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ABSTRACT
Objective. To date, no specific serum 
marker for giant cell arteritis and poly-
myalgia rheumatica has been estab-
lished in routine practice. Therefore, the 
aim of this study was to examine wheth-
er immunoglobulin G4 serum concen-
trations could be a potential biomarker 
for the differentiation of both diseases.
Methods. Serum immunoglobulin G4 
(IgG4) concentrations were measured 
in patients with giant cell arteritis 
(n=41) and polymyalgia rheumatica 
(n=27) by an in-house enzyme-linked 
immunosorbent assay.
In the subgroup of untreated patients 
with disease activity (polymyalgia rheu-
matica n=27, giant cell arteritis n=19) 
additional parameters of T-helper 2 cell 
inflammatory responses were analysed.
Results. IgG4-values above the prior 
determined cut-off value of 1400 µg/ml 
in giant cell arteritis were rare and also 
significantly less frequent in giant cell 
arteritis than in polymyalgia rheumati-
ca patients (7.3% vs. 44.4%; p<0.001). 
The relative risk that patients with clini-
cal features of PMR, presenting without 
elevated IgG4 levels, have simultane-
ously GCA was 5.8 compared to those 
patients with elevated IgG4 levels.
In untreated patients absolute counts 
of eosinophilic leukocytes were lower 
in giant cell arteritis than in polymy-
algia rheumatica (p=0.002) and the 
cytokines interleukin-4 (p=0.013) and 
interleukin-10 (p=0.033) were less fre-
quently detectable in giant cell arteritis 
than in polymyalgia rheumatica.
Conclusion. In giant cell arteritis se-
rum levels of IgG4 usually are within 
the normal range. In polymyalgia 
rheumatica however, increased IgG4 
serum levels are frequently found. Nor-
mal IgG4 serum levels in polymyalgia 
rheumatica may have predictive value 
in identifying patients with addition-
al, clinically non-apparent giant cell      
arteritis.

Introduction
Giant cell arteritis (GCA) and poly-
myalgia rheumatica (PMR) are closely 
related conditions often occurring in 
the same patient. Approximately 50% 
of patients with GCA show symptoms 
of PMR before, at the time of or after 
the diagnosis of large-vessel arteritis 
(1, 2). Clinical studies showed, that 
approximately 5–30% of patients with 
clinical PMR display large-vessel arte-
ritis in positron emission tomography 
(PET) imaging or in the temporal ar-
tery biopsy, even though other typical 
symptoms of large-vessel vasculitis are 
absent (3-5). While unspecific markers 
of inflammation, including erythrocyte 
sedimentation rate (ESR) and C-reac-
tive protein (CRP), are usually elevat-
ed two- to tenfold in both conditions, 
there are currently no established spe-
cific serum markers for the diagnosis 
or distinction of PMR and GCA in rou-
tine practice (6). Thus, the diagnosis of 
GCA is based on clinical symptoms, 
histological examinations and imaging 
techniques (7). Using PET-CT or mag-
netic resonance angiography (MRA) it 
occasionally can be difficult to distin-
guish between GCA and other inflam-
matory large-vessel diseases, such as 
idiopathic aortitis and chronic periaor-
titis (CP) (8). In this situation the meas-
urement of IgG4 serum concentrations 
could be helpful for the serological dif-
ferentiation of GCA and CP, as it has 
been shown that in 50% of the cases 
CP is associated with IgG4-related dis-
ease (IgG4-RD) (9). However, to our 
knowledge, the frequency of elevated 
IgG4 serum levels in GCA has not been 
assessed so far.
This raises the question of whether, 
GCA is associated with elevated IgG4 
serum levels, and if the IgG4 serum 
concentration can be used as a marker 
to distinguish between GCA and isolat-
ed PMR. Values of eosinophilic leuko-
cytes, interleukin-(IL)-4, IL-10 and eo-
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sinophil cationic protein (ECP) serum 
levels have also been described to be 
associated with the induction of IgG4-
production and IgG4-RD (10). 

Methods
Patients
A chart review was done for all pa-
tients suffering from GCA and PMR, 
who were referred to our centre be-
tween 2005 and 2013. Patients with the 
diagnosis of GCA were only included, 
if they fulfilled the American Collegue 
of Rheumatology (ACR)-criteria (11) 
and furthermore had a positive tempo-
ral artery biopsy or detection of large-
vessel arteritis at PET/CT or magnetic 
resonance angiography (MRA). PMR 
patients were included, if they fulfilled 
at least 4 of 7 Bird criteria (12), had no 
evidence of another rheumatic disease 
and had not received any treatment be-
fore referral. Exclusion of vasculitis 
by PET and/or MRA was not required. 
PMR patients were excluded if diag-
nosed as rheumatoid arthritis accord-
ing to the 2010 ACR/ European League 
Against Rheumatism (EULAR)-crite-
ria (13).

Analysis of laboratory results 
and clinical presentation
Epidemiological data, clinical symp-
toms, results from histological exami-
nations and imaging techniques (PET-
CT, MRA) and serological parameters 
at disease onset (CRP, ESR, absolute 

number of eosinophilic leukocytes) 
were collected retrospectively by re-
viewing the patients’ medical history 
(Table I).

Measurement of IgG4, IL-4, 
IL-10 and ECP
Serum specimens were obtained from 
our biobank, where the samples had 
been preserved since the patients’ first 
visit at our department. IgG4 serum 
levels were examined via an in-house 
enzyme-linked immunosorbent assay 
(ELISA), which is currently not com-
mercially available. The IgG4-ELISA 
was developed in cooperation with 
Orgentec (ORGENTEC Diagnostika 
GmbH; Mainz; Germany). There were 
IgG4 positive and negative samples 
available to use as benchmark. In ad-
dition we measured IgG4 serum con-
centrations in serum samples of fifteen 
healthy controls.
MikroWin (v. 5.15; Mikrotek Laborsys-
teme GmbH; Overath; Germany) was 
used to evaluate the measurement. 
IgG4 serum concentration of 1400 μg/
ml was determined by receiver operat-
ing characteristic (ROC)-analysis and 
defined as cut-off value. On the basis of 
extinction mean values and concentra-
tions of the standard series, a standard 
curve was created, which was used to 
calibrate the extinctions measured.
Concentrations of IL-4 and IL-10 were 
measured using commercially available 
ELISA according to the manufacturers 

recommendations (R&D Systems, Inc.; 
Minneapolis, USA).

Statistical analysis
Data are shown as mean value with 
95% confidence interval (95% CI). 
The statistical calculations were per-
formed with Graph Pad Prism (Prism 
5 for Windows; v. 5.0; GraphPad Soft-
ware), using Mann-Whitney U-test, 
Chi-square test and Fisher’s exact test. 
p-values <0.05 were considered statis-
tically significant.

Ethics approval
The study was approved by the ethics 
committee of the University of Lübeck 
(13-228A).

Results
41 GCA and 27 PMR patients were 
included in this study. 19 GCA and 
all 27 PMR patients had not received 
glucocorticoid treatment before refer-
ral. There were no major differences 
concerning the baseline characteris-
tics between PMR and GCA patients. 
CRP and ESR were not significantly 
different in untreated patients (CRP: 
p=0.088; ESR: p=0.235). Significantly 
more PMR than GCA patients had IgG4 
values above the prior determined cut-
off value of 1400 μg/ml (PMR all: 12 
of 27; 44% vs. GCA all: 3 of 41; 7%; 
p<0.001); (PMR untreated: 12 of 27; 
44% vs. GCA untreated: 2 of 19; 11%; 
p=0.020). In two of three GCA patients 

Table I. Epidemiological data and serological parameters of GCA and PMR patients.

NS		  GCA treated and	 PMR untreated	 p-value
		  untreated (n=41)	  (n=27)	

Mean age in years at initial diagnosis (95 % CI)	 67.9 (65.57-70.19)	 68.5 (64.93-72.10)	 p=0.543
Gender (m:w)	 11:30 	 6:21 	 p=0.779
Gender (m:w) in %	 27:73	 22:78	 p=0.779
Number of untreated patients at initial diagnosis	 19 (46.34 %)	 27 (100 %)	 p=<0.0001

NS		  GCA untreated	 PMR untreated	 p-value
		  (n=19)	 (n=27)	

Mean concentration of CRP in mg/dl at initial diagnosis (95% CI)	 14.00 (0.09-27.95)	 8.95 (1.22-16.69)	 p=0.088
Mean concentration of ESR in mm/h at initial diagnosis (95% CI)	 78.53 (67.84-89.21)	 68.35 (58.11-78.58)	 p=0.235
Mean concentration of leukocytes in thousand/μl at initial	 8.81 (7.66-9.96)	 9.50 (8.50-10.50)	 p=0.547 
    diagnosis (95% CI)	
Mean concentration of haemoglobin in g/dl at initial diagnosis (95% CI)	 11.20 (10.22-12.18)	 11.96 (11.47-12.45)	 p=0.137
Mean concentration of ferritin in μg/l at initial diagnosis (95% CI)	 561.40 (174.00-948.90)	 265.20 (149.90-380.50)	 p=0.019

CI: confidence interval.
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with elevated IgG4 serum levels the 
values almost reached a two-fold in-
crease above the upper normal range. 
In all three patients the diagnosis was 
based on imaging techniques. Vice ver-
sa, all nine GCA patients with biopsy 
proven GCA had normal IgG4 serum 
levels. 
Thirteen of the 41 GCA patients (4 of 
the 19 untreated GCA patients) had typ-
ical PMR symptoms. In these GCA pa-
tients with associated PMR symptoms 
the IgG4 values were significantly low-
er than in the 27 PMR patients with-
out evidence of GCA (581.3 μg IgG4/
ml (95% CI: 393.1-769.5) vs. 1300 
μg IgG4/ml (95% CI: 874.3-1725.0)) 
(p=0.0496) and only one treated GCA 
patient with associated PMR had IgG4 
concentrations above 1400 μg/ml, 
whereas all of 7 PMR patients having 
no sign of GCA by MRA or PET-CT 
had serum IgG4 values above 1400 
μg/ml (p=0.030). The relative risk that 
patients with clinical features of PMR, 
presenting without elevated IgG4 lev-
els, have simultaneously GCA was 5.8 
compared to those patients with elevat-
ed IgG4 levels. 
Further analyses in untreated patients 
showed that in GCA (n=19) sig-
nificantly lower absolute eosinophil 
counts were documented on initial 
presentation compared to PMR (n=23) 
(GCA: 75.1/μl (95% CI: 38.8-111.3); 
PMR: 160.1/μl (95% CI: 122.4-197.8)) 
(p=0.002). Regarding the additional 
cytokine measurements, we found that 
in GCA the detection rate of IL-4 (4 of 
18; 22%) and IL-10 (4 of 19; 21%) was 
significantly lower compared to PMR 
(IL-4: 58%; p=0.030 and IL-10: 54%; 
p=0.040). In accordance with that the 
quantitative results showed lower IL-4 
(p=0.013) and IL-10 (p=0.033) con-
centrations in GCA than in PMR serum 
samples.

Discussion
In this study we measured IgG4 serum 
levels in patients suffering from GCA 
and PMR. We found that increased IgG4 
serum levels in GCA are not only rare 
but also significantly less frequent than 
in PMR, even though in both conditions 
systemic inflammation is common.
CRP and ESR were not significantly 

different in GCA and PMR patients 
of our study. We rarely detected in-
creased IL-4 and IL-10 levels in the 
sera of GCA patients. Furthermore, 
absolute eosinophil counts were low, 
even in untreated GCA patients. Thus, 
all indicators of the activation of the 
Th2-pathway examined in this study 
(eosinophilic leukocytes, IL-4, IL-10), 
were significantly lower in GCA com-
pared to PMR. Since IgG4 production 
is primarily controlled and induced by 
Th2-responses (9) these findings are in 
agreement with low IgG4 serum levels 
in most GCA patients. An exception to 
this general finding were two GCA pa-
tients in whom IgG4 serum levels were 
outstandingly high and almost two-
fold increased above the upper normal 
range. In these two patients the diagno-
sis of GCA was based on imaging tech-
niques. It was recently reported, that 
IgG4 serum levels >2700 μg/ml had 
a positive predictive value of 43% for 
the diagnosis of IgG4-RD in Chinese 
patients (14). IgG4 related large-vessel 
vasculitis or periaortitis fulfilling the 
classification criteria of GCA cannot be 
excluded due to the retrospective de-
sign of our study. In general we would 
recommend to screen those patients 
for clinical manifestations of IgG4-RD 
and to attempt a temporal artery biopsy 
to confirm GCA histologically. 
In PMR, however, 44% of the patients 
showed elevated IgG4 serum levels. 
This frequency was unexpectedly high. 
Yet, we found detectable amounts of 
IL-4 an IL-10 in an equal amount of pa-
tients and these cytokines are related to 
the production of IgG4. It was recently 
shown that elevated IgG4 serum levels 
are frequently found in systemic rheu-
matic diseases (15). 
All nine patients with biopsy proven 
GCA had normal IgG4 serum levels. 
We examined too limited patient num-
bers to draw conclusions from this, but 
it is mentionable, that we found differ-
ences in IgG4 serum concentrations 
between biopsy proven patients and 
patients diagnosed by cross sectional 
imaging techniques. This could be a 
hint, that temporal arteritis and aortitis 
may not underlie identical pathomech-
anisms. More research is required to 
clarify this question.

Conclusively, our data suggest that 
in PMR patients IgG4 serum levels 
within the normal range might be a 
predictor for additional GCA. Thus, 
IgG4 measurement bears the potential 
to facilitate the diagnostic procedure in 
PMR patients, which warrants further 
examination to assess this issue.
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