Interleukin-12 gene polymorphisim in patients with giant
cell arteritis, polymyalgia rheumatica and elderly-onset

rheumatoid arthritis

L. Alvarez-Rodriguez', V.M. Martinez-Taboada!, M. Ldpez-Hoyos?, C. Mata’,
L. Fernandez Prieto?, M. Agudo-Bilbao!, J. Calvo®, M. Ruiz Soto!,
V. Rodriguez-Valverde!, T. Ruiz?, R. Blanco', A. Corrales?, E. Carrasco-Marin?

!Divisions of Rheumatology and
2Immunology, Hospital Universitario
Marqués de Valdecilla, Facultad de
Medicina, Universidad de Cantabria,
Santander; 3Fundacion Marqués de
Valdecilla-IFIMAV, Rheumatology
Section, Hospital de Sierrallana,
Torrelavega; *“Rheumatology Unit,
Hospital de Laredo, Cantabria, Spain.

Lorena Alvarez-Rodriguez
Victor Manuel Martinez-Taboada
Marcos Lopez-Hoyos
Cristina Mata

Lorena Fernandez Prieto
Mario Agudo-Bilbao

Jaime Calvo

Maria Ruiz Soto

Vicente Rodriguez-Valverde
Teresa Ruiz

Ricardo Blanco

Alfonso Corrales

Eugenio Carrasco-Marin

This work was supported by grants
from Fundacion Marqués de Valdecilla-
IFIMAV, Fondo de Investigacion
Sanitaria (P1050475), and Fundacion
Mutua Madrileiia. Lorena Alvarez was
supported by a grant for Research Aid
from Wyeth Pharma (Spain). Lorena
Fernandez was supported by ISCIII
(CA06/0062).

Please address correspondence and
reprint requests to:

V.M. Martinez-Taboada, MD,
Rheumatology Division,

Hospital Universitario “Marqués de
Valdecilla”, Facultad de Medicina,
Universidad de Cantabria, Avda,
Valdecilla s/n, 39008 Santander, Spain.
E-mail: vmartinezt@medynet.com
Received on May 20, 2008; accepted in
revised form on July 24, 2008.

Clin Exp Rheumatol 2009: 27 (Suppl. 52):
S14-S18.

© Copyright CLINICAL AND
EXPERIMENTAL RHEUMATOLOGY 2009.

Key words: Giant cell arteritis,
polymyalgia rheumatica, elderly onset
rheumatoid arthritis, interleukin 12.

Competing interests: none declared.

ABSTRACT

Objective. The cytokine profile sug-
gests that giant cell arteritis (GCA) is
a Thi-driven disease, in which local
IFN-y plays a critical role in the devel-
opment of a systemic arteritis. IL-12 is
a potent inducer of IFN-y and is criti-
cally involved in biasing an immune
response towards a Thl pathway. The
purpose of this study was to investi-
gate whether there was an association
between an IL-12 gene polymorphism
(-1188 A/C 3°UTR) and disease sus-
ceptibility for GCA and two other age-
related inflammatory conditions, such
as polymyalgia rheumatica (PMR)
and elderly-onset rheumatoid arthritis
(EORA). Furthermore, we attempted to
correlate such polymorphism with in
vitro IL-12 production.

Material and methods. We analyzed
genotypes at -1188 in the 3 " UTR of the
IL-12 promoter by PCR-RFLP in 68
GCA, 138 PMR, and 72 EORA patients
as well as in 465 healthy controls (HC).
IL-12p70 levels in culture supernatants
after stimulation with PMA+Ilonomycin
was assessed by ELISA.

Results. All groups were in Hardy-
Weinberg equilibrium. Allelic and gen-
omic distribution was not significantly
different among the study groups. None
of the genetic variants was associated
with disease severity. Although the dif-
ferences were not statistically signifi-
cant, HC genotypes were associated
with distinct IL-12 p70 production.
Conclusions. The IL-12 (-1188 A/C
3°UTR) gene polymorphism is not as-
sociated with disease susceptibility or
severity in three age-related chronic
inflammatory syndromes. The produc-
tion of IL-12 p70 is dependent on the
genetic background in HC, although
in patients such association may be
biased by other unknown factors.

Introduction

The aging process is accompanied by
qualitative and quantitative changes in
the immune system, which are grouped
by the term of immunosenescence (1).
As a consequence, elderly individu-
als show an increased susceptibility to
neoplasias, infections and autoimmune
disorders (2). In this regard, aging is ac-
companied by the appearance of some
age-restricted disorders, and one of
the best examples is giant cell arteritis
(GCA), a systemic granulomatous vas-
culitis with a preference for the medi-
um- and large-sized arteries that affects
only elderly individuals (3). The clinical
manifestations of GCA range from the
classic symptoms result of the involve-
ment of the carotid artery branches to
aortic arch syndrome or less specific
manifestations such as fever, malaise,
weight loss, or a polymyalgic syndrome
(4-9). Polymyalgia rheumatica (PMR)
is a clinical syndrome characterized by
pain and stiffness in the neck, shoulder
and pelvic girdles that also affect only
aged individuals (10). Although PMR
usually occurs in the absence of GCA,
it is well recognized that some patients
may also have or develop clinical arteri-
tis on follow-up (11). On the other hand,
it has also been suggested that PMR
and elderly onset rheumatoid arthritis
(EORA), especially the seronegative
forms, have much in common (12).
The profile of T-cell-derived cytokines
in GCA suggests that it is a Thl-driv-
en disease, in which local interferon
(IFN)-y plays a critical role in the de-
velopment of a systemic arteritis (13).
Interleukin-12 (IL-12) is a potent in-
ducer of IFN-y and is believed to be
critically involved in biasing an immune
response towards a Thl pathway (14).
Although IL-12 mRNA transcripts are
expressed in arterial tissue from GCA
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patients, they are not correlated with lo-
cal production of IFN-y or with specific
clinical patterns (15). However, there
is no information about the circulating
levels of IL-12 or the influence of ge-
netic polymorphisms of this cytokine
in GCA. It has been demonstrated that
a polymorphism within the IL-12 p40
gene is associated with susceptibility
to other Th1 disorders (16, 17) and that
this polymorphism also affects protein
expression of IL-12 p70 (18), providing
a rationale to explore its influence on
susceptibility and severity of other Thl
disorders like GCA.

The purpose of this study was to inves-
tigate whether there is an association
between an IL-12 (-1188 A/C 3"UTR)
gene polymorphism and the disease
susceptibility for GCA and two other
age-related inflammatory conditions,
such as PMR and EORA. Furthermore,
we attempted to correlate such poly-
morphism with IL-12 production after
in vitro stimulation.

Patients and methods

Patients

The present study included 68 patients
with GCA, 138 with PMR, 72 with
EORA and 465 healthy controls. All
patients with GCA fulfilled the 1990
American College of Rheumatology
classification criteria for GCA (19).
Patients with PMR were diagnosed
according to the criteria proposed by
Chuang et al. (10). Patients with PMR
and ESR <40 mm/1 hr but who satisfied
other clinical criteria were also included
in the study (20). Patients with RA had
to satisfy the ACR 1987 revised crite-
ria for RA (21). Patients with RA were
considered as elderly-onset if disease
symptoms started after the age of 60
(22). As control group, we included 465
healthy unrelated blood donors. Both
patients and controls were Caucasians
of Spanish ancestry and lived in the
same geographic area of north Spain,
Cantabria. All the patients and controls
gave informed consent, and the study
was approved by the regional Ethics
Committee.

The clinical findings at diagnosis and
during follow-up, the ESR and CRP
values at diagnosis, as well as the initial
prednisone dosage, were ascertained by

reviewing the patients’ medical records.
Patients were subgrouped according to
the presence or absence of PMR and
the presence or absence of ischemic
complications. Ischemic complications
were defined as the presence of visual
loss, jaw claudication, cerebrovascular
accidents, or/and aortic arch syndrome
(4, 7). Relapse was defined as the new
appearance of typical clinical symp-
toms with increased acute-phase reac-
tants. In the case of the new appearance
of typical clinical symptoms without in-
creased acute-phase reactants, a relapse
was considered if symptoms disap-
peared with the increase of steroid dose.
For the analysis of some variables such
as relapses/recurrences, duration of cor-
ticosteroid therapy, and accumulated
dose of prednisone, only patients with
a follow-up =2 years were included. In
patients with EORA, disease severity
was not assessed.

Genotyping

Genomic DNA was extracted from 5Sml
of whole blood, using a DNA isolation
kit (GENTRA, GENERATION® DNA
Purification kits; Minneapolis, MN,
USA). Haplotype at -1188 in the 3"'UTR
of the IL-12 promoter was determined
as previously described (23). Briefly,
DNA samples were amplified using the
forward primer 5"-TTCTATCTGATTT-
GCTTTA" and the reverse primer 5°-
TGAAACATTCCATACATCC-3". Ge-
nomic DNA was amplified, 94°C for 4
minutes, 49°C for 1 minute and 72°C
for 2 minutes, then for 35 cycles of
94°C for 30s, 47°C for 45s and 72°C for
1 min, with a final extension at 72°C for
15 min. The PCR mixture contained
1.25 units of Taq polymerase in PCR
buffer 10X (100 mM Tris HCI, 500 mM
KCl and 15 mM MgCl,), 2uM of each
primer, 200uM dNTP, and 2mM MgCl,.
All PCR products were digested with 2
units of the restriction enzyme Taqla,
for 3 hours at 65°C. The digested prod-
ucts were run out on a 2.5% agarose
gel containing ethidium bromide and
an appropriate size ladder. Bands were
visualized under UV light. Samples
showing one 233 bp band were typed
as homozygous AA, samples displaying
165 bp and 69 bp bands were typed as
homozygous CC, and samples exhib-
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iting 233 bp, 165 bp and 69 bp bands
were typed as heterozygous.

Detection of IL-12p70 in culture
supernatant

PBMCs from heparinized blood were
obtained by Ficoll Histopaque 1077
(Sigma Aldrich; St Louis, MO) gradient
centrifugation. PBMCs from 10 patients
of each disease group and age-matched
controls were cultured in RPMI 1640
and 10% FCS with Phorbol 12-Myr-
istate 13-Acetate (PMA) (100 ng/ml;
Sigma-Aldrich) and Ionomycin (4 ug/
ml; Calbiochem; Gibbstown, NJ) for 24
hours. Supernatants were obtained and
stored at —80°C until analysis. The de-
termination of IL-12p70 was performed
by ELISA (DIACLONE; Besancon,
France). The sensitivity of the Elisa Kit
for IL-12p70 was 0.75 pg/ml.

Statistical analysis

All the statistical analysis of data was
carried out using SPSS 12.0 software
(Chicago, IL). The strength of the asso-
ciation between PMR, GCA or EORA
and alleles or genotypes of the IL-12
gene was estimated using odds ratios
(OR) and 95% confidence intervals
(CI). Levels of significance were de-
termined using contingency tables by
either chi-square or Fisher exact test
analysis. For supernatant studies, the
statistical comparisons of data between
different pathologies and controls were
performed using the Mann-Whitney U-
test. Differences were considered sig-
nificant when p-values were <0.05.

Results

Characteristics of study patients

The main demographic, clinical and
laboratory characteristics of the study
population are shown in Table 1. The
study comprised 206 patients with
PMR/GCA, 72 patients with EORA and
465 healthy controls. Forty-one percent
of the GCA patients had also polymyal-
gic symptoms and forty-seven percent
of the GCA patients had ischemic mani-
festations. In patients with PMR, GCA
was excluded because of a negative
temporal artery biopsy (TAB) and/or a
complete resolution of symptoms with
low-dose corticosteroids (10-15 mg/d
of prednisone) and the absence of char-
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acteristic GCA manifestations. Eighty-
five percent of the patients with GCA
had signs of arteritis in the TAB (24),
and the remaining patients fulfilled the
1990 ACR classification criteria (19).
As expected, acute phase reactants were
higher in GCA patients compared with
PMR and EORA populations.
Seventy-nine percent of the EORA pa-
tients had polymyalgic symptoms. For-
ty-three and twenty-nine percent of the
EORA patients were seropositive for
rheumatoid factor and anti-cyclic cytrull-
inated peptide antibodies, respectively.

Association between IL-12 (-1188
A/C) gene polymorphism with disease
susceptibility and severity in patients
with age-related chronic inflammatory
conditions

The distribution of cytokine allele fre-
quencies and genotypes in patients and
controls is shown in Table II. The study
population was found to be in Hardy-
Weinberg equilibrium. The distribu-
tion of the alleles and genotypes for
this IL-12 gene polymorphism was not
significantly different between patients
and controls. Furthermore, no signifi-
cant differences were found between
the three disorders.

The severity of PMR and GCA was ad-
dressed by analyzing the presence of at
least one relapse/recurrence, number
of relapses, duration of corticosteroid
treatment and cumulative prednisone
dose. As patients had different follow-
up times and the average of corticoster-
oid treatment duration in both diseases
is around 2 years (5, 10, 25), only pa-
tients with at least two years of follow-
up were included in this analysis. For
GCA patients, the presence of ischemic
manifestations at any time was also an-
alyzed. No significant differences in the
allele or genotype distribution between
GCA patients with or without ischemic
complications or between PMR with
or without relapses/recurrences were
found (data not shown).

Relation between IL-12 gene
polymorphism (-1188 A/C) alleles and
in vitro production of IL-12 p70

We also analyzed the in vitro produc-
tion of IL-12 p70 according to the IL-
12 allele distribution. In agreement

Table I. Demographic and clinical data of patients with giant cell arteritis (GCA), poly-
myalgia rheumatica (PMR) and elderly onset rheumatoid arthritis (EORA).

GCA PMR EORA
Number 68 138 72
Female (%) 60.3 57.2 63.9
Age at diagnosis (mean+SD, years) 73 +7 723 +£7.2 69.1+7
PMR symptoms (%) 41.2 100 78.9
Temporal artery biopsy positive (%) 84.8 0 -
Ischemic manifestations (%) 47.1 0 -
ESR at diagnosis (mean+SD, mm/1° hr) 86.9 + 31.3 56.7 £28 58.5+ 39
CRP at diagnosis (mean+SD, mg/dl) 9.0 +£5.7 4.8 +4.3 5.8+42

CRP: C-reactive protein; ESR: erythrocyte sedimentation rate.

Table II. Allele and genotype distribution in controls and patients with giant cell arteritis
(GCA), polymyalgia rheumatica (PMR) and elderly onset rheumatoid arthritis (EORA).

Gene Controls (%) GCA (%) PMR (%) EORA (%)
Alleles
A 764 (82.2) 115 (84.6) 232 (84.1) 117 (81.3)
C 166 (17.8) 21 (15.4) 44 (15.9) 27 (18.7)
Genotypes
AA 316 (68) 50 (73.5) 102 (73.9) 47 (65.3)
AC 132 (28.3) 15 (22.1) 28 (20.3) 23 (31.9)
cC 17 (3.7) 3 (4.4) 8 (5.8) 2 (2.8)

with previous studies (17, 26) we found
that healthy individuals that carried the
C allele had an increased production of
IL-12 p70 compared with non-carriers
(Fig. 1). Such an influence of the IL-12
haplotype on in vitro IL-12 production
was observed only in healthy subjects
but not in any patient group.

Discussion

IL-12 is a pro-inflammatory cytokine
that modulates the immune response by
favouring the generation of Thl cells
(14). As GCA is considered the best
example of a Thl vasculitis, the study
of the IL-12 gene may be of relevance
in this disorder and other close-related
diseases that are the result of imbalance
in immune regulation. Only a few stud-
ies have addressed the levels of circu-
lating Th1 cytokines (27, 28) or studied
the influence of related genes in suscep-
tibility or severity of the disease (29,
30). Therefore, and taking into consid-
eration the lack of previous studies that
examined the influence of IL-12 p40
polymorphism in these disorders, we
conducted the present study in a large
sample of patients with GCA and two
other age-restricted conditions.

S-16

The present study analyzed the IL-12
(-1188 A/C 3°UTR) polymorphism in
GCA, PMR and EORA, and provide
no evidence for the association of this
polymorphism with disease suscepti-
bility or severity. These results are in
agreement with the genotype and al-
lele frequencies for IL-12 p40 poly-
morphism in previous studies (23, 31).
Although in this study we did not ob-
serve a significant association between
the polymorphism examined and these
three disorders, we cannot exclude that
other polymorphic variations within
this gene or its receptor may denote
susceptibility to these conditions (32).
The reasoning behind the proposed
involvement of cytokine gene poly-
morphisms in susceptibility or disease
severity is that they may influence in
vivo cytokine levels (33). Therefore, it
is reasonable to study the relationship
between the genotype and the pheno-
type for a given polymorphism. These
differences are in general difficult to
detect in vivo, and may be more appar-
ent after in vitro culture with different
stimuli (33). For this reason, we stud-
ied in vitro levels of IL-12 p70 in re-
lation to this polymorphism. In agree-
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GCA pre

PMR pre

EORA pre

A |L12p70 (stimulated-unstimulated

Genotype IL12

Fig. 1. Detection of IL-12p70 in culture supernatant.
PBMCs from 10 patients of each disease group and controls were stimulated in culture with PMA and Ionomycin for 24 hours. The determination of

IL-12p70 in supernatants was performed by ELISA.

ment with previous studies (18, 26) we
found that healthy individuals with C
allele had an increased production of
IL-12 p70 compared with non-carri-
ers. By contrast, no clear association
was found in any of the inflammatory
conditions.

Although initial studies suggested a
possible association of the IL-12 (-1188
A/C 3°UTR) polymorphism with type
1 diabetes (17) and multiple sclerosis
(16), these findings were not confirmed
in other populations (31) and also no
significant association was found with
other Thl autoimmune diseases such
as RA (31, 34) or Crohn’s disease (18).
However, this polymorphism was as-
sociated to susceptibility to Takayasu’s
arteritis (35). Takayasu’s arteritis is also
a large-vessel granulomatous vasculitis
that, in contrast with GCA, mainly af-
fects young individuals (36). There are
a number of studies addressing circu-
lating levels of IL-12 in Takayasu’s ar-
teritis but not in GCA. Whereas some
authors have found increased circulat-
ing levels of IL-12 and a relationship
with disease activity (37), these find-
ings have not been confirmed by others
(38).

In summary, the IL-12 (-1188 A/C
3’'UTR) gene polymorphism was not
associated with disease susceptibility
or severity in three age-related chronic
inflammatory syndromes. In agreement
with previous reports, the production
of circulating IL-12 is dependent of the
genetic background in healthy subjects,
although in patients such association is
biased by other unknown factors.
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