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A decrease in the estimated frequency of the extended HLA haplotype B18 CF130 DR3 
DQw2 is common to non-insulin-dependent diabetes, juvenile rheumatoid arthritis, and 
Berger's disease 
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Abstract. Extended HLA haplotypes frequencies were estimated from the HLA, C2, Bf and C4 phenotypes of 74 
patients with non-insulin-dependent diabetes (NIDD), 92 with juvenile rheumatoid arthritis (JRA), 44 with 
Berger's disease (BD), 83 with insulin-dependent diabetes (IDD), and 140 healthy controls. The extended HLA 
haplotype B I 8 CF130 DR3 DQw2, which is common (around 10% phenotype frequency) in healthy Spaniards and 
in other populations of paleo-North African origin, was found to be significantly less frequent in NIDD, JRA and 
BD, whereas its frequency was normal in IDD (although DR3 DQw2 haplotypes were increased in the latter 
disease). These data support the existence of a common HLA-linked pathogeneic mechanism in NIDD, JRA and 
BD, and point to a genetic difference between IDD and NIDD at the HLA level. This effect is readily detectable 
in our population because the uncommon BfF1 allele marks that haplotype instead of the more common BfS, 
which marks B8 CS01 DR3 DQw2 in other Caucasians. Our results support the hypothesis of strong selective 
pressures operating at the HLA level to preserve extended HLA haplotypes with advantageous gene sets from 
dilution by crossing-over. Imbalanced incomplete haplotypes may give rise to inappropriate T-cell repertoire 
selection in the thymus and/or antigen handling in the periphery, and be partly responsible for the pathogenesis of 
certain HLA-linked diseases (i.e. NIDD, JRA, and BD). 
Key words. HLA; haplotype; disease; diabetes; arthritis; Berger's disease. 

Extended HLA haplotypes, also called supratypes 1, are 
highly conserved cis-associations of certain human ma- 
jor histocompatibility complex (MHC) class I (HLA- 
A,-B,-C),  class II (HLA-DR, -DQ, -DP)  and class III 
(C2, Bf, C4A, C4B) alleles. They are present in more 
than 50% of healthy Caucasians 2 but the reason for 
their prevalence is still unknown. Several authors postu- 
late the existence of selective advantages to explain their 
incidence. In some cases, they may contain synergistic 
cis-arrays of balanced 'immune response' genes united 
and linked to give an effective immune response 3. In 
other cases, polymorphic class III components could 
also play a role in such a gene complementation 
scheme 4. More recently, it has been proposed that cer- 
tain MHC class I molecules are selected, and thus their 
genes carried together with a given class II haplotype, 
because they interact more efficiently with the T-cell 
receptors left after clonal deletion by that particular 
class II allele combination 5. Finally, the recent descrip- 
tion of putative peptide transporters within the class II 
region has led to the proposal that certain MHC haplo- 
types are favored when they carry compatible peptide- 
handling allele sets which offer advantages in responses 
to pathogens 6. 
In contrast to the possible selective benefits enjoyed by 
carriers of extended MHC haplotypes, we have previ- 
ously proposed that deletereous or disadvantageous 

consequences (i.e. disease) may follow in carriers of 
disrupted extended HLA haplotypes, where the intra- 
genic balance had been broken by recombination 7. This 
hypothesis can be tested by analyzing the prevalence of 
incomplete extended HLA haplotypes in HLA-linked 
diseases. In the present report, extended HLA haplo- 
type frequencies were estimated from phenotypic data 
in four diseases with controversial linkage to HLA, 
namely insulin-dependent diabetes (IDD) 8, non-insulin- 
dependent diabetes (NIDD) 9, juvenile rheumatoid 
arthritis (JRA)10 and Berger's disease (BD) 11, and com- 
pared to those of healthy controls. A significant de- 
crease in extended HLA haplotype B18 CF130 DR3 
DQw2, which is common in healthy Spaniards, was 
found in NIDD,  JRA and BD, whereas its frequency 
was normal in IDD. 

Materials and methods 
Subjects. We studied 74 NIDD, 92 JRA, 44 BD and 83 
IDD unrelated patients. 140 unrelated healthy individu- 
als were used as controls. Diagnostic criteria have previ- 
ously been described 12 14. 
MHC class I and class H alleles. HLA-A, -B, -C, -Bw4/ 
Bw6, -DR and -DQ typing was performed by the mi- 
crolymphocytotoxicity assay as described previously 15. 
MHC class" III alleles. C2, Bf, C4A and C4B typing was 
done by electroimmunofixation 16. 



554 Experientia 49 (1993), Birkhfiuser Verlag, CH-4010 Basel/Switzerland Research Articles 

Statistical analysis 
The  presence o f  extended H L A  haplotypes  within phe- 

notypes in our  popu la t ion  was est imated as described ~7. 

They have previously  been conf i rmed in families 16, and 

cor respond  to ' supra types '  in unre la ted  individuals  ~, 

compr is ing  markers  f rom H L A - B  to H L A - D Q .  All  the 

described markers  were used when possible (in I D D  

and N I D D ,  but  no t  in J R A  or BD). Significant devia-  

t ions o f  pheno type  frequencies  between normal  and 

diseased individuals  were detected in 2 x 2 cont ingency 

tables using a chi-square  test with Yate ' s  correct ion.  

Rela t ive  risks ( R R )  were calculated as described Is, and 

all p values were corrected for the number  o f  alleles 

used when this was greater  than 20. 

Nomenclature 
M H C  markers  were named  according to their  order  in 

c h r o m o s o m e  6 which is, te lomere  to centromere ,  H L A -  

A, -C, -B, C2, Bf, C4A,  C4B, H L A - D R ,  -DQ. Comple -  

ment  allotypes,  alleles and haplotypes  are named  as 

p roposed  earl ier  19 and abbrevia ted  in complo types  in 

the order  C2-Bf -C4A-C4B (CF130  meaning  C2C B f F I  

C4A3 C4BQ0).  

Results 
The frequency of  var ious  H L A  markers  or  their  combi-  

nat ions  forming  haplotypes  were calculated f rom phe-  

notypes  in I D D ,  N I D D ,  J R A  and BD, and compared  

to those o f  heal thy controls  as explained above.  Rele-  

van t  results are shown in tables 1 and 2. 

Insulin-dependent diabetes. Table  1 summarizes  our  re- 

sults on I D D  regarding two diabetogenic  haplotypes  

previously  repor ted  in Caucas ians  (1): B 18 C F  130 D R 3  

D Q w 2  and B8 CS01 D R 3  DQw2.  D R 3  D Q w 2  haplo-  

types were significantly raised in I D D  ( R R = 6 . 6 ;  

p = 0.00000041) by themselves ( that  is, independent ly  

o f  HLA-B18 ,  BfF1 and C4A3BQ0).  It  was no t  possible 

to evaluate  the relative con t r ibu t ion  o f  D Q w 2  (as com-  

pared  to D R 3 )  to I D D  susceptibili ty by this type o f  

analysis, because it is also associated with DR7 ,  the 

f requency of  which is significantly lowered in this dis- 

ease ( table 2). The  second haplo type  ( the B8-bearing 

one) was no t  significantly more  f requent  in our  I D D  

sample 2~ Fur the r  analysis o f  B18 CF130  D R 3  D Q w 2  

(table 2) conf i rmed that  its d iabetogenic i ty  was mainly  

restricted to D R 3  D Q w 2  (wi th  the highest  RR) .  The  

puta t ive  'p ro tec t ive '  haplo types  B7 CS31 D R 2  D Q w l  

and B17 CS61 D R 7  D Q w 2  were decreased or  absent  

in I D D ,  a l though this seemed to be pr imari ly  due 

to a D R 2  ( R R  = 0.3; p = 0.026) and D R 7  ( R R  = 0.4; 

p = 0.025) decrease ( table 2). 

Non-insulin-dependent diabetes. When  the same dia- 

be togenic  haplotypes  were analyzed in N I D D  (table 1), 

striking differences were evident  compared  to both  I D D  

Table 1. Phenotype frequencies (%) and relative risks (RR) of different HLA markers in IDD, NIDD, JRA and BD 

Normals IDD (n = 83) NIDD (n - 74) JRA (n = 92) BD (n = 44) 
(n - 140) 

HLA marker % % RR p % RR p % RR p % RR p 

B8 I 1.3 16.9 1.6 NS 17.6 1.7 NS 
B18 14.7 38.6 3.7 0.00000055 5.4 0.3 0.047 
Cw5 16.0 31.3 2.4 0.0016 4.1 0.2 0.011 
DR3 27.1 70.9 6.6 0.00000041 28.4 1.1 NS 18.4 0.6 NS 
DQw2 54.0 77.0 2.9 0.0053 51.0 0.9 NS 36.0 0.5 0.039 
BtFI 10.0 31.2 4.1 0.00000080 9.5 0.9 NS 2.2 0.2 0.030 
C4BQ0 (A3) 22.9 37.7 2.0 0.031 13.5 0.5 NS 10.9 0.4 0.032 
C4AQ0 (B1) 18.6 22.1 1.2 NS 31.1 2.0 NS 28.3 1.7 NS 
B18-Cw5 10.0 27.7 3.5 0.0011 0.0 0.0 0.012 
Bl8-non Cw5 2.1 10.8 5.6 0.013 5.4 2.6 NS 
B18-DR3 12.5 32.7 3.4 0.0053 4.1 0.3 NS 
B18-non DR3 3.1 3.6 1.2 NS 1.4 0.4 NS 
BI8-BfF1 8.5 25.3 3.7 0.000069 4.1 0.5 NS 
B18-non BfF1 7.3 10.1 1.4 NS 1.4 0.2 NS 
B 18-C4BQ0 7.9 23.4 3.6 0.0026 1.4 0.2 NS 
B18-non C4BQ0 4.3 14.3 3.7 0.018 4.1 0.9 NS 
B8-DR3 6.3 16.4 2.9 NS 13.5 2.3 NS 
B8-non DR3 6.3 0.0 0.0 NS 4.1 0.6 NS 
B8-C4AQ0 5.0 10.4 2.2 NS 12.2 2.6 NS 
B8-non C4AQ0 5.7 6.5 1.1 NS 5.4 0.9 NS 
DR3-B18 12.5 32.7 3.4 0.0053 4.1 0.3 NS 
DR3-non B18 14.6 38.2 3.6 0.0019 24.3 1.9 NS 
DR3-BfF1 12.5 26.4 2.5 NS 8.1 0.6 NS 2.3 0.2 0.022 
DR3-non BfFI 14.6 43.4 4.5 0.00022 20.3 1.5 NS 16.3 1.1 NS 
DR3-C4BQ0 11.5 29.1 3.2 0.012 8.1 0.7 NS 2.3 0.2 0.034 
DR3-non C4BQ0 15.6 41.8 3.9 0.00074 20.3 1.4 NS 16.1 1.0 NS 
DR3-DQw2 27.1 70.9 6.6 0.00000041 28.4 1.1 NS 18.4 0.6 NS 

22.7 1.7 NS 

6.8 0.7 NS 
31.0 1.5 NS 

6.8 0.8 NS 
20.0 3.3 0.02 
13.6 1.9 NS 
9.1 2.2 NS 

NS = p > 0.05. 
- = not done. 
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Table 2. Analysis of different estimated extended HLA haplotypes in IDD, NIDD and JRA Spanish individuals 
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Allelic combinations IDD (n - 52) NIDD (n - 74) JRA (n - 86) 

HLA-A -Cw -B C2 Bf C4A C4B -DR -DQw RR p RR p RR p 

30 5 18 C F1 3 Q0 3 2 0.3 NS 0.0 NS 
5 18 C FI 3 Q0 3 2 1.1 NS 0.0 0.011 

18 C F1 3 Q0 3 2 1.3 NS 0.1 0.039 
C F1 3 Q0 3 2 1.8 NS 0.4 NS 0.0 0.0059 

3 Q0 3 2 3.2 0.018 0.6 NS 0.2 NS 
FI 3 2 2.6 0.048 0.6 NS 0.2 0.022 

3 2 6.6 0.00000057 1.1 NS 0.6 NS 
2 2.9 0.0068 0.9 NS 0.5 0.039 

3 7 C S 3 1 2 1 0.0 NS 0.8 NS 
7 C S 3 1 2 1 0.0 NS 1.1 NS 

C S 3 1 2 1 0.3 0.036 0.5 NS 0.5 NS 
2 1 0.3 0.026 0.7 NS 0.7 NS 

1 0.3 0.0055 1.6 NS 1.9 NS 

1 17 C S 6 1 7 2 0.0 NS 0.4 NS 
17 C S 6 1 7 2 0.0 NS 0.3 NS 

C S 6 1 7 2 0.0 NS 1.0 NS 0.0 NS 
7 2 0.4 0.025 1.1 NS 0.9 NS 

2 2.9 0.0068 0.9 NS 0.5 0.039 

NS = p > 0.05. 
- = not done. 

patients and normals. B18 and Cw5 were significantly 
decreased (p = 0.047 and 0.011, respectively) and they 
were never present together in the same individual 
(p = 0.012). A closer look at B18-bearing extended hap- 
lotypes confirmed their decreased frequency in N I D D  
(RR = 0.0; p = 0.011, table 2). DR2- and DR7-bearing 
haplotypes frequencies were normal in NIDD,  in con- 
trast to IDD, where they were lower. 
Juvenile rheumatoid arthritis. Table 1 shows DR, DQ 
and complement data for JRA. The most significant 
results were again a decrease of full extended (B18) 
CF130 DR3 DQw2 haplotypes (p<0.034) ,  as con- 
firmed in table 2. 
Berger's disease. Although only a limited sample was 
studied (n = 44), an increase in incomplete B18-bearing 
extended haplotypes was observed (RR = 3.3; p = 0.02, 
table 1), whereas no single marker was altered by itself. 

Discussion 
The primary association of IDD with DR3 DQw2 and 
not with the whole haplotype (B18 CF130 DR3 DQw2) 
confirms other findings 21, but is in contrast to some 
groups for whom the DR3 (DQw2) increase was sec- 
ondary to an increase in two extended HLA haplotypes 
(B18- and B8-bearing ones) ~,=. The Spanish IDD pop- 
ulation did not have an increased B8: thus the increase 
of DR3 DQw2 was shared by B18 and many other 
non-extended haplotypes, suggesting that DR3 DQw2 is 
primarily associated with the putative diabetogenic fac- 
tor. The low frequency or absence of the 'protective' 
haplotypes B7 CS31 DR2 DQwl and B17 CS61 DR7 
DQw2 found by us has been reported b y  others = 24; 

they may thus carry 'protective' genes mainly associ- 

ated with the DR/DQ region. In summary, DR/DQ 
genes or closely associated factors, rather than extended 
HLA haplotypes, would be involved in IDD suscepti- 
bility. 
Although family studies are needed to confirm the re- 
sults with NIDD,  JRA and BD, out data support previ- 
ous data on the prevalence of incomplete HLA 
haplotypes in certain diseases of unknown etiology 7. 
Extended HLA haplotypes could share selective advan- 
tages because they may carry balanced arrays of genes 
for an adequate immune response. These positive effects 
might take place at the level of class II-induced T-cell 
repertoire selection in the thymus 5, or in later stages of 
peripheral peptide presentation by class I and/or class II 
molecules 6. Such advantages could be lost by relatively 
rare recombinational events, leading to inappropriate 
immune responses and ultimately to disease. In addition, 
some degree of gene complementation may exist be- 
tween the recognition (HLA antigens and peptide trans- 
porters) and effector (C2, Bf, C4, heat-shock proteins, 
cytokines such as tumor necrosis factor) molecules con- 
trolled by the MHC region. This condition was more 
readily testable in our population because an uncom- 
mon Bf allele (F1, instead of the more common S allele 
of other Caucasians) marks the most common DR3- 
bearing haplotype 9. 

The subdivision of diabetes into NID and ID subsets 
has sometimes been considered artificial, especially in 
some non-Caucasian groups zS. Also, the recognition of 
NID as an autoimmune disease is controversial, with 
d a t a  for  26 and against 27 the concept. However, weak 

associations with HLA have been found for N I D D  in 
populations other than strictly North European or 
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Amer ican  Caucasians:  Spanish Caucas ians  2~ Xhosa  
South Afr ican Blacks 2s, P ima Nor th  Amer ican  Indians  29, 
and  Fiji  and  N a u r u  (Micrones ian)  popula t ions  3~ 

Thus,  it seems that  in the genetics hyperglycemic syn- 
drome,  c o m m o n  susceptibility factors may exist wi thin  
the H L A  system that  are only  expressed within certain 
env i ronment s  and /o r  H L A  haplotype arrangements .  
This  may  be due to the existence of  a small  subset of  
p re - ID patients within the N I D  popula t ion ,  or to a 
certain degree of  a u t o i m m u n e  activity in N I D  26. To the 

best of  our  knowledge,  our  present  and  previous studies 
are the first to use the c o m m o n  and  diabetogenic  halplo- 
type A30 Cw5 B18 CF130 DR3 DQw2 ( found  in 
Spanish,  Basque, Sard in ian  and  pa leo-Nor th  African 
popula t ions)  and  to relate it to non- insu l in -dependen t  
individuals  ~2'2~ However,  according to our  present  data,  

there could be a genetic dis t inct ion at the H L A  level 
between insu l in-dependent  and  non- insu l in -dependen t  
diabetes meUitus, even if these two diseases differ only 
quant i ta t ively  in glucose metabol ism.  
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