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Specific HLA-DR4-associated
Histocompatibility Molecules
Characterize Patients with Seropositive
Juvenile Rheumatoid Arthritis

Abstract. The structural and functional het-
erogeneity of HLA-DR4-associated specificities was in-
vestigated in patients with seropositive juvenile rheu-
matoid arthritis, a DR4-associated disease. Using a com-
bination of HLA-D analysis by mixed lymphocyte culture
and electrophoretic analysis of immunoprecipitated Ia
molecules by two-dimensional polyacrylamide gels, we
observed a surprisingly homogeneous pattern of HLA-D
antigen expression. All patients expressed commonstruc-
tural products of the DRand DS loci, and 7/12 homo-
zygous DR4 patients expressed a rare and subtle
HLA-D heterozygous phenotype.

Introduction

The presence of particular genetic markers has been linked to
disease susceptibility in patients with some autoimmune or im-
mune-mediated diseases ( 1-9). To test the hypothesis that specific
class II molecules associate with a particular HLA-linked disease,
and thus identify putative disease-susceptibility Ir genes, we
have analyzed the HLA-DR4-associated specificities in patients
with seropositive juvenile rheumatoid arthritis (JRA).' HLA-
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DR4 is a serologically defined specificity present in diverse pop-
ulations, but in mixed lymphocyte response assays T cells rec-
ognize at least six distinct HLA-DR4-associated specificities,
which are defined as HLA-D antigens (10-12). These HLA-
DR4-associated haplotypes also differ from each other in rec-
ognizable electrophoretic variants of products of the DR locus
and to a lesser extent of the DS locus (13, 14). Weinitiated this
study to look for a class II molecule(s) commonto JRA patients
that would be a candidate for a DR4-associated disease-sus-
ceptibility product contributing an Ir gene-regulated function.

Methods

Patient selection and typing. Patients attending the Arthritis Clinic at
Children's Orthopedic Hospital and Medical Center, Seattle, WAwith
a diagnosis of JRA were used for this study. 27 out of 400 patients were
diagnosed as having seropositive JRA by using previously described
criteria (15). Most of these patients have a late childhood onset of sym-
metrical, erosive, and usually severe and unremitting polyarthritis with
high titer rheumatoid factor; they have frequent subcutaneous nodules;
and they are female. The 22 Caucasian patients in this group, and their
families, were selected for study.

HLA-DR typing was performed on nylon-wool-purified peripheral
blood B cells or B lymphoblastoid cell lines as previously described, by
using a panel of antisera that recognize HLA-DRl through HLA-DRwIO
(16). HLA-D typing was performed on peripheral blood lymphocytes
by using a standard mixed lymphocyte culture as previously des-
cribed (17).

Four homozygous typing cells were used to define Dw4(JAH, LGY,
GW1, and JOL). Four homozygous typing cells were used to define
LD40 (2075, THO, BIN40, and LS40). Dw4 and LD40 are two of the
six recognized HLA-D clusters associated with HLA-DR4 (10, 12). Ho-
mozygous cells that type as LD40 respond in mixed lymphocyte culture
against homozygous Dw4cells, even though they both express the DR4
specificity (10). The double normalized value method of Ryder et al.
(18) was used to adjust data from each HLA-D typing experiment.
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Double normalized values of <45 were considered to be "typing re-
sponses", and assignments were made according to the Ninth Histo-
compatibility Workshop method (17).

Antibodies and cells. Antibody P4.1 is a murine monoclonal antibody
specific for a determinant on HLA-DR molecules (12). Monoclonal
antibody SG465 recognizes a determinant present on DS molecules,
which are molecules that are homologous by partial sequence analysis
to murine I-A antigens (19). Cell lines were established from peripheral
blood B lymphocytes of patients by Epstein-Barr virus transfor-
mation (20).

Immunoprecipitation and gel analysis. Radiolabeling and neur-
aminidase treatment of cell lysates and subsequent immunoprecipitation
were performed as previously described (12, 13). Gel analysis of the
immunoprecipitates used nonequilibrium electrophoresis in the first di-
mension, followed by discontinuous 10% sodium dodecyl sulfate-poly-
acrylamide slab gel electrophoresis in the second dimension. Gels were
dried under vacuum and autoradiographed directly onto Kodak X-
Omat film. HLA-DR a-chains did not display significant polymorphism
or electrophoretic variation between haplotypes, so only i-chain results
are shown.

Results

2-Dimensional gel analysis of DRand DSmolecules from ho-
mozygous cell lines derivedfrom patients with seropositive JRA.
B lymphoblastoid cell lines derived from eight of the patients
with seropositive JRA who were homozygous for HLA-DR4
were radiolabeled and lysed for analysis by immunoprecipitation
and gel electrophoresis, which is shown in Fig. 1. Ia ,8-chains
of the DRand DS products have characteristic electrophoretic
patterns that vary within the DR4 specificity, in a manner that
corresponds with the HLA-D-defined haplotype (13). The JRA
DR fl-chain immunoprecipitates (left column), however, show
a remarkably homogeneous electrophoretic pattern that has little
variation between individuals. Three major spots are seen in
each case, with similar molecular weight and charge profiles.
The patterns are indistinguishable between cell lines, except in
the case of cell line 728 where a faint fourth spot is also present,
migrating more acidic than the others. This extra spot may
represent an additional DR4-associated product whose specificity
has not been defined by homozygous typing cells.

To analyze Ia ,-chains of the non-DR locus called DS, the
cell lysates were precleared of DRmolecules with antibody P4.1
before immunoprecipitation with anti-DS antibody SG465. The
observed patterns (middle column) are distinct from the DR
a-chain patterns but again show a remarkable degree of ho-
mogeneity within the individuals tested; each cell line shows a

consistent gel pattern with two dominant spots, although subtle
degrees of charge heterogeneity exist. Again the exception is cell
line 728 where a faint basic spot is present.

After neuraminidase treatment and electrophoresis, most of
the DRa-chain charge heterogeneity disappears (right column).
In six cases, a single dark spot is seen, with a faint acidic shadow.
In two of the cases, 728 and 813, the intensity of these same

two spots differs, which may reflect different susceptibilities to
desialylation, or may indicate a second ,3-chain polypeptide. In

all cases the dominant spots co-migrate. Confirmation of this
consistent electrophoretic migration was achieved both by over-
lapping alignment of the gels, and by mixing experiments, where
immunoprecipitates from two separate cell lines were mixed
before the first-dimensional electrophoresis. Thus, subtle dif-
ferences in charge or size would show up as separate spots when
run simultaneously. In the lower right of Fig. 1 two representative
mixing experiments are shown, which reveal that in fact the
major spots from different neuraminidase-treated cell lines ( 162
+ 469, 125 + 372) are indistinguishable.

HLA-D and DR typing of patients with seropositive JRA.
Complete HLAhaplotypes of the patients studied by biochemical
analysis are shown in Table I. Surprisingly, although all eight
patients were homozygous for the serologically defined DR4
specificity, seven were actually HLA-D heterozygotes. In the
one exception, the patient appeared to be homozygous for the
uncommon D-locus specificity LD"40", which is the same spec-
ificity expressed by six of the seven heterozygotes. These data
are summarized along with HLA typing of the entire seropositive
JRA patient group in Table II.

DR4was present in 17 of 22 patients (77%) compared with
32% of 219 controls for a relative risk (RR) of 7.2. 12 of the
22 patients (54%) were homozygous for DR4. HLA-Dw4 was
present in 16 patients (73%) and in 17% of controls, for a RR
of 12.9. Eight of the DR4-positive patients exhibited the relatively
uncommon D-locus specificity LD"40". All eight patients with
HLA LD"40" were homozygous for DR4 and seven of them
were heterozygous for Dw4 and LD"40". The expected fre-
quency of LD"40", Dw4 heterozygotes was 0. 1%, thus the RR
for these two antigens together was 1 16. None of the control
population typed as LD"40", Dw4 heterozygotes. None of 25
seronegative JRA patients, including five DR4-positive females,
expressed this heterozygous specificity.

Discussion

The expression of the HLA-DR4 specificity in patients with
seropositive JRA is one of many such associations that correlate
a single HLA specificity with a particular disease syndrome.
These observations of association have generally been interpreted
to represent linkage of a gene within the HLA region to a disease-
susceptibility locus; in the case of HLA-D region associations,
this is often attributed to an Ir gene-regulated type of event. If
this model is valid, it predicts that the specific products of Ir
genes within the HLA-D region, namely the Ia antigens, may
be directly involved in disease susceptibility.

Wepresent our observations using structural and functional
analysis of D region products that tested this hypothesis. We
found a remarkably consistent expression of particular class II
molecules in our homozygous JRA patients by two-dimensional
gel analysis of DRand DS f,-polypeptide chains. In contrast to
similar studies of nonselected HLA-DR4 homozygous cells,
which revealed at least five distinct DR ,B-chain and three DS
#-chain electrophoretic patterns, all patients cluster into very
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Figure ). Two-dimensional gel analysis of Ia molecules from DR4
homozygous patients with JRA. Electrophoretic patterns of #-chains
radioiodinated with lactoperoxidase and '25I-NaI from immunopre-
cipitates of DRand DS molecules are shown, obtained from each of
eight HLA-DR4 homozygous cell lines derived from patients with
JRA. The DR a-gels (left and right columns) were obtained using an-

tibody P4.1; the DS A-gels (middle column) were obtained using anti-
body SG465. Additive gels formed by mixing immunoprecipitates are
shown (bottom right) for combinations of two different neuramini-
dase-treated DR ,-chains. Equivalent portions of each autoradiogram
are presented; the basic end of the gel (pH 8.5) is at the left and the
acidic end (pH 5.0) at the right.
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Table L The HLA Haplotypes of HLA-DR4
Homozygous Seropositive JRA Patients Investigated
by 2-Dimensional Gel Analysis

Patient
no. Paternal Maternal

813 A3, B40, DR4, LD"40" A3, Bw44, DR4, Dw4
469 A25, B18, DR4, Dw4 Aw32, B40, DR4, LD"40"
728 A3, Bw35, DR4, D"x" A29, Bw35, DR4, Dw4
253 Aw3l, B40, DR4, (LD"40")* Aw32, B40, DR4, LD"40"
925 A 1l, B18, DR4, Dw4 Aw3l, B40, DR4, LD"40"
372 Aw32, Bw44, DR4, (LD"40")* Aw24, B8, DR4, (Dw4)*
125 Aw24, B7, DR4, LD"40" A26, B15, DR4, Dw4
162 A2, B40, DR4, LD"40" A2, B15, DR4, Dw4

* Parentheses indicate provisional assignment of parental D speci-
ficity.

similar patterns for each of these class II molecules. Analysis
by HLA typing shows a strikingly high incidence of DR4 ho-
mozygosity, and of the LD"40" specificity in association with
the expected Dw4 specificity; 7 of 12 patients studied, although
homozygous for the DR4specificity, were actually heterozygous
for the LD"40" and Dw4 specificities. Zero of 234 controls,
including seven DR4 homozygous individuals, possessed this
rare heterozygous phenotype.

The findings reported here support the hypothesis that in
seropositive JRA the DR4determinant itself is not the important
disease marker, but merely reflects an associated serologic spec-
ificity with very broad expression. In terms of disease associa-
tions, then, it is now logical to ask whether one of these specific
haplotypes or, more precisely, one of the encoded class II mol-
ecules, rather than the DR4specificity itself, is the Ir gene product
most directly associated with disease susceptibility.

Table II. HLA-DR, D Antigens in Patients with Seropositive JRA

HLA Patients Controls x2 RRt

DR4 positive 17/22 (77%) 70/219 (32%) 17.8 7.2
DR4 homozygous 12/22 (54%) 7/219 (3%)§ 72.6 36.3

Dw4 positive 16/22 (73%) 40/234 (17%) 36.2 12.9
Dw4 only 4/22 (18%)" 2/234 (0.8%)§ 17.2 25.8

LD"40" positive 8/22 (36%) 4/83 (5%) 17.1 11.3
LD"40" only 1/22 (5%)" 0/83 (0.06%)§ 3.8 47

Dw4, LD"40"
positive 7/22 (32%) 0/83 (0. l%)§ 27.3 116

* Random healthy Caucasian donors.
t Relative risk.
§ Expected frequency of homozygotes, calculated from gene fre-
quency.
1' Provisional assignment (family study not available).

The preponderance of JRA Dw4/LD"40" heterozygotes is
intriguing. Heterozygous patients may possess unique Ia deter-
minants as a result of combinatorial a-chain and ,B-chain as-
sociations (21, 22) or alternatively, the LD"40" specificity alone
may confer significant increased disease susceptibility. In another
patient population, namely children with juvenile onset diabetes
(insulin-dependent diabetes mellitus), it has been shown that
the relative risk for DR3/DR4 heterozygosity is greater than
the relative risk for either DR3 or DR4 homozygotes (23).
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