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Abstract

Type 1 diabetes mellitus (T1D) is a chronic
autoimmune disease characterized by selective
destruction of pancreatic islet g-cells causing
insulin deficiency, T1D has been shown to be a
polygenic trait, associated with several loci, among
which the human leukocyte antigen (HLA) region
accounts for 40% of the genetic risk to develop T1D,
The B-cell autoimmune response is triggered by
environmental or unknown events in the pre-
disposing genetic background, The triggers of
autoimmunity can lead to a localized imbalance
between regulatory T cells and autoimmune effec-
tor T cells. The macrophages and autoreactive
lymphocytes infiltrate the islets and the interaction
of B-cells and immune cells leads to induction-
amplification of insulitis and loss of 3-cells, T cells
destroy pB-cells in a direct cytotoxic manner or

influence the induction of 3-cell apoptosis through
the release of cytotoxic molecules, such as cyto-
kines, The autoimmune process progresses sub-
clinically for many years in the majority of patients,
and clinical symptom do not appear until more than
80% of 3-cells have been destroyed.

Although no current “cure” exists, there is amajor
effort to develop immunotherapies to prevent or
halt the disorder that still requires much research to
fully understand exact triggering events leading to
autoimmune activation_ Other strategies involve 3-
cell replacement by islet transplantation, but re-
searchs to enhance the islet mass transplanted and
preserve p-cell function are necessary,

Key Words: Pancreatic 3-cell, Type 1 diabetes mellitus,
Autoimmunity, Apoptosis, Preventive trial

ME

Type 1 diabetes (T1D)& HAA AR Y] o] Fo 2 %
o] Z&(islenolr JdEdE YAoh= B-cello] ez o
2 gIsiA A7]e WA A7PE Y Agoltt TID & &
A 717k AF7IZEE AA B-cello] ThFet 27 A
A G HAH1 7ol o3f o] & o] S -cell
o] 9 H o]Fofof nPFo] WAsto] Xk FAHE
A dede eJE&sljof gttt f-cello] A= HFE W
Qofl ukz} SAA|ofl AA 25 5= 9lrk(Table 1).'

TIDE F2 F34 02 &30 e ARl AIA T st
B2 7Z+eAg- ARk (susceptibility gene) B 5-&-AA17t9]
(protective gene) a2H-8-0] Q= Ae|olx] uvlo]zx,
toxic chemical agents®&-2 4% Qo] f-cellol thgt
A7V A29& A3 (triggering) Ak’ A7HA o] 24
3lEEA Awol HapA o g2 t A E(macrophages), &
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Table 1. A Modern model of the natural history of type 1 diabetes and intervention trials according to the stage

Immunotherapy or interventions
. Pathogenesis/ Prevention ftrials (1) Antigen-specific approaches
§ . *
Triggers S Clinical characteristics A -cell mass Ab (target/aims) (2) Antigen-nonspecific
approaches
— I-I-I H
£ o 1 p g P ; Y Normal — | 1° (Block autoimmunity) NIP (Omega-3 fatty acid),
@ =} resistance (Genetically at . . .
3 ) Pre-Point (Oral insulin)
O |z @ risk)
< o 3
g |[2& Variable insuliti
3 c 2
e |2 = ariable ISultls Slowly 2° (Block beta cell destruc-
g |3 @ 2 | Autoimmunity, Antibody decline + tion)
§" | &3 positive (1) DPT-1 (Oral Insulin),
1 P e GAD immunization
: & B-cell sensitivity to injury Decline (2) ENDIT (Nicotinamide)
: 3 | Loss of FPIR(IVGTT)** ) + | 2° (Block hyperglycemia)
! . (pre-diabetes)
N B-cell destruction
(1) GAD in new onset T1D,
ti-CD3, CTLA-4-g, Anti-
Complete loss of S-cells . @) anti ’ . g AN
? 4 | Glucose intolerance Overt diabetes +/—| 3° (Preserve B-cell function) hymocyte  globulin (ATG),
- Early in clinical disease (<20%) [MMF " +Daclizumabl, [IL-2
y +Rapamycin], [anti-CD3+
N GLP-17]
? ? 5 | C-peptide below detection " +/—13° (Stop complications) Islet transplantation

$S, Stage; *Ab, Autoantibody; **First phase insulin release (IV glucose tolerance test); 'MMF, Mycophenolate mofetil; *GLP-1,

glucagon like peptide-1

Aste APk odubt(activated,  self-reactive  lym-
phocytes)7} &A&3le], A% Q(insulitis)o] 2= HY
MEEO] B-cellE AAZ o g 225} o] death effector
molecules& BH)5}o] B-cellS w73t} ’ 28y} o]3 &
T o] g o] B-cello] == AL A SA7E A
o] @ de] AA 3 d 7 L o} A7A] QA o] A=
Aol 18 = vk (reversal) 1575 AT gl W
o] glt}. o] Al7]dl] TID2] EA<l A% 9] 2}7}?'«5

antigen) o] ti3t 27}8HA] (autoantibody) & 9
of[¢]l, insulin, glutamic acid decarbosylase—65 (GAD-

2 (auto-
s}

65), islet-cell antigen-2 (IA-2)], 3% T1D H‘/‘E 7}1‘—/\45-’4
| &3 5 e}’ f-cell AbEo] I A A& Buls
o] "oz 1L ¥ o] WAigITt Xk AP oll= O]U] 7
o] B-cello] 37 € Fefet B2 HA & UL 3
of Hr},

upebA] TID ek Al o o] de] f-cell &A1& FAA

718e IAdT7 gk T2 EER XY Qo &=
3 TIDE GAA 7404 Axe) Al Ao g Ad

029 A 7K o
A A oyatels
TID®] %<1 ol 71_
ol tig 2712 s,

= &
1. Stage 1: Genetic predisposition
TIDL @
e %4 vl$- =831(d), IPEX syndrome, APS-1 syn-
drome, X-linked polyendocrinopathy) th7l| t}ekst -2
Aol £35Sl Ageol Fur grAl £44 EE BT
$AATE) TG ol 2 4ol 7)ofaks hr
A4 ABoltt 84 AL Ahulo] sy A v
AR, Akrelo] e Fok Jakg vEL} TID
o ZA4AS FE SHAE HLA (Human leukocyte

TT e Tuow
antigen complex) (Insulin dependent diabetes mellitus

42} o]Ael monogenic inheritanceZ
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1, IDDMI), insulin-VNIR (variable number tandem
repeat) (IDDM2)o] 5 23}aL, o] 2 lociz} A9 7|08}
© A= 77t 42%,10%0]ch, L 9]of| CTLA4 (IDDM12)
(cytotoxic T-lymphocyte-associated protein),4 IFTH1
(interferon induced with helicase C domain 1), ITPR3
(inositol 1, 4, 5-triphosphate receptor 3), IL-2 receptor,
PTPN22 (protein tyrosine phosphatase, nonreceptor
type 22)22 YA minor IDDM {73327} #Rlel| 7]
Cis=

vz 7]do] AFE TID #Z¢A #da HLA
cluster MHC complex®] polymorphic regionsel ]3|
ZAA ==t HLA DR/DQ alleleso] thiEZolct, DQS
chain®] position 57¢] neutral amino acid (non-Asp-57;
alanine, valine, B3 serine)o|™ T1D3} 73t o] gl
3, ¥hE DQPchain®] position 570] aspartic acid
(Asp-57)o]¥ T1De|| Z ZAg]A| ¢=t}. DQ molecule]
position 57¢] amino acid residuee]] we} 3-U-A3 HA]
o] 7+x2 H3l= o7 diabetogenic peptide(s)o]| that
class I molecule 213}&g HEA7|LDQa 9t DQ
chains?] regulatory genes®] ZAAH(transcription) o]
weh 9 Aol G vF £ 7] wEoldt” TID
o =Tt =& dEAY A4S DR3/4 heterozy-
goteo| ] WEkA 71Edo] gl= 74 24 B HIA 74
4GS AAkste] 2wl tigk 2A7HE Y] Qe DAlE
ANFTE FHEsto] SA Aol oAl < giot

et st #E A7 ol A HHA AA

A7t .

2. Stage 2: Triggering of autoimmunity/Acti-
vation of autoimmunity and insulitis (Fig. 1)

TID 244 42042 BAE 490 Ahace 45
Sh= QAL Qlofok =t o]F syt BF 810w B-
cello] gt A7pA S 7RA3Hc} Dietary compounds
(cow’s milk, cereals, wheat gluten, soy products fats,
T+ omega-3 fatty acids), HJEF] A3, N-nitroso com-
pounds, TFeFs} toxins, Coxsackie B, rotavirus, rubella

wfolel 2 o] A7MA AL triggerd 4 it

Hpo|EAE S2EQ AEE HSIA[A HYA2F o] o]
£ #3702 Qs wHEar, Eu]H self peptidest &4
A A A E ol (antigen-presenting cell, APC) 9]3}] 7188 %
Aut-oll AAE. TIDAA B4 27FI GAD
peptidesi= Coxsackie B virus®] P2-C viral sequence,
rotavirus®] major outer capsid protein® molecular
mimicryZ} 94tk vh$-20f] homologous coxsackie viral
sequencesE o]-83 immunizationE sHH GAD pep-
tides9} 23} WH-33H= T A2 HY WH-& {8 &= glog,
viral homology7} self proteinse]] th3t W3S F=8 4=
Qthe A "}

e I 3 A7bA] shue] S 330271 &
T Hoke @730 A= A 2t
A A5 aln, o G wjolzls 2hedo] ofd Be) o
A i AQl 9ol TID WA ol 7] gt

9 TIDAA B4R Al g3, AAA £
o] ZHo](immune deregulation) A7PiHE- T A E2
A3l 24 TH| E(regulatory T cell, Treg)2] JAIE &
] 2p7bE A of] 7] odgiet

B cells 3= 27| 29712 Us 5 9id.

O Phase 1, #5%4 254 %7|(early induction): T1D
e % 7)o WM} A% B/ Aa3A
A= gs gt NOD vhe-29| (A7 Y B vk
25d) Fud e Al Aol A5 Fashs AlEe A
AEola B54e] Q4Fg fuaitt® A2} 243}
HH 9 microenvironmentd]| nitrogen, oxygen free
radicals, G543 ROIEFIRIE FHlste] = AEE AH
EAIIAY T AZEY S S3AA AZ2E3S TN
At NOD wh¢-2ollA M £} glomd fB-cell-
cytotoxic T MZ 2] B3l7} dojupA] er=ct " Zu &7
= apoptotic f-cello] ZH =M o]2}8 <l necrosisZ 3
3P =lo] A E A Toll-like receptor 2 (TLR2)-E E3l
ZHA =]o] TNF AA-S triggerdl] autoreactive T M| EZS T
SO GASIAIA AP 135 T ASHAIA A7FEY
g 4ol 7]ofaiA ok 2 o] dAA 27
Hhgo] AR EHH Ang BES 4 glr) o]#e 27
] BeE F314 WA dE 93 vt

@ Phase 2, 2% A7IHAAY 33 IH (amplifica-
tion): Adaptive immune response& 33 x|£7]
QA A7HE Y wheS doitt TID X ell= hAAE,

(E gR of

-
i
=
[}
9
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Fig. 1. Pathogenesis of type 1 diabetes. In a genetically susceptible individual,
the environmental or other triggers can lead to immunologic imbalance between
pathogenic effector T cells and suppressive regulatory T cells which provoke
autoimmune responses to 3 -cell antigens. The cytotoxic CD8+ T cells cause /8
cell damage via the perforin/granzyme system. The liberated S -cell antigens taken
up by APC are delivered to pancreatic lymph nodes where CD4+ naive T cells
are activated by APC. The autoreactive CD4+ T cells migrate to the insulitis lesion
where they induce S -cell apoptosis via collaboration with macrophages through
multiple cytokine synergism. Abbreviations: Ag, antigen; APC, antigen presenting
cell; CTL, cytotoxic T lymphocyte; IFN- 7, interferon 7; IL-14, interleukin 13;
MQ, macrophage; PLN, pancreatic lymph node; T, T cell; TNF-a, tumor necrosis

factor «.

CD8" (MHC classl restricted)®} CD4 " (MHC classII re-
stricted) TAIZ7} ¥olghel.” T Jui79} B Jub7t 2%
W A= oz, A7kl gk W ukgo] A=
= B-cell 93] E 7jAIgct. TID WRlo] FeYstH, 54
Fd A= solvta, SARFAY AR 7] (epitope)

HE St Ahacel 7kt T ALE A7PAS S
= A9l 25 A7FF 0 2 NOD h¢-2oAfs
o g Aol /g Fastch o]

$2 AR 259, TR AL B2 37

4

ol Zp7}aFd 9] epitope spreadingg 2o} 3145 271k
of thgt AT whs 4 kel islet specific glu-
cose-6-phosphatase-related protein, GAD, IA-2, pan-
creatic B -cell-specific zinc transporter (ZnT-8))."

33 CD4 effector THEE B A X2 A7}
A3} H(diabetogenic) B QJub77F B-cell 2334
A7 A4aAE o} =eto] glert APCe) 7o) 3]
o] diabetogenic CD4 " T AEE S48 4= girkar Ue]
ot vk 4se B QT 2% gl td A}



172 Hanyang Medical Reviews Vol 29 No, 2, 2009

2

o,

gttt QoA o]& o] &3l TIDE Xlaat=
P ok ALl A 18 A A s
o} 2 Al 2o] A1ZHE T1D2] 90%9l|A] 1714] o]
AZVA7 B = 2714 oo A7t A7 v
Hogo] JyL o =d £ girk.” 8kA7 TIDO] ¢
WEo] w2 Agolg} ot ke FAA X8E 9
A7VA 23Eds BE Aol 488 F 98A, &
24 A, v, AA dupt 25 232 sof A o
= TAZE Aok, =3 A7FHA7E 88 ARE o] AR
T EFe] FYHIL e A% FH 7173E whgEtA

W, ok

e &
me AN ogh
ok

<
1o, o.?’_, rl]{o
.

]

AL (2 ook
N

(2

23 @A B FYsE ARl ueh

9 AT AeE A 718 P, ATEYA

2 24T # 9 AZE 710l AEslolok
Regulation via T cells

T1Do|A Treg2](CD25 molecule) o)A wjEd]| self-
reactive HWF3-0] ZASLE| T self -protective H Y Hh
2 Faete Ed ol 2jEo] B-cell 37} X H
t}. Trege TID, A7}AY A3 Aol Fo3 2842
2183 T A3 o} ot} &3l effector T ME9] IL-
2 activation pathwaysZ 2o}l A& AA|st= HIzd
A=, TIDEAA Treg A= A4 73 w55y
AA 7)%0] AHrt” NOD w20 Treg® adoptive
transfer A& st TIDY 744, & FA7e}. 12
U Algtellx o] Bdhs= obF] A7t | Hol gl whebA
2ol TregE 512 5 & WA o] & o] &gt a5
AAEI AT Folct

A natural killer T (NKT) cells 843} 5H [L-42
A3 T helper 1 type responses (inflammatory) &
ABFAL T helper 2 type responses (inhibitory) S %13k
t} TIDEAFA NKT cells®] 27} 7Had] i, 1L-4 A
2, #Hlso] BolXt}, TregA ¥ NKT cells& NOD |-
20| adoptive transfer AL 3HH T1D 7)A], IS o
Ager”

3. Stage 3: Progressive [3-cell destruction

T1D trigger= o2} EH 8] Wra| | A] FUAT B -cello]
B EE 7|HE F2 G4stE AIAE w7 Q1% 5-
cell apoptosisel 7121k} 22 B oA A EE
APCO| 9%HE atr, f-cell & A JHaiA A8t

of o] A32 B -cell-cytotoxic CD8+THEE A5t
autoreactive CD4 “effector THES A8 BT A 2=
F7HA 71402 B-cellE 973t} 1) Contact-depend-
ent cytotoxicity; cytotoxic T HE7} -cellE A £4
AZITHCD4 " TS Fas/FasL, CD8 T} perfo-
rin/ granzyme),6 2) Contact-independent cell death;
cytotoxic moleculesS #H]3| (reactive oxygen and
nitrogen species, pro-inflammatory cytokines) /3 -cell
I E gttt ojuf thAANE7} APCEA 9] 7] &9
oxygen radicals¥} &34 MEZA F7|EZ(soluble
cytotoxic mediators)S #H|3Fe] AEHe| microen-
vironmentE 243ttt " @438l E CD4 T AE oA By
HE Ao|EFIQIEL interleukin 1 (IL-1), interferon ¥
(IFN-7), tumor necrosis factor @ (TNF-a )7} 9131, o]
£ 95 B AUAFORE MEEAS FEdt AoE
7H1& B-Cell MEMAIZ F8-A ol ARF 71552 Folk
endoplasmic reticulum stress, apoptosisZ -§2+atc} *
B -cell APE o] IFN- 7 3} TNF-a o] AJUA|&E == 1118
9} TNF-a 2] A A]Z0] 7383} death effectors® ZH-8-5}
=4 o]52] death signald] gt signal transduction?]
A 7170 FYstA et Apoptosis®] 2R,
nuclear factor-«B (NF-«B)7} cytokine-induced £-
cell death®] vfAH A9 A2 dH AT}, B -cell apoptosis
& Yo7 TNF-a /IFN-y AlUAE oAz, TNF-a
o] t-3-3 anti-apoptotic processZ NF-« B7} &413} %]
o] antiapoptotic X-linked inhibitor of apoptosis (XIAP)
o] up-regulation EA|g} o] XIAP induction2 IFN-y
of 93t signal transducer and activator of transcription-
1 (STAT1) &Adslol| of3 JA|=]o], TNF-a /IFN-7 sy-
nergismo]| &J3 B-cell death 7] oA NF-«BE anti-
apoptosis2 Z-g-gttt ! Tt AxoA 118 ¢ o4
841318 NE- £ BE apoptosisE S7HAZIL > o2lg 4
HlE B 3= death effectors, AlE 257, AE APE 12
Zpolell 71918 < Slct. whebA] NF- « B7} Bt o] WA of
A& JEFL in vivo RN E AW O, AE FF,
AEFH 9 microenvironmentol] &3] TIDLE B3 =
RS A8s @ 7 AOER NF-wB #4e 24

St oAl ekt glold Fad ol47h



4. Stage 4 & 5: Overt diabetes/Insulin depen-
dence with loss of almost all islet 3 cells

B -cell mass 7} 20% o]3l2 dolol= AH 2 osd B
H5o] gloemg HF dks Hsixe HAR ded
257} asi}, o] Al7]dl A% o] 4] (islet transplan-
tation) Lgld & 4 9ot 717 gAY “Edmonton
Ho oA =2 EZ(daclizumab+sirolimus+ tacrolimus/
ZH2ol= HiA]) e A% o] sd AFEO] 20%°]
o * FT o AFE ALS HESE WHo T A% 2]
S oA AR E Aslete B, el A% apop-
tosis HHA], islet encapsulation® 2 WA A S k=
W AL o]2] 3 glucagon like peptide-1 (GLP-1)2.2
A% F3E(slet mass) SAA71E B F 098 4=

2 A77} 49 Folr}”

5. Prevention trials

o] ;¥ Fo] ¥ TIDME HA A EHO R 93]
7} B7bsstes i AAE dtstEe HY-7hE SA
7Himmune-based intervention) 39HAIZ A|=5¥3L 9t}
@ 12} ol AZPA S A o, Q) 23} o o]u] &7}
"ol A A% AFAZE AZou Gy WS
o, @ 3aF di: I9FFE AWS JHATIAY
peptideE BHEstET Aol 3hAIRE 13} e 23} o
WL G o] whgslr] el ARkl atrisk S-S
s 2 Qb Ado] S EA] b2 oFAZ FAletE
2 A EATE Qo] oA AR ARo]
ek Lol gk Aol YFEE 3ol Aot New-onset
stagedllA B-cell masse 20% 7} Holglom g o] A7)
Mg FAY HxEE Holgle B-cell 75E I &
S7H71EE AlEoltt, oihs Y3 AERE 3e-5ol
2 M oyA| 2} (antigen-specific approaches) 3-¢1-H]5-0]
2 W99 (non-antigen-specific immunosuppressive)
T Wz AA & (immunoregulatory therapies) UhE
o 22y HYSA A8 T HddeHoR a9E Hd
AL Yot webA A7pad-Sol Al MY 248
staL, 4717t tolerance® =2 & I TregE fr=sto]
AUAES FUE ol BRANE AEET

(Table 1) **
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g4 e

19209t lgdo] 7tE o] F-of TIDeA ZEA2 ¢
AT, SR S1ek 59} o el whlo] ¢lolrt,

TID7} WIEPALE 715 0] A 8] Zasiel} zsel 3
o] HHEE 5Ho] gJorz Gy A A AEY
o] X2 AdliME B-cells gFst= A7WES T o+
E (anti-islet T-cell autoimmunity) 213 &A= Hol 4
SHolof st AAZMAIE T Yot AL 2 oSl
Fr88AIE o}F ZHFol HA e ng o] g A+
= F st

obz] Z7|ZIehy, #Ao] gloug oA FAE
gt PSS Al Y8l MY B RS
A7VA & WAl o] &8t TID XY 2 29| oS 714
= =9 F 9Jut. T1D ofz] ©@A| oA innate immunity,
pattern-recognition receptors (PRRs), {52 ¢jgto] o
3] = AZFE e g o7t TR TIDeIA
B-cell ool thgt 7]H& B8 F glo] AE Y, TIDE
o} = B & 5 e(revert) o] 22 2AE A5
i

FZ t=7F AaAde] 59 TID that A& 4
31 &gl "IXEE Jidetr] A8 =8 Foltk
(Trialnet, Immune Tolerance Network) * % A 7HA 2]
AR B-cell 33E AAANI7I7HA ot XS
S 3] A= A5 e 2 G 99 o
F TREZE AP HEA QAT 7S FEsaL
AoH, grd-5olA st Hgstd & HAXR
7t 2 A0 R 7|tsta Slot. o] Hg FAA 5o &3t A4
& 9l T A Ao Folgle B-cell massE st
T sk Wl dasitt w3 AsadE =Y
H# 7] YalA= candidate antigend} T cell assay
epitopee] th 9177} A asit

olu] T1Do] ¥Hdt IS M pancreatic ductollA]
A= o] Yo f-cello] #AHBR o] AN THE
AN 4 9l A7 Bl stem cell ATE 53
Aed- A AEE dF B2 7 e ol A7 Holof

gt
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