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Objective. To examine the association between
HLA-DRBI1 alleles and the production of anti—cyclic
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citrullinated peptide (anti-CCP) and rheumatoid factor
(RF) autoantibodies in patients with rheumatoid arthri-
tis (RA).

Methods. We studied 1,723 Caucasian RA pa-
tients enrolled in the North American Rheumatoid
Arthritis Consortium (NARAC) family cohort and the
Study of New Onset Rheumatoid Arthritis (SONORA)
cohort. All patients were tested for anti-CCP antibodies
(by enzyme-linked immunosorbent assay), RF (by neph-
elometry), and HLA-DR genotype (by polymerase chain
reaction and sequence-specific oligonucleotide hybrid-
ization).

Results. When controlled for the presence of RF,
anti-CCP positivity was strongly associated with the
HLA-DRBI1 shared epitope (SE). In RF+ patients, the
presence of the SE was very significantly associated with
anti-CCP positivity, with an odds ratio (OR) of 5.8 and
a 95% confidence interval (95% CI) of 4.1-8.3. This
relationship was also seen in RF- patients (OR 3.1 [95%
CI 1.8-5.3]). In contrast, RF positivity was not signifi-
cantly associated with presence of the SE independently
of anti-CCP antibodies. Strikingly, HLA-DRB1%03 was
strongly associated with reduced anti-CCP titers, even
after controlling for the presence of the SE and restrict-
ing the analysis to anti-CCP+ patients. HLA-DR3 was
also associated with anti-CCP- RA in our population.

Conclusion. The HLA-DRBI1 SE is strongly asso-
ciated with the production of anti-CCP antibodies, but
not RF. In contrast, HLA-DR3 alleles are associated
with anti-CCP- disease and with lower levels of anti-
CCP antibodies, even when controlling for the SE. These
data emphasize the complexity of the genetic effects of
the major histocompatibility complex on the RA pheno-

type.
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A complex group of HLA class II alleles are
associated with an increased risk of developing rheuma-
toid arthritis (RA), but their exact role in its pathogen-
esis remains unclear (1-4). Since the time it was origi-
nally proposed, many studies have examined the
hypothesis that shared epitope (SE)-containing DRB1
alleles can account for these associations, and this
remains a useful paradigm (5-8). There have been
conflicting reports associating the SE alleles with rheu-
matoid factor (RF) positivity (9,10). More recently,
associations between the different SE alleles and the
production of anti—cyclic citrullinated peptide (anti-
CCP) antibody have been described (11,12). Since RF
and CCP autoantibodies are usually highly correlated, it
is unclear whether they are each independently associ-
ated with SE alleles in patients with RA.

We have recently shown that a particular Cauca-
sian HLA haplotype, commonly known as the A1;BS;
DR3 haplotype (also known as the 8.1 haplotype),
carries risk genes for RA (1). The relevant risk alleles
appear to be encoded within the central major histocom-
patibility complex (MHC) and do not involve the HLA-
DRBI locus that encodes for the DR3 (DRB1*0301)
allele. Indeed, DR3 itself is not associated with RA.

In the present study, we show that DR3 is asso-
ciated with lower levels of anti-CCP antibodies, suggest-
ing that the A1;B8DR3 haplotype may have both
negative and positive effects on the risk of RA. This is
reminiscent of recent findings on the role of the A1;BS;
DR3 haplotype in myasthenia gravis (13) and empha-
sizes the complexity of the MHC associations with
autoimmunity.

PATIENTS AND METHODS

Patient population. We studied a total of 1,723 Cau-
casian patients with RA, 1,105 from the North American
Rheumatoid Arthritis Consortium (NARAC) collection of
families and 618 from the Study of New Onset Rheumatoid
Arthritis (SONORA) cohort. For the current study, we exam-
ined all patients enrolled in each study in whom anti-CCP, RF,
and HLA typing had been successfully completed. Overall, our
patient population was 75% female (n = 1,288).

We studied DNA and serum samples from patients
who met the American College of Rheumatology (ACR,;
formerly, the American Rheumatism Association) criteria for
RA (14) at the time of enrollment in the SONORA cohort.
These patients were enrolled within 12 months of diagnosis
(15). The NARAC was established to create a resource for RA
gene mapping studies in affected sibling pair families. The
clinical characteristics of the first 512 multicase families have
been described previously (16). Briefly, in order to be eligible
for entry into the NARAC family collection, families had to
meet the following 3 criteria: =2 siblings satisfying the ACR
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1987 criteria for RA, at least 1 sibling having documented
erosions on hand radiographs, and at least 1 sibling having
disease onset between the ages of 18 years and 60 years.
Exclusion criteria were the presence of psoriasis, inflammatory
bowel disease, or systemic lupus erythematosus in the families.

Autoantibody determinations. RF was measured with
the Behring BN2 nephelometer test (Dade-Behring, Deerfield,
IL). This method uses human and sheep IgG as target antigens
coated on latex beads and primarily detects [gM-RF (17). The
upper limit of the reference range is 12 IU/ml. Antibodies to
CCP were measured using a second-generation commercial
anti-CCP enzyme immunoassay (Inova Diagnostics, San Di-
ego, CA) and was performed as recommended by the vendor,
using a serum dilution of 1:100. This assay has a coefficient of
variation of 10-15% in our laboratory, and the upper limit of
the reference range is 20 units. Specimens were assayed in a
blinded manner.

Genotyping of HLA-DRBI1. Broad-level HLA-DRB1
typing and high-resolution DRB1%04 typing were accom-
plished by initial polymerase chain reaction (PCR) amplifica-
tion of groups of alleles (all DRBI1 alleles for broad-level
typing and group-specific amplification for DRB1%04 alleles)
using biotinylated PCR primers, followed by hybridization to
immobilized sequence-specific oligonucleotide (SSO) probes
in a linear array format (18). Positive hybridization reactions
were detected using a streptavidin—horseradish peroxidase
conjugate and a soluble colorless substrate, 3,3’,5,5'-
tetramethylbenzidine. A computer algorithm, based on the
SSO-probe hybridization pattern, and the A. Nolan
Immunogenetics/HLA Sequence Database (available at http:/
www.ebi.ac.uk/imgt/hla/) were used to assign genotypes to each
sample. SE alleles were defined as DRB1*0101, 0401, 0404,
0405, 0408, or 1001.

Statistical analysis. Odds ratios (ORs) and 95% con-
fidence intervals (95% Cls) were calculated using chi-square
statistics. In order to compare antibody titers between groups,
the Mann-Whitney U test was applied to the distribution of
antibody titers (anti-CCP or RF) in each group, and correla-
tions between anti-CCP and RF titers were analyzed using
Spearman’s rank test. Since the upper range of anti-CCP titers
was not fully established for all subjects, we truncated the
upper range to a standard value of anti-CCP for some non-
parametric comparisons. Multivariate analysis was also used to
examine the relationships between RF, anti-CCP antibodies,
and the presence of various HLA alleles.

RESULTS

The distribution of our patient population with
respect to autoantibody status (anti-CCP and RF) is
shown in Table 1. Anti-CCP positivity was strongly
associated with RF in our population (OR 22.7 [95% CI
17.3-29.8]). When anti-CCP and RF titers for each
patient were compared, we observed a strong correlation
between these autoantibodies (r = 0.55, P < 0.0001, by
Spearman’s rank test).

Overall, 1,257 of the 1,723 patients (72.9%) were
positive for RF, and 1,191 (69.1%) were positive for
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Table 1. Distribution of rheumatoid arthritis patients into serologic
subgroups according to RF and anti-CCP antibody status*
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Table 3. Absence of a significant association between the SE and
RF, independently of anti-CCP antibody status*

RF+ RF-
Anti-CCP+ 1,088 103
Anti-CCP— 169 363

*There was a strong association between rheumatoid factor (RF)
positivity and anti—cyclic citrullinated peptide (anti-CCP) antibody
positivity (P < 0.0001, by 2-sided test; odds ratio 22.7 [95% confidence
interval 17.3-29.8]).

anti-CCP. At least 1 SE allele was present in 1,353
patients (78.5%) in our cohort. These values were lower
in the SONORA cohort (65%, 55%, and 67% positive
for RF, anti-CCP, and SE, respectively) than in the
NARAC collection (78%, 77%, and 85% positive, re-
spectively). This is to be expected, since all of the
SONORA patients had recent-onset disease, whereas
the NARAC collection is enriched for patients with
longstanding erosive disease (16). Nevertheless, the ana-
lyses described below did not differ substantially be-
tween the 2 groups, and therefore, the combined results
are reported.

The various autoantibody subgroups were strati-
fied in order to assess the influence of the SE on each
serologic phenotype. Because we sought to assess the
independent effects of the SE on anti-CCP and RF, the
4 subgroups shown in Table 1 (CCP+/RF+, CCP+/
RF-, CCP-/RF+, and CCP-/RF-) were compared with
regard to SE status. As shown in Table 2, the presence of
the SE was strongly associated with the presence of
anti-CCP antibodies, independently of RF status (OR
5.8 for CCP+/RF+ versus CCP-/RF+, and OR 3.1 for
CCP+/RF- versus CCP—/RF-). In contrast, when we
controlled for the presence of anti-CCP antibodies, the
SE was not significantly associated with the presence of
RF, as shown in Table 3. These results were confirmed
by multiple logistic regression analyses.

To assess whether any particular SE allele was

Table 2. Association of the SE with anti-CCP antibodies, indepen-
dently of RF status*

RF+ RF—
SE+ SE— SE+ SE—
Anti-CCP+ 960 128 84 19
Anti-CCP— 95 74 214 149

* There were strong associations between the shared epitope (SE) and
anti-cyclic citrullinated peptide (anti-CCP) antibodies in both the
rheumatoid factor (RF)—positive group (P < 0.0001; odds ratio 5.8
[95% confidence interval 4.1-8.3) and the RF-negative group (P <
0.0001; odds ratio 3.1 [95% confidence interval 1.8-5.3).

Anti-CCP+ Anti-CCP—
SE+ SE— SE+ SE—
RF+ 960 128 95 74
RF— 84 19 214 149

* There were no significant associations between the shared epitope
(SE) and rheumatoid factor (RF) in the anti-cyclic citrullinated
peptide (anti-CCP) antibody—positive group (P = 0.07; odds ratio 1.7
[95% confidence interval 1.0-2.9) or the anti-CCP antibody-negative
group (P not significant; odds ratio 0.9 [95% confidence interval
0.6-1.3]).

preferentially associated with anti-CCP antibodies in
RA patients, we compared specific DRB1 genotype
combinations, as shown in Table 4. In order to be able to
make comparisons between genotypes, all analyses were
performed using SE-/SE- patients as the reference
group, and only the more common SE alleles
(DRB1*0101, *0401, and *0404) were studied. There
was no significant difference in the results for these 3
alleles, although the OR for the 0101/X genotype was
lower. This is reminiscent of the generally lower ORs for
the association of RA per se with the 0101 allele (5). The
presence of 2 SE alleles in various combinations showed
a stronger association with anti-CCP antibodies, without
striking differences among them.

A further analysis of the most common HLA-
DRB1 SE- allele groups was also performed to explore
whether any of these alleles might influence the quantity
of autoantibodies (RF or anti-CCP) in serum. These
included HLA-DR2 (n = 133 alleles), DR3 (n = 318),
DRS5 (n = 217), and DR7 (n = 242). There was no
association between these alleles and the titer of RF
(data not shown). However, as shown in Table 5, HLA-
DR3 was associated with markedly reduced titers of

Table 4. Associations between different DRB1 genotypes and anti-
CCP antibodies in RA patients as compared with SE-negative
subjects*

DRBI1 genotype OR (95% CI)

0101/X 2.9 (1.7-4.8)
0401/X 6.0 (3.7-9.8)

0404/X 5.5 (2.9-10.7)
0401/0401 123 (3.7-40.7)
0401/0404 12.6 (5.6-28.2)
0401/0101 9.1 (4.0-20.5)

* All comparisons are for rheumatoid arthritis (RA) patients with a
shared epitope (SE)-negative genotype: SE—/SE— (i.e., X/X). Anti-
CCP = anti—cyclic citrullinated peptide; OR = odds ratio; 95% CI =
95% confidence interval.
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Table 5. Median titers of anti-CCP antibodies in 4 common
HLA-DR groups

HLA-DR allele Median anti-CCP titer

DR2 (n = 133) 733
DR3 (n = 318) 23.1%
DRS (n = 217) 31.7%
DR7 (n = 242) 63
All (n = 1,723) 76

* P < 5.4 % 107° versus anti—cyclic citrullinated peptide (anti-CCP)
antibody titers in all DR3-negative subjects, excluding those with a
shared epitope (SE)-positive genotype (SE+/SE+), by Mann-
Whitney U test.

TP = 0.02 versus anti-CCP antibody titers in all DRS5-negative
subjects, excluding those with an SE+/SE+ genotype, by Mann-
Whitney U test.

anti-CCP antibody (P = 5.4 X 107°). A subgroup
analysis was performed to directly control for the effect
of the SE allele on the association with DR3 (Table 6).
DR3 was associated with significantly reduced titers of
anti-CCP antibody in the presence of an SE allele on the
opposite chromosome (P = 0.001 for DR3+/SE+ versus
DR3-/SE+, by Mann-Whitney 2-tailed U test). Al-
though anti-CCP titers were also lower in the DR3+
group in the absence of an SE allele, the difference was
not significant.

HLA-DR3 was also significantly associated with
anti-CCP- disease in our study population (OR 1.6 [95%
CI 1.2-2.1]). However, the effect of DR3 on lowering
anti-CCP titers cannot be ascribed to higher numbers of
anti-CCP- patients in the DR3+ group, since the degree
of association between DR3 and lower mean titers of
anti-CCP antibody was similar when only CCP+ pa-
tients were considered in the analysis (data not shown).
HLA-DRS also had a significant, but less pronounced,
effect on the anti-CCP antibody titer (Table 5), but this
effect did not persist when the analysis was controlled
for the presence of an SE allele (data not shown).

Table 6. Association between DR3 and lower median titers of
anti-CCP antibodies, by SE status

DR3+ DR3—
SE+ 41 (n = 175)* 84.5 (n = 663)
SE— 13.1 (n = 143)f 11 (n = 227)

*P = 0.001 versus anti—cyclic citrullinated peptide (anti-CCP) anti-
body titers in the shared epitope (SE)-positive/DR3-negative group,
by Mann-Whitney U test.

TP = 0.6 versus anti-CCP titers in the SE—/DR3— group, by
Mann-Whitney U test.
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DISCUSSION

Anti-CCP antibodies have been clearly associ-
ated with the development of RA, although a distinct
pathogenic role in the development of disease remains
to be established. We have shown a strong association
between the anti-CCP antibody response and the pres-
ence of the HLA-DRBI shared epitope. A recent study
has shown that citrullinated peptide antigens may bind
more tightly to this group of alleles, which suggests that
“determinant selection” may be the mechanism for the
association (19). Further studies will be required to
establish exactly which citrullinated peptide antigens are
driving the anti-CCP response in RA patients and how
these particular antigens interact with SE alleles.

Anti-CCP antibodies are a prognostic indicator
for the development of more aggressive disease (20,21).
The SEs encoding HLA-DRBI alleles have also been
shown to confer risk of the development of RA and have
been implicated in worse outcomes, particularly in-
creased erosions (22). By analyzing the independent
effect of SE on both anti-CCP and REF, a strong associ-
ation between the SE and the development of anti-CCP
antibodies was confirmed in this study. The SE had no
significant independent association with RF status in this
large cohort of RA patients. These findings suggest that
the previous associations between disease progression
and the presence of RF and the SE may be indirect,
reflecting a primary association of the SE with the
production of anti-CCP antibodies. A recent study indi-
cates that the presence of anti-CCP is associated with
progression to erosive disease, with additional contribu-
tions by the SE (11). However, a more extended analysis
suggests that the effects of the SE on erosive disease are
quite modest when viewed independently of anti-CCP
antibodies (Huizinga TW, et al: unpublished observa-
tions). The SONORA cohort was designed as a 5-year
outcome study, including radiographic analysis, and
thus, we should be able replicate these relationships and
extend the genetic analysis as this cohort matures.

The more novel finding of this study is that the
HLA-DRB1*03 allele was clearly associated with de-
creased titers of anti-CCP antibody, even in the presence
of an SE allele. In addition, DR3 was associated with
anti-CCP- disease. Although HLA-DRB1*03 has not
previously been associated with susceptibility to RA, this
allele has been associated with several other auto-
immune diseases, including systemic lupus erythemato-
sus, insulin-dependent diabetes mellitus, autoimmune
hepatitis, and myasthenia gravis. Within the setting of
these illnesses, the DR3 associations with autoantibody
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production appear to be variable. For example, DR3 has
been associated with increased production of anti-Ro/
SSA and anti-La/SSB in Sjogren’s syndrome (23), anti—
PM-Scl in systemic sclerosis (24), multiple autoantibod-
ies in diabetes mellitus (25,26), and anti-soluble liver
antigen/liver pancreas in autoimmune hepatitis (27). In
contrast, DR3 is negatively associated with anti—
acetylcholine receptor (anti-AChR) antibodies in myas-
thenia gravis (13). In addition, the DR3 allele has been
associated with a lack of antibody response in viral
illnesses (28) and hepatitis B vaccination (29), as well as
with immunodeficiencies, such as IgA deficiency and
common variable immunodeficiency (30).

These conflicting immunologic associations with
DR3 undoubtedly relate in part to the complexity of
DR3 haplotypes. For example, a large proportion of the
DR3 alleles in northern European populations are
found on an extended haplotype designated Al;BS;
DR3, which is also known as the 8.1 haplotype (31,32).
It is likely that at least some of the DR3 disease
associations are actually caused by genes other than
DR3 on this haplotype. Indeed, we have recently shown
that one or more genes located in the central portion of
the 8.1 haplotype are probably associated with RA,
independently of DR3 (1). A recent study of myasthenia
gravis patients also implicates genes in the central MHC
as accounting for disease susceptibility, while the DR3
allele itself is associated with lower titers of anti-AChR
antibodies, as noted above. This may be analogous to
what we observed in the current study, where the DR3
allele was associated with lower titers of anti-CCP
antibodies, but genes found on a common DR3 haplo-
type were also associated with RA susceptibility. Clearly,
it will be of interest to examine the current population
for genetic variations in the central MHC as well, in
order to determine whether genes that are in linkage
disequilibrium with DR3 on some haplotypes might
explain the DR3 effect on anti-CCP antibody titers. In
addition, it will be interesting to determine whether
DR3 has a protective effect on disease outcome.

Overall, these data emphasize the considerable
complexity of HLA associations with RA, even for the
DRBI1 locus alone. It is well established that the SE
associations with RA are not simple. Some SE alleles,
such as 0401 and 0404, confer relatively high risk, while
others, such as 0101, carry lower levels of risk. Interest-
ingly, we observed only modest differences in the
strength of the associations between these alleles and
anti-CCP antibodies (Table 5). Finally, in some popula-
tion groups, the SE appears to have a minimal influence
on disease susceptibility (33). The effect of DR3 in
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combination with SE alleles has not previously been
examined. In addition, as noted above, consideration
must also be given to the role of genes that may be in
linkage disequilibrium with these alleles in the various
populations. These complex relationships will become
apparent only when very large population studies are
performed, so that a sufficient number of the uncommon
subgroups (such as CCP+ and RF- or CCP- and RF+)
are available for analysis. Combining these data with
those from studies of disease outcome should enable us
to more fully understand the role of these genetic factors
in RA.
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