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Figure 1. An inflammatory model for the pathogenesis of T1DM. The
model suggests that environmental factors, most likely in the form of com-
mon viruses, induce a MHC Class I restricted presentation of β-cell antigen.
This antigen is recognized by CD8+ T-cells that cause a limited MHC Class I
restricted β-cell damage, either via cytotoxic cytokines as secreted IFNγ
and/or secreted TNFα/membrane-bound TNFα or the perforin/granzyme
system. Liberated β-cell components, such as insulin or GAD possibly in gly-
cosylated immature forms not previously “seen” by the immune system are
taken up by dendritic cells in the islets and transported to regional pan-
creatic lymph nodes, where the antigens are processed and presented to
autoreactive CD4+ T-cells that have escaped negative selection and normal
immunoregulation. After clonal expansion the CD4+ T-cells will home to the
islets, tracing antigen gradients, chemokines and endothelial adhesion mol-
ecules induced by the early CD8+ T-cell mediated inflammatory response.
The activated CD4+ T-cells will recruit and activate specific as well as non-
specific inflammatory cells that then build up the inflammatory insulitis in-
filtrate. The effector phase of the β-cell destruction is mediated by cytokines
via induction of proapoptotic signaling selectively in β-cells and/or by in-
ducing β-cell expression of Fas, marking the β-cells for MHC Class II non-re-
stricted CD4+ T-cell mediated killing via interaction between the Fas ligand
on CD4+ T-cells and Fas on the β-cells.
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Table 2. Criteria used for variant selection in chosen candidate genes.

Gene variant Investigated gene variants fulfilling criteria

Suggested to have “functional” implication IL1B+3953C>T, IL1RN (VNTR), IL6-174G>C, NQO1 (P187S)
Maps to transcription site FAS-670G>A
Causes amino acid substitution ICAM1 (K469E), CTLA4+49A>G (Thr→Ala), NQO1 (P187S)
Genetic association with T1DM in other cohorts IL1B+3953C>T, CD4-1188 (TTTTC)5-14, ICAM1 (K469E), IL6-174G>C, NQO1 (P187S)
Genetic association with other autoimmune disease IL1B+3953C>T, IL1RN (VNTR), ICAM1 (K469E), CTLA4+49A>G, IL6-174G>C
Maps to promoter (5’UTR) IL1B-511C>T, IL1RI (Pst I), CD4-1188 (TTTTC)5-14, CD4-1050T>C, CD4-521C>G, 

CD4-181C>G, CTLA4+49A>G, FAS-690T>C, FAS-670G>A, FASL-843C>T, IL6-174G>C
Maps to exon IL1B+3953C>T, ICAM1 (K469E), CTLA4+49A>G, FAS+154C>T, NQO1 (P187S)
Maps to splice site –
Maps to 3’UTR GALNT3+2183T>A
Allele not rare (>5% in the population) All
High heterozygousity (preferably >40%) GALNT3+2183T>A, IL1B-511C>T, IL1B+3953C>T, IL1RN (VNTR), CD4-1188 (TTTTC)5-14,

CD4-1050T>C, CD4-181C>G, ICAM1 (K469E), CTLA4+49A>G, FAS-670G>A, FASL-843C>T,
IL6-174G>C

Association
to auto-
immunity Positional

Gene or T1DM candidate Putative functional role

GALNT31  . . . No Yes O-glycosylation of β-cell antigens, changed antigenicity
IL1B2  . . . . . . Yes No β-cell destruction and T-cell stimulation
IL1RN2  . . . . . Yes No β-cell protection. Antagonises IL-1β action on β- and T-cells
IL1RT12  . . . . Yes Yes β-cell destruction. Receptor for IL-1β
CD4 3, 4  . . . . . Yes Yes T-cell regulation. Enhance T-cell response
ICAM15  . . . . Yes Yes T-cell regulation and adhesion, β-cell destruction 
CTLA4 6 . . . . . Yes Yes T-cell regulation, peripheral and central tolerance
FAS7  . . . . . . . Yes No T-cell regulation, peripheral tolerance. T-cell and β-cell apoptosis
FasL8 . . . . . . . Yes No T-cell regulation, peripheral tolerance. T-cell and β-cell apoptosis
IL69 . . . . . . . . Yes No T-cell regulation and/or β-cell destruction/defence
NQO110  . . . . No Yes β-cell defence. Protects against redox cycling and oxidative stress 

1) Kristiansen et al 2000a; 2) Kristiansen et al 2000b; 3) Kristiansen et al 1998a; 4) Kristiansen et al 2004; 
5) Kristiansen et al 2000c; 6) Larsen et al 1999; 7) Nolsøe et al 2000, 8) Nolsøe et al 2002, 9) Kristiansen et al 2003,
10) Kristiansen et al 1999.

Table 1. Selected candidate genes.
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Table 3. Material in individual studies.

Total T1DM 
Sibpair Trio and non-T1DM

Gene(s) families families offspring
investigated (N) (N) (N)

GALNT31  . . . . . . . . . . . . . . . . . . 138 103 392/233 
IL1B, IL1RN, IL1RT12 . . . . . . . . . . 140 105 398/233
CD43  . . . . . . . . . . . . . . . . . . . . . . 115 105 343/203
CD44  . . . . . . . . . . . . . . . . . . . . . . 150 103 416/250
ICAM15 . . . . . . . . . . . . . . . . . . . . 150 103 414/250
CTLA46  . . . . . . . . . . . . . . . . . . . . 151 103 413/244
FAS7  . . . . . . . . . . . . . . . . . . . . . . 138 103 392/233
FasL8  . . . . . . . . . . . . . . . . . . . . . . 154 103 420/252
IL69  . . . . . . . . . . . . . . . . . . . . . . . 150 103 416/250
NQO110 . . . . . . . . . . . . . . . . . . . . 144 103 405/249

1) Kristiansen et al 2000a; 2) Kristiansen et al 2000b; 3) Kristiansen et al
1998a; 4) Kristiansen et al 2004; 5) Kristiansen et al 2000c; 6) Larsen et al
1999; 7) Nolsøe et al 2000; 8) Nolsøe et al 2002; 9) Kristiansen et al 2003; 
10) Kristiansen et al 1999.
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Table 4. Recurrence risk (%) in offspring of T1DM parents.

Father Mother Risk up
T1DM T1DM to age (y) References

6.1 1.3 20 Warram et al 1984
8.9 3.4 20 Bleich et al 1993
5.1 2.1 20 el Hashimy et al 1995
7.6 3.5 20 Tuomilehto et al 1995
5.7 2.3 30 Lorenzen et al 1998
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Table 5. T1DM concordance rates in twins.

Population MZ twins DZ twins References

Crude probandwise cross-sectional concordance rates (%)
UKa . . . . . . . . . . . . . . . . . 54 NA Barnett et al 1981
Ja  . . . . . . . . . . . . . . . . . . 45 0 Japan Diabetes Soc 1988
FINb,c  . . . . . . . . . . . . . . . 23 13 Kaprio et al 1992
FINb,c  . . . . . . . . . . . . . . . 43 7 Hyttinen et al 2003
USa  . . . . . . . . . . . . . . . . . 29 14 Kumar et al 1993
DKb  . . . . . . . . . . . . . . . . 53 11 Kyvik et al 1995

Estimated cumulative probandwise risk (%)
USa,d . . . . . . . . . . . . . . . . 32e, 44f 16e, 19f Kumar et al 1993
UK/USa,d  . . . . . . . . . . . . . 50g NA Redondo et al 2001
DKb  . . . . . . . . . . . . . . . . 70h 11h Kyvik et al 1995

NA: not available. a: Not population based; b: population based; c: Finnish
cohort without overlap; d: US MZ cohorts without overlap; e: life-time risk
and proband age at onset 0-30 years; f: life-time risk and proband age at
onset 0-14 years; g: risk from birth to 40 years after onset in proband; 
h: risk from birth to age 35 years and proband age at onset 0-40 years. Thus,
part of the differences observed between the studies above is likely caused
by differences in ascertainment, sampling, follow-up and observation time.

Table 6A. IDDM denoted T1DM loci with evidence for linkage at MLS ≥ 1.2
(P ≤ 0.01).

Genome 
wide scans Maximal 
Chromo- with MLS

Locus some MLS ≥≥ 1.2 reported* References‡

IDDM1  . . . . . . . 6p21.3 1, 2, 3, 4, 5, 6† 65.8 See section 7.4.
IDDM2  . . . . . . . 11p15.5 2, 4, 5, 6† 4.3 See section 7.5
IDDM3  . . . . . . . 15q26 2.6 7†, 8-10
IDDM4  . . . . . . . 11q13 1, 2 3.9 (5.0) 7, 9, 10†, 11-14 
IDDM5  . . . . . . . 6q25 2, 3, 6 4.5 (4.6) 9, 10†, 15-17
IDDM6  . . . . . . . 18q21 4 3.7 (1.6) 9, 18†, 19-21
IDDM7 . . . . . . . 2q31 6† 2.6 9, 10, 22-26
IDDM8 . . . . . . . 6q27 2, 3, 4, 6 3.6 (5.0) 9, 10†, 15-17, 27
IDDM9 . . . . . . . 3q21-q25 4 1.2 28, 29†
IDDM10 . . . . . . 10p13-q11 1, 2, 4† ,6 4.7 30-32
IDDM11 . . . . . . 14q24-q31 – 4.0 33†, 34, 35
IDDM12 . . . . . . 2q33 6 3.4 25, 36†, 37-45
IDDM13 . . . . . . 2q34 6 3.3 25, 38, 46†, 47
IDDM15 . . . . . . 6q21 3, 5†, 6 9.4 (23.3) 16†, 17
IDDM16 . . . . . . 14q32.3 NA 48†, 49
IDDM17 . . . . . . 10q25 6 5.0 50†, 51
IDDM18 . . . . . . 5q33-q34 1.8 52†, 53-58

See Table 6B for references.
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Table 6B. Unnamed T1DM loci with evidence for linkage at MLS ≥ 1.2 
(P ≤ 0.01).

Genome
wide scans Maximal 

Chromo- with MLS Refe-
Marker(s) some MLS ≥≥1.2 reported* rences‡

D1S1617  . . . . . . . . . . . . 1q42 3,6 2.4 59†
D2S113  . . . . . . . . . . . . . 2q11 5† 2.1
D4S2366-D4S418  . . . . . 4p14-p16.1 4†,5 1.3
D5S405-D5S432  . . . . . . 5p15 4† 1.2
D5S407  . . . . . . . . . . . . . 5p11-q13 5† 1.9
GCK  . . . . . . . . . . . . . . . 7p13 NA 60†
D8S522-D8S261  . . . . . . 8p24-p21 1,4† 1.3 29
D8S198/D8S556  . . . . . . 8q23-q22 2†, 2.6               29
D8S1128  . . . . . . . . . . . . 8q24 2.4 61, 62†
D12S99  . . . . . . . . . . . . . 12p13-pter 4,5† 1.7               63, 64
D14S70-D14S276  . . . . . 14q12-q21 4† 2.0
D16S420-D16S261  . . . . 16p11-q12# 4†,6 1.4 65, 66
D162405-D16S207  . . . . 16p# 5†,6 2.4 65, 66
D16S515-D16S520  . . . . 16q22-q24 4,6† 3.9 13
D17S2059  . . . . . . . . . . . 17q24 NA 61†
NA  . . . . . . . . . . . . . . . . 17q25 6† 1.8
D19S247-D19S226  . . . . 19p13 4† 1.7 67-70
D19S225  . . . . . . . . . . . . 19q11-q13 4,6† 1.8
DXS991  . . . . . . . . . . . . . Xp13p11 2† 1.4               71

NA: not available. *: In unconditioned analyses. ‡: References (in addition
to refs. 1-6) investigating linkage of markers or gene variants in the region.
Note that not all references support the observation of linkage. †: Report-
ing the highest MLS (number in brackets = pooled data). #: Some overlap
between these regions. GCK: glucokinase gene. 1) Hashimoto et al 1994; 
2) Davies et al 1994; 3) Concannon et al 1998; 4) Mein et al 1998; 5) ECIGS
2001; 6) Cox et al 2001a; 7) Field et al 1994; 8) Zamani et al 1996; 9) Luo et
al 1995a; 10) Luo et al 1996; 11) Nakagawa et al 1998; 12) Eckenrode et 
al 2000; 13) Cordell et al 1995; 14) Twells et al 2003; 15) Davies et al 1996;
16) Delepine et al 1997; 17) De Nanclares et al 2001; 18) Merriman et al
1997; 19) Merriman et al 1998; 20) Merriman et al 2001; 21) Hall et al 2003;
22) Copeman et al 1995; 23) Owerbach et al 1995; 24) Luo et al 1995b; 
25) Esposito et al 1998; 26) Kristiansen et al 2000a; 27) Owerbach 2000; 
28) Paterson et al 1999; 29) Cucca et al 1998a; 30) Wapelhorst et al 1995; 
31) Reed et al 1997; 32) Johnson et al 2002; 33) Field et al 1996; 34) Corder
et al 2001; 35) Pociot et al 2001; 36) Nistico et al 1996; 37) Marron et al 1997;
38) Larsen et al 1999; 39) Marron et al 2000; 40) Chistiakov et al 2001; 41)
McCormack et al 2001; 42) Guja et al 2002; 43) Turpeinen et al 2003; 
44) Ueda et al 2003; 45) Case-control studies, for details see chapter 12.
Studies published before 2000 are reviewed in Kristiansen et al 2000d; 
46) Morahan et al 1996; 47) Fu et al 1998; 48) Field et al 2002; 49) Veijola et
al 1996; 50) Verge et al 1998; 51) Babu et al 2003; 52) Morahan et al 2001;
53) Johansson et al 2001; 54) Dahlman et al 2002; 55) Nistico et al 2002; 
56) Davoodi-Semiromi et al 2002; 57) Bergholdt et al 2004; 58) Holm et al
2003; 59) Ewens et al 2002; 60) Rowe et al 1995; 61) Vaessen et al 2002; 
62) Sale et al 2002; 63) Kristiansen et al 1998a; 64) Kristiansen et al 2004; 
65) Bugawan et al 2003; 66) Maier et al 2003; 67) Guja et al 1999; 68) 
Nejentsev et al 2000a; 69) Kristiansen et al 2000c; 70) Nejentsev et al 2003;
71) Cucca et al 1998b.
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Table 7. T1DM associated HLA class II alleles, haplotypes and genotypes.

HLA-DQ alleles HLA-DR alleles RR

Alleles and haplotypes
A1*0301-B1*0302 DRB1*04 2.5-9.5
A1*0501-B1*0201 DRB1*301 2.5-5.0
A1*0301-B1*0201 DRB1*701 8.0-13.0
A1*0301-B1*0201 DRB1*901 5.5
A1*0301-B1*0401 DRB1*04 3.5-4.5
A1*0301-B1*0303 DRB1*901 2.0-4.5

A1*0102-B1*0602 DRB1*1501 0.03-0.2
A1*0103-B1*0603 DRB1*1301 0.05-0.25
A1*0301-B1*0301 DRB1*04 0.2-0.5
A1*0501-B1*0301 DRB1*1101 0.05-0.5

Genotype RR

Genotypes
A1*0501-B1*0302-DRB1*301/DRB1*04 12.0-32.0
A1*0301-B1*0201-DRB1*301/DRB1*04
A1*0301-B1*0402-DRB1*04/DRB1*801 4.0-15.0

Modified from Pociot and McDermott 2002. The relative risk is for the com-
bined DQ-DR haplo- and genotypes in high-risk populations. There is sig-
nificant variation between different ethnic populations.

Table 8. Impact of HLA-DRB1*04 β-chain variant residues on risk of T1DM.

Polymorphic residues 
T1DM

DRββ1* 37 57 67 70 71 74 86 risk

0401  . . . . . . . . . . Tyr Asp Leu Gln Lys Ala Gly ↑
0402  . . . . . . . . . . Tyr Asp Ile Asp Glu Ala Val →
0403  . . . . . . . . . . Tyr Asp Leu Gln Arg Glu Val ↓
0404  . . . . . . . . . . Tyr Asp Leu Gln Arg Ala Val →
0405  . . . . . . . . . . Tyr Ser Leu Gln Arg Ala Gly ↑
0406  . . . . . . . . . . Ser Asp Leu Gln Arg Glu Val ↓
0407  . . . . . . . . . . Tyr Asp Leu Gln Arg Glu Gly ↓

Modified from Undlien et al. 1997 and Pociot and McDermott 2002.  
↑ high, → neutral and ↓ low T1DM susceptibility, respectively.
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��!+�"(��@� !+��)�A�� �"�#'"%� �%.� %����9��!$� ++�+�� @∼ �2��1*� ++�+�A
%� "�1����'"�� %��� ��?�B��"��)���'//�$��"(.��*((��%�"(�%� %�%���
 ++�+������"������%��%�������8�(�"��� �� "%��"�� "�����'�����.�%���
�"%��$��% %�'"���'*+&�!��% 5�"���%�� �"'%��'/�# *%�'"�&*��%'�%���+�1-
�%�&�"*1!���@��P�)�)A�'/�%� "�1����'"�� "&�%���"*1!���'/� ++�+��
�� +* %�&� @8���%� "��"� �%�  +� ���� A�� �+%�'*(�� �$�#*+ %����  "&�  "
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'$�1 "��%� +�)00�A

Distance
from
D2S152

Population(s) MLS Marker(s) (cM) Locus References

UK/US/DK/SD*  . . . . . . . . 1.5 D2S152 0 2q31-33 Copeman et al 1995
UK/US . . . . . . . . . . . . . . . . 2.6 HOXD8 5 2q31 Owerbach and Gabbey 1995
US/I . . . . . . . . . . . . . . . . . . 0.2 D2S152 0 2q32 Luo et al 1996
UK  . . . . . . . . . . . . . . . . . . 1.1 D2S326-D2S152 0-10 2q31-32 Esposito et al 1998
DK/S/N  . . . . . . . . . . . . . . . 0.8 HOXD8-CTLA4 NA 2q31-33 ECIGS 2001
UK/US . . . . . . . . . . . . . . . . 2.6 D2S1391 ~ 2 2q31 Cox et al 2001

Only the two most recent genome wide T1DM scans are included. There is a major overlap in materials between
most studies as parts of the HBDI and the Warren Repository cohorts is included in the US and UK cohorts
investigated, respectively. Only data obtained in unconditioned analyses are included. Conventional national
codes used. *: Sardinia.

Table 9. Linkage between T1DM and
the IDDM7 locus by ASP analysis.
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T1DM offspring N on-T1DM offspring
Families

Data sets (n) T NT %T P ≤ 0.05 T NT        % T

SD  . . . . . . . . . . . . . . . . . . . . . . . 180 82 55 60 0.01 54 58 48
US  . . . . . . . . . . . . . . . . . . . . . . . 294 268 207 56 0.005 24 31 44
I . . . . . . . . . . . . . . . . . . . . . . . . . 162 70 53 57 42 58 42
UK . . . . . . . . . . . . . . . . . . . . . . . 390 278 288 49 NA NA NA
DK* . . . . . . . . . . . . . . . . . . . . . . 251 134 146 48 77 81 49
FIN  . . . . . . . . . . . . . . . . . . . . . . 215 92 97 49 54 51 51
F  . . . . . . . . . . . . . . . . . . . . . . . . 82 64 51 56 50 39 56
RO . . . . . . . . . . . . . . . . . . . . . . . 204 65 70 48 43 47 48

Total 1748 1055 967 52 0.05 344 365 49

Modified from Esposito et al 1998 with the inclusion of data from *: Kristiansen et al 1999. NT: not transmitted;
T: transmitted; %T: transmission rate. NA: not available. Apart from the Italian cohort (P = 0.03) no significant
differences in transmission patterns in T1DM and non-T1DM offspring were observed. Conventional national
codes used. SD: Sardinia.

Table 10. Transmission of the D2S152
228 mu allele in 8 populations.

Figure 2. Transmis-
sion rates of the
D2S152 228 mu allele
in T1DM offspring of
Mediterranean and
non-Mediterranean
ancestry. Comparison
of transmission pat-
terns: P = 0.003.

70

60

50

40

30

20

10

0
Non-Mediterranean Mediterranean

Percent transmitted 
228 mu alleles



�"� ��� � � � �� 	 � � 
 � � ��  � � 	 � � � ��� � � � � �� � � � � ��	�� 	 � � � � �

��*�.� ��� �,$'%������&� %� %� � �� "%�� �"� ��(*+ %'�,� '�� #'&�"(
��(�'"�� '/� 9����,� 1 ,� ���*+%� �"� E* "%�% %���+,� '�� E* +�% %���+,
#� "(��� �"�4 +��#-�2�  #%���%,.� ���$�#%���+,.� +� &�"(� %'� #� "(��� �"
 "%�(�"�#�%,� '/� H��+/I-1'+�#*+���  "&� $�'1'%�'"� '/�β-#�++� &��%�*#-
%�'"��"��)���@8���%� "��"��%� +����� A��	��&�"#��/'���*#�� �1�#� -
"��1� �"� �*1 "� �)��� ��� + #5�"(�� �*%�  "� �C 1$+�� ����'/� � �� ��-
#�"%+,�!��"�&�1'"�%� %�&��"�$ %��"%����%�����*1 %'�&�  �%���%��.� �"
���#�� %����-#�++��� #%���%,� ( �"�%�%,$�����#'++ (�"���� //�#%�&�!,�%��
&�(���� '/� (+,#'�,+ %�'"� '/�  "� �1$'�% "%� %,$�� ��� #'++ (�"� �$�%'$�
@� #5+*"&��%� +�����A�

�����/'��.������ +* %�&�%���1 �5�������,6,� "&� �"'��+�2L��
��7��&�"%�/��&�%��'*(��1*% %�'"��#���"�"(�'/�%���9����,�(�"��/'�
+�"5 (�� "&� ��'#� %�'"�%'��)��� ��'*%+�"�&��"�%���"�C%���#%�'"�

>�2� 9����,��������������)��
�*% %�'"� �# ""�"(� �&�"%�/��&� '"+,� '"�� ��7� �"�9����,1�  � "'��+
9����,;��2,�<����7�@&�"'%�&���>����"�8���%� "��"��%� +����� A
1 $$�"(��>)�!$�&'�"�%�� 1�'/��C'"�)�� �"�%���2L�����(�'"����
!�%���"� %��� ����,6,� 1�#�'� %�++�%��  "&� 9����,;��2,�<�� � �
�%�'"(�

���� ++�+�-�����	������ +* %�'"�'/�%���%�'�(�"�%�#�� �� "%���"�%��
� "����#'�'�%�&�&�"'%��*$$'�%� ��'+��'/�9����,� �"��*�#�$%�!�+�%,
�)��.� "��%���� �"�  ++� �)��� '//�$��"(� "'��  /%��� #'"&�%�'"�"(� /'�
�������5��

�"%����%�"(+,.� �"'1�" ++,���("�/�# "%+,��"#�� ��&�@�0BA�%� "�1��-
��'"�'/� %�������,6,� )02-!$�  ++�+��� �� '!�����&� �"� %���"'"-���-
��2����� �*!��%�'/��)�����!+�"(�.�  +%�'*(�� %����� ��"'%� ��("�/�-
# "%� /%���#'"���� %�����'"/���'"��#'���#%�'"�� �"� &&�%�'".�!'�&��-
+�"��@H*"#'���#%�&IA�&�//���"#����"�%���%� "�1����'"�$ %%��"��'/�%��
)02-!$� ++�+�� "&�%���9����,;��2,�<�� ++�+���%'��)���'//�$��"(
�����'!�����&�!�%���"�%���%�'�����#'"&�%�'"�&��*!��%�

��*�.�& % ��*$$'�%�"(�%����&�"%�/��&�9����,;��2,�<����7� �
%��� �%�'+'(�# +� /�:�25����8� (�"�� � �� "%� � �� "'%� $�'��&�&�
�'�����.�%���#'1!�" %�'"�'/�%�������#'"&�%�'"�&�& % � "&�%���'!-
���� %�'"�'/� "��//�#%�'/�����#'"&�%�'"�"(�'"�+�"5 (��!�%���"�%���
+'#*�� "&��)����"� "��"&�$�"&�"%�#'�'�%�@����! #���%� +�)00�A
�1$+����%� %�%���9����,;��2,�<����7�'�� "'%����(�"�%�#�� �� "%
�"�'��#+'���%'�9����,�1 ,�#'"/������5�'/��)����"�����+'�-���5
$ %��"%�������$'���!�+�%,�'/�'%����(�"�%�#�� �� "%���"�9����,�# ""'%
!���C#+*&�&� ��'"+,� ��1 ++�"*1!���'/��"&���&* +�������1*% %�'"-
�# ""�&�  "&� %�*�� � ���  ++�+���1 ,�"'%� � ��� !��"� �&�"%�/��&� @8���-
%� "��"��%� +����� A�

����"*1!���'/�����H+'�-���5I�%��'��"��&�&�%'�&�1'"�%� %�� �-
�'#� %�'"� %�7�<�������%�� �$'����'/�>�B�(���"�%���'!�����&�%� "�-
1����'"�$ %%��"�'/���B���� $$�'C�1 %�+,�).?������*�.�#*���"%+,�%��
1 %��� +�%'�&�1'"�%� %���*#�� �$*% %���� ��'#� %�'"�&'���"'%��C��%�
�'� / ��  ��'#� %�'"� �%*&���� '/� %���� � �� "%� �"� '%���� �)��� #'�'�%�
� ���"'%�!��"���$'�%�&� "&��"���%�( %�'"�'/�%����(�"��� ��"'%�$*�-
�*�&�/*�%�����"�%���� "����#'�'�%�

>��� ���	��
�������	�4	�	�����	��
�����	�/�:�25����8���
�
��'� '%���� (�"���1 $$�"(� %'� �E2)-2�� � ��� !��"� �� +* %�&� �"� ��-
+ %�'"� %'� �)���� �� $'+,1'�$���1� �"�/�:�2� � �� "'%�  ��'#� %�&
��%���)����"�
 *# �� "��@����! #���%� +�)009A��4�"�%�#�� �� "%�
�"�)=���1�$��1 ��+,� �"'"-�,"'",1'*���+ ������@;�2�9<�A���7.
� ��� !��"� �"���%�( %�&.�  ����
 ���� )=���5�=>(���� �"#'&���  
1�1!���'/�%���! ��#���+�C-+''$-��+�C�/ 1�+,�'/�%� "�#��$%�'"�/ #%'��
'/� �1$'�% "#�� /'�� �"�*+�"-(�"�� %� "�#��$%�'"�$+ ,�"(� �$��'% +� �'+�
�"�$ "#�� %�#���+�%�&���+'$1�"%� "&�&�//���"%� %�'".� "&� $'$%'����'/
�"%��'-�"&'#��"��#�++��@� &��"��%� +�)009.�� , ��%� +�)009.��*%'���%
 +�)00>A�

����& % ��"�� !+��))��"&�# %��%� %�%���)=���������� ++�+����� ��*-
�#�$%�!�+�%,�  ++�+�� /'�� �)��� �"� %��� < $ "���� $'$*+ %�'".� ����� �
"'"��'/�%���)=��;�2�9<��� �� "%��#'"/����*�#�$%�!�+�%,�%'��)��
�"�
 *# �� "�����"'"- *%'�11*"�.�� $�&�'"��%.��"�*+�"'$�"�#�/'�1
'/�&� !�%���� ��!��"�&��#��!�&� �"� < $ "����&� !�%���$ %��"%�� @�1 -

( � ��%� +�����A��G��%����%���)=����������� �� "%� ��� �"�'+��&� �"
%���$ %�'(�"�����'/�%����%,$��'/�&� !�%���%��'*(���%���1$ #%�'"�β-#�++
&���+'$1�"%� "&�'�� $'$%'�������*"5"'�"�

>��� 
��
�����
��������8�1 �5�������.��&�1'"�%� %�&�+�"5 (�� "&� ��'#� %�'"
%'��)����"�%���� "����#'�'�%.� �1$+,�"(�%���$����"#��'/� ��)��
(�"��  %� #��'1'�'1�� �E2)�� ��- " +,���� '/� ��$'�%�&�����.�� & % 
�1$+��&� %� %� ����8� ��� +�5�+,� %'� !��  � �)��� +'#*��� �'�����.� %��
����8� �%�'+'(�# +��)���(�"�� ���1�� %'�!�� �"������%��$ �%�#*+ �
����.�� ++�+����"�&�//���"%�$'$*+ %�'"����*�%���� "&�1'���#'1$��-
��"������� +* %�'"��'/�%�������8�+'#*���"��"+ �(�&�/ 1�+,�#'�'�%�
 "&�%� "�-� #� +��%*&���� �����E*���&�%'��&�"%�/,�%�������8�#*+$��%
(�"���	� +* %�'"�'/� %�'�#'11'"�(�"�%�#�� �� "%�� �"�9����,�&�&
"'%�$�'��&�&����&�"#��/'��9����,� �� ��)���(�"��

!
 �����������"��������#��$��������������%�
&������������������������'�����
����(�"����"#'&�"(� ��-)α� @����A.� ��-)β� @���)A.� %��� ��-)���#�$%'�
 "% ('"��%� @��(�A�  "&� %��� ��-)� %,$�� ��� @���(��A�  "&� %,$�� �
@���(��A���#�$%'���1 $�%'�#��'1'�'1���E)�-�)�@G�!!��%� +�)0>?.
� / (�� �%�  +� )0>0.�
'$�+ "&� �%�  +� )00).���"" �&� �%�  +� )00�.� �%��"-
5 ��������%� +�)00�.�7 %%���'"��%� +�)002.��'%�� "(��%� +�)009.�� +���%
 +�)000.���#5+�"��%� +�����A���������(�'"�� ��" 1�&�H%����"%��+�*5�"-
)�(�"�� #+*�%��I�� ��-)α�  "&� ��-)β�  ���$�'1�"�"%�$�'-�"/+ 11 %'�,
#,%'5�"��.� "&��"�$ �%�#*+ ����-)β� #%�'"� "&�'��+ #5�'/� "% ('"��1
'/���-)� #%�'"�'"�%����"�*+�"-$�'&*#�"(�β-#�++�� ���!��"�$�'$'��&
%'� $+ ,�  � 5�,� �'+�� �"� %��� $ %�'(�"����� '/� �)���� �%� ��� !�,'"&� %��
�#'$��'/�%����%������%'��������%���+�%�� %*���'"�%�����-)��,�%�1� "&
%����'+��'/�%�����-)���+ %�&�$'+,$�$%�&�����#�$%'����"��)���$ %�'-
(�"����� "&��"�$ �%�#*+ ��β-#�++�&��%�*#%�'"��"�&�% �+� ���%�� ��!��"
�������&� �C%�"����+,� �+�������� @� "&�*$-7'*+��"� )0>>.� �:+��(
)00�.���+E���%� )00�.�� "&�*$-7'*+��"� )00?.� � #�� )00?.� ���1���
)00>.���" ��++'�)00>.��"&����"�)000.�	�F���5��%� +����) .��'" %���%
 +����2.�� !�"'��%#���%� +����2A�

0�)� ��	���-)��J��	�
����$*�$'���'/�%������#%�'"����%'�!���/+,��++*�%� %��%�����+ %�����'+���'/

Table 11. Association studies of the BETA2 Ala45Thr polymorphism.

Genotypes

Population/Group Ala/Ala Ala/Thr Thr/Thr P< 0.05*

Case-control association studies
Japanese1-4/T1DM  . . . . . . . . . . . . . 356 112 11

<0.0001
Japanese1-4/Control . . . . . . . . . . . . 678 117 5
Caucasian5,6/T1DM  . . . . . . . . . . . . 132 125 32

NS
Caucasian5,6/Control  . . . . . . . . . . . 93 128 32

A45T allele transmission

Population/Group Ala Thr Ptdt < 0.05

TDT association studies
US7  . . . . . . . . . . . . . . . . . . . . . . . . 114 121 NS
DK8  . . . . . . . . . . . . . . . . . . . . . . . . 115 81 0.02
US6  . . . . . . . . . . . . . . . . . . . . . . . . 88 85 NS
European/US9,† . . . . . . . . . . . . . . . 1494 1510                    NS
Studies6,8,9  . . . . . . . . . . . . . . . . . . 1697 1678                    NS

1) Iwata et al 1999; 2) Awata et al 2000; 3) Yamada et al 2001; 4) Mochizuki
et al 2002; 5) Dupont et al 1999; 6) Malecki et al 2003; 7) Owerbach et al
1997; 8) Hansen et al 2000; 9) Vella et al 2004. *: Comparison between geno-
types of T1DM and controls was performed by 2 × 3 contingency-tables. 
†: European families were from UK, Northern Ireland, Norway, Romania
and Finland. The Japanese studies (1-4) and the Caucasian (French/US, 4 and
5) studies were combined, respectively. Significant differences between the
genotype and the allele distributions in Japanese and Caucasian T1DM
cohorts were observed. The Thr-allele was strongly associated with T1DM in
the combined Japanese studies. Data from Owerbach et al 1997 were omit-
ted from the combined TDT analysis due to putative overlap with US data
from Vella et al 2004.
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Figure 3. Interactions and regulation of signalling in the IL-1 system. Mod-
ified from Dinarello 1998 and Dinarello 2003. A: IL-1α and IL-1β are repre-
sented by the same symbol. IL-1α is generally expressed as a surface mol-
ecule on monocytes (and to a lesser degree by other cells) and is not secreted
as mature IL-1α. IL-1α is released as proIL-1α from dying cells and is cleaved
by extracellular proteases. In contrast, IL-1β is mainly secreted by monocytes
(or other cells) as the mature IL-1β after the cleavage of proIL-1β by the IL-1
converting enzyme (ICE ~caspase-1). IL-1Ra, the IL-1 receptor antagonist, is
secreted from all cells upon IL-1 action on these cells, but mainly from
monocytes. B: The IL-1RI is the signal transducing receptor. IL-1 and IL-1Ra
compete for binding to the IL-RI. After low-affinity binding of IL-1 to IL-1RI,
the IL-1R Accessory Protein (AcP) forms a high-affinity complex with IL-1/IL-
1RI leading to signal transduction. C: In contrast, binding of IL-1Ra to IL-1RI
inhibits high-affinity complex formation with the IL-1R AcP and conse-
quently no signal is induced. Thus, the IL-1Ra has an anti-inflammatory
action. D: The membrane bound IL-1RII lacks a signal transducing cytosolic
domain and has high affinity for IL-1β and low affinity for IL-1Ra. Thus, this
receptor acts as a “decoy” receptor dampening the pro-inflammatory
action of IL-1β. E: The soluble IL-1sRI receptor acts as a pro-inflammatory
molecule due to preferential binding of IL-1Ra compared to the IL-1 agon-
ists. F: The IL-1sRII has higher affinity for IL-1β and IL-1α than for IL-1Ra and
is considered having anti-inflammatory function.
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Figure 4. IL1B and IL1RT1SNPs evaluated for intra-familial association to T1DM. The SNPs in IL1B were previously denoted IL1B AvaI (IL1B-511T>C), IL1B
TaqI (IL1B+3953C>T) and IL1B 3’UTR SNP (IL1B+6912G>C) in Kristiansen et al 1998b and Kristiansen et al 2000b. The latter SNP maps 97 bp upstream the
start of the poly-A-signal site. The IL1RT1PstI–a (C>T) SNP was investigated in Kristiansen et al 2000b. The other SNPs detailed in IL1RT1 were identified and
evaluated in Bergholdt et al 2000. Numbers in boxes refer to exon numbers. The three promoters in IL1RT1 direct the transcription of three different 5’UTRs
encoded by exons 1A, 1B and 1C respectively. The GenBank accession numbers AF302042, U14179 and AF302043 completes a sequence of 5,758 bp. In this
combined sequence the position of the SNPs and exons are: IL1RT1 PstI–b (G>A) 709, IL1RT1 HinfI (G>A) 1,622, IL1RT1 PstI–a (C>T) 2,732, exon 1B 2,847 –
3,320, exon 1C 3,647 – 3,885 and IL1RT1 AluI (T>C) 5,647. Additional SNPs have been observed in the 5,758 bp sequence; C>T at 2,758 and T>C at 2,896
(Bergholdt et al 2000), A>G at 3,372 and T>A at 3,786 (Sitara et al 1999), C>A at 3,698 (Sitara et al 2000b), G>A at 3,746 (Sitara et al 2000a) and T>C at 5,125
(Bergholdt et al 2000). These SNPs and the very large number of common (40 common SNPs identified in European Americans) SNPs recently reported (Carl-
son et al 2004) have not been evaluated in Danish T1DM families.
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Table 12. T1DM association studies of IL1A, IL1B and IL1RN variants.

Study-design
Polymorphism Population C-C1 or TDT Associated allele Comment References

IL1A-889C>T UK TDT – Copeman et al 1995
IL1A+5540 (AC)n DK/UK/US TDT – 48 DK families included Copeman et al 1995

India TDT –   Ogunkolade et al 2000
IL1B-511C>T UK TDT – Copeman et al 1995

DK TDT –   Kristiansen et al 2000b
IL1+3953C>T DK C-C IL1B*1 (T) T1DM HLA ÷ DR3/ ÷ DR4 patients only Pociot et al 1992

DK C-C IL1B*1 (T) IL1B1*1 carrier status in familial T1DM Pociot et al 1994
UK TDT – Esposito et al 19982

DK TDT –   Kristiansen et al 2000b
H C-C IL1B*1 (T) T1DMs not in H-W3 Krikovszky et al 2002

IL1+6912G>C DK TDT G T1DM patients with onset >10 years Kristiansen et al 1998b
IL1RN (86bp)2-6 DK C-C A1 (86bp)4 A1/A1 genotype in familial T1DM Pociot et al 1994

DK TDT –   Kristiansen et al 2000b

1) C-C: case-control studies. 2) Part of the UK cohort was also investigated in Copeman et al. 1995. 3) Hardy-Weinberg equilibrium. The large number of
recently identified common SNPs found by complete mutation scanning of IL1B and IL1RN (Carlson et al 2004) have not been evaluated in relation T1DM.

Table 13. T1DM association studies of IL1RT1 variants.

Study-design
Polymorphism Population C-C1 or TDT Associated allele Comment References

IL1RT1 Pst I-a DK C-C – Low heterozygosity in T1DM patients Pociot et al 1994
DK C-C – Low heterozygosity in T1DM patients Bergholdt et al 1995
UK C-C T Metcalfe et al 1996
FIN C-C T T1DM HLA ÷ DR3/ ÷ DR4 patients only –
India C-C – –
E C-C –      Mato et al 1997
DK TDT –      Kristiansen et al 2000b
India TDT –      Ogunkolade et al 2000

IL1RT1 Pst I-b DK TDT – Bergholdt et al 2000
IL1RT1 Hinf I DK TDT G Bergholdt et al 2000
IL1RT1 Alu I DK TDT – Bergholdt et al 2000

1) C-C: case-control.

Table 14. Transmission of the IL1B+6912G>C alleles in T1DM – effect on
age at onset?

Age at onset G(%T) C(%T) χχ2, TDT PTDT

<10 years  . . . . . . . . . . . . . . . . 63 (44) 79 (56) 1.80            NS
≥10 years  . . . . . . . . . . . . . . . . 66 (62) 40 (38) 6.38 0.01

Comparison of transmission pattern in the two groups: χ2 = 7.09 (P = 0.008).
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Table 15. Support for a role of T-cells in the pathogenesis of T1DM.

– Presence in the insulitis infiltrate
– Delay of progress in disease with immunosuppressive drugs
– Preservation of β-cells at clinical onset of T1DM after anti-CD3 mono-

clonal antibody therapy 
– Recurrent selective β-cell destruction in pancreas graft transplanted 

to diabetic MZ twin
– “Adoptive transfer” of T1DM with bone marrow (not depleted for 

T-cells) from T1DM donor to non-diabetic recipient
– Circulating autoreactive T-cells in T1DM patients
– Concordance between islet graft failure and increased in T-cell auto-

reactivity
– Lack of benefit from plasmapheresis and intravenous immunoglobulin

therapy
– Development of autoimmune T1DM in B-cell and antibody deficient

patient with intact T-cell immunity

Modified from Roep 2003.
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10.3.1. The CD4-1188(TTTTC)5-14 A4 allele in T1DM
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10.3.2. CD4 promoter haplotypes in T1DM
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Figure 6. Effects of time of incubation and stimulation modalities on CD4
promoter activity. Columns: 1320CD4 (black) and 1141CD4 (white) con-
structs. In each of the three experiment one preparation of each of the four
different 1320CD4 and the three different 1141CD4 constructs were in-
cluded in triplicates and a mean activity for the 1320CD4 and the 1141CD4
constructs variants were calculated for each experiment. CD4 promoter ac-
tivity = mean CD4normalised for Renilla activity Firefly-activity/Basic Vectornormalised for

Renilla activity Firefly constitutive-activity. Numbers in brackets indicate hours of
incubation.
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Figure 5. Markers and genes at the CD4 locus. The map constructed from
http//www,ncbi.nlm.nih.gov/entrez/uniSTS and Ansari-Lari et al 1996. 
*) GenBank accession # NC_000012, the complete human chromosome 12
sequence. Genetic distances from 12pter (Marshfield Center for Medical
Genetics: http//www.research.marshfieldclinic.org/genetics/): D12S99 (12.6
cM) – CD4 (16.4 cM) – D12S77 (20.3 cM) – D12S358 (26.3 cM). TNFRSF1A: the
tumor necrosis factor receptor 1 gene (OMIM # 191190), LAG3: lymphocyte
activation gene 3 (OMIM # 153337), GNB3: guanine nucleotide-binding pro-
tein BETA-3 gene (OMIM # 139130), USP5: ubiquitin-specific protease 5
gene (OMIM # 601447) and TPI1: triosephosphate isomerase 1 gene (OMIM
# 190450).

Gene/marker           Position* (Kb)

D12S99 5,345

TNFRSF1A 6,308

6,752-6,758

6,769-6,800

6,820-6,826
6,816-6,846
6,847-6,851

10,253

12,531

LAG3

CD4

GNB3
USP5
TPI1

D12S77

D12S358
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Figure 7. Impact of the CD4 promoter variants on stimulated promoter ac-
tivity. PMA/PHA stimulation in CD4+ Jurkat cells: ↑enhanced and ↓decreased
CD4 promoter activity, respectively.
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Table 16. Cell type-specific induction of ICAM-1 expression.

Cell type Stimuli

Endothelial cell . . . . . . TNF-α, IL-1, IL-6, IFNγ, estradiol, oxidised LDL, H2O2

Epithelial cell  . . . . . . . TNF-α, IL-1, LPS, some viruses, histamine
Fibroblast  . . . . . . . . . . TNF-α, IL-1, IL-4, IFNγ, PGE2

Hepatocyte  . . . . . . . . . TNF-α, IL-1, IL-6, IFNγ
Leukocyte  . . . . . . . . . . TNF-α, IL-1, IFNγ, IL-3, GM-CSF
Smooth muscle cell  . . TNF-α, PDGF
Beta-cell  . . . . . . . . . . . IL-1*, IFNγ, TNF-α, IL1** + INFγ, IL-6** + INFγ

Modified from Roebuck et al 1999 with inclusion data on β-cell studies of
ICAM-1 expression: Campbell et al 1989a, Vives et al 1991, Prieto et al 1992,
Cardozo et al 2001, Todaro et al 2003, Wachlin et al 2003. LDL: low-density
lipoprotein, GM-CSF: granulocyte-monocyte colony-stimulating factor,
PDGF: platelet-derived growth factor.
*: Not alone in human β-cells. **: In combination in human β-cells.
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Transmitted 
(T) allele

Families +49G 
Population (N) +49A +49G (%T) P<0.05 References

Chinese . . . . . . . . . . . . . . . . . . . . 31 10 8 44 Marron et al 1997
Danish . . . . . . . . . . . . . . . . . . . . . 254 145 166 53 Larsen et al 1999
French . . . . . . . . . . . . . . . . . . . . . 44 27   40 60 Marron et al 1997
French . . . . . . . . . . . . . . . . . . . . . 70 27 43 61 Fajardy et al 2002
German  . . . . . . . . . . . . . . . . . . . 109 39 71 65 0.002 Donner  et al 1998
Italian  . . . . . . . . . . . . . . . . . . . . . 187 75 114 60 0.004 Nistico et al 1996
Korean  . . . . . . . . . . . . . . . . . . . . 41 3 13 77 0.03 Marron et al 1997
MA*  . . . . . . . . . . . . . . . . . . . . . . 99 26 42 62 Marron et al 2000
N. Ireland  . . . . . . . . . . . . . . . . . . 297 133 173 57 0.02 McCormack et al 2001
Romanian . . . . . . . . . . . . . . . . . . 204 84 102 55 Guja et al 2002
Russian  . . . . . . . . . . . . . . . . . . . . 56 11 39 78 <0.0001 Christiakov et al 2001
Sardinian  . . . . . . . . . . . . . . . . . . 123 46 45 49 Nistico et al 1996
Spanish  . . . . . . . . . . . . . . . . . . . . 44 18 40 69 0.004 Nistico et al 1996
Spanish  . . . . . . . . . . . . . . . . . . . . 39 26 17 40 Larsen et al 1999
UK . . . . . . . . . . . . . . . . . . . . . . . . 284 253 264 51 Nistico et al 1996
US  . . . . . . . . . . . . . . . . . . . . . . . . 301 265 304 53 Marron et al 1997

Combined 2183 1188 1481 55 2.1 × 10–7 All studies

All available TDT data reported excluding Ueda et al 2003. *: Mexican-American. Due to overlap between some
study populations, the studies with the largest number of investigated families are included. Thus, some 
studies reporting TDT data on this SNP have been omitted. Other CTLA4 variants investigated in T1DM prior to
2000 are reviewed in Kristiansen et al 2000d.

Table 17. TDT studies of the
CTLA4+49A>G SNP in T1DM.
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Genotypes

Population/Group GG GA AA P < 0.05 References

Belgian/T1DM  . . . . . . . . . . . . . . . . . . . . . . 75 269 181
<0.0013

Nistico et al 1996 and 
Belgian/Control . . . . . . . . . . . . . . . . . . . . . 51 242 236 Van der Auwera et al 1997

Chinese/T1DM . . . . . . . . . . . . . . . . . . . . . . 74 166 110
<0.0001 Osei-Hyiaman et al 2001

Chinese/Control  . . . . . . . . . . . . . . . . . . . . 42 177 201

Chinese/T1DM . . . . . . . . . . . . . . . . . . . . . . 81 82 17
Marron et al 1997

Chinese/Control  . . . . . . . . . . . . . . . . . . . . 196 148 35

Chinese/T1DM . . . . . . . . . . . . . . . . . . . . . . 150 85 18
<0.01 Lee et al 2000

Chinese/Control  . . . . . . . . . . . . . . . . . . . . 37 45 9

Chinese/T1DM . . . . . . . . . . . . . . . . . . . . . . 15 11 5
<0.01 Ma et al 2002

Chinese/Control  . . . . . . . . . . . . . . . . . . . . 8 9 19

Czech/T1DM  . . . . . . . . . . . . . . . . . . . . . . . 57 125 123
– Cinek et al 2002

Czech/Control  . . . . . . . . . . . . . . . . . . . . . . 50 133 106

Filipinos/T1DM  . . . . . . . . . . . . . . . . . . . . . 37 35 18
<0.02 Klitz et al 2002

Filipinos/Control  . . . . . . . . . . . . . . . . . . . . 21 43 30

French/T1DM . . . . . . . . . . . . . . . . . . . . . . . 34 41 37
<0.03 Djilali-Saiah et al 1998

French/Control  . . . . . . . . . . . . . . . . . . . . . 16 37 47

French/T1DM . . . . . . . . . . . . . . . . . . . . . . . 17 76 41
– Fajardy et al 2002

French/Control  . . . . . . . . . . . . . . . . . . . . . 31 146 96

French/T1DM . . . . . . . . . . . . . . . . . . . . . . . 49 10 3
<0.0001 Ongagna et al 2002

French/Control  . . . . . . . . . . . . . . . . . . . . . 14 27 43

German/T1DM*  . . . . . . . . . . . . . . . . . . . . 55 147 91
<0.03 Donner et al 1997

German/Control*  . . . . . . . . . . . . . . . . . . . 41 149 135

Japanese/T1DM . . . . . . . . . . . . . . . . . . . . . 72 80 21
– Awata et al 1998

Japanese/Control  . . . . . . . . . . . . . . . . . . . 170 197 58

Japanese/T1DM . . . . . . . . . . . . . . . . . . . . . 54 42 21
– Hayashi et al 1999

Japanese/Control  . . . . . . . . . . . . . . . . . . . 72 47 21

Japanese/T1DM . . . . . . . . . . . . . . . . . . . . . 33 25 16
– Takara et al 2000

Japanese/Control  . . . . . . . . . . . . . . . . . . . 30 43 34

Japanese/T1DM . . . . . . . . . . . . . . . . . . . . . 57 62 6
0.005 Kikuoka et al 2001

Japanese/Control  . . . . . . . . . . . . . . . . . . . 78 88 34

Japanese/T1DM . . . . . . . . . . . . . . . . . . . . . 44 36 17
– Mochizuki et al 2003

Japanese/Control  . . . . . . . . . . . . . . . . . . . 21 27 12

Korean/T1DM  . . . . . . . . . . . . . . . . . . . . . . 57 38 2
– Marron et al 1997

Korean/Control  . . . . . . . . . . . . . . . . . . . . . 56 44 12

Moroccan/T1DM  . . . . . . . . . . . . . . . . . . . . 7 52 59
– Bouqbis et al 2003

Moroccan/Control . . . . . . . . . . . . . . . . . . . 8 47 59

Polish/T1DM  . . . . . . . . . . . . . . . . . . . . . . . 60 95 37
<0.003 Krokowski et al 1998

Polish/Control  . . . . . . . . . . . . . . . . . . . . . . 21 76 39

Spanish/T1DM  . . . . . . . . . . . . . . . . . . . . . . 6 37 46
– Marron et al 1997

Spanish/Control  . . . . . . . . . . . . . . . . . . . . 5 29 23

Tunisians/T1DM  . . . . . . . . . . . . . . . . . . . . 32 38 4
<0.01 Kamoun Abid et al 2001

Tunisians/Control  . . . . . . . . . . . . . . . . . . . 11 28 10

W. African/T1DM  . . . . . . . . . . . . . . . . . . . 9 67 106
– Osei-Hyiaman et al 2001

W. African/Control  . . . . . . . . . . . . . . . . . . 11 61 129

All – T1DM 1075 1619 979
1 × 10–11 All studies aboveAll – Control 990 1843 1388

Studies including patients from family-based studies were excluded and only studies reporting the full geno-
type frequencies were included. Heterogeneity between genotypes in control and T1DM cohorts evaluated 
by 2 × 3 contingency-tables. *: The T1DM and the control cohorts comprised approximately 2/3 Germans and 
1/3 Canadians. The final two rows represent the “crude” sum of the above studies. As “significant” association-
studies have better chances of publication these numbers may be marginally biased. All other CTLA4 variants
investigated in T1DM prior to 2000 were reviewed in Kristiansen et al 2000d.

Table 18. Case-control studies of the
CTLA4+49A>G SNP in T1DM.
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Table 19. Candidate genes investigated at the IDDM13 locus.

Candidate
gene OMIM # Polymorphism Reference

PTPRN/IA2 601773 D2S1753E (intron 2) Nishino et al 2001
PTPRN/IA2 D2S1753E and D2S31F23 Esposito et al 1998
IGFBP5 146734 (CA)n-repeat (intron) Owerbach et al 1997
NRAMP1 600266 Bsr I RFLP (intron 13) Copeman et al 1995
NRAMP1 (GT)n-repeat (promoter) Bassuny et al 2002
NRAMP1 (GT)n-repeat (promoter) Esposito et al 1998
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Figure 8. Fas and FasL interaction induces pro-apoptotic cellular signalling
in the Fas expressing cell. The human Fas molecule is a widely expressed
type I transmembrane cell surface receptor molecule. The cytoplasmic tail of
Fas – the death domain is essential for transduction of the apoptotic signal.
Fas expression is boosted by cytokines, viral infection of cells and upon
activation of lymphocytes (Leithauser et al 1993, Krammer 2000). The FasL,
the natural ligand for Fas, is a type II membrane protein belonging to the
tumor necrosis factor (TNF) family of molecules. FasL is predominantly ex-
pressed in activated in activated T-lymphocytes, in NK cells and in immune
privileged sites such as the testes and the eye (Suda et al 1993, Nagata
1997), but can be expressed in other cells, including human β-cells (Loweth
et al 1998, Maedler et al 2001). Trimerisation of FasL and Fas, respectively, is
required for signal transduction. Upon FasL-Fas ligation a complex of pro-
teins associates with the activated Fas trimere within seconds. This complex
– designated the death-inducing signalling complex, induces a pro-apo-
ptotic signal in the Fas-bearing cell (Nagata 1999, Hengartner 2000, Kram-
mer 2000). For more detailed information on the downstream pro- and
anti-apoptotic cellular pathways see the above references.
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Table 20. Pro’s and Con’s for an impact of the Fas/FasL system in T1DM pathogenesis.

Pro ββ/T* Con ββ/T*

Fas expression is induced on mouse (1, 2), rat (3) and human β Fas is not expressed on β-cells isolated from NOD mice spontaneously β
(4, 5) β-cell upon exposure to cytokines developing diabetes evaluated by flow cytometry, but on β-cells 

in accelerated NOD mouse models (2, 6)
Fas is expressed on human β-cells in inflamed islets from newly β Fas is not expressed on β-cells in situ, but on infiltrating cells during 
diagnosed patients and infiltrating T-cells express FasL (7, 8). spontaneous diabetes development in NOD mice (9, 10) β
β-cell apoptosis in Fas+ β-cells close to FasL+ T-cells is found by 
some (8) but not others (7).
Fas is expressed a higher levels in islets of 15 weeks old female β
NOD mice compared to males (11). Fas is progressively  
expressed on NOD β-cells from week 3 through week 12 (12)

Soluble FasL induces apoptosis in mouse β-cells expressing β
cytokine induced Fas in vitro (2)

CD4+ 4.1 β-cell specific TCR+ T-cells kill Fas+ but not Fas- β-cells β
in vitro (13)

FasL is expressed on human β-cells in situ (14, 15) β FasL is not expressed on human β-cells in infiltrated islets from β
newly diagnosed patients, but on infiltrating cells (7, 8)

FasL is expressed constitutively on NOD β-cells in situ (9) β FasL not expressed on NOD β-cells from “old” mice evaluated by β
cytometry (2) or in infiltrated islet of NOD mice (10, 13), but on 
flow glucagon-producing α-cells and not on infiltrating cells (10)

RIP-FasL (16-19) and HIP-FasL (20) transgenic NOD mice displays β
increased diabetes incidence and rapid onset, in two cases with 
(17, 18) and two cases without (19, 20) neutrophilic infiltration

RIP-FasL (19) and HIP-FasL (20) NOD Scid transgenic, who have T
normal neutrophil counts but no lymphocytes, do not develop 
diabetes

Viral infection can induce expression of both Fas and FasL in β
β-cells with a resulting Fas/FasL-mediated β-cell fratricide and 
diabetes (21)

β-cell specific expression of a defective Fas receptor inhibiting β β-cell specific Fas death-domain deficient TCR-HA Ins-HA mice β
Fas trimerisation reduces diabetes incidence in NOD transgenic develop autoimmune diabetes (22)
mice in a dose dependent fashion (19)

NOD mice display a deficit in central tolerance induction due T
to diminished deletion of semi-mature thymocytes in vivo and 
in vitro, and the defect applies to both Fas-independent and 
Fas-dependent pathways of apoptosis (23)

NOD mice T lymphocytes are more resistant to activation T
induced cell death than T-cell from NOR and C57BL/6T mice 
and express lower levels of Fas and Fasl mRNA (24)

NOD mice carry a low activity FasL molecule (25) T NOD mice carry a low activity FasL molecule (25) β

Reduced T-cell FasL expression prevents NOD diabetes (26) T

Human CD4+ and CD8+ T-cells from T1DM patients have T
defective (low) expression of Fas in vivo and upon anti-CD3 
stimulation in vitro (27)

Anti-FasL treatment from 2-4 weeks of age and from 5-15 weeks T/β
of age prevents and delays onset of diabetes, respectively (28).
Due to deletion of CD4+CD45RBlow memory cells (29) or action
at the target organ? Remains to be elucidated

Studies utilising a) transplantation of islets, b) adoptive transfer of primed and un-primed immune cells, c) chemically accelerated or induced diabetes, and
d) the NOD–lpr/-lpr mouse (a transgenic NOD mouse with a defective Fas gene (Chervonsky et al 1997, Itoh et al 1997) are not included as these studies are
potentially flawed: a-c) do not necessarily reflect the mechanisms underlying the spontaneous development of diabetes in rodents, and 4) the pleiotropic
effect the lpr mutation on the immune system and the β-cells render these studies inconclusive at to whether the effect is exerted at the target organ or 
in the immune system (Kim et al 2000). *: Site of action. β: β-cells and T: T-cells. RIP: rat insulin promoter, HIP: human insulin promoter, HA: (influenza) hem-
agglutinin, NOR: non-obese diabetes resistant mouse. 1) Yamada et al 1996; 2) Thomas et al 1999; 3) Kuttler et al 2003; 4) Stassi et al 1995; 5) Loweth et al
2000; 6) Darwiche et al 2003; 7) Moriwaki et al 1999; 8) Stassi et al 1997; 9) Reddy et al 2003; 10) Signore et al 1997; 11) In gelsson et al 1998; 12) Walter et
al 2000; 13) Amrani et al 2000; 14) Maedler et al 2001; 15) Loweth et al 1998; 16) Chervonsky et al 1997; 17) Kang et al 1997; 18) Allison et al 1997; 
19) Savinov et al 2003; 20) Silva et al 2003; 21) Christen et al 2004; 22) Apostolou et al 2003; 23) Kishimoto et al 2001; 24) Decallonne et al 2003; 25) Kaya-
gaki et al 1997; 26) Su et al 2000; 27) Giordano et al 1995; 28) Nakayama et al 2002; 29) Kim et al 2000.
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13.4.1. Genetic variants in FAS – 
identification and relation to T1DM
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13.4.2. FASL variants are not linked to T1DM in Danes
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Table 21. Studies of the IL6-174G>C SNP in T1DM.

Study Associated
Population design allele References

UK  . . . . . . . . . . . . . . . . . C-C IL6-174G Jahromi et al 2000
UK  . . . . . . . . . . . . . . . . . TDT – Jahromi et al 2000
PL  . . . . . . . . . . . . . . . . . C-C – Siekiera et al 2002
DK  . . . . . . . . . . . . . . . . . TDT IL6-174C Kristiansen et al 2003
NL  . . . . . . . . . . . . . . . . . TDT – Eerligh et al 2004

C-C: case-control study. TDT: family-based TDT design.
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Figure 9. Transmission of the IL6-174C allele in females from families with
homozygous/heterozygous parent combinations.
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