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Summary. H L A  genotypes were ascertained in 53 
French Caucasian families, comprising 68 juvenile 
onset insulin-dependent diabetic siblings. Among the 
49 alleles detected at different loci in the H L A  com- 
plex (A, C, B, Bf, DR) 4 appeared to occur at a 
significantly higher frequency among the 53 index 
cases than in a control series of 116 healthy individu- 
als: HLA-B18 (p < 10-3), DRw3, DRw4 and BfF1 
(p < 10-6). The excess of H L A  identical affected 
siblings confirms genotype disequilibrium and sup- 
ports the hypothesis of an HLA-linked gene(s) con- 
ferring susceptibility. There was no increase of 
homozygosity for H L A  DRw3 and DRw4 whereas 
there was a marked excess heterozygosity for H L A  
DRw3/DRw4 in diabetic patients (32% versus 0% in 
the control series, p < 0.001). These data provide 
evidence for the existence of two cooperating genes, 
linked to each of the H L A  DR alleles. 

Key words: Insulin dependent diabetes, H L A  com- 
plex, DR,  Bf, DRw3/4 heterozygosity. 

Amongst the associations observed between insulin- 
dependent diabetes (IDD) and some alleles of the 
H L A  system, those most frequently reported are 
HLA-B8 [1-13], B15 [1-6, 13], B18 [5, 9-12], Cw3 
[6], DRw3, DRw4 [4, 12, 14-17] and BfF1 [18]. 

The variability of these associations is probably 
due to different ethnic influences [19]. Evidence for 
linkage between the susceptibility gene(s) for IDD 
and the H L A  system has emanated from studies in 
families with two or more affected siblings who show 
an increased incidence of HLA-identi ty [1, 6, 2022].  

Other findings such as an increased prevalence of 
recombination [23], a higher frequency of homozy- 

gosity [21] or heterozygosity of certain alleles [5, 10, 
13, 24, 25] are still debated. 

The aim of the present study was to contribute to 
a better understanding of these questions by inves- 
tigating the association of five different loci of the 
H L A  region with IDD, in 53 French families with a 
single diabetic child or diabetic multiplex kindreds 
(including 8 families previously described [10] and 
retyped). 

Patients and Methods 

HLA genotyping was performed in 53 families comprising one or 
more children with juvenile onset, insulin-dependent diabetes 
(IDD) after obtaining their informed consent. All were Cauca- 
sians. Although they were living near Paris, many had origins in 
other parts of France. 

Sixty-eight diabetic children of these families (mean age at 
onset of diabetes 10.4 + 0.9 years) were HLA-typed. 

In 41 families, only one child was diabetic. There were 2 dia- 
betic children in 10 families, and 3 and 4 in two others. From these 
families, the index case was chosen randomly. Forty seven healthy 
siblings were also HLA-typed. Forty-five siblings, 2 diabetic and 
43 healthy ones, were not available for HLA-typing. 

116 unrelated healthy HLA-genotyped individuals, living in the 
same geographic region served as controls. Haplotypes were 
obtained unequivocally in both patients and controls. 

Immunogenetic Studies 

Forty-nine alleles at 5 loci of the H L A  complex 
including the properdin factor B (Bf) were tested 
(see Table 1). H L A  A, B and C antigens were deter- 
mined by microcytotoxicity [26] on peripheral lym- 
phocytes. H L A  D R  specificities were recognised on 
B lymphocytes which were separated by a rosetting 
technique [27]. Bf polymorphism was studied follow- 
ing the technique of Alper et al. [28]. 
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Table 1. Gene frequencies (%) of HLA antigens in IDD children 
and normal controls 

Antigens Patients ( 5 3 )  Controls (116) RR 

A1 12 10 
A2 35 23 
A3 6 9 
Al l  2 8 
Aw23 4 6 
Aw24 12 10 
A25 2 2 
A26 2 7 
A28 6 4 
A29 4 4 
Aw30 7 5 
Aw31 2 1 
Aw32 6 4 
Aw33 0 0 
Blank 1 7 

0.2 

0.3 

B5 3 9 
B7 6 11 
B8 13 8 
B12 8 14 
B13 1 1 
B14 4 4 
B15 11 5 
B17 0 1 
B18 20 a 8 
Bw21 9 5 
Bw22 1 2 
B27 5 5 
Bw35 6 10 
B37 1 2 
Bw38 3 2 
Bw39 4 3 
B40 4 4 
Bw41 0 1 
Blank 1 5 

0.3 
0.5 
1.7 

2.4 

2.9 

Cwl 3 6 
Cw2 4 5 
Cw3 17 a 8 
Cw4 9 13 
Cw5 19" 9 
Cve 16 16 
Blank 32 43 

2.4 

2.4 
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Fig. 1. Phenotype frequencies (%) of DRw3 and DRw4 in 53 IDD 
patients and 116 controls. In IDD patients, 60% carry the DRw3 
and 58% the DRw4 allele, and 32% carry both of them, whereas in 
controls 16% carry DRw3 or DRw4, respectively, and none, both 

On ly  the H L A  specificities def ined  at the VI I t h  

His tocompat ib i l i ty  W o r k s h o p  N o m e n c l a t u r e  Com-  
mi t tee  [29] were  used.  H o w e v e r  a new specificity, 

Cve [30] recognised  as an  allele at the  C locus was 
also tes ted bo th  in  pa t ients  and  controls.  

The  statistical significance of the associat ions was 
tes ted by  chi-square  analysis and  the p value was cor- 

rected (pc) mul t ip ly ing  the ob t a ined  value  by  the 
n u m b e r  of tes ted alleles, except  in the case of confir- 

m a t i o n  of previous ly  observed  data.  
The  relat ive risk (RR)  was calcula ted according 

to Svejgaard  et al. [31]. 

DRwl 11 6 
DRw2 5 14 
DRw3 31 b 10 
DRw4 31 b 7 
DRw5 8 17 
DRw6 4 6 
DRw7 7 11 
Blank 3 29 

0.3 
4.0 
6.0 
0.4 

BfS 66 79 
$1 4 1 
F 11 16 
F1 19 b 4 

Blank 0 0 

4.1 

5.6 

RR = relative risk, ~p < 0.001, bp < 10-6 

R e s u l t s  

Gene Frequencies (Table  1) 

The  f requencies  of the H L A  markers  D R w 3  and  
D R w 4  and  of the p r ope r d i n  factor B allele F1 were  
observed  to be highly significantly increased a mong  
the I D D  pat ients  (p < ]0-6).  H L A - B 1 8 ,  Cw3 and  

Cw5 were  also found  at higher  f requencies  (p < 
10-3). t-ILA-B8, B15 and  BfS1 were increased bu t  

no t  significantly. 
The  fol lowing H L A  ant igens  were  less f r equen t  in 

I D D  pat ients :  A l l ,  A26,  B5, B7 D R w 2  and  DRw5.  
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DRw3/Drw4 Heterozygosity 

H L A  DRw3 and DRw4 phenotype frequencies are 
shown in Figure 1, both for the diabetic and the con- 
trol groups. Whereas 32% of the diabetics carried 
both alleles, none of the normal subjects did, though 
1% was expected. When using this theoretical value, 
calculated from the gene frequencies of HLA-DRw3 
and DRw4 in the controls, a relative risk for HLA- 
DRw3/DRw4 heterozygotes of 46.6 was obtained. 

The Hardy-Weinberg equilibrium applied to the 
53 index cases indicated significant imbalance in 
favour of heterozygosity at the D R  locus. For H L A  
DRw3 and DRw4, a deficit of homozygosity associ- 
ated with a significant excess of heterozygosity was 
observed (?( 2 = 12.85, p < 10-4). One patient was 
H L A  DRw3 homozygous and one H L A  DRw4 
homozygous instead of five expected in each combi- 
nation. In marked contrast 17 heterozygous H L A  
DRw3/DRw4 patients were observed, instead of 10 
expected. 
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Table 2. DRw3-DRw4 segregation among siblings in informative 
families. The families were selected as being informative for 
heterozygosity, when one parent carried DRw3/x and the other 
DRw4/x (x being a recognised DR specificity other than w3 or w4), 
and for homozygosity, when both parents carried DRw3/x or 
DRw4/x respectively. NS = not significant 

Informative Number of 
families diabetic healthy 

siblings siblings p value 

DRw3/4 heterozygosity 3/4 15 4 
13 families 3/x 2 6 <0.001 4/x 0 3 

x/x 0 7 
DRw3 homozygosity 3/3 2 5 
5 families 3/x 6 3 NS 

x/x 0 1 
DRw4 homozygosity 4/4 1 0 
2 families 4/x 1 4 NS 

x/x 0 2 

Recombinations 

There were two recombinations in the total offspring 
of the 53 families: 230 meioses. Both were of mater- 
nal origin, one between the A and C loci in a healthy 
child, the other between the A and B loci in a dia- 
betic child. In the last case, the B-D end of the 
recombined haplotype was identical with that carried 
by the three other diabetic children of this family. 

Diabetic versus Healthy Siblings 

The comparison of the diabetic children with their 
healthy siblings showed a frequency of H L A  DRw3/ 
DRw4 heterozygotes of 10% among the healthy siN- 
ings, which was significantly lower than that observed 
in the affected sibs (37%) (p < 0.001). 

In 20 informative families, a significant genotype 
disequilibrium was observed in the diabetic children 
concerning H L A  DRw3/DRw4 heterozygosity 
(Table 2), while the distribution was near that 
expected in the healthy siblings. 

HLA Identity in Multiple Kindreds 

The observed H L A  genotypes compared with the 
theoretically expected random distribution, showed 
an excess of H L A  identical affected siblings, since 
among the randomly chosen pairs of diabetic siblings 
(one from each of 12 families), 9 were identical, 3 
were haploidentical and none was HLA-different.  
This distribution is significantly different from the 
expected ratio; 3: 6 :3  (p < 0.001). 

Discussion 

The results of the present study add further support 
to the hypothesis that within the H L A  complex, the 
alleles H L A  DRw3 and DRw4 are the most strongly 
associated with the susceptibility gene(s) of IDD. 
This has been suggested by earlier observations [12, 
14-17, 24, 32]. The associations with certain alleles of 
the B and C loci are therefore secondary, due to 
linkage disequilibrium within the H L A  system [25, 
33]. The variations of gene frequencies and gene 
associations according to geographical and ethnic 
background account for the differences observed be- 
tween several countries or regions [19]. 

The strong association with H L A  B18 confirms 
that observed already in France [10-12], and to a 
lesser degree in Sardinia [9] and England [5]. 

The Bf locus allele BfF1 has been suggested to be 
an important marker for IDD, since in a Boston 
series of patients [18] BfF1 was found in 22.6% of 
cases (1.9% in controls). This has not been con- 
firmed by other groups [34]. In our series, the 
phenotype frequency of BfF1 was 33% in IDD 
patients compared with 6% in the control population 
(RR -- 5.6). This high frequency of BfF1 is due to its 
strong linkage disequilibirium with HLA-B18 and 
DRw3 [33, 35]. BfS1 is also in excess, yet without any 
linkage disequilibrium with other markers. 

The increase of H L A  DRw3 (RR = 4) is related 
to its linkage disequilibrium with H L A  B8 and B18. 
The frequency of H L A  DRw4 however greatly 
exceeds that of H L A  B15, which are also in linkage 
disequilibrium. 



192 

These data, together with the findings of others 
[15, 17] provide evidence that there is a strong associ- 
ation of IDD with the HLA-DRw4 allele as well as 
HLA-DRw3 and HLA-Dw3. 

The high frequency of HLA-DRw3/DRw4 
heterozygotes in our diabetic children, compared 
with their absence in the controls and their low fre- 
quency in the healthy sibs, indicates the highest rela- 
tive risk of developing diabetes for carriers of this 
combination. 

The excess of HLA-DRw3/DRw4 heterozygotes 
in the diabetics, as compared to the number expected 
on the basis of the frequencies of both genes, com- 
bined with no increase in homozygotes, is a strong 
argument in favour of the hypothesis of two 
diabetogenic genes associated with the two HLA-DR 
alleles [15, 24, 32]. 

The HLA relationships among affected siblings of 
the diabetic multiplex families show, in agreement 
with other family studies [1, 6, 15, 2022],  an excess 
of HLA identity, which supports the linkage of the 
disease susceptibility gene with HLA genes. 

While a simple true recessive model of inheri- 
tance seems unlikely from the lod score data [36], our 
results are compatible with a more complex "pseudo- 
recessive" mode of transmission. Overdominance or 
epistasis of two complementary acting genes, closely 
linked within the HLA regions, are two of the 
mechanisms which at present receive most consider- 
ation [33]. 

Acknowledgements. We wish to thank the Doctors J. F. Desjeux, 
D. Poisson, P. Dieterlen, J. C. Rouillon, B. Giron and L. Billaud 
for their assistance in the recruitment ot the patients. We are also 
grateful to the family members who kindly cooperated in these 
studies and to Mr. L. Currel for the preparation of the manuscript. 
This work was supported by the Caisse Nationale de l'Assurance 
Maladie des Travailleurs Salari6s, contrat A.T.P. INSERM: 
62.78.94 n ~ 11, and by "Aide aux Jeunes Diabdtiques". 

References 

1. Bengsch N, K6bberling J, Eckert G, Willms B (1978) HLA- 
typing in juvenile diabetics with and without positive family 
history and in families with one and two diabetic siblings. 
Diabetologia 15:1157-1175 

2. Farid NR, Barnard JM, Pepper B, Noel EP, Kelly F, Davis 
AJ, Hobeika C, Marshall WH (1978) The association of HLA 
with juvenile diabetes mellitus in Newfoundland. Tissue Anti- 
gens 12:215-222 

3. Patel R, Ansari A, Covarrubias, CL-P (1977) Leucocyte anti- 
gens and disease. III. Association of HLA-B8 and HLA-Bw15 
with insulin dependent diabetes in three different population 
groups. Metabolism 26:487-492 

4. Thomsen M, Platz P, Ortved Andersen O, Christy M, Lyngsoe 
J, Nerup J, Rasmussen K, Ryder L P, Staub-Nielsen L, Svej- 
gaard A (1975) MLC typing in juvenile diabetes mellitus and 
idiopathic Addison's disease. Transplant Rev 22:125-146 

I. Deschamps et al.: HLA Genotypes in Insulin-dependent Diabetes 

5. Cudworth AG, Woodrow JG (1976) Genetic susceptibility in 
diabetes mellitus: analysis of the HLA association. Br Med J 
II: 846-848 

6. Ludwig H, Scherthaner G, Mayr WR (1977) The importance 
of HLA genes to susceptibility in the development of juvenile 
diabetes mellitus. Diab6te M6tab 3:43--48 

7. Illeni MT, Pellegris G, Del Guercio MJ, Tarantino A, Busetto 
E, Di Pietro C, Celrici E, Garotta G, Chiumello G (1977) 
t-ILA antigens in diabetic children, Diabetes 26:870-873 

8. Savi M, Neri TM, Zavaroni I, Coscell I (1977) HLA antigens 
and insulin dependent diabetes mellitus. A family study. Dia- 
b6te M6tab 3:259-262 

9. Contu L, Puligheddu A, Mura C, Gabbas A (1977) HLA anti- 
gens in Sardinian patients with diabetes mellitus. Diab6te 
M6tab 3:263-268 

10. Dausset J, Hors J, Contu L, Schmid M, Canivet J, Cathelineau 
G, Lestradet H, Baron D (1977) Diab6te insulino-d6pendant 
et HLA. Journ6es de Diabdtologie, H6tel-Dieu. Paris, Flam- 
marion, p 78-94 

11. Mirouze J, Seignalet J, Selam JL, Lapinski H, Jaffiol C (1976) 
Antig6nes HLA chez les diab6tiques insulino-d6pendants. 
Nouv Presse M6d 5:1628-1630 

12. De Moerloose P, Jeannet M, Bally C, Raffoux C, Pointel JP, 
Sizonenko P (1978) HLA and DRw antigens in insulin-de- 
pendent diabetes. Br Med J II: 823-824 

13. Barta L, Simon S (1977) Role of HLA-B8 and Bw15 antigens 
in diabetic children. N Engl J Med 296:397-401 

14. Duquesnoy RJ, MacDonald MJ, Mullins P, Haekbarth SA, 
Traisman NS, Levitsky LL (1979) Increased frequency of 
tlLA-Dw3 in North American black patients with juvenile 
onset diabetes. Tissue Antigens 13:369-373 

15. Christy M, Green A, Christau B, Kromann H, Nerup J, Platz 
P, Thomsen M, Ryder LP, Svejgaard A (1979) Studies of the 
HLA system and insulin-dependent diabetes mellitus. Dia- 
betes Care 2:209-214 

16. Schernthaner G, Ludwig H, Mayr WR (1977) B-lymphocyte 
allo-antigens and insulin dependent diabetes mellitus. Lancet 
II: 1128 

17. Solow H, Hidalgo R, Singal DP: Juvenile onset diabetes: 
HLA-A, B, C, and DR alloantigens. Diabetes 28:1-4 

18. Raum D, Alper CA, Stein R, Oabbay KH: Genetic marker for 
insulin dependent diabetes mellitus. Lancet I: 1208-1210 

19. Dausset J, Legrand L, Lepage V, Contu L, Marcelli-Barge A, 
Wildloecher I, Benajam A, Meo T, Degos L (1978) A 
haplotype study of HLA complex with special reference to the 
HLA-DR series and to Bf.C2 and Olyoxalase I polymorph- 
isms. Tissue Antigens 12:297-307 

20. Barbosa J, King R, Noreen H, Yunis EJ (1977) The bistocom- 
patibility system in juvenile, insulin-dependent diabetic multi- 
plex kindreds. J Clin Invest 60:989-998 
Rubinstein P, Suciu-Foca N, Nicholson JF (1977) Genetics of 
juvenile diabetes mellitus. N Engl J Med 297:1036-1040 
Cudworth AG, Woodrow JC: Evidence for HLA-linked genes 
in "juvenile" diabetes mellitus. Br Med J I I I :  133-135 
Rubinstein P, Suciu-Foca N, Nicholson JF, Fotino M, Moli- 
naro A, Harisiadis L, Hardy MA, Reemtsma K, Allen FHJ 
(1976) The HLA system in the falilies of patients with juvenile 
diabetes mellitus. J Exp Med 143:1277-1282 
Nerup J, Platz P, Ryder LP, Thomsen M, Svejgaard A (1978) 
HLA, islet cell antibodies and types of diabetes mellitus. Dia- 
betes 27 (Suppl 1): 247-250 
Cudworth AG, Festenstein H: (1978) HLA genetic 
heterogeneity in diabetes mellitus. Br Med Bull 34:285-289 
Mittal KK, Mickey MR, Singal DP, Terasaki PI: Refinement 
of microdroplet lymphocyte cytotoxicity test. Transplantation 
6:913-927 
Legrand L, Dausset J (1975) A second lymphocyte system (Ly- 

21. 

22. 

23. 

24. 

25. 

26. 

27. 



I. Deschamps et al.: HLA Genotypes in Insulin-dependent Diabetes 193 

Li). In: Histocompatibility Testing. Munksgaard, Copen- 
hagen, p 665 

28. Alper CA, Boenisch T, Watson L: (1972) Genetic polymorph- 
ism in human glycine rich B glycoprotein. J Exp Med 135: 
68--80 

29. Nomenclature for factors of the HLA system 1977. Vox Sang 
35:111-116 (1978) 

30. Dehay C, Schmid M, Benajam A, Legrand L, Dausset J (1979) 
A seventh allele of the HLA-C series (Cve). Transplant Proc 
11:613-615 

31. Svejgaard A, Platz P, Ryder LP, Staub-Nielsen L, Thomsen M 
(1975) HL-A and disease associations. A survey. Transplant 
Rev 22:3-43 

32. Rotter JI, Rimoin DL: Heterogeneity in diabetes mellitus. 
Update 1978. Diabetes 27:599-608 

33. Contu L, Deschamps I, Lestradet H, Hors J, Schmid M, Bus- 
son M, Benajam A, Marcelli-Barge A, Dausset J (in press) 
HLA haplotype study of 53 juvenile insulin-dependent dia- 
betic families. Human Immunol 

34. Weitkamp LR, Barbosa J, Guttormsen SA, Johnson S (1979) 
Insulin dependent diabetes mellitus and properdin factor B. 
Lancet II: 369-370 

35. Deschamps I, Lestradet H, Marcelli-Barge A, Benajam A, 
Busson M, Hors J, Dausset J (1979) Properdin factor B alleles 
as markers for insulin-dependent diabetes. Lancet II: 793 

36. Clerget-Darpoux F, Bonaiti-Pellie C, Hors J, Deschamps I, 
Feingold N (in press) Application of the lod score method to 
detection of linkage between HLA and juvenile insulin-de- 
pendent diabetes. Clin Genet 

Received: November 26, 1979, 
and in revised form: April 21, 1980 

Dr. Ingeborg Deschamps 
INSERM U 83 
Groupe de Recherches sur le Diab~te 
et la Nutrition chez l'Enfant 
H6pital H6rold 
7 place Rhin et Danube 
F-75019 Paris 
France 


