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Abstract 
 
Objective 
Tumor necrosis factor-α (ΤΝF-α) promoter polymorphisms have been reported in association 
with systemic lupus erythematosus (SLE) and may be independent from known linkage with 
MHC Class II genes. We have conducted a case/control study to investigate whether there are 
independent TNF-α haplotype or lymphotoxin-α (LT-α) associations with SLE or with any 
of the major serological subsets of SLE. 
 
Methods 
One hundred and fifty-seven patients with SLE were genotyped for HLA-DRB1, HLA-
DQB1, TNF-α, and LT-α alleles by polymerase chain reaction (PCR) using sequence specific 
primers (SSP) and compared to 245 Caucasian normal controls. For TNF-α, six single 
nucleotide polymorphisms (SNPs) at positions –1031, -863, -857, -308, -238 and +488 and 
for LT-α three SNPS at positions +720, +365 and +249 were studied to assign six TNF-α 
haplotypes (TNF1-6) and four LT-α haplotypes (LTA1-4), respectively. All SLE patients had 
a full serological profile taken on serial samples (median three samples) over a span of 10 
years including anti-Ro, anti-La, anti-U1RNP and anti-Sm antibodies measured by 
immunodiffusion and immunoblotting and anticardiolipin antibodies measured by ELISA.  
 
Results  
The most significant association with SLE overall was with HLA-DR3 (p<0.001; OR 2.5 
[1.6-3.8]) and the extended haplotype HLA-DQB1*0201;DRB1*0301;TNF2;LTA2 (p<0.001; 
OR2.3 [1.4-3.7]). There was a non-significant increase with TNF2 that contained the less 
common TNF-308A allele. Associations were strongest in the anti-La positive group (13 %) 
of SLE patients (HLA-DR3; OR 71 [9-539]; HLA-DQB1*0201 (OR 35 [5-267]); TNF2; OR 
10 [2.8-36]), and LTA2; OR 4.9 [1.1-21]). The association of anti-La with HLA-
DQB1*0201, TNF2 and LTA2 disappeared on stratification for HLA-DR3 (Mantel-Haenszel 
common odds ratio 1.5, 1.4 and 0.9 respectively). There was an increase in the HLA-DR2 
associated extended haplotype (HLA-DQB1*0602;DRB1*1501;TNF1;LTA1) in the group of 
patients (15 %) with anti-Ro in the absence of anti-La  (p<0.005; OR 3.9 [1.5-10]), within 
which the primary association appeared to be with LTA1. The HLA-DR7 extended haplotype 
(HLA-DQB1*0303; DRB1*0701/2; TNF5;LTA3) was decreased in SLE overall (p<0.02; OR 
0.2 [0.05-0.8]).  
 
Conclusions 
The strongest association in our predominantly white Caucasian population with SLE was 
between HLA-DR3 and anti-La that seemed to account for any associations with TNF-α 
alleles on an extended DR3 haplotype. There were weaker associations with other extended 
haplotypes; a DR2 extended haplotype was increased in patients with anti-Ro in the absence 
of anti-La, and a DR7 extended haplotype was reduced in SLE overall. 
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Systemic lupus erythematosus (SLE) is a chronic multisystem inflammatory disorder 
predominantly affecting females, characterised by vascular damage and immune deposition in 
affected organs and the presence of certain sets of circulating autoantibodies. The aetiology is 
unknown but is likely due to a complex interaction of hormonal, genetic and environmental 
factors operating in a stochastic fashion in the affected individual. The genetic contribution to 
SLE is well supported by findings of higher concordance in monozygotic versus dizygotic 
twins, a 20-fold increased risk in siblings, and linkage analysis and case-control studies that 
have identified a number of genetic susceptibility loci ((1) for review). 
 
Several studies have shown associations between the Major Histocompatibility Complex 
(MHC) Class II region and SLE, and the most frequently reported association in Caucasian 
populations is with HLA-DR3 (2-4).  HLA-DR3 forms part of an ‘autoimmune’ haplotype 
(HLA A1, B8, DR3, DQ2) that in Caucasian populations is in linkage disequilibrium with 
certain tumor necrosis factor-α (TNF-α) and complement (‘C4 null’) alleles located at the 
nearby MHC Class III region. It is uncertain what gene(s) on the extended haplotype may be 
responsible for disease susceptibility. The associations of MHC Class II genes appear to be 
stronger with autoantibody-defined subgroups of patients (5) that would be consistent with 
the notion that certain Class II molecules provide a more favourable mechanism for 
autoantigen-driven T cell help in autoantibody generation. Accordingly, MHC Class II alleles 
may be important susceptibility factors for autoantibody generation, whereas other genes on 
the extended haplotype may influence susceptibility through different mechanisms. 
 
The role of TNF-α in SLE is controversial. The administration of exogenous TNF-α to 
NZB/NZW F1 mice delays onset and progression of SLE-like disease (6) implying a 
protective role. HLA-DR2 is associated with low levels of TNF-α and susceptibility to 
nephritis (7). Also, lupus-like syndromes have been reported in patients receiving anti-TNF-α 
therapy (8). Alternatively, increased levels of TNF-α are increased in human SLE and appear 
to correlate with disease activity (9). Therefore, there has been interest in studying bi-allelic 
polymorphisms in the promoter region of TNF-α that may influence TNF-α levels and 
susceptibility to SLE. In particular, the uncommon variant TNF-308A allele is in close 
linkage disequilibrium with HLA-DR3 (10) and appears to confer an independent 
susceptibility to SLE in some studies (11;12) but not in all (13;14). Therefore, we have 
studied the frequency of promoter polymorphisms in TNF-α and the closely related 
lymphotoxin-α (LT-α) gene (15) that may confer susceptibility in our own SLE population. 
Also, we have undertaken a thorough examination of autoantibody specificities in order to 
investigate whether consideration of autoantibody-defined subsets of disease reveals stronger 
genetic associations.   
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Patients and methods 
 
Study population 
One hundred and fifty-seven patients (19 male and 138 female) attending the Royal National 
Hospital for Rheumatic Diseases, Bath, UK. with SLE were studied. All fulfilled revised 
ACR criteria for SLE (16) with the least number fulfilling the individual criteria as follows; 
malar rash 53, discoid rash 10, photosensitivity 50, oral ulcers 35, arthritis 70, serositis 34, 
renal disorder 16, neurological disorder 14, haematological disorder 85, immunologic 
disorder 120,  antinuclear antibody 150. All SLE patients apart from six were white 
Caucasians. The six non-white Caucasians were of Afro-Carribean (4 patients) or Chinese (2 
patients) descent. The control population consisted of 245 healthy blood donors from the 
same geographical area (West of England). 
 
HLA-DRB1 and HLA-DQB1 genotyping 
DNA was prepared from whole blood collected into EDTA using a standard salting out 
procedure. HLA-DRB1 and HLA-DQB1 alleles were identified using a polymerase chain 
reaction (PCR)-based method with sequence specific primers (SSP) (17;18).  Ten 5'-primers 
and 16 3'-primers combined in 20 primer mixes were used for identifying HLA-DRB1 alleles. 
Also, in each PCR reaction a pair of primers specific for non-allelic sequences was included. 
These primers amplified the third intron of HLA-DRB1 genes and functioned as an internal 
amplification control. Allele specific amplification of HLA-DRB1*04 alleles was carried out 
using one 5' primer and eight 3' primers combined in 8 (5'+3') primer mixes with control 
primers in each reaction (19). Allele specific amplification of HLA-DRB1*01 alleles was 
established using four 3' primers and one 5' primer combined in 4 reactions (20). A total of 26 
alleles were tested that were grouped under ten broad specificities; DR1 (0101/2, 0103), DR2 
(1501/2. 1601/2), DR3 (0301,0302), DR4 (0401, 0402, 0403, 0404, 0405, 0406, 0407, 0408), 
DR5 (1101-1104, 1201/2), DR6 (1301, 1302, 1303/4, 1305, 1401/4/5. 1402/3), DR7 (0701/2) 
DR8 (0801-0805), DR9 (0901) DR10 (1001). 
 
Eleven 5' primers and eleven 3' primers combined in 14 primer mixes were used for the 
identification of HLA-DQB1 alleles (18). A total of 13 alleles were tested; 0201, 0301/4, 
0302, 0303, 0401, 0402, 0501, 0502, 0503, 0601, 0602, 0603, 0604.  
 
TNF-α and LT-α genotyping 
TNF-α polymorphisms at positions –308, -238 and 448 and LT-α polymorphisms at positions 
720, 365 and 249 were determined using the primers at the concentrations described by 
Fanning et al (21) with modifications to primers 708 (to ATAGGTTTTGAGGGGCATGG) 
and 709 (to ATAGGTTTTGAGGGGCATGA). Both primers were used at concentration of 
0.56µM. 
 
TNF-α polymorphisms at positions -1031, -863 and -857 were determined using primers 
generated from GenBank: Z15026 that were combined to amplify eight possible haplotypes 
(Table 1).  
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Table one 
Primers used to amplify TNF-α SNPs at positions -1031, -836, -857 and the 8 possible haplotypes 

 
Primer 

Mix 
5’ 

Primer 
Sequence 3’ Primer Sequence Amplified 

Haplotype 
-1031, -863, -857 

1 1971 AAAGGAGAAGCTGAGAAGAT 1 TGGCCCTGTCTTCGTTTAAGT TAC 
2 1971 AAAGGAGAAGCTGAGAAGAT 2 ATGGCCCTGTCTTCATTAAGT TAT 
3 1971 AAAGGAGAAGCTGAGAAGAT 3 GGCCCTGTCTTCGTTAAGG TCC 
4 1971 AAAGGAGAAGCTGAGAAGAT 4 TGGCCCTGTCTTCATTAAGG TCT 
5 1972 AAAGGAGAAGCTGAGAAGAC 1 TGGCCCTGTCTTCGTTTAAGT CAC 
6 1972 AAAGGAGAAGCTGAGAAGAC 2 ATGGCCCTGTCTTCATTAAGT CAT 
7 1972 AAAGGAGAAGCTGAGAAGAC 3 GGCCCTGTCTTCGTTAAGG CCC 
8 1972 AAAGGAGAAGCTGAGAAGAC 4 TGGCCCTGTCTTCATTAAGG CCT 
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The primers were used at a working concentration of 1.1µM. Control primers C63 and C64 
(21) were used in each reaction at a working concentration of 0.1µM. No more than six 
haplotypes were deduced from the combination of the six TNF-α SNPs and are listed in 
Table two. 
 
 

Table two 
TNF-α promoter haplotypes 

Haplotype TNF 
-1031 

TNF 
-863 

TNF 
-857 

TNF 
-308 

TNF 
-238 

TNF 
+488 

TNF1 T C C G G G 
TNF2 T C C A G G 
TNF3 C A C G G G 
TNF4 T C T G G A 
TNF5 C C C G A G 
TNF6 C C C G G G 
 
 
 
PCR preparation 
PCR reactions were carried out in a final volume of 10µl. Each of the 32 reactions consisted 
of 5µl of primer mix and 5µl of PCR reaction mix. Concentrations of components in the 
reaction  mix  were: 0.4mM of each dNTP,  reaction buffer (150mM Tris HCl-pH8.8, 40mM 
(NH4)2SO4), 0.02% Tween 20), 3.0 mM MgCl,  0.05U/ml Taq polymerase (ABgene), 
Sucrose Cresol Red (0.6 M sucrose, 0.3 mM Cresol Red), 0.02 – 0.1 mg/ml DNA. 
 
PCR cycling conditions 
PCR amplifications were carried out in MJ Research PTC Pelter Thermal Cycler. For HLA-
DRB1 and HLA-DQB1 alleles the following conditions were used: 2 minutes at 96 oC, 9 
cycles of 25 seconds at 96 oC , 50 seconds at 65 oC, 30 seconds at 75 oC; 19 cycles of 10 
seconds at 96 oC, 50 seconds at 61 oC, 30 seconds at 72 oC; 10 minutes at 72 oC.  For TNF-
α and LT-α alleles the following conditions were used:1 minute at 96 oC, 4 cycles of 20 
seconds at 96oC,  45 seconds at 70 oC, 25 seconds at 72 oC; 20 cycles of 25 seconds at 96 oC, 
50 seconds at 65 oC, 30 seconds at 72 oC; 3 cycles of 96 oC, 60 seconds at 55 oC, 120 seconds 
at 72 oC. 
 
 
Autoantibody measurement 
Antinuclear antibodies (ANA) were measured by indirect immunofluorescence on Hep-2 
cells.  Antibodies to extractable nuclear antigens (including U1RNP, Sm, Ro/SS-A, and 
La/SS-B,) were measured by Ouchterlony double diffusion. Anti-double stranded DNA 
antibodies were measured by enzyme-linked immunosorbant assay (ELISA) (Cambridge Life 
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Sciences, Ely, UK.) and anticardiolipin antibodies (aCL) by ELISA (Cambridge Life 
Sciences, Ely, UK.).  
 
Serial serum samples were available on patients over a span of up to 10 years (median three 
samples; range one to 11 samples). Unequivocal evidence of autoantibody presence on at 
least one occasion was required for autoantibody assignment. In addition all patients with 
anti-U1RNP, anti-Sm or anti-La antibodies had autoantibodies confirmed by Western 
blotting on at least one sample (22). For patients with  aCL three groups were analysed 
versus controls; the first group had elevated IgG aCL (>15GPL) on at least one occasion, the 
second group had elevated IgM aCL on at least one occasion, and the third group had either 
IgG or IgM aCL elevated to at least moderate levels (>25GPL or >25MPL) on at least two 
occasions. 
 
Statistical anaylsis  
All clinical, serological and genetic data were maintained on an Access database. Data were 
transferred to SSPS for statistical analysis. Genotype frequencies were tested for Hardy-
Weinberg equilibrium. TNF-α and LT-α haplotypes were assigned as published (TNF-α 
haplotypes shown in Table two). Phenotype (allele carriage) frequencies were compared 
between the disease and control groups using Chi-squared analysis with Bonferroni 
correction for the number of alleles observed when appropriate (p values given are 
uncorrected unless stated). Odds ratios (OR) with confidence intervals were also determined 
or relative risk (RR) when a frequency was zero. Allele frequency and gene frequency were 
also derived and are stated where relevant in order to compare with other studies. Haplotype 
frequencies were determined using the software programme Arlequin 
(www.lgb.unige.ch/arlequin). Estimations of the linkage disequilibrium between alleles were 
calculated as D values where D=0 represented no linkage and D=1 represented strong linkage 
disequilibrium. To assess allele and/or haplotype independence cross-tabulation with 
stratification analysis (Mantel-Haenszel procedure) was used. Autoantibody-defined groups 
were compared to controls in a similar manner.  
 
Ethical approval for the study was given by the Bath regional ethics committee and informed 
written consent was obtained.  
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Results 
 
MHC Class II associations with SLE 
Associations between SLE and MHC Class II alleles are shown in Table three (only 
significant associations are tabulated). As expected the strongest positive association was 
between SLE and HLA-DR3 (p<0.001; OR 2.5 [1.6-3.8]) (Table three). 
  

Table three 
MHC Class II associations with SLE and serological subsets of disease 

 
Allele 
 

Controls 
244 (%) 

SLE 
157 
(%) 

Ro 
41 (%) 

La 
20 (%) 

U1RNP 
59 (%) 

Sm 
17 (%) 

aCL (>low) 
16 (%) 

DNA 
115 (%) 

DR3 
[OR] 

52 (21) 63 (40) 
[2.5] 

25 (61) 
[5.8] 

19 (95) 
[71] 

17 (29) 
 

8 (48) 
[3.2] 

5 (31) 
 

42 (37) 
[1.8] 

DR6 
[OR] 

54 (22) 
 

23 (15) 
 

24 (10) 
 

3 (15) 
 

6 (10) 
[0.4] 

2 (12) 
 

3 (19) 
 

17 (15) 

DR7 
[OR] 

62 (25) 25 (16) 
[0.6] 

4 (10) 
[0.3] 

1 (5) 
 

9 (15) 
 

3 (18) 
 

6 (15) 
 

16 (14) 
[0.5] 

DQ 0201 
[OR] 

86 (35) 82 (60) 
[2] 

26 (63) 
[3.2] 

19 (95) 
[35] 

25 (42) 
 

9 (53) 
 

8 (47) 
 

58 (50) 
[1.8] 

DQ 0602 
[OR] 

58 (24) 50 (32) 
 

15 (37) 
 

6 (30) 
 

17 (28) 
 

8 (47) 
[2.9] 

5 (30) 
 

41 (36) 

DQ 0603 
[OR] 

24 (10) 6 (4) 
[0.4] 

1 (2) 
 

1 (5) 
 

3 (5) 
 

1 (6) 
 

1 (6) 
 

4 (3) 
[0.4] 

DQ 0604 
[OR] 

25 (10) 11 (7) 
 

1 (2) 
 

1 (5) 
 

0 (0) 
RR 0.9 

0 (0) 
 

1 (6) 
 

8 (7) 
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The DR3 related extended haplotype (HLADQB1*0201; DRB1*0301; TNF2; LTA2) was 
also increased (p<0.001; OR 2.3 [1.4-3.7]). Homozygosity for HLA-DR3 was not 
significantly increased in SLE (8/157 versus 7/244). There was a significant increase in 
HLA-DQB1*0201 (p<0.001; OR 2 [1.3-3.0]) that was in known strong linkage with HLA-
DR3 (D = 0.93 for SLE and D = 0.98 for controls); however HLA-DQB1*0201 was not 
associated with SLE in the absence of HLA-DR3.  
 
HLA-DR*0701/2 conferred a protective effect for SLE (p < 0.05; OR 0.6 [0.3-0.9]) although 
was not significant after correction. The reduction in HLA-DR*0701/2 was due to a 
reduction in the DR7 extended haplotype (HLA-DQB1*0303; DRB1*0701/2;TNF5;LTA3) 
(p < 0.02; OR 0.2 [0.04 – 0.8]).   
 
There was a decrease in HLA-DQB1*0603 (p<0.05; OR 0.4 [0.1-0.9]) accompanied by a 
non-significant reduction in the linked allele HLA-DRB1*1301 (data not shown) 
 
 
TNF-α and LT-α allele and haplotype associations with SLE 
All TNF-α and LT-α polymorphisms tested were in Hardy-Weinberg equilibrium. There was 
an increase in the TNF2 haplotype (containing TNF-308A) although this did not reach 
significance (Table four). 
 
 

Table four. 
TNF-308 and TNF-238 promoter polymorphism phenotypes and TNF-α promoter haplotypes 

in SLE and serological subsets of disease 
TNF-α 
promoter 
phenotype  

Controls 
234 (%) 

SLE 
147 (%) 

Ro 
38 (%) 

La 
19 (%) 

U1RNP 
55 (%) 

Sm 
18 (%) 

aCL 
(>low) 
15 (%) 

DNA 
107 

-308G 
[OR] 

215 (93) 135 (92) 
[0.3] 

32 (84) 
[0.1] 

14 (74) 
[0.1] 

52 (95) 17 (95) 15 (100) 100  
(93) 

-308A 
[OR] 

85 (36) 65 (44) 21 (55) 
[2.2] 

16 (84) 
[9.4] 

21 (38) 7 (39) 4 (27) 38 (36) 

-238G 
[OR] 

233 (100) 143 (97) 37 (97) 18 (95) 55 
(100) 

18 
(100) 

15 (15) 103 
(96) 

-238A 
[OR] 

29 (12) 9 (6) 3 (8) 2 (11) 1 (2) 
[0.1] 

0 (0) 0 (0) 9 (8) 

TNF-α 
promoter 
haplotype 

Controls 
224 (%) 

SLE 
142 (%) 

Ro 
36 (%) 

La 
19 (%) 

U1RNP 
52 (%) 

Sm 
17 (%) 

aCL 
(>low) 
14 (%) 

DNA 
103 

TNF1 175 (79) 101 (71) 25 (69) 11 (58) 37 (71) 15 (88) 10 (71) 76 (74) 
TNF2 78 (35) 60 (42) 19 (53) 16 (84) 19 (37) 6 (35) 4 (29) 34 (33) 
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[OR] [2.1] [11] 
TNF3 72 (32) 45 (32) 7 (19) 2 (11) 18 (35) 1 (6) 5 (36) 32 (31) 
TNF4 27 (12) 11 (8) 4 (11) 1 (5) 3 (6) 2 (12) 1 (7) 9 (9) 
TNF5 
[OR] 

27 (12) 8 (6) 
[0.5] 

2 (6) 2 (11) 1 (2) 0 (0) 0 (0) 8 (8) 

TNF6 1 (0) 1 (1) 0 (0) 0 (0) 1 (2) 0 (0) 0 (0) 0 (0) 
 
 
 As expected, TNF2 was in strong linkage with HLA-DR3 (D=0.69 for SLE and D=0.69 for 
controls).  There was also an increase in TNF-308A allele frequency (0.26 versus 0.19 in 
controls) and in TNF-308A gene frequency (0.14 versus 0.10 in controls). 
 
The only significant TNF-α haplotype association with SLE was a reduction in TNF5 that 
contains the TNF-238A allele (p<0.05 OR 0.5 [0.2-1.0]). Of interest, the TNF5 haplotype 
was in stronger linkage with HLA*0701/2 in controls (D=0.53) than in SLE (D=0.14), that 
may be explained by the fact that we did not test for DR7 subtypes. Also, there was a 
reduction of one DR7 extended haplotype in SLE (DQB1*0303;DRB1*0701/2;TNF5;LTA3) 
(see above) whereas another DR7 extended haplotype (DQB1*0201;DRB1*0701/2; TNF1; 
LTA1) was very similar in frequency between SLE and controls.  
 
Four LT-α haplotypes were identified from the three SNPs studied as previously described 
(LTA1, 720C, 365C, 249A; LTA2, 720A, 365G, 249G; LTA3, 720C, 365G, 249A; LTA4, 
720A, 365C, 249A) (21) There were no associations between SLE and Lt-α haplotypes, apart 
from a weak reduction of the LTA3 in SLE (p<0.05; OR 0.6 [0.4-1.0]). As noted above, 
LTA3 forms part of an extended DR7 haplotype that was reduced in SLE. 
 
MHC class II associations with serological subsets of SLE 
The significant associations of autoantibody-defined groups of patients with SLE and HLA-
DRB1 and TNF-α promoter phenotypes and haplotypes are shown in Table three. There was 
a highly significant association between anti-La and HLA-DR3 (p<0.001; OR 71 [9-539]). 
One patient with SLE and anti-La antibodies was HLA-DR3 negative (HLA-DR5,8). Her 
autoantibody profile consistently demonstrated the presence of anti-U1RNP and anti-Sm 
antibodies (six serial samples) and on four occasions anti-La antibodies were also present 
(verified by immunoblotting on one sample tested).  
 
There were a few weak associations with other serological subsets of SLE that became 
insignificant after correction. HLA-DR3 was increased in patients with anti-Sm antibodies 
(p<0.02; OR 3.2 [1.2 – 8.9]). There was a decrease in HLA-DR6 in patients with anti-
U1RNP antibodies (p<0.05; OR 0.4 [0.2-1.0[) that was accounted for by a decrease in the 
HLA-DRB1*1302 allele (2% versus 10%; p<0.05). HLA-DQB1 0604 allele was in linkage 
with DRB1*1302 (D = 1.0) and was also reduced in patients with anti-U1RNP (p<0.01; RR 
0.9 [0.86-0.94]).. 
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We determined whether there were any MHC Class II associations with SLE or other 
serological subsets that were independent of the association between anti-La and HLA-DR3. 
In the anti-La negative SLE patients, there was a weak association with HLA-DR3 (p<0.05; 
OR 1.7 [CI 1.1-2.8]) and similarly with HLA-DQB1*0201 (p<0.05; OR 1.5 [1.0-2.4]). There 
was still a protective effect associated with the HLA-DR*0701/2;DQB1*0303 extended 
haplotype (p<0.05; OR 0.2 [0.05-0.9]), and the weak negative association with HLA-
DQB1*0603 remained unchanged (p<0.05 OR 0.3 [0.1-0.9]). Anti-Sm remained associated 
with HLA-DR3 (p<0.05 OR 2.9 [1-8.1]) and anti-U1RNP negatively associated with HLA-
DRB1*1302 (p<0.05 OR 0.2 [0-1.2]) and HLA-DQB1*0604(p<0.02 RR 0.9 {0.86-0.94]). 
 
There were 23 patients with anti-Ro antibodies who were anti-La negative. In this group of 
patients there was an association with the HLA-DR2 extended haplotype 
(HLADQB1*0201;DRB1*1501;TNF1;LTA1) (p<0.005; OR 3.9 [1.5-10.4]), although no 
significant association with either HLA-DRB1*1501 or DQB1*0201 when analysed 
separately.   
 
TNF-α and LT-α associations with serological subsets of SLE  
There was a strong association with anti-La positive SLE and the TNF2 haplotype (p<0.001; 
OR 10 [CI 2.8-36]) and carriage of the TNF-308A allele (p<0.001; OR 9.4 [2.7-33]). The 
TNF2 haplotype containing the TNF-308A allele is strongly linked to HLA-DR3 (see above).  
Associations between anti-Ro and TNF2 were weaker (Table four) and not present in the 
absence of anti-La. TNF5 that is contained on one of the HLA-DR7 extended haplotypes was 
reduced in all serological subsets, although this only reached significance for the TNF-238A 
allele itself and patients with anti-U1RNP (p<0.05 OR 0.1 [0-1.0]). 
 
There was a significant association between anti-La positive SLE and LTA2 (p<0.05; OR 4.9 
[1.1-21]) (and similarly significant associations between anti-La and the individual alleles 
comprising LTA2). LTA2 is in linkage with HLA-DR3 (D = 0.74 for SLE and D = 0.69 for 
controls) There was a significant reduction in LTA3 in anti-Sm positive SLE (18% versus 
53%; p< 0.01 OR 0.2 {0.1-0.7]) that accounted for the previously noted reduction of LTA3 
in the total SLE group.  
 
We investigated whether there were any association between anti-La and TNF-α or LT-α 
haplotypes that were independent from those with HLA-DR3. There was no independent 
association of TNF2 with anti-La stratified for HLA-DR3 (Mantel-Haenszel common odds 
ratio 1.4 [0.3-6.6]) whereas anti-La was associated with HLA-DR3 independently from 
TNF2 (common odds ratio 160 [3.5-7340). Similarly, there was no association of anti-La 
with LTA2 independent from HLA-DR3 (common odds ratios 0.9 [0.1-5.3] versus 259 [7-
9524] respectively). 
 
Finally, we investigated whether there were any TNF-α or LT-α haplotype associations with 
the anti-Ro (in absence of anti-La) that were independent of other associations on the HLA-
DR2 extended haplotype (HLADQB1*0201;DRB1*1501;TNF1;LTA1). The strongest 
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association on this extended haplotype was with LTA1 (p < 0.02 OR 3.7 [1.2 – 11]) and there 
were no significant associations with other individual haplotypes. Within the LTA1 
haplotype, the association of anti-Ro (without anti-La) was with the LT-α 365C allele (p< 
0.02 OR 3.7 [1.2 – 11]).  
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Discussion 
The HLA region is located on the short arm of chromosome 6  (6p21.3) and is a likely site 
for encoding susceptibility genes in SLE. The association of the MHC Class II haplotype 
containing HLA-DRB1*0301 and HLA-DQ*0201 alleles is well established from case-
control studies especially in white Caucasian populations (2-4). In other ethnic groups such 
as Afro-American (2), African Blacks (23), Taiwanese (24) and Korean (25) SLE 
populations there is a stronger association with HLA-DR2 containing haplotypes. More 
recent results from genome scans involving linkage analysis of lupus families have 
confirmed at least six susceptibility loci including 6p21.11-21 which is in close proximity to 
the MHC region (1). An important association between SLE and HLA-DR3 has been 
confirmed in our Caucasian population, with an odds ratio of 2.5 in keeping with the level of 
risk reported from other similar studies. HLA-DR7 may have a protective effect that has been 
previously reported (3).  
 
The MHC associations with SLE may be more strongly linked to autoantibody generation 
than to the disease itself (5). SLE is a heterogeneous condition in which certain autoantibody 
specificities are associated with more homogeneous patterns of disease. Also, an association 
between the MHC Class II region and specific autoantibody generation is consistent with the 
concept of an antigen-driven process involving T-helper cell recognition (26;27). All but one 
of 20 SLE patients with anti-La antibodies in our current study were HLA-DR3 positive 
(odds ratio 71) suggesting that there may be a strict MHC Class II requirement for processing 
of La peptides, or at least the presence of a HLA-DR3-containing haplotype greatly 
facilitates anti-La autoantibody generation. The association of HLA-DR3 and anti-La is well 
supported from previous studies of patients with SLE or Sjogren’s (27-30) apart from in a 
Japanese population where HLA-DR3 is rare (31).  
 
There were no other strong associations between MHC Class II genes and autoantibody 
subgroups, although there was a modest association of anti-Ro in the absence of anti-La and 
an extended haplotype of HLA-DR2. An association between anti-Ro antibodies alone and 
HLA-DR2 has been previously reported (32;33). Of interest, the primary association with 
anti-Ro (without anti-La) in SLE appeared to be with a LT-α haplotype (LTA2) rather than 
with HLA-DR2 itself, that is somewhat contrary to findings from a large linkage analysis of 
SLE families (34). In the latter study, the DRB1*1501 haplotype associated with SLE was 
narrowed to a 500-kb region that would exclude LT-α. A role for trans-gene 
complementation at the HLA-DQ locus has been suggested for anti-Ro autoantibodies (35-
37), and we have not typed for HLA-DQA alleles in the current study, nor have we 
differentiated between anti-52 kD Ro and anti-60 kD Ro that may reveal stronger genetic 
associations. However, further studies examining possible associations of anti-Ro antibody 
isotypes and LT-α would seem of interest.   
 
We did not find an association between anti-U1RNP and HLA-DR4 that has been reported in 
some studies (37;38) but not others (39). Anticardiolipin antibodies have been associated 
with both HLA-DR4 (40) and HLA-DR7 (40;41). In an earlier cohort from our centre we 
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have found an association between aCL and HLA-DR4 in SLE (42), but in the current larger 
cohort we found no association between aCL and HLA-DR subtypes.  
 
There is some evidence that certain alleles on the TNF-α gene exert a susceptibility effect for 
SLE. The less common TNF-308A allele that is in strong linkage disequilibrium with HLA-
DR3 in Caucasian populations (10) was increased in a European Caucasian population with 
SLE independently from HLA-DR3 (12). Similar findings were made in an African-
American population (11), where it was notable that the TNF-308A gene frequency in 
controls was lower than other studies.  In contrast, there was no evidence for an association 
of SLE with TNF-α alleles in a study of South African blacks (13), or Chinese (14). Our 
findings are compatible with the primary association in SLE being with HLA-DR3 rather 
than with TNF-α alleles, and especially in the anti-La subgroup of patients. Differences in 
studies may relate to ethnic variation or possibly methodological reasons.  The distribution of 
TNF-α haplotype frequency in our local control population is in keeping with other studies 
using similar methods (43), and all genotyping results were in Hardy-Weinberg. We have 
confidence in the accuracy of our serological groups as stringent methods were used for 
defining autoantibody specificities, and multiple samples were tested from each patient.  
 
Linkage studies have not provided evidence for a primary role of TNF-α genes in SLE. In a 
Caucasian study of SLE families using transmission disequilibrium testing there was no 
evidence for excess transmission of either HLA-DR3 or for haplotypes encoding TNF-308A, 
but there was excess transmission of HLA*1501 (DR2) (44). In a large linkage analysis study 
of SLE families using a dense map of microsatellite markers across the MHC Class II region, 
three disease haplotypes were found (34). In two of the haplotypes 
(DRB1*1501/DQB1*0602 and DRB1*0801/DQB1*0402) the susceptibility region excluded 
the TNF-α gene. Because of extensive linkage disequilibrium, an effect from the TNF-α 
gene was not excluded in the third haplotype bearing DRB1*0301/DQB1*0201. However, 
the authors concluded that the major susceptibility genes were likely to be within the MHC 
Class II region.   
 
In conclusion, our findings point to a strong association between HLA-DR3 and anti-La 
positive SLE with no evidence for a separate contribution from the TNF-α gene. Genetic 
studies of SLE involving the MHC Class II region will benefit by stratifying for this effect. A 
possible association between anti-Ro antibodies and polymorphisms within the LT-a gene 
warrants further investigation.  
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