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The HLA-DRB1 Locus as a Genetic Component in Giant Cell Arteritis
Mapping of a Disease-linked Sequence Motif to the Antigen Binding Site of the HLA-DR Molecule

Cornelia M. Weyand, Kevin C. Hicok, Gene G. Hunder, and Jorg J. Goronzy
Department of Internal Medicine, Division of Rheumatology, Mayo Clinic and Foundation, Rochester, Minnesota 55905

Abstract

Giant cell arteritis (GCA) is a granulomatous vasculitis affect-
ing persons over 50 years of age. The inflammatory infiltrate,
which is targeted at the aorta and its proximal branches, in-
cludes activated CD4' helper T cells, histiocytes, and giant
cells. To investigate whether the genetic polymorphism of the
HLA-DRB1 genes contributes to the local accumulation of ac-
tivated T cells, we have analyzed both HLA-DRB1 alleles in a
cohort of 42 patients with biopsy-proven GCA. The majority of
patients (60%) expressed the B1 *0401 or B1*0404/8 variant
of the HLA-DR4 haplotype, both of which also represent the
major genetic factors underlying the disease association in RA.
GCApatients negative for the disease-linked HLA-DR4 alleles
were characterized by a nonrandom distribution of HLA-DRB1
alleles. Sequence comparison among the allelic products identi-
fied in the GCAcohort demonstrated heterogeneity for the se-
quence polymorphism of the third hypervariable region
(HVR), but homology for the polymorphic residues within the
HVR2 of the HLA-DRB1 gene. The GCApatients shared a
sequence motif spanning amino acid positions 28-31 of the
HLA-DR,81 chain. In the structural model for HLA-DR mole-
cules, this sequence motif can be mapped to the antigen-binding
site of the HLA complex, suggesting a crucial role of antigen
selection and presentation in GCA. In contrast, the sequence
polymorphism linked to RA has been mapped to the HVR3of
the HLA-DRB1 gene and translates into a distinct domain of
the HLA-DR molecule, the a-helical loop surrounding the anti-
gen-binding groove. A consecutive case series study demon-
strated that GCAand RA rarely co-occurred, supporting the
interpretation that distinct functional domains of the HLA-DR
molecule are implicated in the pathomechanisms of these two
autoimmune diseases. (J. Clin. Invest. 1992. 90:2355-2361.)
Key words: rheumatoid arthritis * vasculitis * antigen presenta-
tion * HLA complex

Introduction

Giant cell arteritis (GCA)' is a clinicopathological syndrome
characterized by a granulomatous vasculitis of the extracranial
branches of the proximal aorta ( 1 ). In many populations GCA
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1. Abbreviations used in this paper: GCA, giant cell arthritis; HVR,
hypervariable region; PMR, polymyalgia rheumatica.

is the most commonvasculitic syndrome in persons over 50 yr
of age and if not treated promptly may represent a life-threaten-
ing vascular disease (2, 3). The pathogenesis of the disease is
essentially unknown. Clues to the understanding of the under-
lying pathomechanisms have come from the analysis of the
cellular infiltrate damaging the wall of the involved vessels. A
granulomatous inflammatory reaction with dense infiltrates of
mononuclear leukocytes, usually including multinucleated
giant cells, is typical for GCA(4). Immunohistochemical stud-
ies have demonstrated that CD4+helper T lymphocytes repre-
sent the dominant cell population (5). Subsequent studies of
these cells have shown that markers of T cell activation are
expressed locally, supporting the notion that a T helper cell-
driven immune response is the cause of the vascular damage.
In general, T cells are activated when they specifically recog-
nize a complex formed by a fragment of a foreign antigen and
an autologous HLAmolecule (6). No disease causative antigen
has been identified in GCA. The characteristic histological find-
ings of the inflammatory infiltrate accumulating around the
internal elastic lamina have led to speculations that degener-
ated elastic fibers represent the autoantigen initiating and per-
petuating the chronic immune response. The frequent acute
onset of clinical symptoms accompanied by an intense acute
phase reaction has also raised questions of an infectious agent
playing at least a precipitating role.

In this report, we have studied allelic HLApolymorphisms
that are important in determining immunoresponsiveness to
exogenous antigens. An association of the disease with the
HLA-DR4 haplotype has been described but reports on the
distribution of HLAhaplotypes in GCApatients have not been
conclusive (7-1 1 ). To address the question whether gene prod-
ucts of the HLA class II complex might contribute to GCA, we
have analyzed the functionally most important locus, the
HLA-DRB1 locus, in a cohort of patients with biopsy-proven
GCA. Three allelic variants of the HLA-DRB1 *04 family were
found to be overrepresented among GCApatients. Interest-
ingly, GCAis linked to the very same allelic variants as RA.
However, despite the overrepresentation of HLA-DRB1 *04 in
GCAand RA, the risk to develop both diseases is low, suggest-
ing that distinct pathomechanisms underlie the immune abnor-
malities in both diseases. More importantly, we found a se-
quence motif spanning the amino acid positions 28-31 that is
shared by all GCApatients and that is different from that found
in RA. This sequence stretch translates into a polymorphic site
in the antigen-binding groove of the HLA-DR molecule, sug-
gesting a crucial role in the selection and presentation of anti-
gen to T lymphocytes.

Methods

The Journal of Clinical Investigation, Inc.
Volume 90, December 1992, 2355-2361

Patients. 42 patients who were seen in the Division of Rheumatology,
Mayo Clinic, between May 1990 and January 1992 were enrolled into
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the study. 22 patients were newly diagnosed, and 20 patients were diag-
nosed before 1991. All patients had characteristic histological findings
on biopsy. 41 of the patients were Caucasian and 1 was Asian Indian.
32 patients were from a local geographic area. To assess the demo-
graphic and clinical characteristics of the study population, the files of
all 42 patients were reviewed. Data for the following parameters were
collected: age at onset of the disease; sex; presence of musculoskeletal
pain confined to the shoulder and pelvic girdle, indicating symptoms of
polymyalgia rheumatica (PMR); and permanent vision loss. To docu-
ment permanent vision loss, atrophy of the optical nerve as diagnosed
by an ophthalmologist was required. GCApatients diagnosed before
1989 were evaluated for relapses of the disease or requirement for long-
term corticosteroid therapy. Patients were identified who required corti-
costeroid therapy for > 2 yr.

To identify patients who had biopsy-proven GCAas well as seropos-
itive RA, we used a computerized search of the Mayo Clinic data base
for the period 1976-1990. 835 patients carried the diagnosis of biopsy-
proven GCA. Within that cohort, 22 patients were diagnosed with poly-
arthritis. The charts of these 22 patients were reviewed to identify the
underlying disease causing the polyarthritis. The diagnosis of polyar-
thritis secondary to GCAwas verified in patients who were negative for
rheumatoid factor and fulfilled the clinical and radiological character-
istics described recently ( 12). RA and systemic lupus erythematosus
were diagnosed according to the criteria of the American College of
Rheumatology ( 13, 14). To estimate the expected numbers of cases of
RAwithin a cohort of 835 patients, data of Linos et al. ( 15) were used.
The prevalence of definite and classical RA in 72-yr-old individuals
was calculated from the accumulated incidence rates for a cohort of
835 individuals.

Normal controls. A group of 63 individuals was analyzed for HLA-
DRB1 alleles between 1990 and 1991. None of the normals had any
current or prior autoimmune diseases. Individuals with a family his-
tory of an inflammatory rheumatic disease were excluded. 62 of the
normal controls were Caucasian and 1 was Asian Indian. 50 of the 63
controls were from the same population base as the local patients.

DNAanalysis. Peripheral blood mononuclear cells were used as a
source for genomic DNA. Allele-specific oligonucleotide primers spe-
cific for the sequence polymorphism within the first hypervariable re-
gion (HVR) and for a nonpolymorphic stretch from amino acid posi-
tions 87-94 were used to amplify HLA-DRB1 genes. A polymerase
chain reaction with 30 cycles was used under the following conditions:
denaturation for 2 min at 940C, annealing for 2 min at 550C, and
extension for 2 min at 720C. To identify sequence polymorphisms
encoded by the second and third HVRof the HLA-DRBI alleles, am-

plified products were blotted onto nylon membranes and hybridized
with oligonucleotide probes specific for sequence polymorphisms of
the different DRB1 alleles. The primer sets and the oligonucleotide
probes used for the identification of the HLA-DRBI alleles have been
recently described (16, 17). Sequence polymorphism at position 57
within the HLA-DRB1 *04 alleles, which is infrequent in a Caucasian
population, was not determined. Thus, the approach did not allow a

distinction between DRB1 *0404 and *0405. For hybridization, oligo-
nucleotide probes were labeled with digoxygenin UTP and subse-
quently developed with an antidigoxygenin alkaline phosphatase-la-
beled antibody.

Statistical analysis. Demographic and clinical characteristics of the
patient subsets and the frequencies of HLA-DRBI alleles in patients
and normals were compared by t test, Chi-square test, or a Fisher's
exact probability test as appropriate. Accumulated incidence rates were

i=72

calculated using the equation 1 - e - z i; where i = yearly incidence
rates. i-O

Results

Overrepresentation of two allelic variants of the HLA-
DRBI *04 haplotype in GCApatients. 42 patients with biopsy-
proven GCAwere enrolled into this study. The group included

9 males and 33 females. Allele-specific amplification of geno-
mic DNAwas used to identify both HLA-DRBI alleles in each
patient. As shown in Table I, the distribution of HLA-DRBl
alleles amongGCApatients was different from that in normals.
HLA-DRB1 *04 was present in 59.5% of the patients. Three
allelic variants, B 1 *0401, B 1 *0404, and B 1 *0408, were identi-
fied in the patient cohort. B 1 *0404 and *0408 are distinct only
at position 86 (V -- G) and were grouped together. Three of
seven patients typed HLA-DRB1 *0408. Interestingly, none of
the HLA-DRB1 *04 + patients used the B 1 *0402 and B 1 *0403
allele. These two alleles are rare in the normal population. The
second most frequent allele was HLA-DRB1*03. Overrepre-
sentation of HLA-DRB1 *03, however, did not reach statistical
significance. The overexpression of HLA-DRB1 *04 within the
GCA cohort was accompanied by a reduction of HLA-
DRB1*01. A reduced frequency was also seen for HLA-
DRBI * l1, B 1 *07, and B I * 15/ 16. An equal representation
within patients and normals was characteristic for B1 *08 and
B 1 * 13. Wesubsequently analyzed the role of allelic combina-
tions in the patient group. Fig. 1 summarizes the haplotype
combinations at the Bl locus for the 25 HLA-DRB1 *04+ pa-
tients. In Fig. 2, both HLA-DRBl alleles of the 17 HLA-
DRB1 *04- patients are shown. The HLA-DRB1 *04- patient
subset was characterized by a nonrandom distribution of al-
leles. Three HLA-DRB1 variants were overrepresented: HLA-
DRB1 *03, B1 *08, and B I * 13. HLA-DRB1 *03 was found in 8
of 17 patients compared with 11 of 48 DRB1 *04 - controls (P
= 0.06), DRB1 *08 was found in 6 of 17 patients compared
with 6 of 48 controls (P = 0.04). Only four patients were nega-
tive for all three alleles. These four patients shared the HLA-
DRB1 * 15 / 16 haplotype. HLA-DRB1 *01 and *07 were clearly
underrepresented in HLA-DRB1 *04- patients (5.8 vs. 27%, P
= 0.06; and 5.8 vs. 29%, P = 0.04, respectively) (Fig. 2). The
HLA-DRB1 *0301 allele was not only frequently seen in non-
DR4patients, but was also preferentially expressed in combina-

Table I. Frequencies of HLA-DRBJ Alleles in GCAPatients
and Normals

GCApatients Normals
DRBl allele (n = 42) (n = 63) P Pcorr*

01 (DR1) 11.9 28.6 0.043 NS
15/16 (DR2) 26.2 33.3 NS NS
03 (DR3) 28.6 19.0 NS NS
04 (DR4) 59.5 23.8 0.0002 0.003

0401 42.9 15.9 0.002 0.03
0402 0.0 1.6 NS NS
0403 0.0 4.8 NS NS
0404/8 16.7 3.2 0.016 NS

11 (DR5) 9.5 22.2 NS NS
07 (DR7) 14.3 22.2 NS NS
08 (DRw8) 14.3 11.1 NS NS
09 (DR9) 0.0 3.2 NS NS
10 (DRwlO) 0.0 3.2 NS NS
13 (DRw13) 21.4 19.0 NS NS
14 (DRw14) 2.4 3.2 NS NS

* Corrected for number of variables tested.
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First DRB1 Allele
Second

DRBI Allele
401 402 403 404/8

GCA-1 /( - -

GCA-2 0 - - - 01

GCA-3 - - - 01

GCA-4 01
GCA-5 - 15/16
GCA-6 03

GCA-7 - - - 03

GCA-8 - - - 03

GCA-9 . . - 03

GCA-10 - - - 03
GCA-11 - - - 11

GCA-12 - - - 07

GCA-13 - 07

GCA-14 - * - 07
GCA-15 - - - 08

GCA-16 - - - 13

GCA-17 - - - 13

GCA-18 - - - 13

GCA-19 . . . 0 01

GCA-20 - - - 0 15/16

GCA-21 - - - 0 15/16

GCA-22 - - - 0 15/16
GCA-23 - . . 0 03

GCA-24 - - - 0 07

GCA-25 - - . 0 07

Figure 1. Allelic combinations at the HLA-DRB1 locus in HLA-
DRB1 *04-positive patients.

tions with one of the HLA-DRB1*04 variants (Fig. 1). Al-
though no single HLA-DRB1 allelic variant can be pinpointed
as a primary genetic component in GCA, the nonrandomness
of HLA-DRB1 genes present in GCApatients suggests that a
genetic element linked to the HLAclass II complex is relevant
in the pathogenesis of the disease.

Clinical presentation in HLA-DRBJ *04+ and HLA-
DRBJ*04- GCApatients. Genotyping for the HLA-DRBl
locus indicated that individuals expressing one of two allelic
variants, B1 *0401 and B1 *0404/8, had a higher risk to de-
velop GCA. However, 40.5% of all patients were negative for
the two disease-associated haplotypes. Wetherefore addressed
the question whether the clinical presentation of the vasculitic
syndrome was different in HLA-DRB1*04+ and HLA-
DRB1*04- patients. The patient group was analyzed for the
following parameters: age at disease onset, sex, symptoms of
PMR, relapses of symptoms in patients who were diagnosed
before 1989, and permanent visual impairment. As demon-
strated in Table II, expression of the HLA-DRB1 *04 alleles did
not affect the age at disease onset and symptoms of PMRwere
found in similar frequencies in both patient subsets. In general,
all patients responded well to the initial high-dose corticoste-
roid therapy. Both patient subsets included individuals who
relapsed and required the resumption of steroid treatment.
Among the 17 HLA-DRB1 *04- patients, 3 received metho-
trexate or azathioprine in addition to prednisone. None of the
HLA-DRB1 *04+ patients was treated with an additional im-
munosuppressive agent. Interestingly, we identified four pa-

Patient
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03
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15/16

Second DRB1 Allele

LI 111

15/16

13

13

13

08

08

08

07

13

14

11

11

01

15/16

Figure 2. Allelic combinations at the HLA-DRB1 locus in HLA-
DRB1 *04-negative patients.

tients with permanent vision loss due to ischemic opticus neuri-
tis. All four patients carried the B 1 *0401 or B 1 *0404/ 8 allele.
This finding indicates that the HLA-DRB1 *04+ patients might
develop more extended disease with more rapid progression.

Two HLA-DRBJ *04-associated diseases, GCAand RA,
are not linked. The allelic variants of HLA-DRB1 *04 that are
overrepresented in GCApatients are the risk-conferring alleles
for yet another autoimmune disease, RA. The seropositive
form of RA is tightly linked to a sequence motif encoded by the
HLA-DRB1 locus, which has been mapped to the HVR3of the
HLA-DRBI locus. The RA-associated sequence motif is most
frequently found integrated into the HLA-DRB1*04 haplo-
type, but it can also be integrated into the HLA-DRB1*0101
and * 1402 alleles. The common association of GCAand RA
with the allelic subtypes DRB1*0401 and *0404/8 raises the
question whether there is an increased risk for HLA-
DRB1*04+ individuals to develop both diseases. Both syn-
dromes are more common in females, but the age of disease
onset may be decades apart. To investigate whether both HLA-

Table II. Clinical Characteristics of GCAPatients

HLA-DRB1*04+ HLA-DRB1*04-
patients patients
(n = 25) (n = 17)

Age at disease onset (yr) 71.2±8.4 72.9±7.9
Sex (% females) 76.0 82.4
Symptoms of polymyalgia

rheumatica (%) 56.0 64.7
Permanent visual impairment (%) 16.7 0.0
Number of patients requiring

prednisone therapy for >2 yr 7/9 4/5
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DRB1 *04-linked diseases are found to frequently co-occur, we
analyzed a cohort of 835 consecutive patients with tissue-con-
firmed diagnosis of GCA. This cohort included all patients
with GCAfrom 1976 to 1990 who had a positive temporal
artery biopsy within this institution. Among the 835 patients,
22 were diagnosed to suffer from polyarthritis before, concomi-
tant with, or after the onset of GCA. Onreview of the records of
these 22 patients, we found that 1 patient was falsely entered as
GCA. The 21 patients were analyzed to identify the underlying
condition leading to the diagnosis of polyarthritis. The results
of the analysis are given in Table III. Weonly found one patient
who had seropositive RAand was diagnosed to have GCA. He
had developed RA in 1937 and received salicylates, corticoste-
roids, and finally parental gold. The disease took a destructive
and nodular course. Over the several years before the diagnosis
of GCAhis joint disease was stable and not explicitly active. In
1976, he was admitted with bitemporal headaches, malaise,
and weight loss. Temporal artery biopsy showed granuloma-
tous arteritis. Within the cohort of 835 patients, there were no
female patients with a history of seropositive RA. The majority
of patients in the cohort with the cooccurrence of GCAand
polyarthritis had a seronegative variant of a symmetric polyar-
thritis, which in some cases presented with joint space narrow-
ing and erosions. This type of seronegative polyarthritis has
been described as a manifestation of joint disease in GCApa-
tients. The accumulated incidence rate for RA in a population
with an age of 72 yr was 19 of 606 females and 3.4 of 229 males
( 15). These data indicate that the risk of an HLA-DRB1 *04+
individual to develop seropositive RAand GCAis very low.

A sequence motif shared by HLA-DRBI *04+ and HLA-
DRBI *04- GCApatients. RAhas been linked to a set of HLA-
DRB1 genes, all of which share the disease-associated sequence
motif in the HVR3of the HLA-DR# I chain. The most impor-
tant members of the group of alleles conferring the risk to de-
velop RA are the HLA-DRB1*0401, HLA-DRB1*0404/8,

and HLA-DRB1 *0101 alleles. Data presented in Table I dem-
onstrate that the HLA-DRBI *0101 allele is not enriched in
GCApatients. This allele is rather diminished, in particular, in
the HLA-DRB1 *04- GCApopulation (Fig. 2), indicating that
the sequence polymorphism of the HVR3found in RAis not
relevant for the risk of GCApatients to develop the vasculitis.
The genotyping for the HLA-DRB1 genes in GCArevealed an
overrepresentation of HLA-DRB1*04 alleles but also a
nonrandom spectrum of non-DRB 1 *04 haplotypes. This find-
ing raised the possibility that a region of sequence homology
integrated into HLA-DRB1*04, but also into some of the
DRB1*04- gene products, was shared by GCApatients. To
identify a commondenominator among the GCApatients, we
compared the sequence polymorphism of the HLA-DRB1 al-
leles B 1 *0301, BI * 1301 /2, and B 1 *0801 frequently found in
DRB1*04- GCApatients with B1*0401 and *0404/8. The
disease-associated alleles share a sequence motif encoded by
the HVR2; in particular, the polymorphic amino acid posi-
tions 28, 30, and 31 are identical (Fig. 3). The amino acid
sequence motif DRYF, which was expressed by all 42 GCA
patients, is not present in the HLA-DRB1 alleles *01 and *07,
which were found to be decreased in the GCApopulation. The
recent resolution of the three-dimensional structure of an HLA
molecule has allowed correlation of polymorphic sites with
functional regions ofthe molecule ( 18 ). HumanHLA-DRmol-
ecules are expressed on the cell surface as a heterodimer. #-
pleated sheets encoded by the HVR1 and HVR2of the a and /
chain form the bottom of a groove that is surrounded by two
a-helical formations building the walls of the cleft (Fig. 4).
There is overwhelming evidence that the groove represents the
binding site for antigenic peptides that are embedded between
the a-helical walls. The complex formed by the antigenic pep-
tide bound in the groove of the HLA molecules represents the
ligand for the T cell receptor and is required to initiate T cell
activation. Thus, our data indicate that a polymorphic region

Table III. Co-occurrence of GCAand RA

Found Expected

Total Female Male Female Male

n

Biopsy-proven GCA 835 606 229
Patients with polyarthritis 22 19 3
Misentry 1 1 0
Patients with GCAand polyarthritis 21 18 3
Disease entity causing polyarthritis

Polyarthritis in GCA 11 9 2
Osteoarthritis 3 3 0
Gout 1 1 0
Seronegative monoarthritis/oligoarthritis 2 2 0
Systemic lupus erythematosus 1 1 0
Rheumatoid arthritis 3 2 1 19/606 3.4/229

Seronegative, nonerosive 2 2 0
Seropositive 1 0 1

The Mayo Clinic data bank was used to estimate how frequently patients with biopsy-proven GCAcarried the diagnosis of RA. 835 patients with
GCAwere registered between 1976 and 1990, 22 were diagnosed to have polyarthritis. Charts of these 22 patients were reviewed. Expected
prevalence rates in 72-yr-old patients were calculated as the accumulated incidence rates for a cohort of 606 female and 229 male individuals
from the data published by Linos et al. (15).
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HVRI

AAposftlon 4 910 11 12 13 14

DRB1 allele

DIseasesociated
401 R E Q V K H E

404/8 R E Q V K H E

0301 R E Y S T S E

1301 R E Y S T S E

0801 R E Y S T R E

1501 R W QP K R E

Diseas non-associated

0101 R W QL K F E

0701 Q WQ G K Y K

HVR2

26 28 30 31 32 33 37

F D Y F Y H Y

F D Y F Y H Y

Y D Y F H N N

F D Y F H N N

F D Y F Y N Y

F D Y F Y H S

L E C I Y N S

F E L F Y N F

HVR3

57 58 60 67 70 71 73 74 78 86

D A Y L Q K A A Y G

D A Y LQ R A A Y V

D A Y LQ K G R Y V

D A Y ID E A A Y V

S A Y FD R A L Y G

D A Y IQ A A A Y V

Figure 3. Conserved region of sequence polymor-
D A Y L 0 R A A Y G phism in HLA-DRBl alleles expressed by GCApa-
V A S ID R G a V G tients.

on the floor of the antigen binding site of the HLA-DR mole-
cule is shared by patients who develop GCA(Fig. 4).

Discussion

A lymphocytic infiltrate in the walls of medium- and large-
sized arteries is the characteristic finding in GCA(4, 5). Im-
portant clinical features associated with the vasculitis are the
frequent acute onset of symptoms, a brisk production of acute
phase reactants, and the prompt response of symptoms and
acute phase proteins to corticosteroids. Evidence for a crucial
role of T lymphocytes comes from the demonstration of CD4+
T helper cells constituting the dominating cell population in
the inflammatory infiltrate and reports describing a selective
depletion and activation of CD8+ T cells in the peripheral
blood (5, 19). The goal of this study was to investigate HLA

molecules that exert a considerable control of T cell function.
CD4+T cells recognize foreign antigen only when displayed in
association with self-HLA-DR molecules (6). Thus, HLAmol-
ecules are an absolute requirement for selection and binding of
antigenic determinants and the subsequent triggering of the T
cell receptor.

The polymorphism of HLA-DR molecules is mainly deter-
mined by the highly polymorphic HLA-DRBI locus for which
an estimated 80 alleles have been described (20). Here, we
report that the expression of HLA-DRB1 alleles by patients
with GCAis nonrandom. 60%of the patients carried one of the
closely related allelic variants, HLA-DRB1 *0401 and *0404/
8. The difference between these three alleles is limited to a
polymorphism in residue positions 71 and 86 of the B1 gene
product. Twoother allelic products ofthe HLA-DRB1 *04 fam-
ily, B 1 *0402 and *0403, were not identified within the patient
population.

k Figure 4. Mapping of the GCA-linked sequence motif
to the antigen-binding site of the HLA-DR molecule.
The HLA-DR sequence was modeled on the crystal
structure of the HLA-A2 as described by Brown et al.
( 18 ). The conserved tetrapeptide DRYFencompass-
ing amino acid positions 28-31 maps to the
antigen-binding groove. Amino acid positions 28 and
30 are predicted to point up and are highlighted as
solid black squares.
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Although an HLA-DR association of the disease has been
reported, data have been controversial. Several studies have
attempted to identify a GCA-associated haplotype (7-1 1 ). All
available data used conventional techniques and could not dis-
tinguish among allelic variants of the DRB1 *04 family. In all
reports, the frequency of HLA-DR4 was increased, although
the difference among the patient population and normal con-
trols did not always reach statistical significance. Interestingly,
the HLA-DR4 association of GCAis supported by differences
in the incidence of the disease in distinct ethnic groups. An
increased frequency of the vasculitis in Caucasians compared
with black individuals has been described. The highest inci-
dence has been reported in Scandinavia and Minnesota,
mainly including a population of Northern European descent
(2, 3). Studies of Italian and Israeli populations have demon-
strated low frequencies (21, 22). These ethnic differences corre-
late to the frequency of HLA-DR4 expressed in the different
populations.

The finding that 40% of the patients were negative for
B 1 *0401 and B 1 *0404/ 8 indicated that the contribution of
the HLA-DR molecule in GCAis probably not related to a
unique function of the DRB1 *04 allele. Wehypothesized that
the disease is linked to a sequence polymorphism present in the
two frequent HLA-DRB1 *04 alleles but also expressed in non-
DRB1 *04 alleles. This hypothesis was supported by our find-
ing that the distribution of the HLA-DRB1 genes in HLA-
DRB1 *04- patients was nonrandom. HLA-DRB1 *03, B 1 * 13,
and B1 *08 were more frequent in the HLA-DRB1 *04 - patient
population than in the control population. Sequence compari-
son demonstrated that all alleles overrepresented in the patient
population had a discrete region of sequence identity stretching
from residues 28 to 31. This sequence stretch includes one
nonpolymorphic residue in position 29. The sequence motif
DRYFwas found in all 42 GCApatients. Interestingly, two
haplotypes frequently encountered in the normal population,
HLA-DRl and HLA-DR7, carry very different amino acid resi-
dues at positions 28, 30, and 31. The HLA-DR1 haplotype was
underrepresented in the GCApopulation. Expression of HLA-
DR7 was limited to GCApatients who expressed the disease-
linked sequence cassette DRYFon their second haplotype.
These data suggested that a single copy of the disease-asso-
ciated sequence stretch is sufficient to confer disease susceptibil-
ity and that sequence variations in residues 28, 30, and 31 on
the second haplotype appear not to be protective. The se-
quence stretch DRYF is also found in the DRBI*11 and
DRBI *1 5116 alleles, and in the 0101 and 0301 alleles of the
HLA-DRB3 locus. HLA-DRB1 * 11 was infrequent in the total
GCApopulation; HLA-DRB1*15/16 was found in the four
patients who typed negative for HLA-DRBI alleles 03, 04, 08,
and 13. The finding that the presence of the motif DRYFby
itself does not necessarily confer susceptibility to GCAindi-
cates that other regions of the HLA-DRf I chain have a modu-
latory effect on the biological function of the HLA-DR mole-
cule, resulting in an increased risk to develop GCA. This inter-
pretation is supported by the finding that there is a clear
hierarchy of HLA-DRB1 alleles predisposing for GCA, with
HLA-DRB1 *0401 being the strongest risk factor. The exis-
tence of distinct roles for different disease-associated alleles
sharing a particular sequence stretch is not unique for GCAbut
is also observed for RA. The HLA-DRBI alleles *0101, *0401,
*0404/8, and * 1402, which are associated with RAand share a

sequence stretch in the HVR3, clearly have distinct impacts in
susceptibility and severity of the disease (17).

It could be argued that the HLA-DRBI locus does not repre-
sent the primary genetic factor linked to GCA. HLA haplo-
types include multiple loci that are characterized by a linkage
disequilibrium. No HLA-DQAor B allele can be identified that
could represent a common denominator among the DR4,
DR3, DRw8, and DR13 haplotypes. In line with this finding,
previous studies have failed to establish an HLA-DQ associa-
tion of the disease (8).

The comparison of the clinical findings in the DR4' and
DR4- patient subsets also supported the view that the patients
suffered from a similar disease entity. Especially, we could not
confirm the results of a study applying metaanalysis to evaluate
the role of HLA-DR4 in GCA(10). These authors discussed
that the overrepresentation of HLA-DR4 might be caused by a
linkage of HLA-DR4 to PMR. In our clinically well-character-
ized patient cohort, symptoms of PMRwere encountered as
frequently in the DR4- as the DR4' patient subset. Interest-
ingly, all patients who had developed blindness due to ischemic
opticus neuritis carried the HLA-DRB1 *0401 or *0404/8 al-
lele. In early studies of GCA, blindness was a much more fre-
quent complication. The increased awareness of physicians
probably has lead to early diagnosis and treatment before irre-
versible ischemic damage has evolved. However, the finding of
a higher frequency of blindness in the HLA-DRB1 *0401 /4/
8 + group may indicate that the disease progresses at a faster
rate in these individuals, suggesting a potential role of these
allelic variants in disease severity.

Extensive studies on yet another functional region of the
HLA-DRB1 *04 alleles have demcnstrated that a discrete por-
tion of the HLA-DR molecule can function as the primary
genetic unit underlying HLA and disease association. A set of
alleles at the DRB1 locus, including HLA-DRB1*0401,
*0404/8, *0101, and * 1402, have been directly implicated in
the pathogenesis of seropositive RA (23-27). The polymor-
phism that is shared by this set of RA-associated alleles but
distinct from several closely related HLAclass II alleles that are
not associated with RA has been mapped to a short sequence
stretch of DRB1 alleles spanning codons 67-74 (28-30). Here,
we present data that a different segment of the DRB1 gene
found in B 1 *0401 and B 1 *0404/ 8 accounts for the association
of DRB1 *04 alleles with GCA. This interpretation is supported
by the underrepresentation of HLA-DRI in the GCApopula-
tion, indicating that the sequence polymorphism within the
HVR3region of the gene is not relevant for the risk to develop
GCA. Our finding that two different polymorphic domains of
the HLA-DR molecule are linked to two separate disease enti-
ties suggests that distinct biological functions of the HLA-DR4
molecules are important in the pathogenesis of GCAand RA.
This hypothesis is strengthened by epidemiologic data analyz-
ing the cooccurrence of RAand GCA. In the consecutive case
series of 835 patients with biopsy-proven GCA, we identified
only 1 patient who had classical seropositive RA, a male who
developed arthritis before GCA. There were no female patients
with seropositive RA. This indicates that the cooccurrence of
these two syndromes is certainly not increased, even though
they share a genetic marker. The results of the case series are
consistent with the paucity of reports in the literature describ-
ing GCAin patients who previously or subsequently developed
RA ( 31 ). Such cases have been reported from this institution
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and include the one case identified in our current case series
analysis. Somereports have indicated an increased mortality of
RA patients, which, however, is not sufficient to explain the
low cooccurrence of both diseases. There is no reason to believe
that cases with both GCAand RA would not be recognized
clinically. Rather, these data suggest the possibility that GCA
patients may have an actually reduced risk to develop RA. The
exact pathological mechanisms leading to seropositive RAare
not understood, although a crucial role of T lymphocytes in the
disease has been established. It could be speculated that the
immune abnormalities characteristic for RAprevent an abnor-
mal immune response resulting in granulomatous vasculitic
vessel wall infiltrates in GCA.

The definition of a sequence cassette linked with disease
susceptibility is important for our understanding of immune
functions in GCApatients. Experimental evidence has been
provided demonstrating that a discrete cluster of polymorphic
sites within an HLA-DR sequence can function as a functional
unit on different allelic backgrounds. Defining the sequence
stretch DRYFas the genetic element predisposing to GCA
raises the question on the importance of this unit in immuno-
logical recognition. Modeling of the HLA-DR molecule pre-
dicts that a discrete antigen binding groove is surrounded on
both sides by a-helical loops ( 18). In this model, residues 56-
86 of the : chain, including the shared epitope linked to RA,
form one of the a-helical loops. In contrast, residues 28-31 of
the f chain linked to GCAwould contribute to the floor of the
peptide binding cleft. Data derived from detailed studies of the
functional consequences of sequence variations in murine
MHCmolecules indicate that the amino acid in position 28 is
of crucial importance for the selective binding of antigen frag-
ments ( 18). Our data suggest that further analysis of the role of
this residue in the immune response of GCAmay provide in-
formation on the possibility that a specific disease-causative
antigen might be bound by the disease-linked HLA polymor-
phism that initiates the vasculitic reaction in the arterial wall.
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