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Summary. In Caucasians the predisposition to Type i (in- 
sulin-dependent) diabetes mellitus has been shown to asso- 
ciate with HLA-DR3,DQw2 and DR4,DQw8 and with the 
presence of amino acids other than aspartic acid at posi- 
tion 57 on the HLA-DQ[3 chain. In Finland the haplotype- 
specific absolute risk for developing Type i diabetes differs 
between various DR3 and DR4 positive haplotypes. The aim 
of our present analysis was to find out whether this variation 
is attributable to polymorphism at the DQ locus. As part of a 
nationwide prospective study including 757 serologically 
HLA genotyped families, we determined HLA-DQc~ and 
DQI3 restriction fragment polymorphisms in 17 selected 
families with important susceptibility haplotypes. Addition- 
ally, the DQA1 alleles were determined from 19 haplotypes 
using sequence-specific oligonucleotide probes, and the 
DQB1 second exon was sequenced from nine haplotypes. 
The DR3 as well as DR4 positive haplotypes frequently 

found in Type i diabetic patients showed no variation at 
the HLA-DQ locus, and they were DQw2 and DQw8, re- 
spectively. The absolute risk for Type 1 diabetes for 
DR4,DQw8 positive haplotypes A2,Cw4,Bw35,DR4 
A3,Cw3,Bw62,DR4, A24,Cw7,Bw39,DR4, A2,Cw3,Bw62, 
DR4, and A2,Cw1,Bw56,DR4 was 35/100,000, 130/100,000, 
166/100,000, 196/100,000, and 218/100,000, respectively. The 
absolute risks for DR3,DQw2 positive haplotypes A1, 
Cw7,B8,DR3 and A2,Cw7,B8,DR3 were 68/100,000 and 
103/100,000, respectively. These results provide further 
evidence that not only the polymorphism at the DQ locus but 
also other genes of the haplotypes contribute to suscepti- 
bility to Type i diabetes. 
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Type i (insulin-dependent) diabetes mellitus is one of the 
diseases in which the study of the HLA system at the mole- 
cular level has provided new insights into disease suscepti- 
bility. However, controversy exists as to whether one or sev- 
eral HLA loci contribute in determining predisposition to 
Type i diabetes. After the initial findings ofpositive associ- 
ations with HLA-B8, B15, and B18, stronger associations 
were found with DR3 and DR4 [1]. Restriction fragment 
length polymorphism (RFLP) analyses of the HLA class II 
loci have suggested that DQ alleles might be even more 
precise markers of susceptibility to the disease than DR al- 
leles [2, 3]. Based on nucleotide sequence data and oligo- 
nucleotide typingit has been proposed that aspartic acid at 
position 57 (Asp57) on the HLA-DQ[3 chain may protect 
against Type i diabetes in Caucasians [4, 5]. In Japanese, 
however, Asp57 seems to have no protective effect [6]. 

The HLA region spans over 3800 kilobases (kb) [7] 
and maps to chromosome 6 (band 6p21.3). It consists of 
several highly polymorphic loci, of which HLA-A, C and 
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B loci code for class I antigens and HLA-DR,DQ, and DP 
for class II antigens. Class III constitutes several genes in- 
cluding genes for the complement components C2, C4 
and Bf, which are located between class I and class II [8]. 
Many other loci are known and, additionally, numerous 
genes, which have not so far been characterized, exist in 
the HLA region [9, 10]. Linkage disequilibrium between 
the HLA-A,C,B,DR and DQ alleles greatly complicates 
any attempt to pinpoint the susceptibility gene(s) to a spe- 
cific HLA locus. Consequently, it may be too simplistic to 
explain predisposition to Type 1 diabetes by the structure 
of the DQ molecules alone omitting the effect of other 
HLA gene products. 

Certain HLA haplotypes appear to be found parti- 
cularly often in Type i diabetic subjects. In northern 
Europe, the haplotypes A1,Cw7,B8,DR3,DQw2 and 
A2,Cw3,Bw62,DR4,DQw8 are frequently found in pa- 
tients with Type i diabetes. In Finland the haplotype 
A2,Cw1,Bw56,DR4 is the third most common haplotype 
in diabetic patients [11], and it has not so far been found in 
other populations. The absolute risk for Type 1 diabetes 
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of  this h a p l o t y p e  is the  h ighes t  of  all H L A  hap l o type s  
found  in F i n l a n d  [12]. F i n l a n d  has the  h ighes t  inc idence  of  
Type  1 d i abe te s  in the  w o r l d  [13], and  the re fo re ,  the  con-  
se rved  an t igen  c o m b i n a t i o n  of  this  popu la t ion - spec i f i c  ha-  
p l o t y p e  m a y  be  h ighly  r e l evan t  to  d i sease  susceptibi l i ty.  

This  s tudy  was pa r t  of  a n a t i o n w i d e  p o p u l a t i o n - b a s e d  
p rospec t i ve  fami ly  s tudy  of  Type  i d i abe t e s  in F in land .  
Ou t  of  757 se ro log ica l ly  H L A  g e n o t y p e d  famil ies  we have  
chosen  17 for  H L A - D Q  locus  analysis  at the  m o l e c u l a r  
level.  We  were  pa r t i cu la r i ly  i n t e r e s t e d  in def in ing  the D Q 
locus of  the  newly - found  suscept ib i l i ty  h a p l o t y p e  
A2 ,Cw1,Bw56 ,DR4.  By sequenc ing  and  o l igonuc leo t ide  
typ ing  of  the  D Q B 1  and  D Q A 1  alleles,  respect ively ,  and  
using the  R F L P  t e c h n i q u e  with  DQc~ and  DQ[3 chain  
p robes ,  we have  t e s t ed  w h e t h e r  the  d i f fe rences  in hap lo -  
type-spec i f ic  abso lu t e  r isk [12] cou ld  be  a t t r i b u t a b l e  to 
p o l y m o r p h i s m s  at the  D Q  locus. 

Subjects and methods 

The families 

The Childhood Diabetes in Finland (DIME) study is a nationwide 
study into the genetic and environmental factors involved in Type 1 
diabetes, which was carried out in Finland between September 1986 
and April 1989. This study is the first population-based prospective 
family study which used HLA haplotypes as predictive markers for 
Type 1 diabetes. The genetic part of the study comprised 757 newly- 
diagnosed diabetic children aged 14 years or younger (probands). 
Together with their parents and siblings they were HLA-A,C,B,DR 
genotyped using conventional HLA serology [11]. 

From these genotyped families 17 were especially selected for this 
RFLP and sequence analysis. The families were selected for the 
presence of certain important HLA haplotypes such as the newly- 
found susceptibility haplotype A2,Cw1,Bw56,DR4 [11]. Only fami- 
lies which were informative for the selected haplotypes were chosen; 
families where one parent was homozygous for a certain haplotype 
were excluded. Four of the families were multiplex families (Table 1). 

The four HLA haplotypes found in each family were divided into 
"diabetic" and "non-diabetic" haplotypes. "diabetic" haplotypes 
were the two haplotypes found in the diabetic probands. "Non- 
diabetic" haplotypes were defined as those parental haplotypes 
which were not found in probands or in parents or in siblings with 
Type i diabetes. 

The haplotype-specific absolute risk 

The haplotype-specific absolute risk was calculated using the formu- 
la R = R1 (p2) + R2 (2pq) + R3 (q2), where R is the total incidence of 
Type i diabetes in the general population (age 0-14 years), which 
was 35/100,000 per year during 198%1988 in Finland [13]. R1 is the 
incidence in homozygotes for haplotype p, R2 the incidence in hete- 
rozygotes for haplotype p and haplotype q, and R3 the incidence in 
homozygotes for haplotype q. 

The RFLP analysis 

High molecular weight DNA was extracted from peripheral blood 
leucocytes using a standard method [14]. Six micrograms of genomic 
DNA was digested with the restriction endonucleases PstI, TaqI and 
BamHI (New England Biolabs, Beverly, Mass., USA) according to 
the manufacturers instructions. After digestion DNA was electo- 
phoresed in 0.6 % agarose gel for 16-20 h using 50 V. Hind III di- 
gested bacteriophage lamda D NA was run as a molecular weight mar- 
ker in each gel. After an alkaline denaturation step DNA fragments 
were capillary-blotted overnight onto a nylon filter (Hybond-N, 

255 

Amersham, Bucks., UK). Filters were prehybridized for 6 h at 42 ~ 
50 % deionized formamide, 6 % standard sodium citrate (SSC), 5 % 
Denhardt's solution (2 % Ficoll, 2 % bovine serum albumin, 2 % poly- 
vinyl pyrrolidone), 0.5 % sodium dodecyl sulphate (SDS) andherring 
sperm DNA (100 gg/ml). In the hybridization step a probe labelled 
with o~-32p-dCTP (Random prime, Boehringer, Mannheim, Ger- 
many) was added into the prehybridization solution and the tilters 
were hybridized overnight at 42 ~ The probes were cDNA probes 
for the DQc~andDQI3chains [15, 16].TheDQc~probewas usedinthe 
10th Histocompatibility Workshop, and the DQ[3 probe was kindly 
provided by Dr. M. Trucco (University of Pittsburgh, Pa., USA). The 
tilters were washed in 2 x SSC at 25 ~ for 10 min, and at 60 ~ for 
15min, in 2xSSC+0.1 SDS at 60~ for 15min, and finally in 
0.3 SSC + 0.1 SDS at 60~ for 5-15 min. Filters were autoradio- 
graphed for 2 and 6 days. The restriction fragment sizes were deter- 
mined as the mean size obtained from different blots. There was up to 
10 % variationin fragment sizes between different blots. 

HLA-DQ RFLP fragments for each haplotype were determined 
by co-segregation of the fragments with the haplotype. The assign- 
ment of an RFLP fragment to a haplotype is clear when only one par- 
ent is positive for the fragment, and both of that parent's haplotypes 
are inherited by the children. It is also clear when both parents are 
positive, and at least one child is negative for the fragment. The as- 
signment of a fragment to a haplotype is not certain when all family 
members are positive for the fragment. It is also uncertain when only 
one haplotype of a parent is inherited by the children. In the latter 
case it is possible that the non-inherited haplotype is positive for the 
fragment as well as the inherited haptotype. 

The HLA-DQ B1 sequence analysis 

Most of the variability of the DQB1 gene is in the second exon [8]. 
The HLA-DQB 1 second exon was amplified twice using polymerase 
chain reaction (PCR) [17]. Prior to amplification genomic DNA was 
digested with restriction endonuclease BstEII (New England Bin- 
labs) to avoid co-amplification of the DQB2 gene [18]. One micro- 
gram of DNA was amplified using a thermal cycler (Techne PHC1) 
under the following conditions: 0.2 mmol/l dNTPs, 20 mmol/1 Tris- 
HC1, pHS.8, 15mmol/l (NH4)2804, 1.5mmol/1 MgC12, 0.1% 
Tween 20, 0.01% gelatin, 100 pmol of primers and 2.5 U of Taq 
DNA polymerase (Amplitaq, Perkin-Elmer Cetus, Emeryville, 
Calif., USA). Before adding the enzyme the reaction mixture was 
denaturated at 98 ~ for 5 rain and then kept at 80 ~ when enzyme 
was added. Thereafter, the denaturation step was 1 min at 95 ~ an- 
nealing 1 min at 60~ and extension 2 min at 70 ~ After 30 cycles 
there was an extension step 10 min at 70~ We used the primers 
GLPDQ[31 and GAMPDOX~2 [4] for the first amplification. The 
amplified product was run in a 3 % low melting point agarose gel 
(NuSieve, FMC, Rockland, Me., USA) and the 240 bp fragment was 
excised. The excised gel slice was diluted three-fold with distilled 
water, and 10 gl was amplified again using the same conditions as 
above except slightly modified primers with BamHI and HindIII 
sites: 5 '-GATTTCGTGGATCCGTTrAAG-3'  and 5'-CCACCTC- 
GAAGCTTTGTGTGCA-3'.  The amplified product was run in a 
3 % agarose gel (standard low-mr, Bio Rad, Richmond, Calif., USA). 
The 240 bp product was recovered from the gel using electroelution 
[14]. The amplified DNA was purified with phenol and chloroform 
and digested with BamHI and HindIII. Nucleotide sequences were 
determined after subcloning fragments in the pGem7Z (Promega, 
Madison, Wiss., USA) by the chain-termination method [19] 
(Sequenase 2.0, USB, Cleveland, Ohio, USA). The amplification, 
cloning and sequencing was performed two-three times for each 
subject to rule out possible errors made by Taq-polymerase. The 
most recent names for DQB1 alleles recommended by the WHO 
Nomenclature Committee were used [20]. 

The HLA-DQA1 oligonucleotide analysis 

The amplification and the analysis of the alleles were performed 
using the AmpliType HLA-DQ~ Forensic DNA Amplification and 
Typing Kit (Perkin-Elmer Cetus, Emeryville, Calif., USA), which 
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Table 1. HLA haplotype (a, b, c, d) segregation in 17 families 

Family A C w B  DR A CwB DR 
No. 

E J. Tienari et al.: DQ locus in high-risk haplotypes for Type 1 diabetes 

Family A CwB DR A CwB DR 
No. 

1 Father a: 1 7 8 3 b: 2 1 
Mother c: 1 7 8 3 d: 3 4 
Child t bc 
Child 2" bc 
Child 3 bd 

2 Father a: 2 1 56 4 b: 11 5 
Mother c: 32 5 44 11 d: 3 4 
Child i a ac 
Child 2 ad 

3 Father a: 1 7 7 2 b: 2 7 
Mother c: 2 3 62 4 b d: 24 1 
Child 1 a ad 
Child 2 bd 

4 Father" a: 1 7 8 3 b: 2 3 
Mother c: 3 3 7 1 d: 32 7 
Child 1 bc 
Child 2" bd 

5 Father a: 3 7 7 14 b: 3 4 
Mother c: 3 7 7 2 d: 2 3 
Child i ad 
Child 2 a bd 
Child 3 ~ bc 

6 Father a: 1 7 8 1 b: 2 4 
Mother c: 28 3 60 4 d: 25 7 
Child 1 a bc 
Child 2 a bc 
(dizygotic twins) 

7 Father a: 2 3 60 1 b: 3 3 
Mother c: 2 1 27 I b d: 11 5 
Child I a ad 
Child 2 bd 

8 Father a: 2 6 13 7 b: 24 x 
Mother c: 28 3 71 8 d: 11 7 
Child i ac 
Child 2" bc 

56 
35 

44 
35 

7 
27 

62 
39 

35 
62 

35 
18 

62 
44 

51 
7 

4 9 Father a: 2 4 62 1 b: 32 5 
1 Mother c: 2 3 62 4 d: 32 1 

Child 1 bc 
Child 2 a bc 
Child 3 c bd 

10 Father" a: 2 3 62 4 b: 2 bl 
5 Mother c: 2 2 61 11 d: 3 7 
1 Child I bc 

Child 2 a ad 

11 Father a: 3 6 13 7 b: 2 x 
2 Mother c: 2 3 62 8 b d: 24 2 
4 Child 1 a ad 

12 Father a: 3 3 62 4 b: 3 b7 
Mother c: 2 7 7 2 d: 3 3 

4 Child i ac 
8 Child 2" ad 

13 Father a: 25 x 51 13 b: 3 3 
Mother c: 2 4 62 b 1 d: 3 3 
Child i bc 

1 Child 2 a ad 
4 14 Father a: 2 3 60 8 b: 3 4 

Mother c: 1 3 62 5 d: 2 7 
Child 1" bd 
Child 2 bd 

4 Child 3" ad 

1 15 Father a: 1 7 8 3 b: 24 7 
Mother c: 11 3 60 4 d: 2 1 
Child 1" bc 
Child 2 bd 

4 16 Father a: 28 5 18 13 b: 3 7 
Mother c: 1 x 5t 6 d: 2 1 

1 
Child 1 c ad 
Child 2 a ad 
Child 3 c ad 

7 17 Father a: 2 1 56 4 b: 2 b4 
2 Mother c: 2 6 13 7 d: 25 x 

Child 1 ac 
Child 2 a ac 

44 4 
56 1 

56 4 
8 3 

51 10 
27 8 

7 2 
62 8 

62 8 
62 4 

35 1 
8 3 

39 4 
56 4 

7 14 
56 4 

44 5 
51 5 

" Subject with Type 1 (insulin-dependent) diabetes, b query ho- 
mozygote, ~ subject not RFLP typed, x, undefineable antigen. 
A2,Cwl,Bw56,DR4 found in six families; A3,Cw4,B35,DR1 and 
A2,Cw3,Bw62,DR4 found in four families; A1,Cw7,B8,DR3 and 

detects six different alleles [21]. Basically, the procedure involved 
amplification of the DNA segment coding for the outer domain of 
the HLA-D Qc~ chain by PCR using biotinylated primers. The ampli- 
fied product was subsequently hybridized to a filter carrying immo- 
bilized sequence-specific oligonucleotide DNA probes. Detection 
of the hybridization reaction was enzymatically mediated by a strep- 
tavidine-horseradish peroxidase conjugate resulting in a visually de- 
tectable dye. The nomenclature for the DQA1 alleles has been pre- 
viously published [21]. Two subjects (a parent and a child) per family 
were typed to confirm the co-segregation of the DQA1 alleles with 
the serologically defined HLA haplotype. 

Results  

The  68 paren ta l  H L A  haplo types  found in the 17 families 
are p re sen ted  in Table  1. Since some  impor t an t  haplo types  
were  se lec ted  to be  p resen t  in several  famil ies  47 d i f ferent  
hap lo types  were  found.  In these families 35 of  64 (55 %)  of  

A3,Cw3,Bw62,DR4 found in three families; A2,Cw7,B7,DR2, 
A3,Cw7,B7,DR2, A2,Cw6,B13,DR7, A3,Cw3,Bw62,DR8, and 
A3,Cw7,B7,DR14 found in two families 

the haplo types  had  in fo rmat ive  DQ[~/TaqI RFLPs ,  44 of  60 
( 7 3 % )  DQ[~/PstI RFLPs ,  18 of  48 ( 3 8 % )  DQ[~ /BamHI  
RFLPs ,  33 of  44 ( 7 5 % )  DQc~/TaqI R F L P s  and 30 of  48 
(63 % )  D Qc~/PstI RFLPs .  O f  the haplotypes ,  9 of  68 (13 % )  
r e m a i n e d  un in fo rmat ive  with  all p r o b e / e n z y m e  combina-  
t ions and the re fo re  no f ragments  could be  assigned to these  

haplotypes .  
The  R F L P  results of  20 impor t an t  haplo types  are sum- 

mar i zed  in Table  2. E x a m p l e s  of au to rad iograms  using 
each p r o b e / e n z y m e  combina t ion  are i l lustrated in Fig- 
ure  1. T h e  D R 3  posi t ive  hap lo types  showed  no var ia t ion  
in D Q w 2  associated R F L P  pat terns ,  ne i the r  did D R 7  
posi t ive haplotypes.  Two famil ies  (Family  6 and 15) had  
non- in fo rmat ive  R F L P s  for  D R 4  posi t ive  haplo-  
types. Consequent ly ,  no f ragments  could  be assigned to 
haplo types  A2 ,Cw4,Bw35 ,DR4,  A28 ,Cw3,Bw60,DR4,  
A24 ,Cw7,Bw39 ,DR4,  A l l , C w 3 , B w 6 0 , D R 4 ,  and A2,-  
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Table 2. RFLP fragments of important haplotypes increased (bold) or decreased in patients with Type 1 (insulin-dependent) diabetes mellitus. 
DQJ3 mad DQc~ fragment sizes are in 100 x base pairs 

HLA haplotype D QJ3/TaqI 

A Cw B DR 6 5 4 2 1 
8 4 5 9 6 

DQ[3/PstI DQ[3/BamHI DQ~TaqI DQcgPstI 

1 1 1 1 
1 0 8 6 5 5 5 4 4 3 1 6 3 2 6 5 4 2 2 2 2 7 4 2 
0 5 2 8 8 4 1 6 3 0 0 9 0 8 1 3 5 7 3 1 0 2 2 3 

3 4 35 1 I I I I I I O l  I o o  
1 7 8 1 0 0 0 I 1 o ? ? 0 0 I o o I 0 0 

32 1 56 1 O O 0 I I O i I nt nt 
25 7 18 1 O O O I I O ? ? O O I O O nt 
2 4 62 1 O O O 1 I O I I nt nt 

17 72 O I 01 O I I 0 0 1 0 0 

1 7  8 3  I ? I I I I 0 O I 0 0 0 
2 7  8 3  I ,'? I I I I nt I o o o 
3 7 83 I ? I I I o I o I o 01 

21 564 ~ I I I I 0 o I o 0 Ol 
I I o I o o I o o I 

O O O O O O O O O O O O 
23 624 ~ O I I O I �9 0 I 0 O I 

O O I O 0 O I O O I 
3 3 62 4 ~ O I I O O 0 0 I O I  0 0 O I  

o I I o l o o I o o o I 
24 1 27 4 0 O I I O �9 I O O 0 0 I 
24 7 39 4 o o o o o o o o o ? 0 o 
2 4 35 4 0 0 0 0 0 0 0 0 0 o 

28 3 60 4 o o o o o o 0 0 o 0 
11 3 60 4 O O 0 O O O O O 0 O O 0 

2 6 13 7 | l 0 nt 0 0 0 0 
3 6 13 7 I I I nt nt nt 

24 x 51 7 I I o nt nt nt 

a Haplotype found in several families, some fragments not always assigned to the haplotype. I, fragment unambiguously assigned to the 
haplotype; ?, ambiguous fragment; �9 fragment present but not informative in the family; x, undefineable antigen; nt, not tested 

Cw1,Bw56,DR4 in these families. The absence of frag- 
ments associated with DQw7 (DQ~/PstI4.3 and 
DQI3/BamHI 3.55 [22]), and the presence of fragments 
DQ~/Pst111.0 kb, 6.8 kb, 5.1 kb and DQ[~/BamH111.0 kb 
in all members of these families suggest that these haplo- 
types carried the specificity DQw8. Thus, all eight DR4 
positive haplotypes in Table 3 were DQw8. Three  of the 
families (Families 7, 8, and 11) were selected for probands 
who where neither DR3 nor DR4 positive. Two of these 
probands were DR7,DQw2/DRS,DQw4, and one was 
DR1,DQw5/DR1,DQw5. The remaining DR1, DR2, 
DRw8 and D R w l 0  positive haplotypes in these families 
showed RFLP patterns corresponding to DQw5, DQw6, 
DQw4 and DQw5, respectively. DRw5 and DRw6 posi- 
tive haplotypes showed considerable variation both in 
DQ(z and DQ[3 RFLPs (data not shown). 

The DQA1 alleles were typed using sequence-specific 
oligonucleotide probes from 19haplotypes,  and the 
DQB1 second exon was sequenced from nine haplotypes 
(Table 3). These included the newly-found susceptibility 
haplotype A2,Cw1,Bw56,DR4, the two most common 
haplotypes in Finnish diabetic children, A1,Cw7,B8,- 
DR3 and A2,Cw3,Bw62,DR4, and the two most fre- 
quent"non-diabetic" haplotypes in the Finnish popula- 
tion, A3,Cw4,B35,DR1 and A3,CwT,B7,DR2. All DR1, 
DR2, DR3, DR4, DR7, and DR8 positive haplotypes 
carried DQA1 alleles DQAI.1 ,  DQA1.2, DQA4,  DQA3,  
DQA2, and DQA4,  respectively. The DQB1 sequences 
correlated exactly with previously published sequences 
[5]. 

The haplotype-specific absolute risks developing 
Type i diabetes are shown in Table 4. The absolute risks 
have been calculated in a sample of 757 families with a 
newly-diagnosed diabetic child, altogether 1,424 unequi- 
vocally defined haplotypes among patients and 1,254 
haplotypes among non-diabetic family members. Because 
the H L A  haplotype data were obtained from a popula- 
tion-based family study, we were able to calculate the ab- 
solute risk of Type 1 diabetes associated with each haplo- 
type found in the probands. There was a considerable 
variation in absolute risk among different H L A  haplo- 
types although similar D Q ~  and DQ~3 RFLPs, the same 
DQA1 alleles, and, in the case of the four DR4 positive 
haplotypes (Table 3) the DQB1 exon 2 sequence was 
shown to be identical. 

D i s c u s s i o n  

Since the families were selected for this molecular study, 
the H L A  haplotypes of these 17 families were clearly 
defined by serology. The DQo~ and DQ[3 RFLPs were less 
informative than the serologically defined haplotypes, as 
would be expected when comparing polymorphic informa- 
tion content of haplotypes vs single loci. Segregation of the 
serologically defined H L A  haplotypes in the families pro- 
vided a solid basis, which greatly helped the assignment of 
restriction fragments to each chromosome. TaqI and PstI 
were the most informative restriction enzymes with DQo~ 
and DQ~, respectively. Only reproducible and clearly 
visible fragments were included in the RFLP analysis, and, 
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Fig.1. Examples of autoradiograms obtained with each probe and 
enzyme. HLA haplotype (a, b, c, d) segregation is shown in the pedi- 

grees above. Molecular sizes of restriction fragments (in kilobases) 
are indicated on the right of each autoradiogram 

for instance, the DQw8 associated DQ~/TaqI 2.5 kb frag- 
ment was not clearly detected and was therefore excluded. 
DQw8 was in these families most readily defined by the 
presence of DQ[3/PstI 11.0 kb, 6.8 kb, and 5.1 kb frag- 
ments, which differentiate DQw8 from DQw7 and DQw4 
[23]. In DR1, DR2, DR3, DR4, DR7, DRw8, and DRwl0 
positive haplotypes the RFLPs were in agreement with the 
10th Histocompatibility Workshop RFLP standardization 
reports [22-26], with the exception that certain ambiguous 
fragments were exluded in our analysis. 

In addition to the HLA-DQ RFLPs, which are mainly 
based on intron polymorphism, we selected certain haplo- 
types to study exon polymorphism of the DQA1 and 
DQB1 genes. For the determination of DQB1 alleles we 
chose to sequence the DQB1 second exon instead of oli- 
gonucleotide typing, because sequencing allows possible 
new alleles to be more accurately detected. Subjects hete- 
rozygous for DQ were chosen for sequencing, which made 
it possible to assign the DQB1 sequence to one or the 
other haplotype. 

In this study we analysed HLA-DQot and DQ[3 RFLPs, 
DQA1 oligonucleotide hybridizations, and the DQB1 
exon 2 sequences of several haplotypes. We then combined 
these data with the haplotype-specific absolute risks esti- 
mated from previous data [12]. The large population-based 
sample allowed us to calculate haplotype-specific absolute 

risks and directly assess the true probability of the disease 
for subjects carrying a certain haplotype. In these families 
the most important DR3 and DR4 positive susceptibility 
haplotypes were DQw2 and DQw8, respectively. Interes- 
tingly, considerable variation could be seen in the absolute 
risk for developing Type 1 diabetes between haplotypes 
which were similar at the DQ locus. Striking differences in 
absolute risk were found between D R4 positive haplotypes 
(from 35 of 100,000 to 218 of 100,000) as well as between 
DR3 positive haplotypes (from 68 of 100,000 to 103 of 
100,000). Unfortunately, a DR3 positive haplotype 
A28,Cw7,B8,BR3, which proved the highest absolute risk 
of all DR3 positive haplotypes (180 of 100,000) [12] was not 
included in the molecular analysis. The differences in ha- 
plotype-specific absolute risks suggest that there are other 
important genes in the HLA system, outside the DQ re- 
gion, which modify the risk and make certain haplotypes 
more permissive to the disease. 

Finland has the highest incidence of Type 1 diabetes in 
the world [13], and since the Finnish population is geneti- 
cally homogeneous [27], it is ideally suited for the study of 
genetic factors in this disease. A "new" Finnish suscepti- 
bility haplotype, A1,Cwl,Bw56,DR4, has been described, 
which is the third most common haplotype in patients with 
Type 1 diabetes in Finland [11]. This population-specific 
haplotype may provide a partially genetic explanation for 
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Table 3. HLA haplotypes and their DQA1 and DQB1 alleles deter- 
mined by sequence-specific oligonucleotide typing and sequencing, 
respectively 

HLA haplotype DQA1 DQB1 DQ[3 
A Cw B DR codon 57 

3 4 35 1 DQAI.1 DQBI*0501 Val 
2 4 62 1 DQAI.1 DQBI*0501 Val 

2 7 7 2 DQA1.2 - - 
3 7 7 2 DQA1.2 DQBI*0602 Asp 

1 7 8 3 DQA4 DQBI*0201 Ala 
2 7 8 3 DQA4 - - 
3 7 8 3 DQA4 - - 

2 1 56 4 DQA3 DQBI*0302 Ala 
2 3 62 4 DQA3 DQBI*0302 Ala 
2 4 35 4 DQA3 DQBI*0302 Ala 

24 7 39 4 DQA3 DQBI*0302 Ala 
28 3 60 4 DQA3 - - 
11 3 60 4 DQA3 - - 
24 11 27 4 DQA3 - - 
32 5 44 4 DQA3 - - 

24 x 51 7 DQA2 DQBI*0201 Ala 
2 3 13 7 DQA2 - - 

28 3, 71 8 DQA4 - - 
2 3 60 8 DQA4 - - 

x, undefineable antigen 

the high incidence of the disease in Finland. Other haplo- 
types, which are frequently found in Finnish patients are 
typical susceptibility haplotypes found in northern Europe 
such as A2,Cw3,Bw62,DR4 and A28,Cw3,Bw60,DR4. 

When molecular analyses are carried out in unrelated 
subjects without H L A  haplotype data, it is difficult to con- 
clude whether the increased frequency of specific alleles is 
secondary to the increased frequency of certain haplo- 
types. Among  patients in the United States with Type 1 
diabetes a 10 kb DR~/TaqI fragment has been reportedly 
increased [28]. This fragment has been shown to be in link- 
age disequilibrium with B8,DR3, and therefore serves as 
an additional haplotype marker rather than as a new mar- 
ker for susceptibility to Type i diabetes [29]. In a French 
series the RFLP pattern defining DR3,DQw2,Dw25 was 
most significantly associated with Type 1 diabetes but it 
was also associated with B18, and therefore primarily dif- 
ferentiates the southern European B18,DR3 haplotypes 
(not found in Finland) from B8,DR3 haplotypes [30]. 
Consequently, since certain H L A  haplotypes occur more 
frequently among Type 1 diabetic patients than among 
control subjects, alleles detected with the more specific 
molecular methods provide relevant new markers for the 
disease only when analysed with adequate haplotype 
data. Whatever is detected by the molecular methods is 
still a part of the entire H L A  haplotype due to linkage 
disequilibrium. Since the H L A  haplotypes may cover 
about 3000 kb of D N A  [7] they are excellent tools for stu- 
dying genetic predisposition to Type 1 diabetes. When 
H L A  haplotypes are used as markers for disease suscepti- 
bility it is possible to detect the effect of as yet unidentified 
genes of the H L A  system as well as the combined effect of 
alleles from different loci. 

Our present data indicates that in Cw7,B8,DR3 and 
Cw3,Bw62,DR4 positive haplotypes the genes modifying 
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the risk may be linked to the H L A - A  locus since the abso- 
lute risk associated with these haplotypes varied when dif- 
ferent A locus antigens were present. However, since the 
complement loci (located between class I and class II  loci) 
were not tested variation in class III  genes in these haplo- 
types is also possible, although it is not probable because 
of linkage disequilibrium between alleles at class I, class II  
and class III  loci. Thomsen et al. [31] have proposed that 
in DR4 positive haplotypes the complement C4 locus has 
an effect, independent of DQw8, on susceptibility to 
Type i diabetes. Sheehy et al. [32] have found that DQw8 
positive haplotypes carrying DR4 subtypes Dw4 or Dwl0  
conferred the highest risk for Type i diabetes, which may 
suggest that susceptibility requires specific products of 
both D R  and D Q  loci. In both above-mentioned studies 
the HLA-A,  C and B locus antigens were not determined, 
which causes a dilemma: it is impossible to conclude 
whether the class III  or the D R  polymorphisms were rele- 
vant themselves, or whether they only served as additional 
markers for high-risk haplotypes as interpreted by Sheehy 
et al. [32]. This illustrates the difficulties in pinpointing the 
susceptibility loci in the H L A  region, and stress the im- 
portance of studying whole haplotypes from A to DQ 
locus for more definite conclusions. 

Many studies indicate that the H L A - D Q  polymorph- 
ism confers the major H L A  linked susceptibility to Type 1 
diabetes [2-5, 30]. Our findings indicate that the most 
common DR3 and DR4 positive haplotypes found in 
Type 1 diabetic patients (typed as DQw2 and DQw8, re- 
spectively) do not show variation at the D Q  locus. On the 
other hand, these haplotypes varied in the absolute risk 
they conferred, which suggests that other genes in these 

Table 4. HLA haplotypes and absolute risk of developing Type 1 
(insulin-dependent) diabetes mellitus associated with each haplo- 
type 

HLA haplotype 

A Cw B DRDQw 

Haplotype- Haplotypes 
specific "diabetic . . . .  non-diabetic" 
absolute risk a (total 1424) (total 1254) 
(per 100,000 n n 
per year) 

3 4  351 5 
1 7  8 1  5 

32 1 56 1 5 
257  181 5 
2 4  621 5 

1 7  7 2  6 
3 7  7 2  6 

2 7  8 3  2 
3 7  8 3  2 
1 7  8 3  2 

2 1  564  8 
2 3  62 4 8 

247  394  8 
3 3  624  8 
2 4  354  8 

28 3 60 4 8 
11 3 60 4 8 
241 274  8 

2 6  137 2 
3 6  137 2 

24 - 51 7 2 

20 56 86 
na 0 2 
na 0 1 
na 2 2 
na 0 5 

8 1 4 
3 3 53 

103 50 15 
85 11 4 
68 134 59 

218 79 13 
196 132 20 
166 45 8 
130 38 9 
35 10 9 
na 6 0 
na 2 3 
na 2 0 

54 30 17 
na 2 0 
na 1 1 

a Partly from ref. 12; na, not applicable 
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hap lo types  might  also p l ay  an i m p o r t a n t  pa r t  in modi fy ing  
gene t ic  suscept ib i l i ty  to Type  i d iabetes .  Thus,  the  D Q  
molecu les  whils t  i m p o r t a n t  s e e m  to account  for  on ly  pa r t  
of  the  H L A  l inked  p red i spos i t i on  to the  disease.  M o r e  
k n o w l e d g e  abou t  the  i m m u n o b i o l o g y  of  H L A  is n e e d e d  
to u n d e r s t a n d  the connec t ion  b e t w e e n  s t ruc tura l  po ly -  
m o r p h i s m s  and immuno log ica l  funct ions  in the  d i sease  
process .  
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