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| Abstract |

ype 1 diabetes (T1D) is a chronic autoimmune disease characterized by selective

autoimmune-mediated destruction of pancreatic islet beta-cells leading gradually to
absolute insulin deficiency. T1D is under polygenic control. The HLA complex attributes 50% of
the genetic risk for T1D while as many as 20 genes influence susceptibility to T1D. The
autoimmune beta-cell destruction could be triggered by environmental factors. While the exact
trigger of anti-islet autoimmunity remains elusive, it can lead to an imbalance between regulatory
T cells and autoimmune effector T cells. During the initiation of insulitis, emerging evidences
suggest that the infiltrating macrophages via toll-like receptor 2 (TLR2) activation lead to
induction and amplification of insulitis. Following the priming of diabetogenic T-cells, autoreactive
T effector cells destroy the beta cells by direct contact- dependent cytolysis or by soluble
mediators secreted from macrophages or CD4 T effector cells. The hyperglycemia occurs late in
its course after 80% of the beta cells have been destroyed. Although no current cure exists,
refinement of genetic studies and islet autoantibodies has improved the ability to predict the risk
of T1D and aid the establishment of rationally designed preventive therapies. Other strategies
involve beta-cell replacement by islet transplantation. Extensive and long-term research on the
efficacy of islet transplantation and preservation of beta-cell function is keenly needed.

Keywords: Pancreatic beta-cell; Type 1 diabetes mellitus; Innate and adaptive immunity;
Insulitis; Apoptosis; Preventive trial
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sto] A7}-g9E A2 F PLNsol|A 21 =g
naive CD4 T A ZE(Tho) A4 gt

Thl cells2 #38}8+ CD4+= IL-25 53l| naive CDS T A
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Contact-independent cytotoxicity=+ Thl cells<
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O1¥H(IL- 18, TNF-a, IFN-7) A/ X7}l free radicals (nitric
oxide; NO, reactive oxygen species, ROS)< AJAda]
ERAIE 2o 24 grofgteh6), 498t CD4™ T Ao
A EH E = Ao E7HIE S interleukin 18 (IL-1p),

interferon 7 (IFN-7), tumor necrosis factor ¢ (TNF-a)
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— Prediabetes Overt Diabetes
Time
Genetic
predisposition
Positive Autoantibodies Metabolic derangements
Environmental Tolerance loss & Immune Dysregulation C—pep?ide below
factors « Induction of . Amplificati detection
plification of
insulitis insulitis Prediabetes
. . . Tertiary
Primary prevention Secondary prevention prevention
Priming & Expansion Inflammation & B cell apoptosis
at PLN at islet
Contact-independent -
\Apoptotic B cell Soluble mediators, cytokines Con_tact-dependent :
perforin(CD8)/fas?(CD4)
Naive T
NF-«B
iNOS B cell
Apoptosis === Diabetes
APC = antigen presenting cells, B = B cell, CTC = cytotoxic T cell, IFN = interferon, IL = interleukin, iNOS = inducible nitric oxide synthase,
MP = macrophage, NO = nitric oxide, PLN = pancreatic lymph nodes, STAT1 = signal transducer and activator of transcription-1, T = T
cells, TLR = toll-like receptor, TNF = tumor necrosis factor, T1D = type 1 diabetes, XIAP = X-linked inhibitor of apoptosis protein
Figure 1. Overview of the natural history of T1D and intervention trials according to the disease stage. Also shown are the proposed roles
for innate immunity in triggering of autoimmune diabetes. Accumulation of damaged g-cells can stimulate APCs via TLR2, thus
allowing them to prime diabetogenic T cells in pancreatic lymph nodes (PLN). Once sensitized, autoreactive T cells may migrate
to the PLNs and induce p-cell apoptosis by direct cytolysis or indirectly via soluble mediators such as IFN-v, TNF-a or IL- 16. In
IFN-/TNF- a synergism model for g-cell apoptosis, CD4 T cells act in collaboration with macrophages to induce 8-cell death.
NF-kB is activated by IL-18 or TNF-a . When activated by IL-13, NF-«B plays a proapoptotic role by producing nitric oxide. In
contrast, NF-«B activation by TNF-a plays an antiapoptotic role by inducing antiapoptotic molecules such as XIAP that inhibits
caspases. STAT1 activated by IFN-7 inhibits translation of antiapoptotic proteins.
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o|2f8l AFEl X al= death effectors, Al 25, A X AP
121 sfolol] 71813 2 ok, whebA] ST e opif )
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Table 1. Representative clinical trials for prevention of T1D

Type | Diabetes Mellitus

Agent/ Route Study design Results Ref.
Primary Prevention:  To block autoimmunity (at genetic risk)
TRIGR (Hydrolysed - Test whether delayed exposure to intact Ongoing (44)
cow's milk)/Oral food proteins will reduce the chances of (45)
developing T1D
Oral insulin/Oral, - Dose finding in children with high genetic Ongoing (19, 20)
Pre-POINT/ risk for T1D (Based on the beneficial effect
Intranasal insulin of oral insulin (22))
Secondary Prevention: To block 8-cell destruction (in prediabetes)
Insulin (DPT-1)/ - Low dose insulin injections in high-risk - No effect seen on disease prevention or (21)
Parenteral (s.c.&i.v.) (50% over 5 years) 1°-degree relatives delay the onset of disease
of T1D patients
- Screened 84,228 relatives for ICA
- 3,162 ICA-positive
- 372 relatives: risk projection for T1D
> 50% (parenteral insulin group)
- 388 relatives: risk projection for T1D of
26~50% over 5 years (oral insulin group)
Insulin (DPT-1)/Oral - In relatives at intermediate risk of T1D - No beneficial effect seen on disease (22)
insulin capsule (ICA-and IAA-positive relatives with progression
25~50% 5-year risk). - Post-hoc analysis ; subgroup with confirmed
- Based on the concept of oral tolerance IAA > 80 nU/mL showed a delay of diabetes
of more than 4 years
The European - ICA-positive, 1%-degree relatives of - No effect (23)
Nicotinamide Diabetes individuals with T1D (projected 5-year risk - 4 years of follow-up, 159 subjects developed
Intervention Trial of T1D was 40%). T1D (82 in the nicotinamide group and 77
(ENDIT)/Oral - Screened 35,000 1°'-degree relatives to in the placebo group: P = 0.97).
identify eligible subjects.
- Randomized 552 subjects
Insulin (INIT 1)/ - Older antibody-positive relatives - No acceleration of loss of beta cell function (46)
Intranasal - Show a skewing of the immune response
consistent with tolerance induction
GAD-Alum Prevention - Nondiabetic relatives of patients with T1D, Ongoing (20)
Study age 3~45, who are positive for GADA but
not IAA
Tertiary Prevention : To preserve g-cell function (inovert T1D)
Insulin (DPT-1)/Oral - Recent diabetes - No difference in HbA1c, C peptide, insulin (47, 48)
requirements
Anti-CD3 mAb* - At onset of type 1 diabetes (within - Significant preservation of C-peptide (17, 49)
(hOKT371 (Ala-Ala))/ 6 weeks of T1D diagnosis) secretion for at least 1 year
V. - Age 8~30, n=24 or 42 - Reduced insulin requirement & HbA1c
Anti-CD3 mAb - Newly diagnosed T1D - Reduced insulin requirement out to (50)
(ChAglyCD3 (TRX4))/ - Age 12~39, n=80 18 months (strongest effects in those
V. with the greatest residual g-cell function
at study entry)
rhGADG5 (alum)/s.c - T1D and positive GADA (within 18 months - After 15 months, preservation of residual (18)

of T1D diagnosis)
- Age 10~18, n=70

insulin secretion, but did not change the
insulin requirement

*mAb: monoclonal antibody, i.v.: intravenous, s.c.: subcutaneous
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= 235 B Aol AT EATH18). ol A=
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2) 2} of[¥H(Secondary prevention)

THeFTID $ake] 213 F 1919 HLA 13248 S ol
AA 27 FHA7E AT TID O 2 9] X8-S vt} 3=
22} o]l ZAAZ 7 Qle}, FetztellA A A7HakA|
7} 37FA] o) Fdolet: Wugl G o 2 T A7 |7t
2] 5 o A28 HE g vkl Ak o] uln|gk g oA ||
EMAIE 932 XI8ehs 21s v 4 Qi ZHojw wEt
AE w25 BES Qi) o] whe= 27} 53’9; EolHel
Al o2 AT EE
< AEF F 3irk19, 20). o] 9]of] o] 71A]
WA 8 2 + TAHE Ao AlesaL
o thE 2Ap7H e Fgholla] 2rol= WIS TID
Agateds A7k itk

Z7)0 Al that e o ]e Qb ite] A3t At
AR T1D AFedFo] olzels F&=3= o 2o o3t
S 3}t 20020l ¥HE ¥ Diabetes Prevention Trial-
Type 1 Diabetes (DPT-1) 7+ vl=3} 7ut}olA]
T1D 3x}9] 14}, 22} 314 84,2488 2T 2]d3}e] o] =
ICA /39l 3,15278 WH7Ae &= 919t} o] 52,1039
Al A AT BdeE Ak Arlste] i glaa

2 LRECn S TID SISAE 50%¢2] 3727 F

(tolerance induction) 2]

3399(AH SUYF 11.24) S oded vaFdaEd, s
U T1D ¢&BE 26~50%¢] 38812 AT el&dl 18

o oAz o 2714 G BF TIDS <iste o A
HSFAcH21, 22) FHollA A European Nico-
tinamide Diabetes Intervention Trial (ENDIT)<l|A<
T1D2] 12} 27 35,0001 23 gdste] ICA F4<
5521& Felrzen o] uf s & 40%E o5
AT 4dzte] FH @A 2T Y iEolntol
=79 TID ¥e zjo|7} glo] % 1591 elx] T1Do] 2
A3FITH(23).

3) 12} of[¥H(Primary prevention)

THETID $RA}e] 213 5 L HLA F-343 & 2t

5 ulz\g

684 #1E gy

A9k 27 VAI7E A 717] FHoleb 1ah ool HelE Al
2= 9lt}, Docosahexanoic acid capsules, Bovine pro-
tein (cow’s milk) =% hydrolyzed casein formula,
gluten, A7 Ql&eds} v17F l&de gk A7} 45
°]tk(19).

2) A A% o]4](Islet transplantation)

led 9 2ol A el dadd A AEE de
W= A 2k ool 9lor of= HF M 228
Hejste] Thelof] FQdate] ol ARG Awrt Qleds
EHIsH gt ool ool 2 e 1780
o2l Th3] F}lskaL e 2ol =g wiAlg WAl

2 X838} Edmonton T2EF 0] A% o|2lo 7 7}g-g vt
U2 LH24) A 7oz 2] 5 bl B FApr} o]
AR 7lss ol e Awrt dasH Ao
(25). FF Fofate] 2k Fe e o] JJr7z>°ﬂ’\1 &3
A B ob U A 240 ARAEES L T

= ol 7“?Q°1 of & Aolrt, Ate AT} Al v
gk 9t (20) Qg - A AE S ST AwwaL ot
(27). A28 B8 XFZAZ 220]3 U= glucagon-like
peptide 1 (GLP-1)= in vivo ol BIEFA|E mj2=E S714]
7 &= 9lo B 2 GLP-1 agonistE Ak o] A5 2 =835t
ZF QTH(28, 29). NOD w204 GLP-1 agonistZ 2] 2]
ShH G vy 7<] &IA]7) AL insulitis scorex 20|+ &
7} A3L(30), TregE A= = QIeh(31). Bro] A
3} NOD U}—r—ioﬂfﬁ anti-CD3 monoclonal antibody<}
GLP-1 agonistE & H o 2 A 2|A] Gi=iS AAAZ
FHG. S0 <12 F AR A TID A
gk Aol gk AP PHES AR 5 e HAAAA <
A% 83k of5p7F HaL QITH33).

) BlEemia) R E R A o))

71&e] HezdA sy o i WY Al
&}= autologous nonmyeloablative hematopoietic stem
cell transplantation (HSCT) X|&7} Aj29] ik
13~31412] GADA <A<l TIDAA A =%t Ft
29,8784 St Qg RS FofahA] & 5 AL WEHAE
7% AU 201 T 127 e Forh da gl




AL 8o At oL olEoAE e 2T A
A 02 A3l C-peptides 0] It 2} 2244
[eR=

A} Aol AT (34).
4) FrrgollA o] 7M1 A+ A%
T1D°ﬂ/\1 )€ HEREE 2S5 Qe o=
d A AE7F a3t olgfd Al X s (cell-
based therapies) W 5 A% o]2]e Fojzlo] o g
Aghdo] or 2 thg o] WEMEY} H ek x|
THAIE AR AA 02 3717] HhH o] A A =L glet,

1) Direct the differentiation of embryonic stem cells

L

toward endocrine cell fates

Hjo}=7| 4| E(embryonic stem cells, ESC)E Q1&# A
A N EZ E3A 7= B oot AFe] ESCollA] pancrea-
tic hormone-expressing endocrine cells22] £3}7} X
HEJOH(27) EEF-0HS- lEd Fu7} A 9t ul
o7 |ME S 71EH A Qlelw wEHQl Algke]
JoBE o]F SHsh= WHOE Algre] A|ME(somatic
cells)E pluripotent stem cell2 reprogrammingdh= W
Ho| 9lth(induced pluripotent stem, iPS)(35, 36). ©] 7]
A G ANE-R2lel ey AEE A
% 5he AOTHG),

2) Transdifferentiation of nonbeta cells into an

)

?JZ

o

insulin-secreting phenotype
Nonislet cell& F-2AS(gene transfer) & 437421
AHgrowth factor)E #2gFo 24 ol&dlS A 3f
= B oltt, oldle IHAE e 7 IR AE
(exocrine cell)E o-&3h= ol k. P+ 72 e Ay
719 foregut®] endoderm cellsollA] FejEl 22 THAEE

olEd AHER transdifferentionA]d 4= e}, kel
PDX1 expressions Al7|AY E+ betacellulin®}
NeuroDZ | 2|A] 7t islet like cluster7} A= ~E 2
EZEX(streptozotocin) o] oJ8F 18-S 358t 4= I}
(38, 39). B A%gh A7 Sln| Al 2ol HEbAIE &3}l
3¢l Ngn3, Pdx1, MafAS re-expressingste] HEFA|
X2 transdifferentiong A|7|1L 2EHEZXEAl0 o3}

S AT 5 Qlek (40).
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3) Beta cell regeneration

S 7|7 TIDE 8-S Aol = webH| £7F EA)5}aL,
HIRSE AlgtollA A2f Fio] sy A wletl| 25
sk 737} 50% ST 0] Jlon® X o R e

AaEe] AT ol JFa AT, gt vk F ol
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9 self-replication®l] 2J&tH o]= £3p7} £t HEAE
T S50l 52 AXEH4L), 2y gt v
RdejAE ofn] EAlshk= HEME 2]
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