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ABSTRACT

Objective. To determine if patients with
the predominant extracranial large-
vessel vasculitis (LVV) pattern of giant
cell arteritis (GCA) have a distinctive
HLA-B association, different from that
reported in biopsy-proven cranial GCA
patients. In a further step we assessed
if the combination of HLA-B and HLA-
DRBI alleles confers an increased risk
for GCA susceptibility, both for the cra-
nial and extracranial LVV phenotypes.
Methods. A total of 184 patients with
biopsy-proven cranial GCA, 105 with
LVV-GCA and 486 healthy controls were
included in our study. We compared
HLA-B phenotype frequencies between
the three groups.

Results. HLA-B*15 phenotype was sig-
nificantly increased in patients with clas-
sic cranial GCA compared to controls
(14.7% vs. 5.8%, respectively;, p<0.01;
OR [95% C1]=2.81 [1.54-5.11]). It was
mainly due to the HLA-B*15:01 allele
(12.5% vs. 4.0%, respectively; p<0.01;
OR [95% CI]=3.51 [1.77-6.99]) and
remained statistically significant after
Bonferroni correction. Similar HLA-
B*15 association was observed in pa-
tients with the LVV-GCA (11.4% vs.
5.8%,p=0.04,0R [95% CI]=2.11 [1.04-
4.30]). This association was also mainly
due to the HLA-B*15:01 allele (10.5%
vs. 4.0%, respectively; p=0.0054; OR
[95% CI]=2.88 [1.19-6.59]). Note-
worthy, the presence of HLA-B*15:01
together with HLA-DRBI1*04.:01 led to
anincreased risk of developing both cra-
nial and extracranial LVV-GCA.
Conclusion. Susceptibility to GCA is
strongly related to the HLA region, re-
gardless of the clinical phenotype of ex-
pression of the disease.

Introduction

Giant cell arteritis (GCA) is a systemic
vasculitis characterised by the involve-
ment of medium and large vessels in in-
dividuals over 50 years (1). Classically,
GCA was described as a vasculitis with
a predilection for the affection of cranial
arteries, presenting with cranial ischae-
mic manifestations such as headache,
jaw claudication or visual ischaemic
manifestations (2, 3). However, in the re-
cent years the use of imaging techniques
has allowed to identify a different subset
of GCA patients with predominant ex-
tracranial involvement (4-7). These pa-
tients with the predominant extracranial
large-vessel vasculitis (LVV) pattern
of GCA are usually younger than those
with the classic cranial phenotype and
they often present as a glucocorticoid-
resistant polymyalgia rheumatica or as
patients with fever or constitutional syn-
drome of unknown origin (7-10).
Genetic factors seem to play an impor-
tant role in the pathogenesis of GCA
(11). This vasculitis follows a poly-
genic inheritance pattern, mostly asso-
ciated with HLA class II genes (12-15).
However, it remains unknown whether
a different genetic susceptibility and/
or cytokine profile expression may ex-
plain the different clinical phenotypes
of GCA. In a first attempt to determine
if genetic differences between classic-
cranial GCA and LVV-GCA existed,
we performed a comparative analysis
of HLA-DRBI* phenotype frequen-
cies between both subgroups. In this
study, we could not find any differ-
ences as both cranial and extracranial-
LVV-GCA shared a strong association
with HLA-DRB1%04, in particular with
HLA-DRBI*04:01 (16).
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Besides the strong association of GCA
with HLA class II genes, there is evi-
dence that class I region is also involved
in the genetic susceptibility to cranial
GCA. In this regard, association with
HLA-B*15 was observed in a cohort of
patients with biopsy-proven GCA (17).
This implication of HLA class I genes
in the susceptibility to cranial GCA was
further confirmed in large-scale studies
(13, 14).

HLA class I genes also play an impor-
tant role in the genetic susceptibility
of Takayasu’s arteritis (TAK) (14, 18).
LVV-GCA, as well as TAK, usually af-
fects individuals who are younger than
patients with the classic cranial pat-
tern of GCA, and are characterised by
the affection of larger arteries that may
lead to the development of stenosis, an-
eurysms and aortic dissection (19, 20).
Since TAK and classic cranial GCA dif-
fer in HLA association, we aimed to de-
termine if patients with LVV-GCA have
a distinctive HLA-B association, differ-
ent from that reported in biopsy-proven
cranial GCA patients. In a further step
we assessed if the combination of HLA-
B and HLA-DRBI alleles confers an
increased risk for GCA susceptibility,
either for the cranial and extracranial
LVV phenotypes.

Methods

Patients and controls

A total of 184 patients with biopsy-
proven cranial GCA, 105 with LVV-
GCA and 486 healthy controls were
included in our study. All patients and
controls were Spanish of European an-
cestry. They were recruited in ten col-
laborative centres: Hospital Universi-
tario Marqués de Valdecilla (Santander,
Spain), Hospital Universitario de Bas-
urto (Bilbao, Spain), Hospital de Ledn
(Ledn, Spain), Hospital Universitario
de La Princesa (Madrid, Spain), Hos-
pital Universitario y Politécnico La Fe
(Valencia, Spain), Hospital Universi-
tario Virgen del Rocio (Sevilla, Spain),
Hospital Universitario de Pontevedra
(Pontevedra, Spain), Hospital Universi-
tario Lucus Augusti (Lugo, Spain) Hos-
pital Universitario San Cecilio (Gra-
nada, Spain) and Hospital San Agustin
(Avilés, Spain).

The study was approved by the Ethics
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Committee of clinical research of Can-
tabria for Hospital Universitario Mar-
qués de Valdecilla as well as by the re-
maining participant centres mentioned
above. All subjects provided informed
written consent before being enrolled
in the study. The procedures followed
were in accordance with the ethical
standards of the approved guidelines
and regulations, according to the Dec-
laration of Helsinki.

Patients with classic cranial
phenotype of GCA

A set of 184 patients with the cranial
phenotype of GCA were included in
our study. GCA diagnosis was based on
the American College of Rheumatol-
ogy (ACR) 1990 classification criteria
(21). In addition, the diagnosis of GCA
was confirmed in all patients by a posi-
tive temporal artery biopsy showing the
typical histopathologic findings of this
vasculitis. Noteworthy, none of them
presented clinical symptoms suggesting
peripheral arterial involvement.

Patients with extracranial

LVV-GCA phenotype

A cohort of 105 ethnically matched pa-
tients with the extracranial LVV-GCA
phenotype were also included in our
study. LVV-GCA diagnosis was estab-
lished by experienced rheumatologists
based on confirmatory imaging tech-
niques, such as 18F-fluorodeoxyglu-
cose positron emission tomography/
computed tomography (18F-FDG PET/
CT), angiographic magnetic resonance
(MRI-A) and/or computed tomography
angiography (CT-A).

For the purpose of the present study,
in an attempt to assess a well-defined
LVV-GCA group of patients who were
clinically different from the former
ones of cranial GCA, patients with
LVV-GCA who presented cranial GCA
symptoms were excluded from the
analysis (Table I). Patients with other
underlying inflammatory conditions,
infections or neoplastic diseases that
could present with LVV involvement
were also excluded.

Healthy controls
A total of 486 ethnically matched unaf-
fected control subjects, without history

of vasculitis or any other autoimmune
disease, constituted by blood donors
from Hospital Universitario Marqués
de Valdecilla (Santander, Spain) and
National DNA Bank Repository (Sala-
manca, Spain), were also included in
this study.

HLA-B genotyping
High-molecular-weight genomic DNA
was extracted from whole blood using
the Maxwell 16 Blood DNA Purifica-
tion Kit (Promega Biotech Ibérica,S.L.,
Spain) according to the manufacturer’s
instructions. All DNA samples were
stored at -20°C until the HLA analy-
sis. DNA-based HLA-B typing was
performed using the Luminex 100 sys-
tem (Luminex, Austin, TX, USA) and
the Lifecodes HLA typing Kits, and
analysed by using the MatchIT soft-
ware (Gen-Probe Inc., San Diego, CA,
USA) following the manufacturer’s in-
structions. HLA-DRBI typing was per-
formed as previously reported (15).

Statistical analysis

HLA-B phenotype frequencies were
calculated by direct counting. Com-
parisons between HLA-B phenotype of
patients with classic cranial GCA and
healthy controls, patients with extrac-
ranial LVV-GCA and healthy controls,
and patients with classic cranial GCA
and those with the extracranial LVV-
GCA pattern were performed. The
strength of association was estimated
using odds ratios (OR) and 95% confi-
dence intervals (CI). Levels of signifi-
cance were determined using contin-
gency tables and either chi-square test
or Fisher’s exact test (expected values
<5). Results were subjected to Bonfer-
roni adjustment for multiple compari-
sons. After the adjustment, a value of
Py <0.05 was considered statistically
significant.

All analyses were performed with Sta-
ta statistical software v. 12/SE (Stata-
Corp., College Station, TX, USA).

Results

HLA-B phenotype frequencies were
compared between patients with the
classic cranial GCA pattern and healthy
controls (Table II). Noteworthy, the
frequency of the HLA-B*15 phenotype
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Table I. Main clinical features of patients with classic cranial GCA and LVV-GCA pattern.  was significantly increased in patients
with cranial GCA compared to controls

Céacsicpigjl L\;Z{tgiA P (14.7% vs. 5.8%, respectively; p<0.01;
n=184 n=105 OR [95% CI] =2.81 [1.54-5.11]). This
association was mainly due to the
Age at diagnosis, years (mean = SD) 740+ 104 67.5+9.8 <0.01 HLA-B*15:01 allele (12.5% vs. 4.0%,
Women, n (%) 122 (66.3%) 76 (72.4%) 0.24 . . .
Positive TAB, n (%) 184 (100%) 337 (81%) <001  Tespectively; p<0.01; OR [95% CI]
Headache, n (%) 144 (78.3%) 0 (0%) <001 =3.51 [1.77-6.99]) and remained sta-
Abnormal temporal artery on physical examination,n (%) 109 (59.2%) 0 (0%) <0.01 tistically significant after Bonferroni
Jaw claudication, n (%) 72 (39.1%) 0 (0%) <0.01 correction (PBNF<0 01) (Table II).
Polymyalgia rheumatica, n (%) 74 (402%) 86 (81.9%) <001 Regarding the LVV-GCA phenotype,
Visual manifestations, n (%) 47 (25.5%) 0 (0%) <0.01 similar HLA-B differences to those
Permanent visual loss, n (%) 21 (11.4%) 0 (0%) <0.01 . .
Peripheral arteriopathy, n (%) 0 (0%) 12 (114%) <001  mentioned above for the cranial pat-
Stroke, n (%) 8 (4.4%) 0 (0%) 0.05 tern were observed when LVV-GCA
ESR >40 mm/1* h. at diagnosis, n (%) 181 (98.4%) 84 (80.0%) <0.01 patients were compared to controls

(Table II). This was especially true for
HLA-B*15, which was significantly
increased in these patients with extrac-
ranial LVV-GCA compared to healthy
controls (11.4% vs. 5.8%, p=0.04, OR
[95% CI] =2.11 [1.04-4.30]). This as-

ESR: erythrocyte sedimentation rate; GCA: giant cell arteritis; LVV: large-vessel vasculitis; SD: stan-
dard deviation; TAB: temporal artery biopsy.

Table II. HLA-B frequencies in patients with a classic cranial GCA pattern, LVV-GCA
pattern and healthy controls.

HLA-B Classic cranial LVV-GCA Healthy controls sociation was also mainly due to the
Gf/*_l;;ﬁm (Pit;eorg) (n=486) HLA-B*15:01 allele (10.5% vs. 4.0%,
" " respectively; p=0.0054; OR [95% CI]
HLA-B*07 07:02 13.6 (25) 18.1 (19) 138 (67) =2.88 [1.19-6.59]) (Table II). These re-
07:05 0 0 2.1 (10) sults remained significant after exclud-
gii‘g:‘fg ‘1)218; 1;‘1‘ 82 1?'3 8;‘) 2; E‘l‘g ing the three patients with extracranial
HLA-B*14 14:01 5.4 (10) 29 (3) 35 (7) LVV-GCA who had a positive TAB.
14:02 152 (28) 10.5 (11) 10.5 (51) When Cl‘anlal and extracranla] LVV-
HLA-B*15 15:01 12.5 (23)a 10.5 (11) 40 (19)a GCA groups were compared, no signifi-
15:03 0.5 (1) 0 1.0 (5) cant differences in terms of the HLA-B
15:17 1.6.(3) 10 () 08 (4) phenotype association were observed
HLA-B*18 18:01 10.9 (20) 9.5 (10) 17.3 (84) Table 1)
HLA-B*27 27:05 60 (11) 10.5 (11) 5.1 (25) (Table ID).
HLA-B*35 35:01 8.7 (16) 8.6 (9) 78 (38) Noteworthy, the presence of HLA-
35:02 1.1 (2) 0 4.1 (20) B*15:01 together with HLA-DRBI*
35:03 49 9 38 4 43 (2D 04:01 led to an increased risk of devel-
HLAB*37 i; fg? }’2 g% 18 (1) ‘2‘? gg% oping both cranial GCA and extracra-
HLA-B*38 38:01 43 (8) 48 (5) 8.6 (42) nial LVV-GCA (Table III).
HLA-B*39 39:01 3.8 (7) 19 (2 23 (11)
39:06 1.1 (2 1.0 () 2.1 (10) Discussion
HLA-B*40 38385 i-“ 8())) 10-; (él) 4-; 22?) Our study constitutes the first attempt
: 1 19 (2) 14 (7 . . oo
HLAB*41 4101 0 10 (1) 33 (16) to determine whether th§r§ is a differ
41:02 0 10 (1) 06 (3) ent HLA clgss I susceptibility pattern
HLA-B*44 44:02 13.6 (25) 133 (14) 13.4 (65) in GCA patients who present the cra-
44:03 14.1 (26) 15.2 (16) 12.1 (59) nial and the extracranial LVV pheno-
HLA-B*45 45:01 1.1 (2) 38 (4) 3.1 (15) type. However, we found no HLA-B
HLA-B*49 49:01 4.3 (8) 5.7 (6) 7.0 (34) .
HLA-B*50 5001 71 (13) 76 ®) 39 (19) dlffere.tnces betwgen these tWF) §ubsets
HLA-B*51 51:01 168 (31) 114 (12) 12.8 (62) of patients. In this regard, a similar as-
HLA-B*52 52:01 22 (4) 19 (2) 3.1 (15) sociation with HLA-B*15, mainly due
HLA-B*53 53.01 32.(0) 5.7 (6) 23 (1D to HLA-B*15:01, was observed in pa-
HLA-B*35 35:01 1.6 3) 1.9°(2) 2.5 (12) tients with GCA, regardless of the clin-
HLA-B*57 57:01 6.5 (12) 9.5 (10) 5.1 (25) ical oh t Furth f d
HLA-B*58 58:01 L1 (2) 29 (3) 2.1 (10) ical phenotype. Furthermore, we foun
that the presence of both HLA-B*15:01
HLA: human leukocyte antigen; GCA: giant cell arteritis; LVV: large-vessel vasculitis. and HLA-DRBI*04:0] has an effect
Values are presented as percentages (number of individuals). increasing the risk of developing both
Results that remained statistically significant after Bonferroni adjustment are highlighted in bold: ial and il I GCA
ap<0.01,0R=3.51 [95% CI: 1.77-6.99], PBNF <0.01. cranial and extracranial LV'V- :

A former study that included 98 biopsy-
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Table III. HLA-B*15:01 and HLA-DRB1*04:01 are associated with increased susceptibility to classic cranial GCA and LVV-GCA.

Classic cranial GCA patients*

HLA-B*15:01 HLA-DRBI*04:01 Classic cranial GCA Healthy controls P OR [95% CI]
% (n) % (n)
- - 734 (135) 914 (444) - Ref.
+ - 54 (10) 3.3 (16) 0.08 2.06 [0.81-4.94]
- + 14.1 (26) 4.7 (23) <0.001 3.72 [1.96-7.04]
+ + 7.1 (13) 0.6 (3) <0.001 14.25 [3.82-78.67]
LVV-GCA patients*
HLA-B*15:01 HLA-DRBI#04:01 LVV-GCA Healthy controls p OR [95% CI]
% (n) % (n)
- - 752 (79) 914 (444) - Ref.
+ - 6.7 (7) 3.3 (16) 0.05 246 [0.98-6.17]
- + 14.3 (15) 4.7 (23) <0.001 3.67 [1.69-7.69]
+ + 38 4) 0.6 (3) 0.002 749 [1.23-51.81]
All GCA patients*
HLA-B*15:01 HLA-DRBI*04:01 All GCA Healthy controls p OR [95% CI]
% (n) % (n)
- - 740 (214) 914 (444) - Ref.
+ - 59 (17) 3.3 (16) 0.02 220 [1.02-4.76]
- + 142 (41) 4.7 (23) <0.001 3.70 [2.10-6.62]
+ + 59 (17) 0.6 (3) <0.001 11.76 [3.34-63.06]

HLA: human leukocyte antigen; GCA: giant cell

arteritis; LVV: large-vessel vasculitis; OR: odds ratio, CI: confidence interval.

proven GCA patients with the classic
cranial pattern of the disease showed
an association of this vasculitis with
HLA-B genes, in particular with HLA-
B*15:01 (16). The present study that
included 184 biopsy-proven GCA pa-
tients confirmed this HLA-B*15:01
association with cranial GCA. Herein,
we also show that a similar association
with HLA-B*15:01 is present in pa-
tients with the extracranial LVV-GCA
phenotype.

As recently described for HLA-DRBI
association (15), we could not find any
differences in HLA class I genetic pre-
disposition between patients with the
extracranial LVV-GCA and the clas-
sic cranial GCA pattern. These find-
ings indicate that susceptibility to GCA
is strongly related to the HLA region,
regardless of the clinical phenotype of
expression of the disease.

Different patterns of inflammation
might account for the different clinical
expression of GCA. Overexpression
of the Thl inflammatory pathway and
interferon-gamma (INFy) seems to ex-
ist in patients with classic ischaemic
manifestations of GCA. In contrast, the
development of PMR and systemic in-
flammatory symptoms has been linked
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to the Th-17 inflammatory pathway and
related cytokines, such as IL6 (22). In
this regard, we found in previous stud-
ies that IFNy functional polymorphisms
were associated with an increased risk
of visual ischaemic manifestations (23).
In addition, a potential implication of
VEGF gene polymorphisms in the de-
velopment of severe ischaemic manifes-
tations of GCA was observed (24,25).
Interestingly, the frequency of the IL-6-
174 allele C was statistically increased
in GCA patients who had also PMR
manifestations compared with GCA not
associated with PMR (26). Therefore,
a mayor influence of genes associated
with the Thl inflammatory response
may exist in patients with the classic
cranial pattern of GCA whereas Th17
pathway and IL6 related genes may be
more closely correlated with the extrac-
ranial LVV-GCA phenotype. More stud-
ies on these distinct inflammatory path-
ways are needed to better explain the
different phenotype expression of GCA.
In conclusion, no differences regarding
HLA-B genetic susceptibility seem to
exist between patients with the classic
cranial GCA and the extracranial LV V-
GCA pattern. However, the presence
of HLA-B*15:01 together with HLA-

DRBI*#04:01 increases the suscepti-
bility to both cranial and LVV-GCA.
Further investigation is underway to
determine if specific genetic pathways
may explain the different phenotype ex-
pression of the disease.
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