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HLA-DR antigens in systemic lupus erythematosus:
association with specificity of autoantibody responses
to nuclear antigens
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SUMMARY HLA-DR antigens and autoantibodies to the nuclear or cytoplasmic antigens
Ro/SSA, La/SSB, Sm, and RNP were determined in North American and Austrian patients with
systemic lupus erythematosus (SLE). Analysis of the association of antibodies to these
ribonucleic acid (RNA)-protein antigens with HLA-DR antigens showed that HLA-DR3 was
related to the presence of anti-Ro/SSA or anti-La/SSB, or both. In contrast, anti-Sm or anti-
RNP, or both were associated with HLA-DR4. HLA-DR5 was associated with absence of these
autoantibodies. The data extend evidence for the complexity and heterogeneity of SLE.
Moreover, they indicate that, in SLE, genes linked to those coding for HLA-DR antigens, are
related to the specifity of autoantibody responses rather than to the primary immunological
abnormalities of this disorder.
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The diversity of autoantibodies in patients with
systemic lupus erythematosus (SLE) is unexplained.
In addition to antibodies to deoxyribose nucleic acid
(DNA), precipitating antibodies to a variety of
nuclear antigens have been described.' 2 These
antibodies are directed against ribonucleoprotein
particles which contain small nuclear RNA. Among
them, the most common are those to Ro (SSA)
antigen. Antibodies to La (SSB) almost invariably
occur together with antibodies to Ro/SSA.3

Antibodies to Sm are currently regarded as the
most specific, though insensitive, marker of SLE.
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Antibodies to nuclear ribonucleoprotein (RNP) are
also observed in SLE but they are present in much
higher titres in sera from patients with mixed
connective tissue disease (MCTD).5
Recent investigations have indicated that anti-

Ro/La and anti-SmIRNP represent two families of
autoantibody systems.3 4 69 This evidence from
molecular analyses has a biological correlate: SLE
patients with anti-Ro may have distinct clinical
features'1'3 which are different from those of SLE
patients with anti-Sm or anti-RNP.'1-6 Moreover,
non-SLE patients with anti-Ro or anti-La usually
have primary Sjogren's syndrome, whereas non-
SLE patients with anti-RNP primarily suffer from
MCTD.' 2 5 17 18
Immune responses to autoantigens, like those to

conventional antigens, are controlled by the major
457
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histocompatibility complex (MHC). 19 Several auto-
immune disorders have been found associated with
genes of the MHC, some even with two or more
such genes,'9 and SLE is one example.2"W22
The reason for such associations has not been

fully elucidated as yet. Searching for potential
associations between autoantibody production and
MHC genes in SLE, we have investigated patients
with SLE for both HLA antigens and circulating
antibodies to RNA-protein antigens. The results
suggest that expression of these autoantibodies in
SLE is controlled by genes closely linked to D locus
alleles of the MHC and that these associations are
different for different autoantibody specificities.

Patients, materials, and methods

PATIENT POPULATION
One hundred Caucasian patients (93 female, seven
male) with systemic lupus erythematosus according
to the American Rheumatism Association
criteria23 24 were studied; thirty six were American
and 64 Austrian. The age range at the time of the
study was 17-72 years.

DETERMINATION OF HLA ANTIGENS
Fourteen antigens governed by HLA-A, 17 by
HLA-B, and five by HLA-C were determined using
the standard National Institute of Health (NIH)
microlymphocytotoxicity assay. Each antigen was
identified by at least three separate sera. The sera
used have been shown to bear the same specificities
as the standard sera of the 4th to 8th Histocompati-
bility Workshops. Moreover, these sera did not
contain antibodies to B cell antigens.

Reactivity was regarded as positive if at least
three sera used to define a specific antigen lysed
>80% of the cells. Six HLA-DR antigens (HLA-
DR1-5 and 7) were analysed for HLA-DR typing by
the two colour fluorescence method.25 The antisera
employed have been shown to bear the same
specificities as those of the 7th to 9th Histocompati-
bility Workshops.
The data obtained in the patient population were

compared with those of control populations. Con-
trol data for American Caucasians were taken from
the data obtained at the 8th Histocompatibility
Workshop.26 Control data for the Austrians were
obtained by local tissue typing of 450 healthy
individuals (for HLA-A, B, C typing) or 125 healthy
persons (for HLA-DR typing). Since the antigen
frequencies in these latter control populations,27
which were obtained using sera of the Histocompati-
bility Workshops, did not differ (p>01) from the
frequencies in other Middle European populations26
or from the Workshop data for American Cauca-

sians, data of healthy American and Austrian
Caucasians were combined (n= 1270) as control
populations. 28

DETERMINATION OF ANTIBODIES TO

RNA-PROTEIN ANTIGENS

All patients had antinuclear antibodies as deter-
mined by indirect immunofluorescence on mouse or
rat liver sections. All but three patients had ant.-
bodies to double stranded DNA as determined by
the Farr technique. Antibodies to RNA-protein
antigens were analysed by immunodiffusion in
Oklahoma (US patients) and by immunodiffusion
and the Western blot technique in Vienna (US
patients and Austrian patients) as previously
described.29 3( When discrepancies occurred results
obtained by blotting were used for further analyses.
The antibody specificities analysed were: anti-Sm,
anti-RNP, anti-Ro/SSA, and anti-La/SSB.

STATISTICAL ANALYSIS
Statistical analysis of the HLA antigen fre uencies
was performed by X2 or Fisher's exact test; the p
values obtained were corrected for the number of
antigen specificities investigated (pe).28 3

Results

FREQUENCY OF HLA ANTIGENS IN SLE

The frequencies of HLA-DR antigens in the patient
populations studied are shown in the first line of
Table 1. When compared with control data
(n=1270) there was a significantly increased fre-
quency in patients with SLE of both HLA-DR2 and
DR3 (DR2: 41% in SLE v 25% in controls,
p<0-0005, Pc<0-003; DR3: 39% in SLE v 22% in
controls, p<0.0002, pc<0-001). As with the US and
Austrian controls, frequencies of HLA antigens in
Austrian and Caucasian US patients did not differ
significantly from each other (p>0 1; data not
shown), and the two populations were therefore
combined.

CORRELATION BETWEEN HLA-DR ANTIGENS
AND PRECIPITATING ANTIBODIES TO

RNA-PROTEIN ANTIGENS
The distribution of autoantibodies to RNA-protein
antigens is shown in Table 1 and related to
HLA-DR antigens. This allowed for a detailed
analysis of potential associations between the pre-
sence of MHC encoded antigens and the occurrence
of particular types of precipitating antibodies. Pa-
tients were divided into four groups: (a) patients
with anti-La (SSB), anti-Ro (SSA), or both (termed
group I or 'anti-Ro/La'); (b) patients with anti-Sm,
anti-RNP, or both (termed group II or 'anti-
Sm/RNP'); (c) patients with anti-Ro and anti-Sm
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Table 1 Distribution of HLA-DR antigens and autoantibodies to RNA-protein antigens in 100 patients with SLE

Autoantibody Patients * DR] DR2 DR3 DR4 DR5 DR7
Specificitv group

All SLE 1OO 18 41 39 17 18 21
Anti-Ro/La* 1 32 5 15 19 2 1 6

(16%)t (47%) (59%) (6%) (3%) (19%)
Anti-Sm/RNP* II 12 4 6 2 6 1 1

(33%) (50%) (17%) (50%) (8%) (8%)
Anti-Ro/SrnRNP* III 6 2 3 3 1 0 1

(33%) (50%) (50%) (17%) (0%) (17%)
None* IV 50 7 17 15 8 16 13

(14%) (34%) (30%) (16%) (32%) (26%)
None 1270+ 258 315 274 342 255 303

(20%) (25%) (22%) (27%) (20%) (24%)

*For detailed definition see text.
tPercentage of patients analysed in the respective line.
tFrequencies in control population according to references 26 and 27.

and/or anti-RNP (termed group III or 'anti-
Ro/Sm/RNP'); and (d) patients with none of the
above (termed group IV or 'none' or 'no anti-
Ro/Sm/RNP'). As discussed above, molecular
analyses have shown close similarities between the
Ro and the La antigens and between the Sm and the
RNP antigens respectively.3 4 69 Therefore we
sought to distinguish between antibody responses to
these two different, non-cross-reactive nucleoprotein
families. Since several patients had antibodies to
both Ro/La and Sm/RNP we grouped them separately
(group III) for the analyses.

ASSOCIATION OF DIFFERENT HLA-DR
ANTIGENS WITH ANTIBODIES TO Ro/La AND
Sm/RNP
Nineteen of the 32 patients with anti-Ro/La (group
I, 59%), but only 17 of 62 patients (groups II plus
IV) without anti-Ro/La (27%) had HLA-DR3
(Table 1) (p<0.002, pc<0 015). No other significant
differences concerning the other HLA-DR antigens
were observed between the two populations.

Next, HLA-DR antigen distributions were related
to the presence of anti-Sm/RNP. Two interesting
observations emerged: firstly, only two of these 12
patients (17%) had HLA-DR3, though 50% were
positive for DR2; secondly, in half of these patients,
but in only 12% of all patients without anti-Sm/RNP
(groups I plus IV), HLA-DR4 was present
(p< 0-01, Pc<005). In addition, 33% of both group
II and group III patients, but only 13% and 14%
respectively, of group I and group IV patients, had
HLA-DR1; this difference was not significant statis-
tically. When the frequency of DR1 and DR4 were
considered together, nine of 12 patients with anti-
Sm-RNP (75%), but only 22 of 82 patients without
anti-Sm/RNP (27%), had DR1 or DR4, or both

(p<O-00l, pc<0-02, corrected for the number of
possible pairs of DR antigens). Moreover, 50% of
the patients with both anti-Ro and anti-SmIRNP
(group III) had HLA-DR1 or DR4, or both.

LACK OF ASSOCIATION OF SLE WITH
HLA-DR ANTIGENS IN PATIENTS WITHOUT
ANTIBODIES TO RNA-PROTEIN ANTIGENS
When the frequency of HLA-DR antigens in the 50
patients without antibodies to Ro, La, Sm, or RNP
(Table 1, group IV) was compared with that of
healthy controls the differences for all HLA-DR
antigens, including HLA-DR2 and DR3, lacked
significance. In contrast, HLA-DR3 was markedly
increased (pc<0-00001) in anti-Ro/La (but not anti-
Sm/RNP) patients, and HLA-DR2, present in
approximately 50% of all group I, II, and III
patients, was also increased in frequency when
compared with the control population (pc<0-002).
Of interest, 32% of the patients without antibodies
to Ro, La, Sm, or RNP were found to have
HLA-DR5 as opposed to only 4% of individuals
with at least one of these autoantibodies (Table 1,
p=00004, pc<00025).

Discussion

In this Caucasian population of North American and
Middle European SLE patients a significantly in-
creased frequency of HLA-DR3 and of HLA-DR2
was observed. These significant associations, how-
ever, were seen only among patients with antibodies
to the RNA-protein antigens Ro, La, Sm, or RNP.
This lack of association in anti-Ro/La/Sm/RNP
negative patients was not due a low patient number,
since the antibody negative group comprised exactly
half of the total study population. Rather, these data
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indicate that the mechanisms underlying the patho-
genesis of SLE disease are not necessarily MHC
associated.

Analysis of the relation between antibodies to
RNA-protein and HLA antigens showed that the
association of HLA-DR3 with SLE in the total
patient population was predominantly due to its
increased frequency in one subgroup of patients,
namely those with the autoantibodies anti-Ro/SSA
and LaISSB. In contrast, DR3 frequencies were low
in patients with anti-Sm or anti-RNP antibodies, or

both, and, as stated above, were not significantly
increased in patients without precipitating anti-
bodies to RNA-nucleoprotein antigens. Thus
HLA-DR3 apparently does not represent a gene

that predisposes to the disease in general but rather
to a subset of the disease characterised by the
production of a specific autoantibody. This inter-
pretation is indirectly strengthened by the known
relationship between HLA-DR3 and primary sicca
syndrome,32-36 in which anti-Ro/SSA is also a

serological hallmark.' 2 18 Moreover, it agrees with
previous observations of the occurrence of HLA-
DR3 and anti-Ro/SSA in SLE' 11 34 37-39 and LE
subsets with characteristic clinical features associ-
ated with the presence of anti-Ro/SSA.10-'3 When
comparing our data with those of these other
studies, the important common determinator is the
association of anti-Ro/La with HLA-DR3, which
has previously been observed in both SLE37-39 and
primary Sjogren's syndrome.3136 We could not find
the previously reported38 39 association of anti-Ro
with HLA-DR2. Moreover, in contrast with these
authors, and as already previously reported by
the University of Vienna and NIH groups
separately,20 22 the present common study again
confirms the highly increased frequency of HLA-
DR3 in a much larger SLE population. Finallzy, in
contrast with the findings of Alvarellos et al,3 our

study showed no association of HLA-DR antigens
with either frequency or levels of antinative DNA
antibodies (data not shown). In additional analyses
the presence of anti-Sm or RNP, or both, has been
found to be significantly associated with HLA-DR4
and somewhat more strongly with the presence of
DR4 or DR1, or both. Although this finding should
not be overemphasised, these data and the low
frequency of HLA-DR3 in this group of patients,
which was also noted by Alvarellos et al,39 indicate
that the expression of anti-Sm/RNP is genetically
distinctly different from that of anti-Ro/La. Accord-
ing to our observations, patients having antibodies
to both Ro and Sm/RNP tended to be positive for
the DR antigens associated with each antibody
specificity separately, namely DR3 and/or DR4 or

DR1. It is of particular interest that the molecular

structures of the related antigens Ro and La differ
from the structures of the related antigens Sm and
RNP, and that-as also seen in this study-anti-La
almost always occurs together with anti-Ro, whereas
anti-Sm very often is accompanied by anti-
RNP.3 4 9 There is one report on the association of
anti-RNP with HLA-DR1 in patients with mixed
connective tissue disease,4" a further indication of its
different genetic association when compared wit13
anti-Ro.
Not every patient with a specific HLA-DR antigen

expressed the antibodies to RNA-protein antigens
found to be correlated in this study and vice versa.
This indicates that there is either heterogeneity of
the respective DR genes in the patient population
or, more likely, that the genes related to the
production of the specific autoantibodies are not
identical with but only linked to the respective DR
genes.

Further analyses showed that HLA-DR5 was
related to the absence of the precipitating antibodies
anti-Ro/SSA, anti-La/SSB, anti-Sm, and anti-RNP,
and thus appeared to 'protect' against their expres-
sion. On the other hand, when compared with the
control population the frequency of HLA-DR2 was
significantly increased in patients with, but not in
those without precipitating antibodies to Ro, La,
Sm, or RNP. It is therefore tempting to speculate
that genes linked to HLA-DR2 cooperate with
genes linked to other DR antigens in the expression
of specific autoantibodies in SLE. Finally, analyses
of correlations between HLA-A, B, and C antigens
and autoantibody specificities did not show signifi-
cant association except of HLA-B8 with anti-Ro/La,
which did not exceed the association of HLA-DR3
(data not shown).
Our findings suggest that the association of HLA

antigens with autoimmune disease reflects the
secondary role of immune response genes in de-
fining which autoantigens will be recognised rather
than a connection with the underlying primary
immunoregulatory abnormality. In this regard, it is
pertinent and in accordance with our conclusions
that increased frequencies of particular HLA anti-
gens have not been observed in studies of twins
or families affected by SLE; rather, similarities
of clinical and serological features have been
found.4 42Thus the predisposition to autoimmunity
may reside in the inheritance of 'autoimmunity
genes' which may be different in individuals with
different autoimmune disorders4145; HLA-D re-
gion genes may then modify the expression of the
disorder.

Our results in human SLE are quite analogous to
those of Shirai and colleagues in New Zealand mice.
These investigators have shown that in the lupus-
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prone (NZBx NZW) Fl hybrids it is the H-2Z
haplotype of NZW that facilitates the production of
several characteristic antibodies and that this effect
is independent of the underlying primary immuno-
logical abnormality.46
Taken together, the data presented provide evi-

dence that SLE can be divided into several geneti-
cally distinct subgroups by HLA phenotyping and by
determination of precipitating antibodies to RNA-
protein antigens. Different autoantibody specifici-
ties are linked to different D locus genes of the
MHC or to related genes. None of the MHC
associated genes appears to be generally associated
with SLE disease. The data thus speak for a
pronounced immunogenetic heterogeneity of SLE
with MHC control of the expression of certain
serological markers. We would anticipate similar
genetic heterogeneity of the underlying immuno-
regulatory abnormalities in SLE. These conclusions
make the continued search for the genetic and
environmental causes as well as for the pathogenesis
of this multifaceted disorder even more challenging.
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