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Giant cell arteritis (GCA) is a systemic vasculitis most
prominently affecting the cranial branches of the arteries
originating from the arch of the aorta. GCA is a syndrome
comprising headache, temporal artery tenderness, jaw clau-
dication, and systemic features such as malaise, fever,
anorexia, and weight loss. Some patients also have transient
or fixed visual disturbances1. At onset, the patients may also
present with symptoms of polymyalgia rheumatica (PMR),
a clinical syndrome characterized by aching and stiffness of
the proximal upper and lower extremities2. PMR and GCA
seem to be closely associated. In patients with PMR,
without clinical signs of GCA, temporal artery biopsy
(TAB) may reveal classical histological signs of granuloma-

tous vasculitis3. Further, patients with GCA often present
with PMR1. Even though the etiologies of GCA and PMR
are unknown, the onset of GCA has been shown to be asso-
ciated with the occurrence of infections, suggesting infec-
tious trigger mechanisms4. Studies searching for evidence of
a responsible microbiologic agent have mainly used sero-
logical markers and results have been conflicting5.
However, in a recent study using a polymerase chain reac-
tion (PCR) technique, parvovirus B19 was detected in TAB
specimens from patients with GCA6, suggesting that
parvovirus B19 may play a role in the pathogenesis of GCA.

GCA and PMR are most frequently found in Caucasians,
especially in Scandinavia and parts of the USA with a large
number of people of Scandinavian descent7,8, suggesting a
partly genetic background for these diseases. Most of the
previous immunogenetic studies of GCA have shown an
increased frequency of the HLA-DR4 marker of the human
major histocompatibility complex9,10. The results for PMR
are more variable, with some studies finding a high preva-
lence of DR411,12, while others have not found this13. In
Minnesota, USA, the same high frequency of DR4 was seen
in patients with GCA or PMR14.

Mannose-binding lectin (MBL) is a liver derived serum
protein, which is involved in innate immune defense. The
ligands for MBL are high mannose and N-acetylglu-
cosamine oligosaccharides, expressed by a wide range of
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ABSTRACT. Objective. To determine whether variant alleles of the mannose-binding lectin (MBL) gene causing
low serum concentrations of MBL and/or polymorphisms of HLA-DRB1 are associated with
increased susceptibility to polymyalgia rheumatica (PMR) and giant cell arteritis (GCA) or partic-
ular clinical phenotypes of PMR/GCA.
Methods. MBL and HLA-DRB1 alleles were determined by polymerase chain reaction in 102
Danish patients with PMR (n = 37) or GCA (n = 65). Two hundred fifty and 193 healthy individ-
uals served as controls for MBL and HLA genotyping, respectively.
Results. The prevalence of MBL variant alleles in controls, patients with PMR only, and patients
with GCA was 37, 32, and 53% (p = 0.01), respectively. HLA-DRB1*04 was found in 47% of
patients with PMR only and in 54% of patients with GCA, which differed significantly from the
35% found in controls (p = 0.01). HLA-DR4 alleles were not associated with any clinical pheno-
types of PMR/GCA, whereas MBL variant alleles were associated with cranial arteritis, high
erythrocyte sedimentation rate, and low B-hemoglobin.
Conclusion. We found MBL variant alleles and HLA-DR4 alleles to be weak susceptibility markers
for GCA. In patients with PMR/GCA, MBL variant alleles were associated with signs of increased
inflammatory activity and clinical signs of arteritic manifestations. This was not found for HLA-
DR4 alleles. These findings indicate that HLA-DR4 and MBL are contributing to the pathophysi-
ology of GCA at different levels in the disease process. (J Rheumatol 2002;29:2148–53)
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microorganisms and MBL, may activate complement by the
lectin pathway when interacting with MBL associated serine
proteases and can directly opsonize pathogens and enhance
the activity of phagocytes via novel receptors15. The serum
MBL concentrations exhibit large variations among individ-
uals because of variant alleles in the structural moiety of the
functional MBL gene, mbl2, located in humans on chromo-
some 10. In exon 1 of the mbl2 gene, 3 different point muta-
tions have been described at codon 54 (B allele), codon 57
(C allele), and codon 52 (D allele)16-19. The common desig-
nation for these variant alleles is O whereas the normal
allele has been named A. Each of the 3 variants indepen-
dently reduces the amount of functional MBL subunits in
heterozygous state by a factor of 10, thus having a dominant
downregulating effect on the MBL serum concentration.
MBL variant alleles causing low serum levels of functional
MBL have been shown to be associated with increased risk
of infections, especially in childhood20-22, acquired immune
deficiency syndrome23, and cystic fibrosis24. However, MBL
may also influence the phenotypic expression of auto-
immune diseases such as systemic lupus erythematosus
(SLE)25 and rheumatoid arthritis (RA)26-30.

Our objective was to determine whether polymorphisms
of HLA-DRB1 and/or variant alleles of the MBL gene are
associated with increased susceptibility to PMR and GCA or
particular clinical phenotypes thereof.

MATERIALS AND METHODS
Patients and controls. Patients with possible PMR or GCA were identified
among current clinic attenders and patients that had at least one TAB
performed during the period between January 1, 1992, and December 31,
1997. Of 354 identified patients, 94 had died by the time the study was
performed. Of the 260 patients left, 120 patients fulfilled classification
criteria for GCA31, PMR32, or both. The patients were asked to participate
in the study. Patients not currently attending the clinic were contacted by
letter. Eighteen patients were not included: 5 did not want to participate, 5
had moved out of the area, 5 did not respond, and in 3 patients a previous
diagnosis of PMR turned out to be a prodrome to RA. The study thus
comprised 102 patients with GCA and/or PMR. All patients were reexam-
ined at the time of the study blood sampling. Two hundred fifty unrelated
healthy Caucasian Danes (190 blood donors and 60 members of the
hospital staff) served as controls for the genetic MBL analyses. Another
group of 193 Caucasian unselected blood and bone marrow donors was
typed for HLA-DRB1 alleles. The study was approved by the local scien-
tific ethical committee.

Clinical and laboratory features. The patient charts were the source of clin-
ical and laboratory features at the time of onset. Signs of cranial arteritis
were defined as development of new headache, temporal artery tenderness
to palpation or decreased pulsation, jaw claudication, new visual distur-
bances, and sudden loss of vision. The laboratory features investigated
were erythrocyte sedimentation rate (ESR), serum level of C-reactive
protein (CRP), and blood level of hemoglobin (Hb). The histological exam-
ination of TAB was classified as positive when predominantly mononuclear
cell infiltration and/or granulomatous inflammation with or without giant
cells was observed. It was possible to calculate the cumulative doses of
prescribed prednisolone for the first year of treatment in 86 of the patients
(53 with GCA).

Detection of MBL genotypes. Genomic DNA was isolated from EDTA
blood cells and stored at –20˚C33. DNA was amplified by general PCR and

the MBL alleles were detected as described19. We also investigated point
mutations in the promoter region of the MBL gene and determined the pres-
ence of a downregulating polymorphism at codon 221 (X type) as
described34,35.

Determination of HLA-DR and HLA-DQ alleles. Genomic DNA was
extracted from blood cells by a salting out procedure33. Genomic low reso-
lution HLA-DRB1 tissue typing was performed by PCR based sequence-
specific oligonucleotide probing as described36.  Patients with HLA-DR4
were DQ typed by means of PCR amplification with sequence-specific
primers as described37.

Statistical analyses. Comparison of nonpaired categorical variables was
performed by chi-square test with Yates’ correction or Fisher’s exact test
when appropriate. Testing of linear trend in frequency distributions was
performed by means of chi-square test for trend. Different strata of contin-
uous variables were described and compared using nonparametric methods.
Statistical processing of the study data was performed using the software
package Epi Info 638.

RESULTS
Demographic and clinical features. The patients consisted
of 24 men and 78 women with a median age at inclusion of
73 (range 50–93) years. The median duration of symptoms
prior to diagnosis of PMR/GCA was 48 (range 0–503) days.
Thirty-five patients (34%) were diagnosed as having PMR
and 67 (66%) as having GCA. The histological evaluation of
the TAB was available for all patients and showed signs of
vasculitis in 48 patients equaling 72% of the patients with
GCA. Thirty-seven patients presented with clinical signs of
PMR only, 20 with combined clinical signs and symptoms
of PMR and cranial arteritis, and 45 with isolated clinical
signs and symptoms of cranial arteritis. In these patients a
positive TAB was found in 2 (5.4%), 10 (50%), and 36
(80%) of the patients, respectively.

The median dose of glucocorticoids prescribed during
the first year of treatment was 4.2 g (range 1.2–8.9). The
corresponding figures for patients with PMR and GCA
differed with statistical significance (p = 0.0005) and were
3.6 (range 1.2–6.3) and 4.7 g (1.6–8.9), respectively. ESR,
CRP, and Hb at inclusion did not differ significantly
between the 2 clinical subsets.

MBL and HLA-DRB1 polymorphisms. Fifty-five of the 102
patients expressed the normal MBL genotype A/A (53.9%),
41 had genotype A/O (40.2%), and 6 had O/O (5.9%). No
deviation from Hardy-Weinberg expectations was seen in
either the patient group or the control group. The frequen-
cies of the A/A, A/O, and O/O genotypes differed slightly
between the patients and the controls, but without statistical
significance (chi-square for linear trend = 3.2, 1 df, p =
0.07). This difference in distributions was more pronounced
comparing controls with patients who had GCA. The
parallel increase of OR and number of variant alleles (chi-
square for linear trend = 6.0, 1 df, p = 0.01) (Table 1) may
indicate a gene dose effect. The frequency of the O allele
was 0.20 in the controls, 0.26 in all patients, 0.19 in patients
with PMR, and 0.30 in patients with GCA. MBL downreg-
ulating promoter allele X was not distributed significantly
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differently in the PMR/GCA patients compared to the
controls. Of the 35 patients with A/A, 29 (53%) had Y/Y, 19
(35%) had X/Y, and 7 (13%) were homozygous for X,
compared with 71 (45%), 73 (47%), and 12 (7.6%), respec-
tively, of the controls (chi-square = 3.0, 2 df, p = 0.22).
Among patients with A/O, 27 patients (66%) did not carry
the X allele, while 14 patients (34%) did so. The corre-
sponding numbers in the controls were 52 (60%) and 34
(40%), respectively (chi-square = 0.15, 1 df, p = 0.70).

The distribution of HLA-DRB1 genotypes in the patient
material and controls only differed with statistical signifi-
cance with regard to the presence of HLA-DR4 (Table 2).
HLA-DR4 was present in 46% of the patients with PMR
(OR 1.6, p = 0.32) and in 55% of the patients with GCA (OR
2.3, p = 0.006). The allele-specific distribution of HLA-DR4
in the 193 controls was: DR4/DR4 (n = 6), DR4/X (n =  62),
and DRX/DRX (n = 124). In patients with PMR, the corre-
sponding numbers were 3, 13, and 18 (chi-square for linear
trend = 2.6, 1 df, p = 0.11) and 3, 34, and 31 (chi-square for
linear trend = 6.5, 1 df, p = 0.01) in patients with GCA. Out
of 53 patients with HLA-DR4, 18 patients had HLA-DQ*07

and 40 had HLA-DQ*08. The corresponding figures for 65
controls with HLA-DR4 were 27 (p = 0.51) and 41 (p =
0.21), respectively. By means of stratified analysis, we
found no interaction between MBL variant alleles and any
of the HLA-DRB1 alleles (data not shown).

Association of MBL variant alleles with clinical and labo-
ratory features at inclusion. In this study the MBL promoter
status of the patients did not influence the clinical and labo-
ratory features of the patients (data not shown). However,
patients with variant MBL alleles (A/O + O/O) differed
from patients with normal alleles by having higher ESR and
lower Hb (Table 3). CRP was highest in patients with variant
MBL alleles, but the finding was not statistically significant.
Male patients with variant MBL alleles were younger than
those with normal MBL alleles. This effect was not
observed in the female patients (Table 3). Variant MBL
alleles were not related to sex or symptom duration. Nor was
there any relation to the cumulated dose of prescribed pred-
nisolone during the first year of treatment (data not shown).

Association of HLA-DR4 alleles with clinical and labora-
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Table 1. Frequencies of mannose-binding lectin genotypes in Danish patients with PMR/GCA and controls.

Controls, All Patients, PMR, GCA, OR OR OR 
n = 250 (%) n = 102 (%) n = 35 (%) n = 67 (%) All/Controls PMR/Controls GCA/Controls

A/A 157 (62.8) 55 (53.9) 24 (68.6) 31 (46.3) 1 1 1
A/B 48 (19.2) 29 (28.4) 6 (17.6) 23 (33.8)
A/C 13 (5.2) 2 (2.0) 1 (2.9) 1 (1.5)
A/D 25 (10.0) 10 (9.8) 2 (5.9) 8 (11.8)

Sum A/O 86 (34.4) 41 (40.2) 9 (25.7) 32 (47.8) 1.4 0.7 1.9*
B/B 3 (1.2) 5 (4.9) 2 (5.0) 3 (4.4)
B/D 3 (1.2) 0 0 0
C/D 0 1 (1.0) 0 1 (1.5)
D/D 1 (0.4) 0 0 0

Sum 0/0 7 (2.8) 6 (5.9) 2 (5.7) 4 (6.0) 2.5 1.9 2.9*
A/O + O/O 93 (37.2) 47 (46.1) 11 (31.4) 36 (53.7) 1.4 0.8 2.0**

A is the designation for wild-type. Allele O is used as the common designation for the variant alleles B (codon 54), C (codon 57), and D (codon 52). 
* p = 0.01 (chi-square test for trend). ** p = 0.02 (chi-square test).

Table 2. Distribution of HLA-DRB1 genotypes in Danish patients with PMR/GCA and controls.

Controls All Patients, PMR GCA OR OR OR
n = 193 (%) n = 102 (%) n = 35 (%) n = 67 (%) All/Controls PMR/Controls GCA/Controls

DR1 43 (22.3) 19 (18.6) 8 (22.9) 11 (16.4) 0.8 1.0 0.7
DR2 60 (31.1) 27 (26.5) 10 (28.6) 17 (25.4) 0.8 0.9 0.8
DR3 41 (21.2) 29 (28.4) 8 (22.9) 21 (31.3) 1.5 1.1 1.7
DR4 68 (35.2) 53 (52.0) 16 (45.7) 37 (55.2) 2.0* 1.6 2.3*
DR6 50 (25.9) 21 (20.6) 10 (28.6) 11 (16.4) 0.7 1.1 0.6
DR7 38 (19.7) 16 (15.7) 4 (11.4) 12 (17.9) 0.8 0.5 0.9
DR8 17 (8.8) 8 (7.8) 2 (5.7) 6 (9.0) 0.9 0.6 1.0
DR9 3 (1.6) 1 (1.0) 1 (2.9) 0 0.6 1.9 0
DR10 5 (2.6) 1 (1.0) 0 1 (1.5) 0.4 0 0.6
DR11 28 (14.5) 12 (11.8) 4 (11.4) 8 (11.9) 0.8 0.8 0.8
DR12 8 (4.1) 7 (6.9) 2 (5.7) 5 (7.5) 1.7 1.4 1.9

DRB1*13/14 ≈ DR6 and DRB1*15/16 ≈ DR2. * p < 0.01 (Yates’ corrected chi-square test).
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tory features at inclusion. The presence of HLA-DR4 was
not associated with differences in the distribution of sex,
age, symptom duration, ESR, CRP, or Hb. The median
cumulated dose of prescribed prednisolone during the first
year of treatment in patients with HLA-DR4 was 4.5 g
(range 1.2–8.4) versus 3.8 g (range 1.8–8.9) in the rest of the
patients (p = 0.11).

DISCUSSION
Retrospective identification of the cohort by means of the
pathology database of the hospital may have influenced the
selection of the patients. However, the policy of our depart-
ment is promptly to perform TAB in all patients with
suspected PMR or GCA. Apart from the possibility of right
censorship bias we found the patient material in this study
representative for Danish in- and out-patients with
PMR/GCA.

We observed a nonsignificant increase in MBL variant
alleles compared with healthy controls. MBL variant alleles
were not associated with PMR. However, in patients with
GCA, the frequency of patients with MBL variant alleles
was significantly increased compared with healthy controls,
53 versus 37%, respectively. The distribution of the down-
regulating MBL promoter allele, X, was not additionally
informative, as observed in patients with RA27,28. We did not
find indications of a synergistic effect of the coexistence of
MBL variant alleles and HLA-DR4 with regard to suscepti-
bility to GCA, indicating that these 2 genetic systems
contribute at different levels in the pathophysiology.

Our findings indicate that MBL variant alleles confer
increased susceptibility to GCA but not to PMR. MBL defi-
ciency has been reported to be a weak susceptibility marker

in RA27 and SLE25,39,40. MBL deficiency furthermore
increases the risk of rheumatologic autoimmune disorders in
patients with chronic granulomatous disease41. The mecha-
nism for this MBL mediated susceptibility effect is not fully
elucidated. However, it seems reasonable to deduce that
MBL deficiency leads to decreased activity of the innate
function of the immune apparatus, which may increase the
presentation of exogenous antigens to the host. Molecular
mimicry is one mechanism by which presentation of exoge-
nous antigens immunologically similar to self-antigens may
induce an immune response against self-antigens. The loss
of self-tolerance may lead to increased susceptibility to
autoimmunity and subsequently to manifest autoimmune
diseases42. Such a mechanism could explain the observed
association between infection and the onset of GCA4. Our
patients with MBL variant alleles were slightly younger than
the rest of the patients. Similar results have been docu-
mented in patients with RA27,43. This age effect was only
statistically significant in the male patients and thus needs to
be replicated in an independent material for validation.
Nevertheless, it indicates that other factors may be operative
in female patients. These findings are compatible with the
notion that MBL variant alleles are associated with
increased susceptibility to PMR/GCA.

We have confirmed the previously described association
between DR4 and GCA9,10,14. In patients with GCA, we also
identified a gene dose effect with regard to DR4 and disease
susceptibility as also seen in RA44. However, we did not find
DR4 to be associated with PMR, but the trend was in the
same direction. Other studies of PMR and DR4 have shown
varying degrees of association11,13,45. In our study, the
frequency of DRB1*03 alleles was only slightly increased

Table 3. Demographic, basic clinical, and laboratory characteristics of the 102 patients with PMR/GCA by mannose-binding lectin (MBL) genotype and HLA-
DR4 at the time of diagnosis.

MBL Genotype HLA-DR4
All A/A, A/O + O/O, Negative, Positive, p* p**

Patients, n = 55 n = 47 n = 49 n = 53
n = 102

No. of males (%) 24 (24) 15 (27) 9 (19) 12 (25) 12 (23) 0.47 0.99
Median age, yrs (range) 73 (50–93) 75 (57–93) 72 (50–87) 73 (55–93) 73 (50–87) 0.18 0.73

Men 71 (55–88) 76 (62–88) 68 (55–77) 71 (55–79) 73 (55–88) 0.04 0.71
Women 74 (50–93) 74 (57–93) 73 (50–87) 74 (50–87) 73 (56–93) 0.67 0.49

Median symptom duration,  
days (range)*** 48 (0–503) 45 (0–503) 55 (1–359) 53 (1–503) 47 (0–392) 0.87 0.96

Clinical presentation of
Cranial arteritis only (CA) (%) 65 (64) 30 (55) 35 (75) 30 (61) 35 (66) 0.06 0.76
PMR and CA (%) 20 (20) 5 (9.1) 15 (32) 8 (16) 12 (23) 0.008 0.58

Median ESR, mm/h (range) 80 (15–130) 78 (15–130) 87 (35–130) 80 (15–130) 80 (20–130) 0.01 0.92
Median CRP, mg/dl (range) 751 (85–2534) 645 (85–2058) 940 (90–2534) 770 (85–2534) 741 (90–1755) 0.24 0.69
Median B-hemoglobin, 

mmol/l (range) 7.1 (5.1–9.7) 7.4 (5.1–9.7) 6.9 (5.2–8.5) 7.3 (5.2–9.7) 7.0 (5.1–8.9) 0.04 0.15

* Comparison of patients with A/A versus patients with  A/O + O/O by means of 2-sided Fisher’s exact test and Mann-Whitney test. ** Comparison of patients
with or without HLA-DR4 by means of 2-sided Fisher’s exact test and Mann-Whitney test. *** Time span between onset of first PMR/GCA symptom and
diagnosis.
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in patients with GCA and could not confirm a previously
described association10. The varying findings may reflect
true population differences or differences in the selection of
patients, as various criteria sets have been proposed in the
diagnosis of PMR32.

We found no significant associations between DR4 and
clinical or laboratory features. This is in accord with a study
in which no association was found between DR4 and
disease affliction or severity in PMR11. Nor did we find a
statistically significant association between DR4 and cranial
arteritis among patients with PMR and/or GCA. Previously,
an association between corticosteroid resistance and DR4
has been described46. No patient in our study showed signs
of corticosteroid resistance. However, we did find a statisti-
cally insignificant tendency of DR4 positive patients to
require higher doses of prednisolone to control the disease.

In RA and SLE, disease modifying effects of MBL
variant alleles have clearly been demonstrated25-30. In this
study, ESR and Hb were respectively higher and lower, indi-
cating increased inflammatory activity, in patients with
MBL variant alleles compared with the remaining patients.
CRP showed the same tendency but the observed difference
was not statistically significant. These findings are corrobo-
rated by similar findings in patients with RA27, but need to
be reproduced in an independent study of PMR/GCA to
fully exclude the possibility of mass significance in the
present study. However, other findings also indicate that
MBL may play a central role in inflammatory conditions.
The exposure of endogenous MBL ligands has been shown
to occur during inflammation47,48. Moreover, a proinflam-
matory effect of low MBL serum levels due to variant
alleles has been described in RA27,28. This latter phenom-
enon may relate to defective clearing of apoptotic or
necrotic material or immune complexes exposing MBL
ligands. Such a defect in the endogenous waste disposal
mechanisms has been shown in individuals deficient of
C1q49-52. It has furthermore been shown that MBL has
modulating effects on monocyte secretion of tumor necrosis
factor-α mediated by CD1453,54. Thus MBL may also play a
role in modulating the effect of the toll receptors and the
nuclear factor-κB inflammatory pathway55. None of these
events are mutually exclusive and aberration in these and
other mechanisms may be common factors by which MBL
deficiency may play a role in different diseases and partly
explain the various disease associations. The clinical expres-
sion of MBL deficiency may thus be enhancement of the
severity of the clinical picture of inflammatory diseases as
seen in this study and in patients with RA, SLE, and cystic
fibrosis24,25,27,28.

In conclusion, we found MBL variant alleles and HLA-
DR4 alleles to be weak susceptibility markers for GCA. In
patients with PMR/GCA, MBL variant alleles predicted
increased inflammatory activity and clinical signs of
arteritic manifestations whereas HLA-DR4 alleles did not

have such associations. These findings indicate that both
MBL and DR4 are involved in the pathophysiology of GCA,
but that they most likely play different roles.
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