HLA-DRB1 Alleles Encoding an Aspartic Acid at
Position 70 Protect Against Development of
Rheumatoid Arthritis
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ABSTRACT. Objective. To determine whether the association between rheumatoid arthritis (RA) and HLA-DRB1
is influenced by the amino acid residue encoded at position 70 (1370) of the third hypervariable
region (HVR3) of the HLA-DRR chain.

Methods. The frequencies of HLA-DRB1 aleles encoding different amino acid residues at (370 were
compared between patients with RA and controls in a population from the UK and in a confirma-
tory population from northwestern Spain. HLA-DRB1 typing was done by polymerase chain reac-
tion methods on 476 clinic based patients with RA and 180 healthy controls from Staffordshire and
Cheshire in the UK, and on 179 clinic patients and 145 controls from Lugo, Spain. Associations
were investigated using chi-square analyses and regression analyses. The extended Mantel-
Haenszel procedure was used for trend analysis.

Results. Carriage of 2 shared epitope (SE)+ alleles encoding a glutamine at 370 (Q7°S5*/Q70S) was
associated with the greatest risk of RA in the UK and Spanish population (odds ratios 7.93 and 4.66,
respectively), while possession of 2 SE-alleles encoding an aspartic acid at 370 (D7°S5/D7055) was
associated with the lowest risk (OR 0.23 and 0.34, respectively). In individuals carrying one SE+
allele and an accompanying D7°S5- allele there was no increased risk of developing RA [OR 0.93
(UK) and 1.30 (Spain)]. Possession of D% was more strongly protective than possession of
Q"= Analysis of trend indicated that the strength of association of different DRB1 genotypes with
RA could be ranked in order (from Q70SE*/Q70SE* to D70S5/D70S%) according to which amino acid
residues were encoded at 370, and whether or not they formed part of a SE sequence. The severity
of radiographic damage could not be ranked in the same fashion.

Conclusion. The amino acid residue at position 70 of the HVR3 in HLA-DRIM moleculesinfluences
susceptibility to RA. The strength of the association of DRB1 genotypes with RA is dependent not
only on SE status, but also on which amino acid residues are encoded at 370 of the DRB1 alleles.
Presence of an aspartic acid residue at 370 protects against development of RA. However, the
severity of erosive damage does not appear to be associated with the amino acid substitution at 1370.
(J Rheumatol 2001;28:232-9)
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*0408, *0101, *0102, *1001, *1402) are associated with
susceptibility to rheumatoid arthritis (RA). These aleles all
encode a conserved amino acid sequence (QKRAA,
QRRAA, or RRRAA) at position 70-74 in the third hyper-
variable region (HVR3) of the molecule, which is
commonly called the shared epitope (SE)L. This region
forms part of the peptide binding pocket in the DR
heterodimer?. Some DRB1 alleles |acking the SE have been
suggested to be protective against development of RA. This
is based on their reduced frequenciesin RA cases compared
to controls. Thus, the frequencies of DR2 (DRB1*15,* 16),
DR3 (DRB1*03), DR5 (DRB1*11,*12), DR7 (DRB1*07),
and DR8 (DRB1*08) have been shown to be decreased in
epidemiological studies of RA in different populations®®.
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Many of these alleles encode an aspartic acid (D) at position
(370 of the HVRS, compared with a glutamine (Q) or argi-
nine (R) in SE bearing aleles and some DR2, DR3, DR,
and DR9 subtypes'°.

Polymorphic differences between HLA-DRI3 chains may
contribute to the selectivity of the immune response by
influencing which particular peptides are bound by HLA-
DR molecules. However, the exact role of HLA-DR mole-
cules in the pathogenesis of RA remains unknown. It may
involve presentation of “arthritogenic” peptides by these
molecules or selection of autoreactive T cells capable of
recognizing the pathogenic peptide. Alternatively, direct
interaction between residues of the SE region and the
complementarity-determining region (CDR) loops of the T
cell receptor (TCR) 3 chain may be capable of triggering T
cell recognition®. Although DR subtypes may differ by only
1-4 residuesin the HVRS3, they may bind distinctly different
groups of peptides’?. Site directed mutagenesis has revealed
striking differences between RA linked and unlinked DR
types in selecting peptides that interact with the HVR3
region covered by positions 67—74'3. Most differences were
associated with a single amino acid exchange at 371, and
affected the charge of residues potentialy contacting 371.
However, substitutions at positions 67, 70, and 74 have also
been considered to be important'®. The polymorphic
residues at positions 70, 71, and 74 form part of the DR
antigen binding p4 pocket, and substitutions at DR and
peptide residues predicted to contribute to interactions
within this region have the greatest effects on specificity of
binding'4. These data do not rule out contributions from
other polymorphic positions outside the SE region in
shaping the peptide repertoire. For example, the
glycine/valine dimorphism at 386 has an effect on the
binding of natural peptide ligands'®. This polymorphism has
also been associated with susceptibility to RA, with aleles
carrying a glycine at this position providing a higher risk
than those with a valine!®28,

Position 70 of the HLA-DRM chain can admit only glut-
amine (Q), arginine (R), or aspartic acid (D). All SE+ aleles
possess aQ or an R at this position, although thisis aso the
case for some SE- aleles (e.g., DRB1*1501, *03011,
*0302, *1401, and *0901) that carry Q or R at [370. A
number of studies have indicated that not all SE+ alleles
provide the same degree of risk of developing RA, and
particular genotypic combinations of these dleles (e.g.,
DRB1*0401/0404) are associated with worse disease!®.
The reason for this is unclear, although it may indicate that
carrying 2 variants of the SE [e.g.,, QKRAA (*0401) and
QRRAA (*0404)] is important?. The influence of indi-
vidual DRI3 molecules lacking the shared epitope on disease
susceptibility is also unclear, although it has been suggested
that alleles encoding a DERAA sequence at positions 70-74
provide protection against development of RA%24, Zanelli,
et al proposed that certain HLA-DQ alleles predispose to

severe RA, but a self-peptide sequence (containing
DERAA) from the HVR3 of some DRB1 alleles
(DRB1*0103, *0402, *1102, * 1103, *1301, and *1302) can
protect from disease if presented by DQ molecules. We have
shown that patients carrying a DRB1 alele with the
DERAA sequence have less severe radiographic outcome,
but this only occurs in the absence of a SE allele®.

As well as those SE- dleles encoding the DERAA
sequence, a number of other SE- alleles encode an aspartic
acid a B70 (D). These include DRB1*1601, *11011,
*1201, * 0701, and *0801. However, not al SE- dleles
carry D', so we investigated whether any variation of the
strength of association of SE- alleles with RA was depen-
dent on which amino acid residue was carried at (370. We
investigated this in 2 separate well characterized popula
tions, one from the UK and one from NW Spain. We also
investigated the association of RA with different genotypic
combinations of alleles defined by the amino acid at 370.
Finally, we have examined the association between radio-
graphic outcome and these genotypes in the patients with
RA.

MATERIALSAND METHODS

UK population. HLA-DRB1 genotyping was carried out on 476 patients
with RA and 180 healthy controls from the UK. All patients were northern
European Caucasians resident in north Staffordshire, who had RA (Table
1). They were recruited consecutively between 1986 and 1996 in a clinic
established to examine the effects of dlow acting antirheumatic drugs.
Therapy was administered as clinically indicated. Eighty-seven percent of
patients were being treated with one or more disease modifying
antirheumatic drugs (DMARD) that included hydroxychloroquine,
sulfasalazine, gold, or methotrexate. About 5% of patients were being
treated with corticosteroids. Details of some patients have been des
cribed?>27, All patients satisfied the American College of Rheumatology
(ACR, formerly the American Rheumatism Association) 1987 ARA criteria
for RA%. The control group comprised 180 ethnically matched healthy
individuals with no history of inflammatory joint disease.

Spanish population. All patients and controls originated from the Galicia
region of NW Spain, as described®. The patients (n = 179) were recruited
from the Xeral-Calde Hospital (Lugo, Spain) and were periodicaly
attending hospital outpatient clinics or were inpatients. Ninety-four percent
of patients had been treated with one or more DMARD, including chloro-
quine, sulfasalazine, gold, cyclosporine, and methotrexate. The majority of
patients (56%) were currently being treated with methotrexate, either alone
or in combination with chloroguine or cyclosporine. All RA patients satis-
fied the 1987 ACR diagnostic criteria. Clinical details are shown in Table

Table 1. Demographic and clinical details of UK and Spanish RA popula-
tions.

UK Spain
Number 476 179
Mean disease duration, yrs 10.2 11
Maefemae 175:301 51:128
Mean age at onset, yrs, + SD 48+ 121 49+ 14
Erosions, % 85.9 74.7
Nodules, % 194 13.7
Seropositive disease, % 60.1 76.9
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1. Controls (n = 145) were ethnically matched healthy volunteers from the
same region.

Assessment of radiographic outcome. Radiographic outcome, recorded at
final review, was obtained by scoring radiographs of the hands and feet
using the Larsen method®. Scores were available on 373 patients from the
UK only. Inter and intraobserver reliability was assessed as described?” and
showed no systematic bias between readings. Joint changes were classified
by comparison with standard reference films*. The final Larsen score was
defined for each examination as the sum of the grades of the affected joints.
The maximum possible score was 210.

HLA-DRBL typing. DNA was extracted from EDTA anticoagulated blood
using a phenol-chloroform extraction procedure. HLA-DRB1 phenotypes
were determined using a semiautomated commercial reverse dot blot
method, INNO-LiPA (Abbott Laboratories UK), following the manufac-
turer’s instructions. Reaction patterns were interpreted using Inno-LiPA
software. HLA-DRB1*04 subtypes were identified using either single
strand conformational polymorphism (SSCP) following amplification with
DRA4-specific primers or using DRB1*04-specific INNO-LiPA strips
(Innogenetics, Belgium). The INNO-LiPA technology allowed intermediate
to high resolution typing, although with some allelic combinations it was
not always possible to provide an uneguivocal assignment (e.g.,
DRB1*1401 or *1407 or *1410). However, because of sequence identities
in the region of interest, this made no difference to the grouping of these
alleles according to SE status and amino acid residue at 370 (see below).
After identification, HLA-DRBL1 aleles were stratified into 5 groups
depending on the amino acid at 370, and whether or not it formed part of
the SE sequence. For example, aleles encoding the QKRAA or QRRAA
sequence were designated Q7°S*, while alleles encoding QARAA
(DRB1*1501) or QKRGR (DRB1*03011, *0302) were designated Q7%
The 5 groups and their corresponding DRBL1 alleles are shown in Table 2.

Satistical analysis. The frequency distribution of SE genotypes and those
encoding D, Q, or R residues at 370 in the RA group were compared to that
of controls by chi-square analysis of 2x2 contingency tables. Strength of
association between RA and SE genotypes or genotypes encoding partic-
ular amino acid residues was estimated using odds ratios (OR) with 95%
confidenceintervals (Cl). Pvalues were corrected for multiple comparisons
using Holm's procedure®>®2, Analysis of trend was carried out using the
extended Mantel-Haenszel procedure. The associations with Larsen score
were assessed using multiple regression analysis that included the effect of
the independent variables age and disease duration. All analyses were
carried out using the Number Cruncher Statistical Package for Windows
(NCSS v. 6.0.4) or the PEPI software package (v. 2.0) for epidemiologic
analysis®,

RESULTS

Influence of the shared epitope on susceptibility to RA. We
initially examined the association of the SE with RA by
stratifying patients and controls into 3 groups — SE+/SE+,
SE+/SE—, and SE-/SE- (Table 3). In both UK and Spanish
patients the frequency of RA patients carrying 2 SE alleles
was significantly higher than in the control groups (OR
7.29, p, < 0.0001 and OR 4.29, p, = 0.0006, respectively).
The frequency of RA patients carrying one SE allele was
significantly higher in the Spanish patients compared with
controls (OR 1.95, p. = 0.004), but did not reach signifi-
cance in the UK population (OR 1.39, p, = 0.08). There was
a strong negative association between the SE-/SE- geno-
type and RA in the UK (OR 0.19, p, < 0.0001) and in the
Spanish population (OR 0.30, p, < 0.0001).

Influence of amino acid at position 70 on HLA-DRB1 geno-
type associations with RA. To determine whether suscepti-
bilty to RA was influenced by the combination of alleles
encoding different residues at 370 we compared the
frequencies of genotypes grouped according to SE status
and amino acid residues at 370. In genotypes carrying an
SE+ allele we included Q™S dlleles only because the
number of RS aleles was too small to consider in sepa-
rate groups. As expected, carriage of 2 SE+ alleles
(Q7OSE/Q™9SE) was associated with the greatest risk of RA
in the UK and the Spanish population (Table 4). For indi-
viduals with SE+/SE- genotype we divided them into SE+
individuals with an SE- alele encoding a Q residue
(Q7SH/Q™SE) and SE+ individuals with an SE- allele
encoding a D residue (Q0S*/D70S%), Again we did not
include R™%* or R7°S5- individuals in the analyses because
genotypes with these designations contained such small
numbers. Stratification of SE+/SE- individuals in this way
revealed an increased risk of developing RA in Q70S5+/Q70SE-
individuals in both the UK and Spanish populations (OR
196, p, = 0.012 and OR 3.17, p, = 0.004, respectively).

Table 2. Grouping of HLA-DRB1 alleles according to shared epitope (SE) status and amino acid residue encoded
a position 70 (370). Only HLA-DRBL1 aleles that were identified in the UK or Spanish populations are shown.
In some genotypes with certain allelic combinations it was not possible to provide an unequivocal assignment
(e.g., DRB1*1401 or 1407 or 1410, DRB1*1501 or 1503 or 1504). However, this made no difference to the 370

amino acid designation in these individuals.

Designation by Residue at

Amino Acid Sequence at

HLA-DRB1Alleles

1370, and SE Status Position 70-74

QUosE+ QRRAA *0101, *0102, *0404, *0405, *0408
QKRAA *0401, *0409

Q70sE- QARAA *1501
QRRAE *0403, *0406, *0407
QKRGR *03011, *0302

R70SE* RRRAA *1001

R70SE- RRRAE *1401, *0901

D70SE- DERAA *0103, *0402, *1102, *1103, *1301, *1302
DRRAA *11011, *1201, *1305, *1601
DRRAL *0801
DRRGQ *0701
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Table 3. Influence of the shared epitope (SE) on susceptibility to RA.

UK Population
RA, Control,

Genotype n (%) n (%) OR (95% ClI) P,
SE+/SE+ 164 (34.5) 12 (6.7) 7.29 (3.82-14.21) < 0.0001
SE+/SE- 221 (46.4) 69 (38.3) 1.39 (0.97-2.01) 0.08
SE-/SE- 91 (19.1) 99 (55.0) 0.19 (0.13-0.29) < 0.0001

Spanish Population
SE+/SE+ 32(17.9) 7(4.8) 4.29 (1.74-11.06) 0.0006
SE+/SE- 88 (49.2) 48 (33.1) 1.95(1.21-3.16) 0.004
SE-/SE- 59 (33.0) 90 (62.1) 0.30 (0.18-0.49) < 0.0001

The OR with 95% Cl were calculated from comparisons of genotype frequencies between RA patients and

controls. P values were corrected for multiple testing using Holm's procedure.

However, SE+ individuals who carried a second SE— allele
encoding a D™ residue had no increased risk of developing
RA (OR 0.93, p, = 0.75 and OR 1.30, p,_ = 0.69).

In the UK and Spanish populations the carriage of 2 D™
alleles was associated with the lowest risk of RA (OR 0.23,
p. < 0.0001 and OR 0.34, p, < 0.0001, respectively). A
higher risk of developing RA in SE-/SE- individuals was
found in those without a D allele (although the association
was dtill negative). Analysis of trend indicated that the
strength of association of different genotypes with RA could
be arranged in order according to particular combinations of
aleles encoding different amino acid residues at 370, and
whether or not they formed part of an SE sequence. The
order of association giving the highest chi-square value and
the highest cumulative OR in the trend analysesis shown for
each population in Table 4. Exactly the same trend was seen
in both populations from the highest association with
QT0SE+/Q70SE* to the lowest with D70SE-/D70SE-,

Contribution of Q"+ (DR1) and Q"%* (DR4) to RA
susceptibility. All Q7S+ aleles are subtypes of either HLA-
DRB1*01 or *04 (Table 2). The data on genotypes carrying
Q%= in Table 4 do not discriminate between the contribu-
tions of HLA-DR1 and HLA-DR4 to disease susceptibility,
which may be different in different populations. To investi-
gate this further we divided Q°** allelesinto DR1 and DR4
subtypes [Q°* (DR1) and Q™SF* (DR4)] as shown in
Table 5. The data clearly indicate that Q7°5* (DR4) has a
significantly greater influence on RA susceptibility than
Q"°SE* (DR1) in both the UK and Spanish populations. It is
notable that the UK population has a significantly higher
frequency of Q%55+ (DR4) alleles than the Spanish popula-
tion in Q%SE*/Q™SE* individuals (80.3 vs 66.7%), and this
probably accounts for the stronger association of
Q0SE+/QSE* with RA in the UK population. It is also
important that in both populations carriage of a D" allele
protects against the effect of an accompanying Q"°5* (DR4)

alele, and that it is more strongly protective than possession
of aQ™S dlele.

Influence of amino acid residue at position 70 on erosive
damage RA. Table 6 shows the Larsen scores of patients
with different genotypes grouped according to SE status and
amino acid residues at 1370. Overall there were no significant
differences between any of the groups. Five of the 6 groups
had very similar Larsen scores (range 83.2-94.0), with only
the Q7°S=/D"°S group showing a reduced score (65.9).
Even so, this was not significantly different from any of the
other groups after correction for age and disease duration.
Since we had shown in SE-/— individuals that the DERAA
sequence is associated with less severe radiographic
outcome?*, we examined the Q7055/D70SE-gnd D70S5/D70S
groups for aleles containing this sequence. Such alleles
were only found in the Q"S5/D7S5- group. The mean
Larsen score of this subset (n = 15) was 61.2, which was
significantly lower than all other patients with RA (83.1;
p = 0.02) after correction for age and disease duration.

DISCUSSION

Asin many other studies we have confirmed in 2 separate
ethnic populations that carriage of 2 SE+ allelesis strongly
associated with RA requiring hospital treatment. In both
populations the greatest risk is associated with the carriage
of 2 HLA-DRB1*04 SE alleles. We have also shown that in
individuals carrying one SE allele the strength of association
with RA is influenced by whether the accompanying SE
negative allele encodes a Q or D residue at 1370 of the HLA-
DR31 molecule. Thus individuals with SE+/SE- genotypes
that include a SE- alele encoding a Q™ residue have an
increased risk of developing RA, in both the UK and
Spanish populations. This appears to be mainly associated
with carriage of a Q°** (DR4) dlele. However, those SE+
(DR1 or DR4) individuals who carry an allele encoding a
D™ residue have no increased risk of developing RA. Thus,
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Table 4. Frequencies of genotypes designated by shared epitope (SE) status and amino acid residues encoded at
1370 of HLA-DRB1. Comparison between RA and controls.

UK Population
Genotype Designation RA, Control,

n (%) n (%) OR (95% CI) P,
QUOSE+/QTOSEH 162 (34.0) 11 (6.1) 7.93 (4.06-15.9) < 0.0001
(QUOSE+/QT0SE- 117 (24.6) 26 (14.4) 1.96 (1.20-3.22) 0.012
QUOSE*/D7OSE- 90 (18.9) 36 (20.0) 0.93 (0.59-1.47) 0.75
QTOSE-/QT0SE- 23(4.8) 24 (13.3) 0.33 (0.17-0.63) 0.0005
QUOSE-/D70SE- 35(7.4) 43 (23.9) 0.25 (0.15-0.42) < 0.0001
[D70SE-/D70SE~ 17 (3.6) 25 (13.9) 0.23 (0.12-0.46) < 0.0001
*QOther genotypes 32 (6.7) 15(8.3)
Spanish Population
(QOSEY/QTOSE 30 (16.7) 6 (4.1) 4.66 (1.78-12.91) 0.0016
QUOSEH/QTOSE- 37 (20.7) 11 (7.6) 3.17 (1.49-6.91) 0.004
QTOSE+/QTO0SE- 41 (22.9) 27 (18.6) 1.30(0.73-2.32) 0.69
QOSE-/QT0SE- 10 (5.6) 9(6.2) 0.89 (0.32-2.47) 0.81
(QUOSE-/DTOSE- 24 (13.4) 32 (22.1) 0.55 (0.29-1.02) 0.12
D70S5-/D70SE- 20(11.2) 39 (26.9) 0.34 (0.18-0.59) 0.0016
*QOther genotypes 17 (9.5) 21 (14.5)

*Other genotypes: any genotype containing R0 or R7055- (e.g., Q70SE*/R70SE*| R70SE+R70SE+ | (Q70SE+/R70SE-

QOSE/RTUSE, etc).

The OR with 95% CI were calculated from comparisons of genotype frequencies between RA patients and
controls. p values were corrected for multiple testing using Holm's procedure. Analysis of trend by the extended
Mantel-Haenszel procedure was used to place the genotype categories in order according to their strength of
association with RA. The order shown in the tables (QS5*/Q"S* to D7°5/D70S5) was found to give the
highest chi-square and cumulative OR in both the UK [chi-square 107.1, df = 1, p = 4.1 x 1025, cumulative OR
5.9 (95% CIl 4.4-8.1)] and Spanish population [chi-square 35.2, df = 1, p = 3.0 x 10-%, cumulative OR = 3.8

(95% Cl 2.6-5.6)].

Table 5. Susceptibility to RA in different shared epitope (SE) positive genotypes carrying various combinations

of HLA-DR4 and DR1.

UK Population
Genotype Designation RA, Control,

n (%) n (%) OR (95% ClI) P,
Q7°SE+(DR4)/Q™E+(DRA4) 105 (22.1) 3(1.7) 16.70 (5.0-66.8) < 0.0001
QSE+(DR4)/Q7SE*(DR1) 50 (10.5) 7(3.9) 2.90 (1.2-7.2) 0.042
Q7°SE+(DR1)/Q™E+(DR1) 7 (15) 1 (0.6) 2.67 (0.3-58.2) 1.00
Q7OSE*(DR4)/QTOSE- 82(17.2) 17 (9.4) 2.00 (1.1-3.6) 0.065
Q79SE*(DR1)/Q70SE- 35(7.4) 9 (5.0) 1.51 (0.7-3.5) 1.00
QOSE*(DR4)/D70SE- 70 (14.7) 30 (16.7) 0.86 (0.5-1.4) 1.00
Q'SE+(DR1)/D70SE- 20 (4.2) 6 (3.3 1.27 (0.5-3.0) 1.00
Spanish Population
QSE+(DR4)/Q7SE*(DR4) 13 (7.3) 0 (0.0 00 (2.2—00) 0.007
Q7°SE*(DR4)/Q™E+(DR1) 14 (7.8) 4(2.8) 2.99 (0.9-11.0) 0.24
Q7°S=*(DR1)/Q™SE+(DR1) 3(17) 2(1.4) 1.22 (0.2-10.6) 1.00
Q70SE*(DR4)/QT0SE- 24 (13.6) 6 (4.1) 3.59 (1.3-10.1) 0.024
QS+ (DR1)/QOSE- 13(7.3) 5(3.4) 2.19(0.7-7.2) 0.56
Q70SE*(DR4)/D70SE- 26 (14.5) 15 (10.3) 1.47 (0.7-3.1) 0.78
Q79SE*(DR1)/D70SE- 15 (8.4) 12 (8.3) 1.01 (0.4-2.4) 1.00

The OR with 95% CI were calculated from comparisons of genotype frequencies between RA patients and
controls. p values were corrected for multiple testing using Holm's procedure.
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Table 6. Larsen scores in genotypes designated by shared epitope (SE)
status and amino acid residues encoded at 70 of HLA-DRB1. UK
patients with RA.

Genotype Designation n Larsen Score (SD)
QUOSE+/QTOSE 138 83.8 (46.1)
QTOSE+/QTOSE- 99 83.2 (47.9)
QTOSE+D70SE- 73 84.5 (52.8)
QOSE-/QT0SE- 16 94.0 (48.5)
QUOSE-/D70SE- 32 65.9 (51.4)
D70SE/D70SE- 15 84.7 (55.5)

No significant differencesin Larsen score were found between any of the
groups (by multiple regression analysis with correction for age and
disease duration).

the possession of D755~ has a dominant protective effect in
SE+ individuals, and is more strongly protective than Q70S-,
In SE-/SE- individuals there also appears to be a hierarchy
of susceptibility to RA depending on the combination of
alleles encoding different residues at 370. In both the UK
and Spanish populations the carriage of 2 aleles encoding
D™ is associated with the lowest risk of developing RA,
while the highest risk for SE-/SE- patientsisin individuals
without a D allele (although the association is still nega-
tive). Analysis of trend in both populationsindicated that the
strength of association of different genotypes with RA could
be arranged in order (from Q79SE+/Q70SE* to D70SE/D70SE)
according to which amino acid residues were encoded at
(370, and whether or not they formed part of a SE sequence.

Our data show that not all SE+ individuals have an
increased risk of developing RA. This is consistent with
findings by Zanelli, et al, who suggested that certain HLA-
DRBL1 aleles were protective against development of RA in
SE+ individuals?®®*?*, They proposed that such protection
was achieved via presentation of a self-peptide sequence
(containing D™°ERAA) from the HVR3 of some DRB1
alleles by certain HLA-DQ molecules. Therole of HLA-DQ
in predisposition to RA is controversial?#34, and we did not
address this issue. However, our data suggest that all D™
containing DRB1 alleles are protective, not just those
carrying the DERAA sequence.

Other polymorphic positions in the HVR3 of HLA-DRR
have been considered to be important in determining
susceptibility to RA. In particular, the charge of the amino
acid residue at 371 is believed to be critical314%, All RA
associated alleles carry a positively charged residue at this
position, either lysine (K) or arginine (R). The K substitu-
tion in particular is strongly associated with RA%, athough
this is found only on one common RA associated alele
(DRB1*0401). (Other rare aleles with the QKRAA
sequence include DRB1*0409, *0413, *0416, and *0421.)
All other RA associated alleles encode an R residue at this
position. However, thisis also commonly found on non-RA
associated molecules so it seems unlikely that this polymor-
phic position is the most critical in determining suscepti-

bility to RA. What appears to be more important is whether
or not it forms part of a SE sequence. The same appears to
be true for the uncharged Q or positively charged R residues
at 1370. Either of these residues can be found in RA and non-
RA associated aleles, but only those where the Q or R
residues form part of the SE are associated with RA. In
contrast, the negatively charged D residue is only found on
alleles negatively associated with RA, and it never forms
part of the SE.

The exact role of the SE region in RA remains to be
elucidated. Our data support the view that the charge of the
P4 pocket in the peptide binding siteisacritical determinant
of susceptibility to RA, since substitution with the nega-
tively charged D residue at (370 leads to the weakest associ-
ation with disease. Nonetheless, some non-RA associated
alleles maintain an uncharged Q or positively charged R
residue at 370. In these alleles the association with RA
appearsto belost by substitution of one of the other residues
within the SE region (usually 371 or (374). This may be due
to an effect on the overall charge of the P4 pocket. However,
it appears from this study that the SE— aleles that maintain
a Q or R residue at 370 till provide a stronger association
with RA than SE- dleles that encode a D residue at this
position.

A number of studies have shown the importance of amino
acid residues at positions 67, 70, and 71 on peptide binding
and/or T cell receptor (TCR) interactions!t1314.37-39,
Penzotti, et al™! have suggested that the hydrogen bonding
network around SE residues at 370 and R71 (in
DRB1*0404) is intimately involved in direct TCR contact,
and this interaction alone may be sufficient for TCR activa
tion. In another study on HLA-DR1 molecules, 367 and (371
were shown to contribute to binding of a human immuno-
deficiency virus peptide with direct effects on TCR recogni-
tion, while 370 appeared to be mostly engaged in TCR
interactions¥. It was further suggested that these polymor-
phic residues may select allele-specific peptides and influ-
ence the conformation of promiscuous peptides. Another
study on HLA-DR1 molecules showed that substitutions at
positions 67, 70, and 71 strongly affected specific T cell
recognition of the promiscuous HA 306-318 peptide, and
that residue 67 played an important role in determining
conformation of the peptide presented to T cells®.
Interestingly, all of the alleles with a D residue at 370 have
an isoleucine (1) or phenylalanine (F) residue at 1367, while
all SE+ aleles have a leucine (L) residue in this position.
The combination of residues at these 2 positions may thus
have a crucia role in determining susceptibility to RA.

It has been suggested that the negative association
between susceptibility to RA and aleles containing a D
residue at 1370 could reflect a greater efficiency of these
alleles to bind invariant chain (li), which results in a lower
rate of presentation of self-peptides®®. Invariant chain
promotes correct folding of the HLA-DR heterodimer, and
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