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Abstract 
Objectives

Giant cell arteritis (GCA) and polymyalgia rheumatica (PMR) are related diseases in which diverse genetic and 
environmental factors are implicated. Both GCA and PMR are characterized by an intense acute phase reaction. In these

syndromes the increased production of IL-6 has been observed. To investigate further the genetic influence of IL-6 in
GCA and PMR we have examined the IL-6 promoter polymorphism (G to C) at position -174 in the 5’ region in a series

of patients from Northwest Spain diagnosed with GCA and/or PMR.

Methods
Sixty-two biopsy-proven GCA patients (30 of them with associated PMR) and 84 patients with isolated PMR were 
studied. Patients and ethnically matched controls (n = 124) were from the Lugo region (Galicia, Northwest Spain).

Patients and controls were genotyped for HLA-DRB1 and IL-6 polymorphism at position -174 by molecular methods.

Results
IL-6-174 allele C was marginally increased in frequency in GCA patients with PMR manifestations compared with 

isolated GCA (pcorr: 0.06; OR = 2.3). The increase in the frequency of the CC genotype in GCA patients with PMR versus
those with isolated GCA was statistically significant (pcorr: 0.02). The increased frequency of allele C in GCA patients

with PMR was more commonly observed in HLA-DRB1*04 negative patients. However, this polymorphism was not asso-
ciated with a higher risk of ischemic events in GCA or with relapses in PMR.

Conclusion
Allele C at position -174 in the 5’ promoter region of the IL-6 gene may be associated with PMR in biopsy-proven GCA

patients not carrying HLA-DRB1*04 alleles.

Key words
Giant cell arteritis, polymyalgia rheumatica, HLA-DRB1*04, IL-6 polymorphism.

Clinical and Experimental Rheumatology 2002; 20: 179-184.



IL-6 -174 promoter polymorphism in GCA/PMR / M.A. Gonzalez-Gay et al.  

180

M.A. Gonzalez-Gay, MD, PhD; 
A.H. Hajeer, PhD; A. Dababneh, PhD; 
C. Garcia-Porrua, MD, PhD; D.L. Mattey,
PhD; M.M. Amoli, MD; W. Thomson, PhD;
W.E.R. Ollier, PhD.

Please address correspondence to:
Miguel A. Gonzalez-Gay, MD, PhD,
Rheumatology Division, Hospital Xeral-
Calde, c) Dr. Ochoa s/n, 27004 Lugo,
Spain. E-mail: miguelaggay@hotmail.com

Received on June 19, 2001; accepted in
revised form on October 8, 2001.

© Copyright CLINICAL AND
EXPERIMENTAL RHEUMATOLOGY 2002.

Introduction
Giant cell art e ritis (GCA) (tempora l
arteritis) constitutes a common vascu-
litic syndrome that involves the large
and middle-sized blood vessels with a
predisposition to the cranial arteries in
persons generally over 50 years of age
(1-3). Polymyalgia rheumatica (PMR)
is a common syndrome consisting of
pain and stiffness in the neck, shoul-
ders and pelvic girdle (4,5). As with
G C A , PMR also occurs in subjects
older than 50 years (6). PMR and GCA
are related diseases as PMR may be the
presenting manifestation of GCA, and
it may be observed in up to 50% of
p atients with GCA (1, 2). Howeve r,
PMR is sometimes an isolated condi-
tion unrelated to GCA. 
An important concern for cl i n i c i a n s
who often see elderly people is to dif-
ferentiate isolated PMR from that asso-
ciated with GCA. This point is of spe-
cial interest as GCA is associated with
permanent visual loss in more than 7%
of cases (1-3). Another point of poten-
tial interest is to search for differences
in genetic associations that may shed
light on whether GCA and PMR have
an identical or different genetic bases. 
GCA and PMR are complex diseases in
which diverse genetic and environmen-
tal factors are implicated in the devel-
opment of an inflammatory response.
Both GCA and PMR are characterized
by an intense acute phase reaction. In
these syndromes the increased produc-
tion of IL-6 has been observed (7-9).
Expression of IL-6 was found in more
than 60% of circulating monocytes in
patients with untreated GCA. Twenty
p e rcent of macro p h ages in tempora l
a rt e ry tissue biopsies we re found to
synthesise IL-6-specific mRNA and to
produce IL-6 (10). In GCA/PMR pa-
tients Dasgupta et al. o b s e rved that
although there was a significant decline
in IL-6 in serum after adequate corti-
costeroid therapy, almost 50% of their
patients maintained elevated IL-6 ser-
um levels for up to 6 months after the
onset of treatment (7). This occurred
despite norm a l i z ation of the acute
phase reactants. A l s o , R o che et al.
showed that in PMR short-term with-
drawal of corticosteroids was followed
by a rapid elevation in plasma IL-6 con-

centrations. (9). In addition, Weyand et
a l . o b s e rved that plasma IL-6 was a more
s e n s i t ive parameter than an elevat e d
e ry t h ro cyte sedimentation rate (ESR)
for assessing disease activity in untreat-
ed and treated GCA patients (8).
An association between GCA and
PMR and genes that lie within the
HLA-class II region has been reported
(11, 12). In Northwest Spain GCA and
isolated PMR have different patterns of
HLA-DRB1 association (13). GCA
patients exhibited a significant increase
in HLA-DRB1*04. This pat t e rn of
association was seen in GCA with or
without PMR. In contra s t , in PMR
p atients without GCA (i.e. , i s o l at e d
PMR) a significant increase in HLA-
DRB1*13/14 alleles was observed. In
these patients HLA-DRB1*04 wa s
o n ly margi n a l ly increased compare d
with ethnically matched controls (13),
although it was observed to be a mark-
er for disease severity in both GCA and
PMR. HLA-DRB1*04 was associated
with an increased risk of ischemic visu-
al manife s t ations in GCA and with
relapses of PMR (14, 15).
Other genetic polymorphisms may be
i m p l i c ated in the susceptibility and
severity to GCA and PMR. Salvarani et
al. have described a higher frequency
of the allele R at codon 241 of the inter-
cellular adhesion molecule-1 in HLA-
DRB1*04 negative patients with GCA
and PMR (16). In the human IL-6 gene,
a single base change variation at the
p romoter region (transition G to C
position -174 in the 5’ region) has been
o b s e rved (17). To inve s t i gate furt h e r
the genetic influence of IL-6 in GCA
and PMR, we have examined the -174
IL-6 promoter poly m o rphism in an
unselected population of patients diag-
nosed with PMR and GCA from North-
west Spain. 

Materials and methods
Patients and controls
Patients (n = 146) and controls (n =
124) were recruited from the area of
Lugo in Northwest Spain. All were of
caucasoid ori gin. Sixty-two biopsy-
proven GCA patients (30 of them with
associated PMR features) and 84 pa-
tients diagnosed with isolated ‘ p u re ’
PMR were available for study. 
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Patients with GCA were only included
in this study if they had a positive tem-
poral artery biopsy showing infiltration
of mononuclear cells into the arterial
wall with or without giant cells. 
All patients with PMR met the follow-
ing cri t e ri a : 1) seve re bilat e ral pain
associated with morning stiffness for
more than 1 month in at least 2 of 3
areas: neck, shoulder, and/or pelvic gir-
dles; 2) an ESR at the time of diagnosis
of at least 40 mm/1st hour; 3) resolu-
tion of the syndrome in less than 7 days
following treatment with 10-20 mg/day
of prednisone; and 4) ex clusion of
other diseases except for GCA that may
p resent with poly mya l gic manife s t a-
tions or that may mimic PMR (4, 15,
18). The possibility of GCA in patients
with isolated PMR was ex cluded by
either a negative temporal artery biopsy
or by a resolution of the syndrome fol-
l owing low dose prednisone therapy,
and the absence of GCA manifestations
after a follow-up of at least 36 months.
In our study population the proportion
of patients diagnosed with isolat e d
PMR, without any symptom of GCA at
the time of diagnosis, who developed
GCA after 2 years of follow-up was
lower than 1.5%. 
A temporal art e ry biopsy was per-
fo rmed on all patients with cl i n i c a l
m a n i fe s t ations of GCA. In pat i e n t s
with PMR without any cranial or ische-
mic manifestations of GCA, a temporal
artery biopsy was usually considered if
t h e re was a constitutional syndro m e
(asthenia, anorexia and weight loss of
at least 4 kg) and/or an ESR > 80
mm/hour (15). Patients who at any time
during the course of the disease ful-
filled the 1987 ACR cri t e ria for RA
(19) were also excluded. Finally, those
patients fulfilling the above criteria but
with a positive rheumatoid factor (by
nephelometry) were also excluded.
Visual ischemic complications we re
considered to be present if GCA pa-
tients had at least one of the following:
1) permanent visual loss (partial or
complete permanent visual loss linked
to GCA despite any possible improve-
ment following corticosteroid therapy);
2) amaurosis fugax (transient visual
loss that was followed by complete re-
covery or normal vision), or 3) diplopia

(related to palsy of the extrinsic ocular
muscles) (14). 
At the time of diagnosis all patients
with isolated PMR received an initial
dose of prednisone ranging between 10
and 20 mg/day (median initial dose at
the time of diagnosis in this group: 15
mg/day). Reductions were individual-
ized. In general, a rate of 2.5 mg every
3 months was attempted. Relapses oc-
c u rred when the dose of pre d n i s o n e
was low (median 2.5 mg/day) or had
been discontinued. 
A relapse of PMR was considered to be
p resent if after definite objective
improvement with corticosteroid thera-
py there was a flare of PMR features
(frequently associated with an increase
in the ESR) that was again suppressed
by a resumption or increase in the corti-
c o s t e roid dose (15). Relapses that
o c c u rred after at least 1 year after
steroid therapy had been discontinued
were defined as recurrences of PMR
(15). In patients with re l apses pre d-
nisone was increased by 2.5 or 5 mg
above the former dose. In those patients
with recurrences a dose of 5 mg/pred-
nisone/day was prescribed.

Molecular analysis of IL-6 promoter
polymorphism
DNA was extracted from anticoagulat-
ed blood collected in EDTA using a
phenol-chloroform extraction method.
Biallelic G/C polymorphism in the IL-
6 promoter at position -174 was exam-
ined using the following PCR primers
(17)
Forward 5’TTG TCA AGA CAT GCC
AAG TGC T 3’
Reverse 5’ GCC TCA GAG ACA TCT
CCA GTC C 3’
A total of 100 ng genomic DNA (5 l)
was amplified in a 25 l PCR reaction
containing 2.5 l bu ffe r-NH4 (Bio-
l i n e ) , 1 l MgCl2, 2.5 l dNTP’s
(Bioline), 0.25 l of each primer, 0.2

l Taq polymerase (Bioline) and 13.3
l distilled water. Thermal cycling was

performed using a Hybaid OmniGene
PCR machine. Cycles consisted of 10
minutes denaturation 95°C followed by
35 rounds of 95°C for 1 minute, 61°C
for 1 minute, 72° for 1 minute, and a
final extension at 72°C for 10 minutes.
The presence of product was verified

on a 1% agarose gel stained with ethid-
ium bromide. The IL-6 promoter poly-
morphism (G to C) at position -174 in
the 5’ region creates a restriction site
for NIaIII. Due to this, PCR products
were digested with NIaIII in a 10 l
final volume (17). The digest was incu-
bated overnight at 37°C and the prod-
ucts of the digest were then visualized
on a 4% agarose gel stained with ethid-
ium bromide.

HLA typing
DNA was extracted from anti-coagulat-
ed blood collected in EDTA using a
phenol-chloroform extraction method.
HLA-DRB1 phenotype data for some
of the patients included in this study
have been described previously (14, 15,
20). Th ey we re determined using a
semi-automated reverse dot blot meth-
o d, I N N O - L i PA (Abott Lab o rat o ri e s ,
UK), following the manufacturers’ in-
s t ructions. Reaction pat t e rns we re
i n t e rp reted using INNO-LiPA soft-
ware. 

Statistical analysis
The strength of the association between
GCA or PMR and alleles or genotypes
of the -174 IL-6 was estimated using
odds ratios (OR) and 95% confidence
i n t e rvals (CI). Levels of signifi c a n c e
we re determined using continge n cy
tables by either Chi-square or Fisher
exact analysis. The same methods were
used to examine the strength of the
a s s o c i ation between GCA and PMR
s u b groups (HLA-DRB1*04 positive
and negative) and the -174 IL-6 poly-
morphism. Statistical significance was
defined as p ≤ 0.05. P values with Bon-
fe rro n i ’s correction (pc o rr) are show n .
These were calculated by multiplying
the p value by the number of alleles or
genotypes compare d. Calculat i o n s
we re perfo rmed with the stat i s t i c a l
package Stata V6. 

Results
Allele and genotype frequencies of the
-174 IL-6 promoter polymorphism in
GCA patients
The frequencies of alleles and geno-
types for IL-6 promoter polymorphism
at position -174 in the whole group of
GCA patients we re compared with
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controls. No significant differences in
frequency were found between the pa-
tients and controls (Table I). However,
when GCA patients we re strat i fi e d
according the presence of PMR, allele
C was marginally increased in frequen-
cy in patients with GCA with PMR
(GCA+PMR+) compared with isolated
GCA patients (GCA+PMR-) (p = 0.03,
pcorr for the number of alleles tested =
0.06; OR = 2.3). The frequency of CC
homozygotes in GCA+PMR+ patients
was slightly higher than in contro l s
(corrected p value = NS). The increase
in the frequency of the CC genotype in
GCA+PMR+ patients was statistically
s i g n i ficant when these patients we re
compared with isolated GCA patients
(p = 0.008; pcorr = 0.02) (Table I).

Allele and genotype frequencies of the
-174 IL-6 promoter polymorphism in
PMR patients
The frequencies of alleles and geno-
types for IL-6 promoter polymorphism
at position -174 in PMR patients were
compared with those of controls (Table
II). No significant diffe rences in the
frequency between the different disease
groups and controls were found.

Allele frequencies of the -174 IL-6 
promoter polymorphism in HLA-
DRB1*04 positive and negative
patients with GCA and PMR
The distribution of alleles for the -174
IL-6 biallelic polymorphism was exam-
ined in GCA and PMR patients strati-
fied by HLA-DRB1*04 status (Table II
A). In isolated GCA (GCA+PMR-) no
significant differences in the -174 IL-6
allele C frequency were found. Also, no
d i ffe rences between HLA-DRB1*04
positive and negative patients with iso-
lated PMR were found. However, the
frequency of allele C in the group of
HLA-DRB1*04 negative patients with
GCA plus PMR (GCA+PMR+) wa s
significantly increased compared with
HLA-DRB1*04 positive ones (pcorr for
the number of alleles tested = 0.04). In
addition, when p values were corrected
for the number of alleles tested to take
into account the number of possibl e
comparisons a significant increase of
allele C in HLA-DRB1*04 negat ive
p atients with GCA+PMR+ compare d

with HLA-DRB1*04 negative isolated
GCA patients was still observed (pcorr =
0.01). Thus, the increased frequency of
allele C in the whole group of GCA+
PMR+ patients compared with patients
with isolated GCA was mainly due to
the subgroup of HLA-DRB1*04 nega-

tive patients. Moreover, GG genotype
was decreased and CC increased in
HLA-DRB1*04 negative patients with
GCA+PMR+ compared with H L A -
DRB1*04 negat ive isolated GCA. How-
eve r, these associations we re slightly out
of the range of significance if a correc-

Table I. The allele and genotype frequencies (%) of IL-6 promoter polymorphism at posi-
tion -174 in patients with GCA and controls.

Control A11GCA GCA+PMR- GCA+PMR+ 
(2N = 248) (2N = 124) (2N = 64) (2N = 60)

Alleles
G 67.3 67.7 76.6 58.3 
C 32.7 32.3 23.4* 41.7*

Genotypes (N = 124) (N = 62) (N = 32) (N=30)
GG 46.0 45.2 53.1 36.7
CC 11.3 9.7 0.0** 20.0**
GC 42.7 45.2 46.9 43.3

*p = 0.03, pcorr = 0.06; OR = 2.3 (95% CI: 1.1 - 5.1) (GCA+PMR+ compared with GCA+PMR-).

**p = 0.008; pcorr = 0.02; OR = (GCA+PMR+ compared with GCA+PMR-).

Table II. 
A. Allele frequencies (%) of IL-6 polymorphism at position -174 in HLA-DRB1*04 posi-
tive and negative patients with GCA and PMR.

IL-6 allele GCA+PMR (-) GCA+PMR+ Isolated PMR
DRB1*04 DRB1*04 DRB1*04

(+) (-) (+) (-) (+) (-)

2N= 30 34 22 38 50 118
G 73.3 79.4 77.3 47.4 70.0 62.7

C 26.7 20.62 22.71 52.61,2 30.0 37.3

1p = 0.02; OR = 3.8 (95%CI: 1.2 -11.9) (GCA+PMR+ HLA-DRB1*04 negative compared with
GCA+PMR+ HLA-DRB1*04 positive). 
pcorr: 0.04
2p = 0.005; OR = 4.3 (95%CI: 1.5 - 12.2) (GCA+PMR+ HLA-DRB1*04 negative compared with
GCA+PMR negative HLA-DRB1*04 negative). 
pcorr: 0.01

B. Genotype frequencies (%) of IL-6 polymorphism at position -174 in HLA-DRB1*04
positive and negative patients with GCA and PMR.

IL-6 genotype GCA+PMR (-) GCA+PMR+ Isolated PMR 
DRB1*04 DRB1*04 DRB1*04

(+) (-) (+) (-) (+) (-)

N= 15 17 11 19 25 59

Genotypes
GG 46.7 58.81 63.6 21.11 52.0 39.0
CC 0 02 9.1 26.32 12.0 13.6
GC 53.3 41.2 27.3 52.6 36.0 47.4

1 p = 0.02; OR = 0.2 (95%CI: 0.04 - 0.8) (GCA+PMR+ HLA-DRB1*04 negative compared with
GCA+PMR negative HLA-DRB1*04 negative). 
pcorr: 0.06
2 p = 0.02; (GCA+PMR+ HLA-DRB1*04 negat ive compared with GCA+PMR negat ive HLA-
DRB1*04 negative). 
pcorr: 0.06
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tion for the number of genotypes tested
was used (pcorr = 0.06) (Table II B).

Influence of IL-6 polymorphism at
position -174 on ischemic visual 
complications in GCA
Fourteen of the 62 biopsy-proven GCA
patients had ischemic visual complica-
tions. As prev i o u s ly rep o rted (14),
visual complications in GCA were pri-
marily associated with carriage of an
HLA-DRB1*04 allele. Howeve r, t h e
polymorphism of IL-6 at position -174
was not associated with a higher risk of
ischemic events (Table III).

Influence of HLA-DRB1 and ICAM-I
polymorphisms on relapses in isolated
PMR
After a follow-up of at least 3 years
none of the 84 patients with isolated
PMR developed clinical manifestations
of GCA. Howeve r, 16 of them had
relapses and in another 2 there was a
recurrence of the disease at least 1 year
after steroid therapy had been discon-
t i nu e d. We have prev i o u s ly rep o rt e d
t h at in Nort h west Spain re l apses in
PMR we re pri m a ri ly associated with
carriage of an HLA-DRB1*0401 allele
(15). The poly m o rphism of IL-6 at
position -174 in patients with isolated
P M R , h oweve r, was not associat e d
with an increased risk for relapses or
recurrences of the disease (Table III). 

Discussion
I n c reased levels of IL-6 have been
observed not only in GCA and PMR
but also in other rheumatic diseases
s u ch as rheumatoid art h ritis (21). In
this study we have observed that the
presence of allele C at position -174 in
the promoter region of the IL-6 gene
may be a marker for PMR in biopsy-

proven GCA patients. This was particu-
larly apparent in the subgroup of HLA-
DRB1*04 negative patients. Although
serum levels of IL-6 in this cohort were
not available in the active phase of the
disease, no apparent association of this
biallelic poly m o rphism and disease
s eve rity was fo u n d. This absence of
association between this IL-6 biallelic
polymorphism is similar to the obser-
vations by Boiardi et al. who described
a significant association between PMR
and IL-1N gene biallelic poly m o r-
phism but an absence of functional sig-
n i ficance of this poly m o rphism in
terms of disease severity (22).
Associations of the -174 IL-6 polymor-
phism with the development of PMR
features in GCA but not with isolated
PMR on first examination suggests a
paradox, especially when elevated IL-6
levels appear to be a generic feature of
PMR. This can perhaps in part be
explained by isolated PMR and PMR in
the context of GCA having diffe re n t
genetic bases to their etiologies. Initial
studies certainly suggest different un-
derlying HLA-DRB1 associations (13).
Furthermore, although no clinical dis-
tinction rega rding mu s c u l o s ke l e t a l
manifestations is made between isolat-
ed PMR and PMR associated with
G C A , subtle diffe rences in cy t o k i n e
expression may occur (23). Similar var-
iations may be present in GCA patients
with and without PMR. 
In ke eping with other inve s t i gat o rs
(24), we have observed that an increas-
ed inflammatory response, manifested
by the presence of clinical fe at u re s
such as asthenia, anorexia and weight
l o s s , and ab n o rmal lab o rat o ry tests
we re more common in the group of
GCA patients without severe ischemic
c o m p l i c ations (14). By mu l t iva ri at e

logistic regression analysis we observ-
ed that the absence of anemia and
HLA-DRB1*04 phenotype constituted
the best predictive model for ischemic
visual events in 161 biopsy-prove n
patients (14). Paradoxically, the pres-
ence of anemia, a classic marker of the
inflammatory response, was associated
with a low risk of visual complications
in GCA (14). 
Why IL-6 encoded risk should be par-
t i c u l a rly confined to HLA-DRB1*04
negative patients with PMR is difficult
to explain and warrants further investi-
gation. One possibility may be that in
o l i gogenic conditions such as GCA,
c o m p l ex ge n e - gene interactions be-
tween HLA-DRB1 and IL-6 regulatory
region poly m o rphism may contri bu t e
to disease expression. A further para-
d ox within these data is that earl i e r
studies have suggested that the IL-6 -
174 C allele is associated with lower
levels of IL-6 expression, whereas our
d ata demonstrates increased risk of
PMR with the presence of the C allele.
However, studies are now beginning to
d e m o n s t rate that multiple reg u l at o ry
elements exist in the promoter region
of cytokine genes and that the relation-
ship between genotypes and levels of
ex p ression is both complicated and
dependent on the producing cell type.
IL-6 transcription is regulated by the
coordination of several factors binding
at distinct sites in the promoter. Poly-
morphisms in the IL-6 promoter region
may result in inter-individual variations
in the levels of transcription for the IL-
6 gene. This may result in the different
clinical expression of a particular dis-
ease. For example, in systemic onset
j u venile ch ronic rheumatoid art h ri t i s
the significantly lower frequency of the
IL6 -174 C allele was associated with
significantly lower levels of IL-6 (25).
Thus, the CC genotype was considered
to be potentially protective against the
development of the disease. However,
the increased frequency of the IL6 -174
allele C among HLA-DRB1*04 nega-
tive GCA+PMR+ patients may suggest
an opposite effect.
These results may suggest new avenues
for inve s t i gating the association be-
tween GCA and PMR. Further studies
on the implication of the -174 IL-6 pro-

Table III.Allele frequencies of IL-6 polymorphism at position ~174 in GCA with and with-
out visual complications and isolated PMR patients with or without relapses*.

IL-6 allele GCA Isolated PMR 
Visual ischemic complications Relapses or recurrences

YES No YES No

2N= 28 96 36 132
G 75.0 65.6 63.9 65.2

C 25.0 34.4 36.1 34.8

* No statistically significant differences were found.
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moter biallelic polymorphism in other
populations are required. 
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