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ϭ.ϭ.         IŶtroduĐtioŶ  

AutoiŵŵuŶitǇ is the ƌeaĐtioŶ of the iŵŵuŶe sǇsteŵ agaiŶst the ďodǇ's oǁŶ tissues. Toleƌ-
aŶĐe aŶd speĐifiĐallǇ self-toleƌaŶĐe is oŶe of the ŵost eǆĐitiŶg ;aŶd ĐoŶtƌoǀeƌsial alsoͿ aƌeas
of iŵŵuŶologǇ aŶd ƌeŵaiŶs a pheŶoŵeŶoŶ that ŵust ďe eǆplaiŶed iŶ aŶǇ theoƌǇ of iŵŵu-
ŶitǇ. To uŶdeƌstaŶd hoǁ autoiŵŵuŶe ƌeaĐtioŶs ĐaŶ deǀelop it is ŶeĐessaƌǇ to kŶoǁ the
ŵeĐhaŶisŵs ďǇ ǁhiĐh self-toleƌaŶĐe is ŶoƌŵallǇ ŵaiŶtaiŶed. These iŶĐlude:  

ϭ. seƋuestƌatioŶ of autoaŶtigeŶ iŶ iŶaĐĐessiďle sites;  
Ϯ. deletioŶ of autoƌeaĐtiǀe T Đells duƌiŶg thǇŵiĐ deǀelopŵeŶt;  
ϯ. failuƌe to pƌoĐess aŶd pƌeseŶt paƌtiĐulaƌ self ŵoleĐules;  
ϰ. iŶduĐtioŶ of eŶeƌgǇ iŶ autoƌeaĐtiǀe T Đells, due to laĐk of Đo-stiŵulatoƌǇ sigŶals oƌ 

speĐifiĐ ĐǇtokiŶes;  
ϱ. suppƌessoƌ Đells aŶd hoƌŵoŶes.  

Failuƌe of aŶǇ of these ŵeĐhaŶisŵs Đould lead to autoiŵŵuŶe ƌeaĐtioŶ. MaŶǇ ŵoƌe iŶdi-
ǀiduals deǀelop autoiŵŵuŶe ƌeaĐtioŶs thaŶ autoiŵŵuŶe diseases. AutoiŵŵuŶe diseases
oĐĐuƌ ǁheŶ autoiŵŵuŶe ƌeaĐtioŶs ƌesult iŶ pathologiĐal tissue daŵage. AutoiŵŵuŶe dis-
eases teŶd to distƌiďute theŵselǀes ǁithiŶ a speĐtƌuŵ. At oŶe pole aƌe ŶoŶ-oƌgaŶiĐ diseases 
ǁith autoiŵŵuŶe ƌeaĐtioŶ to aŶtigeŶs, distƌiďuted thƌoughout the ďodǇ ƌesultiŶg iŶ de-
stƌuĐtiǀe lesioŶs of skiŶ, ďlood ǀessels, kidŶeǇs, joiŶts, luŶgs; at aŶotheƌ pole aƌe the oƌgaŶ
speĐifiĐ diseases ǁith destƌuĐtiǀe lesioŶs of a siŶgle oƌgaŶ iŶ the ďodǇ ;skiŶ, liǀeƌ, goŶads,
thǇƌoid, paŶĐƌeatiĐ isletsͿ. Theƌe is Ŷo Đleaƌ ďoƌdeƌ ďetǁeeŶ these tǁo poles.  

Diaďetes ŵellitus is a heteƌogeŶeous gƌoup of disoƌdeƌs, all ĐhaƌaĐteƌized ďǇ hǇpeƌglǇĐeŵia.
Eǆpeƌts ƌeĐoŵŵeŶded oŶe set of Đƌiteƌia foƌ diagŶosis aŶd aŶotheƌ set foƌ ĐlassifiĐatioŶ.
OŶe puƌpose is to seĐuƌe optiŵal tƌeatŵeŶt of the patieŶts; aŶotheƌ is to suppoƌt ƌeseaƌĐh
aiŵed at uŶdeƌstaŶdiŶg the etiologǇ aŶd pathogeŶesis of diaďetes ŵellitus. EtiologiĐ Đlassi-
fiĐatioŶ of diaďetes ĐoŶsideƌs  

a. tǇpe ϭ diaďetes ǁith ß-Đell destƌuĐtioŶ,  
ď. tǇpe Ϯ diaďetes ǁith uŶkŶoǁŶ etiologǇ,  
Đ. otheƌ speĐifiĐ tǇpes ǁhiĐh iŶĐlude uŶĐoŵŵoŶ foƌŵs of iŵŵuŶe-ŵediated diaďetes 

aŶd  
d. gestatioŶal diaďetes.  

The pƌaĐtiĐal appƌoaĐh is to distiŶguish ďetǁeeŶ tǇpe ϭ, ǁhiĐh is aŶ iŵŵuŶe-ŵediated dis-
ease ;oƌ idiopathiĐͿ aŶd tǇpe Ϯ, ǁhiĐh is Ŷot iŵŵuŶe-ŵediated. Soŵe iŶdiǀiduals deǀelop a 
ŵildeƌ foƌŵ of tǇpe ϭ diaďetes, ĐhaƌaĐteƌized ďǇ the pƌeseŶĐe of auto-aŶtiďodies, ďut ǁith 
ĐliŶiĐal ĐlassifiĐatioŶ as tǇpe Ϯ. This tǇpe is Đlassified as the uŶĐoŵŵoŶ foƌŵ, soŵetiŵes-
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Đalled tǇpe ϭ.ϱ diaďetes.  

TǇpe ϭ diaďetes is the ŵost seǀeƌe tǇpe of diaďetes, leadiŶg to life-loŶg depeŶdeŶĐǇ oŶ dailǇ 
iŶsuliŶ iŶjeĐtioŶ. TǇpe ϭ oƌ iŵŵuŶe ŵediated diaďetes ;IMDͿ ƌesults fƌoŵ aŶ oƌgaŶ-speĐifiĐ 
autoiŵŵuŶe ŵediated loss of iŶsuliŶ-seĐƌetiŶg ß Đells. This ĐhƌoŶiĐ destƌuĐtiǀe pƌoĐess iŶ-
ǀolǀes ďoth Đellulaƌ aŶd huŵoƌal ĐoŵpoŶeŶts deteĐtaďle iŶ the peƌipheƌal ďlood, ŵoŶths oƌ
eǀeŶ Ǉeaƌs, ďefoƌe the oŶset of ĐliŶiĐal diaďetes. AŶǇǁaǇ ǁe aƌe still faƌ fƌoŵ uŶdeƌstaŶdiŶg 
its etiologǇ: hoǁ aŶd ǁhiĐh geŶetiĐ aŶd eŶǀiƌoŶŵeŶtal faĐtoƌs iŶteƌaĐt to iŶitiate the iŵ-
ŵuŶe-ŵediated pƌoĐess that ƌesults iŶ ß-Đell destƌuĐtioŶ.  

ϭ.Ϯ.         GeŶetiĐ faĐtors  

AlǁaǇs, ǁheŶ self-ƌeĐogŶitioŶ as paƌt of self-toleƌaŶĐe is iŶ the ƋuestioŶ, the geŶes of the 
ŵajoƌ histoĐoŵpatiďilitǇ Đoŵpleǆ ;MHCͿ aƌe iŶǀolǀed thƌough theiƌ eǆpƌessed pƌoduĐts -
HLA pƌoteiŶs. Soŵe haplotǇpes pƌedispose the IMD, ǁheƌeas otheƌs pƌoteĐt. HLA Đlass II
ƌegioŶ oŶ the ϲth Đhƌoŵosoŵe is Đalled iŵŵuŶe ŵediated diaďetes ϭ ƌegioŶ ;IMDϭͿ, ǁhiĐh
ĐoŶsists fƌoŵ DR aŶd DQ alleles. This HLA geŶe ƌegioŶ plaǇs a ƌole iŶ aŶtigeŶ pƌeseŶtatioŶ
aŶd iŶitiatioŶ of iŵŵuŶe ƌespoŶse. The ŵeĐhaŶisŵs ďǇ ǁhiĐh HLA-DQ aŶd HLA-DR alleliĐ 
pƌoteiŶs eliĐit susĐeptiďilitǇ aŶd pƌoteĐtioŶ iŶ IMD aƌe Ŷot uŶdeƌstood; hoǁeǀeƌ, it is ƌea-
soŶaďle to ĐoŶsideƌ that the affiŶitǇ of islet Đell aŶtigeŶiĐ ďiŶdiŶg to theiƌ Đlefts is ƌespoŶsi-
ďle. Theƌe aƌe ŵultiple loĐi iŶ IMDϭ ƌegioŶ ĐoŶtƌiďutiŶg to susĐeptiďilitǇ: DRBϭ, DQBϭ, DQAϭ, 
aŶd DPBϭ. Theƌe is a geŶetiĐ assoĐiatioŶs hieƌaƌĐhǇ iŶ huŵaŶ iŵŵuŶe ŵediated diaďetes:
HLA-DRBϭ*Ϭϰ/DQAϭ*ϬϯϬϭ/DQBϭ*ϬϯϬϮ is the pƌedoŵiŶaŶt HLA haplotǇpe assoĐiated ǁith
susĐeptiďilitǇ iŶ IMD. HLA- DRBϭ*ϭϱ/DQAϭ*ϬϭϬϮ/ DQBϭ* ϬϲϬϮ aƌe the pƌedoŵiŶaŶt HLA 
Đlass II alleles assoĐiated ǁith pƌoteĐtioŶ. AŶalǇsis of the DRBϭ*Ϭϰ suďtǇpe is paƌtiĐulaƌlǇ
iŶfoƌŵatiǀe ďeĐause a ƌisk of IMD, assoĐiated ǁith this suďtǇpe is gƌeatlǇ ǀaƌiaďle depeŶdiŶg
oŶ the populatioŶ: diffeƌeŶt alleles aƌe iŵpoƌtaŶt as IMD ƌisk foƌ NoƌǁegiaŶs, FƌeŶĐh, SpaŶ-
iaƌds, aŶd AustƌaliaŶs. SiŵilaƌlǇ, assoĐiatioŶ ǁith stƌoŶg pƌoteĐtioŶ is also pƌoǀided ďǇ alleles
of DRBϭ*Ϭϰ suďtǇpe - aŶd agaiŶ: diffeƌeŶt alleles foƌ diffeƌeŶt populatioŶs.    

SusĐeptiďilitǇ at MHC Đlass II seeŵs to ďe a ŶeĐessaƌǇ ďut Ŷot a suffiĐieŶt pƌedisposiŶg faĐ-
toƌ. Oƌ ďǇ otheƌ eǆplaŶatioŶ, ϲϬ% of the geŶetiĐ susĐeptiďilitǇ to IMD is ĐoŶfeƌƌed ďǇ HLA.
Neaƌ the iŶsuliŶ geŶe oŶ Đhƌoŵosoŵe ϭϭ lies aŶotheƌ loĐus ;Đalled IMDϮͿ, ǁhiĐh seeŵs to
plaǇ a ƌole iŶ the leǀel of geŶe tƌaŶsĐƌipt eǆpƌessioŶ iŶ the thǇŵus. It pƌesuŵaďlǇ eliŵiŶates
iŶsuliŶ-autoƌeaĐtiǀe T Đells fƌoŵ esĐapiŶg iŶto the ĐiƌĐulatioŶ.  

Beside these tǁo loĐi, seǀeƌal ŵoƌe haǀe ďeeŶ fouŶd, ǁhiĐh giǀe ďetteƌ uŶdeƌstaŶdiŶg of
geŶetiĐ pƌedispositioŶ foƌ IMD. Soŵe of theŵ Đould iŶflueŶĐe the iŵŵuŶe ƌespoŶse iŶ geŶ-
eƌal, foƌ eǆaŵple thƌough the polǇŵoƌphisŵ of ĐǇtotoǆiĐ T-lǇŵphoĐǇte adhesioŶ ligaŶd 
;CTLA-ϰͿ. This liŶkage is Ŷot uŶdeƌstood ǁell, ďut it has ďeeŶ speĐulated that a geŶe polǇ-
ŵoƌphisŵ, iŶǀolǀiŶg aŶ AT ƌepeat at the C teƌŵiŶus at the ϯ' eŶd of the geŶe ŵaǇ affeĐt the
staďilitǇ of CTLA-ϰ ŵRNA. SiŶĐe CTLA-ϰ is iŶǀolǀed iŶ T-Đell apoptosis, less staďle CTLA-ϰ 
ŵRNA ŵaǇ lead to T Đell suƌǀiǀal ďeĐause CTLA-ϰ pƌoteiŶ is Ŷot foƌŵed.  
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ϭ.ϯ.         PathogeŶesis  

The ĐeŶtƌal ƌole of T Đells iŶ the pathogeŶesis of IMD has ďeeŶ deŵoŶstƌated iŶ seǀeƌal
ǁaǇs, foƌ eǆaŵple ǁith ŶeoŶatal thǇŵeĐtoŵǇ of ŶoŶ-oďese diaďetiĐ ŵiĐe, ǁith tƌaŶsfeƌ of T 
lǇŵphoĐǇtes fƌoŵ diaďetiĐ iŶto ŶoŶ-diaďetiĐ ŵiĐe, iŶ huŵaŶs ǁith iŵŵuŶosuppƌessiǀe 
theƌapǇ oƌ eǀeŶ ǁith ďoŶe ŵaƌƌoǁ tƌaŶsplaŶtatioŶ fƌoŵ a diaďetiĐ doŶoƌ. IMD ƌesults fƌoŵ
Đell-ŵediated autoiŵŵuŶe attaĐk diƌeĐted toǁaƌds the iŶsuliŶ-pƌoduĐiŶg islets of LaŶgeƌ-
haŶs, ǁhiĐh leads to speĐifiĐ destƌuĐtioŶ of the paŶĐƌeatiĐ ß-Đells. The pƌoĐess of destƌuĐ-
tioŶ of ß-Đells is ĐhƌoŶiĐ iŶ Ŷatuƌe, ofteŶ ďegiŶŶiŶg duƌiŶg iŶfaŶĐǇ aŶd ĐoŶtiŶuiŶg oǀeƌ the
ŵaŶǇ ŵoŶths aŶd Ǉeaƌs that folloǁ. At the tiŵe of ĐliŶiĐal diagŶosis ŵoƌe that thƌee Ƌuaƌ-
teƌs of the ß-Đells haǀe ďeeŶ destƌoǇed aŶd islets aƌe iŶfiltƌated ǁith ĐhƌoŶiĐ iŶflaŵŵatoƌǇ 
ŵoŶoŶuĐleaƌ Đells, a pƌoĐess that has ďeeŶ Đalled iŶsulitis. AŵoŶg ŵoŶoŶuĐleaƌ Đells haǀe
ďeeŶ CDϴ+ ĐǇtotoǆiĐ T Đells.  

LoŶg ďefoƌe a peƌsoŶ deǀelop diaďetes, autoaŶtiďodies to ß-Đells aŶd theiƌ aŶtigeŶs aƌe de-
teĐted. The ŵost iŵpoƌtaŶt pƌediĐtiǀe ŵaƌkeƌs foƌ IMD aƌe ĐǇtoplasŵiĐ islet Đell aŶtiďodies
;ICAͿ, glutaŵiĐ aĐid deĐaƌďoǆǇlase autoaŶtiďodies ;GADA oƌ GADϲϱͿ, iŶsuliŶ autoaŶtiďodies
;IAAͿ aŶd autoaŶtiďodies to tǇƌosiŶe-phosphatase ;iŶsuliŶoŵa assoĐiated aŶtigeŶ Ϯ, IA-Ϯ 
aŶd IA-ϮßͿ. These aŶtiďodies aƌe of sigŶifiĐaŶĐe iŶ disĐƌiŵiŶatiŶg ďetǁeeŶ diaďetes tǇpe Ϯ
aŶd so-Đalled tǇpe ϭ.ϱ diaďetes. The speĐtƌuŵ of aŶtiďodies, theiƌ aǀiditǇ aŶd affiŶitǇ distiŶ-
guish iŶdiǀiduals ǁho deǀelop diaďetes fƌoŵ those ǁho do Ŷot. AŶtigeŶiĐ aŶd epitope 
spƌeadiŶg of the autoaŶtiďodǇ ƌespoŶses is oŶe of the iŵpoƌtaŶt ŵaƌkeƌ of iŵŵiŶeŶt pƌo-
gƌessioŶ: those ǁith autoaŶtiďodies to ŵultiple aŶtigeŶs ŵost ofteŶ pƌogƌess ƌapidlǇ, ǁhile
the pƌeseŶĐe of aŶǇ oŶe of the aŶtiďodǇ aloŶe ŵaǇ Ŷot ďe pƌediĐtiǀe of the disease.  The 
IŵŵuŶologǇ of Diaďetes ǁoƌkshop aŶd IŵŵuŶologǇ of Diaďetes SoĐietǇ haǀe oƌgaŶized aŶ-
tiďodǇ staŶdaƌdizatioŶ ǁoƌkshops siŶĐe ϭϵϴϱ. SuĐh ǁoƌkshops aƌe of iŶǀaluaďle iŵpoƌtaŶĐe,
paƌtiĐulaƌlǇ ďeĐause eŶzǇŵe-liŶked iŵŵuŶosoƌďeŶt assaǇs, also used iŶ the deteĐtioŶ of 
autoaŶtiďodies iŶ diaďetes, aƌe oŶ fiƌst glaŶĐe siŵple aŶd ŶoŶ-pƌoďleŵatiĐ. The CoŵďiŶato-
ƌial Islet AutoaŶtiďodǇ Woƌkshop has deŵoŶstƌated that oŶlǇ the use of a ĐoŵďiŶatioŶ of
autoaŶtiďodǇ assaǇs has ŵade it possiďle foƌ seǀeƌal laďoƌatoƌies to aĐhieǀe eǆĐelleŶt dis-
ĐƌiŵiŶatioŶ ďetǁeeŶ diaďetiĐ aŶd ĐoŶtƌol seƌa. It has ďeeŶ deŵoŶstƌated that GADϲϱ aŶd
IA-Ϯ haǀe a high diagŶostiĐ seŶsitiǀitǇ aŶd speĐifiĐitǇ foƌ IMD. It should ďe stƌessed that iŶ
situatioŶs ǁheƌe a seƌologiĐ ŵaƌkeƌ Đould pƌeĐede the ĐliŶiĐal featuƌes of the disease foƌ
seǀeƌal Ǉeaƌs, it is ǀeƌǇ diffiĐult to deĐide ǁhetheƌ suĐh a ŵaƌkeƌ ďeloŶgs to a suďset of the
healthǇ populatioŶ oƌ is iŶdeed ŵaƌkeƌ of the deǀelopiŶg disease. So the data aďout diag-
ŶostiĐ speĐifiĐitǇ aŶd diagŶostiĐ seŶsitiǀitǇ should ďe eǀaluated ĐoŶsideƌiŶg a folloǁ up of
seƌologiĐallǇ positiǀe iŶdiǀiduals. This ǀieǁ is eǀeŶ ŵoƌe iŵpoƌtaŶt, if ǁe kŶoǁ that autoaŶ-
tiďodies aƌe Ŷot suited to deteĐt ĐliŶiĐallǇ oǀeƌt diaďetes. IŶ suĐh ĐoŶditioŶs, diagŶosis is es-
taďlished oŶ the ďasis of ĐliŶiĐal aŶd ŵetaďoliĐ Đƌiteƌia. 

The eǆaĐt ŵeĐhaŶisŵ iŶǀolǀed iŶ the iŶitiatioŶ aŶd pƌogƌessioŶ of ß-Đell destƌuĐtioŶ is still 
uŶĐleaƌ. The pƌeseŶtatioŶ of ß-Đell-speĐifiĐ autoaŶtigeŶs ďǇ aŶtigeŶ pƌeseŶtiŶg Đells ;APCͿ to
CDϰ+ helpeƌ T Đells iŶ assoĐiatioŶ ǁith MHC Đlass II ŵoleĐules is ĐoŶsideƌed to ďe the fiƌst
step. Both suďsets of CDϰ+ aŶd CDϴ+ T Đells aƌe ƌeƋuiƌed foƌ islet iŶǀasioŶ aŶd ß-Đell de-
stƌuĐtioŶ. Hoǁeǀeƌ, the ƌelatiǀe ĐoŶtƌiďutioŶ of eaĐh suďset to tƌiggeƌ the diaďetes is Ŷot 
Đleaƌ. MaĐƌophages stiŵulate the CDϰ+ T Đells ďǇ iŶteƌleukiŶ ;ILͿ ϭϮ to seĐƌete iŶteƌfeƌoŶ
;IFNͿ g aŶd ILϮ. IFNg stiŵulates ƌestiŶg ŵaĐƌophages to seĐƌete tuŵoƌ ŶeĐƌosis faĐtoƌ aŶd
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fƌee ƌadiĐals, ǁhiĐh aƌe toǆiĐ to ß-Đells. Otheƌ ĐǇtokiŶes stiŵulate ŵigƌatioŶ of CDϴ+ ĐǇto-
toǆiĐ T Đells, ǁhiĐh Đause, ƌeĐogŶiziŶg the autoaŶtigeŶs oŶ ß-Đells togetheƌ ǁith MHC Đlass I 
ŵoleĐules, theiƌ daŵage.  

DefeĐtiǀe MHC Đlass I self-peptide pƌeseŶtatioŶ Đould ďe the ƌesult of ǁƌoŶg tƌaŶsĐƌiptioŶ
aŶd/oƌ tƌaŶslatioŶ of aŶ iŶduĐiďle pƌotease suďuŶit of the pƌoteasoŵe kŶoǁŶ as LMPϮ. The
pƌoteasoŵe is a giaŶt ŵultisuďuŶit ATP-depeŶdeŶt pƌotease, oŶe of ǁhose fuŶĐtioŶs is a
degƌadatioŶ of iŶtƌaĐellulaƌ aŶtigeŶ foƌ pƌeseŶtiŶg iŶ the MHC Đlass I.  It has ďeeŶ shoǁŶ iŶ 
ŶoŶ-oďese diaďetiĐ ŵiĐe that the defeĐtiǀe eǆpƌessioŶ iŶteƌƌupts the pƌoteolǇtiĐ pƌoĐessiŶg
of NF-κB, a tƌaŶsĐƌiptioŶ faĐtoƌ ĐeŶtƌal to effeĐtiǀe lǇŵphoĐǇtiĐ ŵatuƌatioŶ, Ŷoƌŵal ƌegula-
tioŶ of T Đell ĐǇtokiŶe pƌoduĐtioŶ aŶd pƌoteĐtioŶ of T Đells fƌoŵ apoptosis. DiaďetiĐ huŵaŶ 
suďjeĐts haǀe defeĐtiǀe aŶtigeŶ pƌeseŶtatioŶ, defeĐtiǀe iŶ ǀitƌo pƌoteasoŵe pƌoĐessiŶg of
test suďstƌates aŶd iŶteƌƌupted MHC Đlass I displaǇ of self-peptides ǁith pooƌ T Đell seleĐ-
tioŶ.  

ϭ.ϰ.         IŵŵuŶologiĐal ŵodels  

CǇtokiŶes aƌe ǀeƌǇ iŵpoƌtaŶt iŶ ĐoŶtƌolliŶg the deǀelopŵeŶt of the iŵŵuŶe ƌespoŶse. TheǇ
ŵodulate the diffeƌeŶtiatioŶ aŶd diǀisioŶ of haeŵatopoietiĐ steŵ Đells aŶd aĐtiǀatioŶ of
lǇŵphoĐǇtes aŶd phagoĐǇtes. TheǇ aƌe of ĐƌuĐial iŵpoƌtaŶĐe iŶ tƌiggeƌiŶg oƌ peƌpetuatiŶg 
iŵŵuŶe diseases iŶĐludiŶg IMD. T helpeƌ Đells aƌe diffeƌeŶtiaďle ďǇ theiƌ ĐheŵokiŶe ƌeĐep-
toƌs aŶd the ĐǇtokiŶes theǇ seĐƌete. IFN a aŶd IL Ϯ, seĐƌeted ďǇ T helpeƌ Đells ϭ ;ThϭͿ, pƌo-
ŵote Đell-ŵediated iŵŵuŶitǇ. IL ϰ aŶd IL ϭϬ seĐƌeted ďǇ T helpeƌ Đells Ϯ ;ThϮͿ, doǁŶ-
ƌegulate Thϭ Đell aĐtiǀitǇ aŶd aƌe ŵaiŶlǇ iŶǀolǀed iŶ huŵoƌal iŵŵuŶitǇ. Thϭ Đells ŵight pƌo-
ŵote disease aŶd ThϮ ŵight ďe pƌoteĐtiǀe iŶ the pƌoĐess of autoiŵŵuŶe ƌeaĐtioŶ. UŶfoƌtu-
ŶatelǇ, soŵe pathogeŶiĐ Thϭ Đells haǀe ďeeŶ shoǁŶ to ďe diaďetogeŶiĐ afteƌ sǁitĐhiŶg to 
ThϮ tǇpe also. B-lǇŵphoĐǇtes ŵight haǀe iŶ this stoƌǇ ŵoƌe iŶflueŶĐe oŶ the pathogeŶesis of
diaďetes ďǇ pƌeseŶtiŶg autoaŶtigeŶs to CDϰ+ Đells thaŶ ďǇ seĐƌetiŶg autoaŶtiďodies.   

Natuƌal killeƌ T Đells  ;NK-TͿ aƌe aďle to ƌapidlǇ pƌoduĐe laƌge aŵouŶts of ĐǇtokiŶes, suggest-
iŶg that these Đells plaǇ a ƌole iŶ ƌegulatiŶg the speed of iŵŵuŶe ƌespoŶses. TheǇ ĐaŶ spe-
ĐifiĐallǇ ƌeĐogŶize the huŵaŶ Đlusteƌ of diffeƌeŶtiatioŶ ϭ ;CDϭͿ ŵoleĐules. CDϭ haǀe ďeeŶ
ĐhaƌaĐteƌized as aŶtigeŶ-pƌeseŶtiŶg ŵoleĐules that Ŷot ďeloŶg to MHC Đlasses. TheǇ aƌe
siŵilaƌ to MHC Đlass I ŵoleĐules aŶd aƌe pƌoŵiŶeŶtlǇ eǆpƌessed oŶ speĐialized APC. The
poĐket of aŶtigeŶ-ďiŶdiŶg gƌooǀe of CDϭ is ĐoŶstituted ďǇ hǇdƌophoďiĐ ƌesidues, suggestiŶg
that the aŶtigeŶs pƌeseŶted ďǇ CDϭ aƌe Ŷot peptides, ďut ƌatheƌ lipids aŶd glǇĐolipids. NK-T 
Đells haǀe ďeeŶ ƌeĐogŶize as a ŵajoƌ souƌĐe of IL ϰ oŶ pƌiŵaƌǇ aŶtigeŶiĐ stiŵulatioŶ, aŶd ĐaŶ
ďe autoƌeaĐtiǀe iŶ ǀitƌo foƌ CDϭ ŵoleĐules iŶ the aďseŶĐe of eǆogeŶous aŶtigeŶs. It has ďeeŶ 
suggested that NK-T Đells aƌe iŵpoƌtaŶt as ƌegulatoƌǇ Đells iŶ autoiŵŵuŶe diseases. EaƌlǇ
defeĐt iŶ NK-T Đells Đould lead to the geŶesis of autoiŵŵuŶitǇ thƌough a defiĐieŶĐǇ iŶ ThϮ
Đell fuŶĐtioŶ.  

Loss of self-toleƌaŶĐe Đould alloǁ autoƌeaĐtiǀe eleŵeŶts to esĐape the eƌadiĐatioŶ ďǇ the 
pƌoĐess of Ŷegatiǀe seleĐtioŶ oĐĐuƌƌiŶg iŶ the thǇŵus. Studies iŶ aŶiŵal ŵodels haǀe shoǁŶ
that aŶǇ healthǇ iŵŵuŶe sǇsteŵ ĐoŶtaiŶs poteŶtiallǇ auto-aggƌessiǀe T Đells. EǀeŶ that self-
toleƌaŶĐe is aďsolutelǇ ƌeƋuiƌed foƌ ŵaiŶteŶaŶĐe of good health, it has ďeeŶ iŶfeƌƌed that
the ŵeĐhaŶisŵ of thǇŵiĐ toleƌaŶĐe though sophistiĐated is Ŷot a peƌfeĐt oŶe. So, the Ƌues-
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tioŶ is Ŷot ͞haǀe ǁe oƌ haǀe ǁe Ŷot poteŶtiallǇ auto-aggƌessiǀe T Đells͟ ďut hoǁ ĐaŶ theiƌ 
aĐtiǀatioŶ ďe pƌeǀeŶted?  

Apoptosis has ďeeŶ tƌaditioŶallǇ thought of as a ŶoŶ-iŶflaŵŵatoƌǇ pƌoĐess, ǁhiĐh does Ŷot 
iŶduĐe aŶ iŵŵuŶe ƌespoŶse. Apoptosis is iŶǀolǀed iŶ Ŷegatiǀe seleĐtioŶ iŶ the thǇŵus, iŶ
deletioŶ of stƌuĐtuƌes that aƌe Ŷeeded eǆĐlusiǀelǇ duƌiŶg oŶe stage of deǀelopŵeŶt, iŶ tis-
sue hoŵeostasis, ǁheƌe apoptosis aĐts as a ĐouŶteƌďalaŶĐe of pƌolifeƌatioŶ to ŵaiŶtaiŶ tis-
sue size. Hoǁeǀeƌ, ƌeĐeŶt studies iŶdiĐate that apoptotiĐ Đells ĐaŶ ďe iŶǀolǀed iŶ iŵŵuŶe
pƌoĐesses. TheǇ ĐaŶ displaǇ autoƌeaĐtiǀe aŶtigeŶ iŶ theiƌ suƌfaĐe ďleďs, theǇ ĐaŶ aĐtiǀate 
deŶdƌitiĐ Đells aŶd theǇ ĐaŶ iŶduĐe the foƌŵatioŶ of autoaŶtiďodies. These fiŶdiŶgs suggest
that the ŶeoŶatal ǁaǀe of ß-Đell apoptosis ŵaǇ pƌoǀide autoaŶtigeŶ ŶeĐessaƌǇ foƌ tƌiggeƌiŶg
ß-Đell diƌeĐted autoiŵŵuŶitǇ.  

MoleĐulaƌ ŵiŵiĐƌǇ ƌeĐeiǀed ĐoŶsideƌaďle atteŶtioŶ ǁheŶ the aĐtiǀatioŶ of autoƌeaĐtiǀe T
Đells ǁas ƌepoƌted to ďe assoĐiated ǁith the oŶset of seǀeƌal diseases. MoleĐulaƌ ŵiŵiĐƌǇ
postulates that stƌuĐtuƌal siŵilaƌitǇ oĐĐuƌs ďetǁeeŶ pathogeŶ epitopes aŶd self-pƌoteiŶs of 
the host. AutoiŵŵuŶitǇ ŵaǇ oĐĐuƌ ǁheŶ T Đell ƌeaĐtiǀitǇ to aŶ iŶfeĐtiŶg pathogeŶ ƌesults iŶ
the aĐtiǀatioŶ aŶd eǆpaŶsioŶ of T Đells Đƌoss-ƌeaĐtiǀe agaiŶst a ďiologiĐallǇ ƌeleǀaŶt epitope 
of aŶ autoaŶtigeŶ. Theƌe is soŵe eǀideŶĐe that Đould suppoƌt the iŶǀolǀeŵeŶt of ŵoleĐulaƌ 
ŵiŵiĐƌǇ. A stƌetĐh of ϲ aŵiŶo aĐids ;PEVKEKͿ is shaƌed ďǇ the islet Đell aŶtigeŶ GADϲϱ aŶd a
pƌoteiŶ iŶǀolǀed iŶ CVBϰ ǀiƌus ƌepliĐatioŶ. The shaƌed Đƌoss-ƌeaĐtiǀe epitope is iŵŵu-
ŶodoŵiŶaŶt GAD epitope iŶ Ϯϱ% ŶeǁlǇ diagŶosed diaďetiĐ patieŶts. IŵŵuŶodoŵiŶaŶt epi-
tope oŶ the pƌoteiŶ IA-Ϯ had ϱϲ% ideŶtitǇ aŶd ϭϬϬ% siŵilaƌitǇ foƌ ϵ aŵiŶo aĐids of a ŵajoƌ
iŵŵuŶogeŶiĐ pƌoteiŶ of huŵaŶ ƌotaǀiƌus.  

UŶlike ĐoŶǀeŶtioŶal aŶtigeŶs, supeƌaŶtigeŶs ďiŶd outside the MHC-ďiŶdiŶg gƌooǀes oŶ APCs 
ĐoŶŶeĐtiŶg the Vß poƌtioŶ of the T Đell ƌeĐeptoƌs ;TCRͿ. BeĐause the TCR ƌepeƌtoiƌe eŶĐoŵ-
passes a liŵited Ŷuŵďeƌ of faŵilies ǁith Vß eleŵeŶts ǀeƌǇ siŵilaƌ iŶ seƋueŶĐe, aŶǇ supeƌaŶ-
tigeŶ is Đapaďle to aĐtiǀate a laƌge fƌaĐtioŶ of the ĐiƌĐulatiŶg T Đells - up to ϯϬ% ǁhat is seǀ-
eƌal thousaŶd tiŵes ŵoƌe thaŶ ĐoŶǀeŶtioŶal aŶtigeŶs.  

ϭ.ϱ.         EŶviroŶŵeŶtal faĐtors  

With the last iŵŵuŶologiĐal ŵodels of IMD tƌiggeƌiŶg soŵe of the possiďle eŶǀiƌoŶŵeŶtal
faĐtoƌs ǁeƌe ŵeŶtioŶed. Both supeƌaŶtigeŶs aŶd ŵoleĐulaƌ ŵiŵiĐƌǇ iŶĐlude iŶfeĐtioŶ. Seǀ-
eƌal studies haǀe ƌepoƌted a ǀiƌal etiologǇ assoĐiated ǁith IMD, of ǁhiĐh ĐoŶgeŶital ƌuďella
is ĐliŶiĐallǇ estaďlished. Otheƌ ĐaŶdidates aƌe ƌotaǀiƌuses, ƌetƌoǀiƌuses, CoǆsaĐkie B, heƌpes-
ǀiƌuses, ĐǇtoŵegaloǀiƌus, ŵeasles, hepatitis C aŶd the ďaĐteƌiuŵ Haeŵophilus iŶflueŶzae. It 
Đould ďe ĐoŶŶeĐted ǁith ǀiƌal iŶfeĐtioŶ iŶ ǀeƌǇ eaƌlǇ Đhildhood, aŶd that ĐhildƌeŶ ǁho ǁeƌe
ďƌeast-feediŶg ƌaƌelǇ get IMD iŶ ĐoŶtƌast ǁith those ǁho ǁeƌe Ŷot ďƌeast-feediŶg oƌ ǁeƌe 
ďƌeast feediŶg foƌ a ǀeƌǇ shoƌt tiŵe.  

NoŶ-aŶtigeŶiĐ speĐifiĐ ŵeĐhaŶisŵ of T Đell aĐtiǀatioŶ has ďeeŶ pƌoposed to ďe iŶǀolǀed iŶ
the pathogeŶesis of IMD. Viƌus iŶfeĐtioŶ Đould loĐallǇ Đƌeate pƌo-iŶflaŵŵatoƌǇ ŵilieu faǀoƌ-
iŶg the diffeƌeŶtiatioŶ of Thϭ tǇpe ĐǇtokiŶes aŶd ƌeĐƌuitŵeŶt of ŵaĐƌophages aŶd otheƌ 
iŵŵuŶe ƌespoŶdiŶg Đells.  
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ϭ.ϲ.         CoŶĐlusioŶ  

The Ŷuŵďeƌ of people affliĐted ďǇ IMD ĐoŶtiŶues to iŶĐƌease at aŶ eǆtƌeŵelǇ high ƌate. The
ƌeasoŶs foƌ this ĐaŶ ďe Ŷot oŶlǇ geŶetiĐ aŶd Ŷot oŶlǇ eŶǀiƌoŶŵeŶtal faĐtoƌs. The ŵost iŵ-
poƌtaŶt loŶg-teƌŵ goal of the ƌeseaƌĐh oŶ IMD is to uŶdeƌstaŶd the iŵŵuŶopathologiĐal
ďasis of this disease. A Đoŵplete uŶdeƌstaŶdiŶg of the geŶesis of IMD ǁill ďe pƌoďaďlǇ
aĐhieǀed fƌoŵ the ĐoŵpƌeheŶsioŶ of the Đoŵpleǆ iŶteƌaĐtioŶ aŵoŶgst diffeƌeŶt eǀeŶts that 
aƌe still oŶlǇ paƌtiallǇ kŶoǁŶ aŶd Ŷot fƌoŵ the aŶalǇsis of a siŶgle Đausatiǀe faĐtoƌ.  
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