DR3 / 4, 462 + 115 mg / dl in patients with
genotype DR4 / Y, 507 + 128 mg / dI in patients with genotype DR3 / X and, respectively,
370 £ 121 mg / dI in patients with DR genotype Z / Z.

Association between the mod of onset and the age at onset — between these two
categories was demonstrated an association (p = 0.04) based primarily on the presence of
severe cases with early onset category

Table XX. Analysis of association between mode of onset and age at onset ( selected data)

Varsta la debut

(0-5) [5-..) Total

CAD Numar cazuri 5 4 9

severa % din Total 8.1% 6.5% 14.5%

Mod de CAD Numar cazuri 3 21 24
debut moderata % din Total 4.8% 33.9% 38.7%
CAD Numar cazuri 8 21 29

usoara % din Total 12.9% 33.9% 46.8%

Total Numar cazuri 16 46 62

% din Total 25.8% 74.2% 100.0%

X2 6.427 Valoarea p 0.040

Family history analysis —of the 60 index cases, 8 (13.33%) had family history of
disease, of which 4 cases were presented that had a first-degree relative affected. Family trees
are presented in Figures 33-36. Two probands had brothers affected and the other two had an
affected parent (father in both cases).
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5. General conclusions

1. Inthe gene association study of HLA-DRB1 and DQB1 genes with type 1 diabetes
we observed the association as risk allele for type 1 diabetes only with DRB1*0301 allele.
Were rejected, after correction for multiple comparisons, positive associations with DRB1* 04
group aleles and of DQB1*0201 and * 0302 and known as diabetogenic.

2. We observed negative association, protective, with type 1 diabetes for alleles
DRB1*1104 and DQB1*0301 and for the DRB1/DQB1 haplotype bearing the two alleles,
*1104/*0301.

3. DR genotypes had a distribution different from other studies in Romania, with
higher frequency in our study for the risk genotype DR3/4 and a smaller frequency of the no-
risk genotype nonDR3-nonDR4, but they resembled the mean values for populations in
Europe.

4. Distribution of high-risk genotypes (DR3/4) and moderate-risk genotype (DR4/Y)
was low in the clinical categories considered with increased severity, such as age at onset less
than 5 years.

5. For other clinical aspects analyzed in relation to patients genotype we could not
demonstrate the existence of an association. Family history for type 1 diabetes showed
obvious differences in the distribution of DR genotypes, but they were not statistically
significant,

6. In type 1 diabetes patients families the risk of disease is modulated by the type of
the relationship (parent, sibling, child) and the presence at family members of the risk
haplotypes identical by descent.

6. Originality and inovative contributions of the thesis— consist of (1) presentation
of a study of HLA genes on a sample population from Dobrogea region, a region with
increased ethnic diversity, (2) implementation of molecular diagnostic methods to detect
HLA alleles and (3) designation of high-resolution HLA-DRB1 and DQB1 alleles, for a
better understanding of their association with type 1 diabetes.
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