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ABSTRACT
Objective. To investigate serum levels 
of IL- 6 and soluble IL-6 receptor (sIL-
6R) in patients with large-vessel vascu-
litis and their relationship with disease 
activity.
Methods. Sera were obtained from 33 
Takayasu’s arteritis (TAK) patients and 
14 giant cell arteritis (GCA) patients, and 
from 60 age-matched normal controls 
(NCs). Disease activity was assessed 
using 18F-FDG PET/CT and clinical 
indices including NIH/Kerr criteria and 
ITAS. Among TAK patients with active 
disease at baseline, clinical records and 
serum samples from 11 TAK patients 
were available for the longitudinal study. 
IL-6 and sIL-6R serum levels were evalu-
ated using commercial ELISA kits.
Results. IL-6 and sIL-6R serum levels 
were significantly higher in both GCA 
and TAK patients compared to NCs. IL-6 
levels in TAK patients were significantly 
increased irrespective of disease phase, 
while a significant increase in sIL-6R 
concentrations was only found in TAK 
patients with active disease. Conversely, 
in GCA, IL-6 levels were significantly 
raised only in patients with active dis-
eases, whereas sIL-6R levels appeared 
to be significantly higher irrespective 
of disease activity. Longitudinal analy-
sis showed that levels of sIL-6R in TAK 
patients were significantly higher only 
at baseline, compared to NCs, whereas 
IL-6 levels were found to be significantly 
increased at each follow-up time point.
Conclusion. These overall results 
might suggest a role for sIL-6R as a 
potential biomarker for disease activ-
ity in TAK patients, whereas in GCA, 
modifications of IL-6 might better iden-
tify patients with active disease. 

Introduction
Giant cell arteritis (GCA) and Taka-
yasu’s arteritis (TAK) are two forms of 

large-vessel vasculitis (LVV) that in-
volve the aorta and its major branches. 
GCA typically affects the extracranial 
branches of the carotid artery and is 
almost exclusively seen in people aged 
over 50 years, while TA commonly af-
fects subjects under the age of 40 (1, 2). 
Despite these differences, the similari-
ties in clinical features (constitutional 
manifestations and symptoms related 
to arterial lesions) and the virtually 
identical histopathological changes of 
these two LVVs, have raised the ques-
tion of whether GCA and TAK may 
be two faces of the same disease (3). 
Traditionally, LVV disease activity is 
monitored by defined criteria, including 
the National Institutes of Health (NIH)/
Kerr criteria and the Indian Takayasu 
Activity Score (ITAS), which take into 
account clinical findings and (in the 
Kerr criteria only) laboratory param-
eters (erythrocyte sedimentation rate 
(ESR) and C-reactive protein (CRP)). 
Nevertheless, a considerable number 
of patients considered to be in clinical 
remission according to these criteria 
may be histologically active and show 
evidence of progressive vascular altera-
tions on serial angiograms (4).
In addition, considering that about 5.4% 
of patients with GCA and 25% of pa-
tients with TAK do not show significant 
changes in ESR and CRP during flares 
(5, 6), the limitations of acute-phase re-
sponse as a clinical activity biomarker 
in LVV are currently well recognised.
Imaging methods, such as computer-
ised tomography (CT), colour Doppler 
ultrasonography and 18F-Fluorodeox-
yglucose-positron emission tomogra-
phy/CT (18F-FDG PET/CT) may aid 
in managing patients with LVV. How-
ever, while the role of imaging studies 
is relatively well established in diag-
nosing untreated patients, their func-
tion in assessing disease activity over 
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time is debated, which underlines the 
fact that there is a lack of international 
standards for assessing disease activity 
in LVVs (7-9).
The Outcome Measures in Rheumatol-
ogy (OMERACT) Vasculitis Working 
Group has acknowledged the limita-
tions of the Kerr index and ITAS, thus 
highlighting the need to develop a vali-
dated set of outcome measures for as-
sessing disease activity in LVV and to 
ultimately define whether the similari-
ties between GCA and TAK justify the 
application of the same set of outcome 
measures (7, 8).
Research into reliable circulating bio-
markers has led to the identification of 
some inflammation-related molecules 
as potential tools for assessing disease 
activity in LVV (8, 10-12).
In this regard, IL-6 has emerged as a 
key player in the pathogenesis of nu-
merous inflammatory disorders, in-
cluding GCA and TAK (13, 14).
IL-6 is an important pleiotropic cyto-
kine encompassing a broad spectrum of 
biological activities related to the regu-
lation of inflammation, cell prolifera-
tion, immunomodulation, haematopoie-
sis and tumourigenesis (15, 16). Further-
more, several lines of evidence suggest 
that IL-6 may play a role in inflamma-
tion related angiogenesis (15, 17, 18)
IL-6 mediates its functions through two 
membrane proteins: the IL-6 receptor 
(IL-6R) and gp130, a signal transducer. 
While gp130 is practically ubiquitous, 
IL-6R expression appears to be limited 
to certain cell types. This lack of ex-
pression is compensated for by the pres-
ence of a soluble form of IL-6R (sIL-
6R), which, after binding with IL-6, is 
able to associate to membrane gp130 
and mediate intracellular signalling in 
IL-6R-negative cells (13, 19, 20). 
The ability of sIL-6R to transduce the 
IL-6 signal in a variety of cells that 
harbor only gp130 but do not express 
transmembrane IL-6R has physiologi-
cal and pathological implications. 
Indeed, circulating levels of sIL-6R 
are responsible for delivering the cy-
tokine and widening the repertoire of 
IL-6-responsive cells to those that lack 
membrane-bound IL-6R. This process 
is known as the IL-6 trans-signalling 
pathway (13, 19, 20).

Mounting data suggest that blockade 
of the soluble IL-6 receptor (sIL-6R) 
might be beneficial for patients with 
refractory TAK and GCA (21-24).
Since reliable biomarkers for assessing 
clinical activity in LVV are still lack-
ing, we aimed to investigate serum lev-
els of IL-6 and IL-6R in patients with 
GCA and TAK, in order to evaluate 
their relationship with disease activity 
assessed by means of 18F-FDG PET/
CT and clinical indices including the 
NIH/Kerr and ITAS criteria. 

Methods
Patients and clinical assessment
Between January 2003 and September 
2010, 47 patients with LVV (33 with 
TAK and 14 with GCA) who had been 
referred to the Rheumatology Unit at 
the Arcispedale S. Maria Nuova in 
Reggio Emilia in Italy were enrolled in 
the cross-sectional study. Patients were 
diagnosed according to the ACR classi-
fication criteria for TAK (25) and GCA 
(26), as appropriate. A semi-quantita-
tive clinical evaluation was performed 
during their first visit at the unit (con-
sidered as the baseline in this study) and 
during follow-up using the ITAS (27) 
and the NIH/Kerr (4) indices. The ITAS 
lists constitutional and organ manifesta-
tions with particular emphasis on car-
diovascular features as well as inflam-
matory markers (ESR and CRP) and 
the physician’s global opinion. A score 
is generated on the basis of present (=1) 
or absent (=0) clinical manifestations, 
and disease is considered active if one 
or more organ system scores positive 
(27). The NIH/Kerr index assesses four 
items: constitutional manifestations, 
raised ESR, manifestations of vascular 
ischaemia and angiographic features in-
dicative of vasculitis. Disease was de-
fined as active in the presence of at least 
two new or worsened items (4). For the 
purpose of this study, due to the hetero-
geneity of the angiographic modalities, 
worsening of angiographic findings 
was represented by the worsening of 
luminal changes in the affected vessel. 
Magnetic resonance angiography, com-
puted tomography angiography and/or 
colour Doppler ultrasound were used to 
assess luminal changes.
Among the 33 TAK patients with ac-

tive disease at baseline according to 
Kerr scores, clinical records and serum 
samples were available for the longi-
tudinal study, over a mean follow-up 
period of 18 months (at baseline and at 
9 months-T1 and 18 months-T2), from 
11 patients, 2 of whom were untreated.
Clinical and 18F-FDG PET/CT data 
from an additional 19 patients (5 with 
TAK and 15 with GCA) were also in-
cluded in the cluster analysis (no se-
rum samples were available from the 
patients in the latter group).
Written informed consent was obtained 
from all patients according to the Dec-
laration of Helsinky and the study was 
approved by the local ethics committee.

18F-FDG PET/CT protocol 
and imaging analysis
PET scans were performed using a hy-
brid PET/CT scanner  (Discovery, GE) 
with 3.30 min-emission scan/bed and 
CT- attenuation correction. All subjects 
fasted for ≥4 hours before the 18F-FDG 
injection (37 Mbq of 18F-FDG/13 kilo-
grams of patient weight). Mean time 
from injection to acquisition was 60 
minutes. Whole-body 18F-FDG PET/
CT scanning was performed from mid-
femora to external auditory meatus. 
Vascular uptake was visually graded us-
ing a four-point scale (28, 29) ranging 
from 0 to 3, where 0=no uptake, 1=low-
grade uptake (lower than liver uptake), 
2=intermediate-grade uptake (similar to 
liver uptake) and 3=high-grade uptake 
(higher than liver uptake).
Four aortic segments (ascending tho-
racic aorta, aortic arch, descending tho-
racic aorta and abdominal aorta) and 
the carotid, subclavian, axillary, iliac 
and femoral arteries were evaluated 
bilaterally. 18F-FDG vascular uptake 
scores ≥2 were considered ‘‘positive’’ 
for vasculitis and scores of 0 and 1 were 
considered ‘‘negative’’.
Assessment of the 18F-FDG PET/CT 
data was carried out by two nuclear 
medicine specialists who were blinded 
to clinical and pathological findings.

Evaluation of IL-6 and sIL-6R 
circulating levels and acute-phase 
index assessment
Two groups, each comprising 30 healthy 
normal controls (NCs), were matched 
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for age to the GCA and TAK patients, 
respectively. 
Venous blood was drawn from all the 
patients and all the NCs between 8.00 
a.m. and 10.00 a.m. and collected in 
tubes without anticoagulant. Serum was 
separated by centrifugation for 10 min-
utes 1000 x g. Samples were aliquoted 
and stored at -80°C until analysis. Se-
rum levels of IL-6 and sIL-6R were 
evaluated using commercial sandwich 
enzyme immunoassay (ELISA) kits 
(R&D Systems, Minneapolis, MN) fol-
lowing the manufacturer’s instructions.
ESR and CRP levels were measured at 
the same time points of sample collec-
tion for circulating cytokines. 

Statistical analysis
Continuous data were expressed as 
median and 25th-75th percentiles or as 
means and standard deviation depend-
ing on the distribution of data, unless 
otherwise indicated. The Kolmogorov 
Smirnov test was performed to test 
normality of continuous variables. the 
Levene test was performed to assess 
the homoscedasticity.
The ANOVA test was performed to as-
sess the between groups differences 
of continuous, normally distributed 
and homoscedastic data, otherwise 
the Mann Whitney test was used. The 
ANOVA test followed by the Scheffè 
post hoc pairwise comparison was also 
used to assess the differences among 
groups of continuous, normally distrib-
uted and homoscedastic data, otherwise 
the Kruskal-Wallis test followed by the 
Dunn’s post hoc correction for multiple 
comparisons was used. Ordered differ-
ences among classes were analysed us-
ing the Jonckheere Terpstra test.
The Friedman test for multiple com-
parisons of paired data was used to test 
hypotheses about medians of IL-6 and 
sIL-6R levels during follow up. IL-6 
and sIL-6R concentrations at baseline, 
at T1 and at T2 were compared, respec-
tively, to NCs by applying the Mann-
Whitney test followed by Bonferroni’s 
correction for multiple comparisons (a 
value of p<0.017 was considered sig-
nificant after Bonferroni’s correction).
The Spearman rank correlation was 
used to assess correlations between 
continuous or interval variables. The 

Fisher Chi square test was performed 
to investigate the relationships between 
dichotomous variables. The Pearson 
Chi square test evaluated by exact 
methods for small samples was per-
formed to investigate the relationships 
between grouping variables.
Two-step Cluster analysis was per-
formed to identify any subgroups of 
LVV patients with peculiar 18F-FDG 
PET/CT vascular uptake profiles. The 
classification was based on maximum 
likelihood and the number of clusters 
was chosen according to the BIC. A 
post hoc analysis among clusters was 
performed to identify which variables 
characterised each cluster. The post hoc 
analysis among the clusters was cor-
rected for multiple comparison via the 
Bonferroni method and was based on 
the ANOVA test to check the equality 
of means for a continuous variable and 
the Pearson’s chi square test to check 
the deviations from expected frequency 
for a categorical variable.
Statistical analysis was carried out us-
ing SPSS v. 19.0 (IBM Corp., Armonk, 
NY, USA) and GraphPad Prism for 
Windows v. 5.0 (CA, USA).

Results
IL-6, sIL-6R levels in patients 
and controls at baseline
The baseline characteristics of NCs, 
GCA and TAK patients are reported in 
Table I.

IL-6 and sIL-6R serum levels were 
significantly higher in both GCA and 
TAK patients compared to NCs (IL-6: 
TAK vs. NC p<0.0001, GCA vs. NC 
p<0.005; sIL-6R: TA vs. NC: p<0.01, 
GCA vs. NC: p<0.0001) (Fig. 1). No 
significant difference was found be-
tween the GCA and TAK patients.
Baseline IL-6 correlated with both ESR 
and CRP (rho=0.56, p<0.001, rho=0.51; 
p<0.005) in TAK patients, but not in 
GCA patients. No correlation was found 
between baseline sIL6R levels and ei-
ther ESR or CRP in both LVVs.

IL-6, sIL-6R levels and disease 
activity at baseline
When stratifying LVV patients accord-
ing to 18F-FDG PET/CT assessment, 
similar levels of IL-6 and sIL-6R were 
observed in patients with an active scan 
compared to those with an inactive 
scan in both LVVs (Fig. 2-3).
Similarly, when disease activity was 
evaluated according to ITAS and NIH/
Kerr indices, no difference was found 
between the soluble factor levels in pa-
tients with active disease compared to 
those with inactive disease.
Compared to NCs, IL-6 levels in TAK 
patients were significantly increased 
irrespective of the disease phase (ac-
tive or inactive), whereas a significant 
increase in sIL6R concentrations was 
only found in TAK patients with active 
disease, as assessed by both 18F-FDG 

Table I. Characteristics of healthy controls (NC), giant cell arteritis (GCA) patients and 
Takayasu’s arteritis (TAK) patients at baseline.

 NC GCA NC TAK

No. of subjects 30 14 30 33
Age, mean (SD) 60 (9) 61 (8) 33 (6.0) 42 (14)
Sex, no. female (%) 20 (67)a 8 (57) 23 (77)a 27 (81)
FDG-PET/CT scan, no. positive (%) NA 6 (43) NA 20 (61)
Active disease according to Kerr score NA 7 (50) NA 16 (48) 
    no. positive (%)
Active disease according to ITAS score, NA 7 (50) NA 15 (45) 
    no. positive (%)
ESR, median (range), mm/hr NA 12.5 (2.0-120.0) NA 28.0 (2.0-116.0)
CRP, median (range), mg/dl NA 0.64 (0.08-9.59) NA 0.87 (0.08-13.39)
No. of treated patients (%)b NA 11 (79) NA 25 (74)

18F-Fluorodeoxyglucose-positron emission tomography/computerised tomography (18F-FDG PET/
CT); Indian Takayasu Activity Score (ITAS ); ESR: erythrocyte sedimentation rate; CRP: C-reactive 
protein; NA: not applicable.
aSex ratio in NC groups was not significantly different compared to respective group of LVV patients 
(by Fisher’s exact test);
bCorticosteroid with or without immunosuppresive drug (Methotrexate/azathioprine/cyclophos-      
phamide).
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PET/CT and clinical indices (Fig. 2).
In contrast, IL-6 levels in GCA were 
significantly raised only in patients with 
active diseases, whereas sIL-6R levels 
appeared to be significantly higher irre-
spective of disease activity compared to 
NCs (Fig. 3).
Furthermore, a significant positive cor-
relation was found between sIL-6R lev-
els and 18F-FDG PET/CT total score 
in TAK patients (rho=0.382, p<0.05), 
but not in GCA patients.

IL6/sIL6R level longitudinal analysis
The longitudinal analysis was per-
formed on 11 TAK patients with clini-
cally active disease at baseline accord-
ing to Kerr scores. During the follow-up 
period, the percentage of patients with 
active disease progressively decreased 
(100% at baseline, 18% at T1, 18% at 
T2) (Fig. 4).
No difference was found between IL6 
and sIL6R levels at baseline compared 
to those estimated at each time point of 
follow up (Fig. 4).
In addition, IL-6 and IL-6R levels at each 
follow-up time point were compared 

to NCs. Levels of sIL-6R were signifi-
cantly higher only at baseline (p<0.017) 
(a value of p<0.017 was considered sig-
nificant after Bonferroni’s correction) 
compared to NCs, whereas IL-6 levels 
were found to be significantly increased 
at each follow-up time point compared 
to NCs (p<0.0001) (Fig. 4).

Cluster analysis of 
18F-FDG PET/CT vascular uptake
We analysed 18F-FDG PET/CT vas-
cular uptake in four aortic segments 
(ascending thoracic aorta, aortic arch, 
descending thoracic aorta and abdomi-
nal aorta) and the carotid, subclavian, 
axillary, iliac and femoral arteries were 

analysed, bilaterally, by cluster analy-
sis to identify any subgroups of LVV 
patients with peculiar 18F-FDG PET/
CT vascular uptake profiles.
For this analysis, data were obtained 
by 18F-FDG PET/CT assessment per-
formed in 67 patients with LVV (38 
TAK and 29 GCA).
On this basis, 3 clusters were identified 
(Fig. 5a) and patients’ characteristics 
including age, sex, ESR, CRP, circu-
lating levels of IL-6 and sIL-6R were 
compared in the 3 clusters.
Cluster 1 (11 TAK, 4 GCA) was char-
acterised by mean vascular uptake 
scores between 0 and 1, with higher 
uptake being noted in three aortic seg-

Fig. 1. Serum concentrations of IL-6 and sIL-6R 
in NCs and in patients with TAK and GCA. 
Boxes show 25th and 75th percentiles. Lines with-
in boxes show medians. Vertical lines below and 
above boxes show 10th and 90th percentiles.

Fig. 2. IL-6 and sIL-6R circulating levels in NCs and in TAK patients with active and inactive disease. 
(A) Disease activity assessed by 18F-FDG PET/CT. (B) and (C) disease activity assessed by clinical 
indices (NIH/Kerr and ITAS criteria, respectively).
Boxes show 25th and 75th percentiles. Horizontal lines within boxes show medians. Vertical lines below 
and above boxes show 10th and 90th percentiles. NS: Not significant.
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ments (ascending thoracic aorta, aortic 
arch, descending thoracic aorta).
Cluster 2 (8 TAK, 5 GCA) includes pa-
tients with mean vascular uptake scores 
between 0 and 1.7 with maximum up-
take seen in femoral arteries.
Cluster 3 (19 TAK, 20 GCA) comprises 
patients with a mean vascular uptake 
score between 0.8 and 1.7 with the max-
imum uptake occurring in three aortic 
segments (ascending thoracic aorta, 
aortic arch, descending thoracic aorta).
The number of GCA and TAK patients 
in each cluster was not significantly      
different.
We observed significant, ordered dif-
ferences in ESR and CRP values among 

clusters, with the highest values being 
seen in Cluster 3 (Jonckheere Terpstra 
test: ESR, p<0.05; PCR, p<0.005) (Fig. 
5B).
Considering levels of IL-6 and sIL-
6R (available for 47 patients: 33 with 
TAK and 14 with GCA) and age, no 
significant, ordered differences were 
observed across the clusters.
We also stratified IL-6 and sIL-6R lev-
els of LVV patients included in each 
cluster according to diagnosis and then 
we compared results to NCs.
Given the small sample size of the 
GCA patient group in Cluster 1 and 
Cluster 2, this analysis was limited to 
TAK patients.

When considering these patients, each 
cluster was characterised by higher 
IL-6 levels compared to the NC group 
(NCs vs. Cluster 1: p<0.01; NCs vs. 
Cluster 2 and vs. Cluster 3: p<0.001); 
on the other hand, sIL-6R levels ap-
peared to be significantly elevated only 
in Cluster 3 (p<0.01) (see supplemen-
tary Fig. S1). 
In the three clusters, the percentage of 
patients with positive 18F-FDG PET/
CT findings was 27%, 25% and 89%, 
respectively.

Discussion
Currently, disease activity assessment 
in vasculitis remains a challenge in 
clinical practice. Several soluble fac-
tors have been investigated in TAK and 
GCA patients with the aim of identi-
fying the key molecules responsible 
for driving the pathogenic mechanism 
features and which could also be use-
ful for monitoring disease activity and 
response to treatment (11, 30-33). 
The role of the IL-6/IL-6R system in 
LVV is supported by a body of evi-
dence: serum IL-6 has been shown to 
be raised in LVV patients (10-12, 34); 
IL-6 is expressed by vascular lesions 
(12, 14, 34, 35), the IL-6/IL-17 axis is 
one of the major pathways involved in 
pathogenic mechanisms (14), and anti-
IL6R antibody (tocilizumab) treatment 
is effective in ameliorating clinical 
manifestations (36-38).
In this study, we performed a paired 
evaluation of circulating levels of IL-6/
sIL-6R in patients with GCA and TAK, 
in order to evaluate their relationship 
with disease activity. 
In line with previously reported find-
ings (8, 10, 31, 32, 39, 40), we can also 
confirm the elevated levels of IL-6 in 
LVV compared to NCs. In addition, 
we also found increased sIL-6R levels 
compared to healthy subjects in both 
LVVs.
In a previous study (41) on sIL-6R se-
rum levels in polymyalgia rheumatica 
(PMR), a disease closely related to 
GCA, we found no difference in sIL-
6R levels between PMR and NCs, ei-
ther at disease onset or during follow-
up. Since, in this study, elevated levels 
of sIL-6R were observed in GCA pa-
tients, these findings might suggest a 

Fig. 3. IL-6 and sIL-6R levels in NCs and in GCA patients with active and inactive disease.
(A) Disease activity assessed by 18F-FDG PET/CT. (B) and (C) Disease activity assessed by clinical 
indices (NIH/Kerr and ITAS criteria respectively).
Boxes show 25th and 75th percentiles. Horizontal lines within boxes show medians. Vertical lines below 
and above boxes show 10th and 90th percentiles.  NS: Not significant.
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role of sIL-6R as a potential biomarker 
for the identification of GCA patients 
with polymyalgic features. Prompt rec-
ognition of GCA has a relevant clinical 
impact leading to prompt glucocorti-
coid treatment, which prevents the cra-
nial ischaemic complications of GCA.
However, when LVV patients were 
stratified according to disease activ-
ity as assessed by PET/CT and ITAS 
and NIH/Kerr scores, respectively, no 
difference was seen between IL-6 and 
IL-6R levels in patients with active 
disease compared to inactive patients. 
Currently, the role of IL-6 as a bio-
marker of disease activity in LVV is 
still debated. Indeed, even if several 
lines of evidence have identified IL-6 
as a potentially useful molecule for 
assessing disease activity in LVV (10, 

30, 32, 33, 39), other findings, in agree-
ment with our results, showed similar 
IL-6 serum levels in LVV patients with 
active and inactive disease (11, 12, 31).
When comparing IL-6 and sIL-6R se-
rum levels found in active and inactive 
LVV patients to NC circulating levels, 
specific findings were shown to charac-
terise TAK and GCA.
Compared to NCs, IL-6 levels in TAK 
patients were significantly increased, 
irrespective of disease phase (active or 
inactive disease), whereas a significant 
increase in sIL6R concentrations was 
only found in TAK patients with active 
disease as assessed by both 18F-FDG 
PET/CT and clinical indices.
In contrast, in GCA, IL-6 levels were 
significantly raised only in patients with 
active diseases, whereas sIL-6R levels 

appeared to be significantly higher ir-
respective of disease activity compared 
to NCs. 
In addition, a significant positive corre-
lation was found between sIL-6R levels 
and 18F-FDG PET/CT total score in 
TAK patients only.
These overall results might suggest a 
role for sIL-6R as a potential biomarker 
for disease activity in TAK patients, 
whereas in GCA, modifications of IL-6 
might better identify patients with ac-
tive disease.
The findings from the longitudinal study 
and the cluster analysis in TAK patients 
further support the hypothesis concern-
ing the potential role of sIL-6R in as-
sessing disease activity in TAK patients.
Indeed, the longitudinal study showed 
that, compared to NCs, sIL-6R levels 
appeared to be significantly increased 
only at baseline, when all the patients 
were in active disease according to the 
Kerr score, whereas IL-6 serum con-
centration remained significantly high-
er at each time point during follow up.
Cluster analysis identified three clus-
ters, each typified by a peculiar 18F-
FDG PET/CT vascular uptake profile 
and by a progressive increase in the 
average visual score. Considering TAK 
patients, each cluster was characterised 
by higher IL-6 levels compared to the 
NC group. On the other hand, sIL-6R 
levels appeared to be significantly ele-
vated only in the TAK patients from the 
cluster with the highest vascular uptake 
score in most of the arterial compart-
ments and by the highest percentage of 
patients with positive 18F-FDG PET/
CT findings. 
The interesting results obtained from the 
cluster analysis should be addressed in 
a future, large-scale multicentre study. 
In particular, a future longitudinal study 
may confirm whether different 18F-
FDG PET/CT vascular uptake profiles 
are correlated to peculiar clinical out-
comes, such as the risk of developing 
relapses or recurrences.
Vascular endothelial cells lack mem-
brane-bound IL-6R (13, 42, 43) and the 
response of these cells to IL-6 is only 
achievable via the IL-6 trans-signalling 
pathway (13, 42, 43). Thus, sIL-6R is the 
limiting factor for conferring IL-6 sensi-
tivity to vascular endothelial cells (44).

Fig. 4. Serum concentrations of 
IL6 and sIL-6R in NCs and in TAK 
patients during follow-up. (A) and 
(B) Boxes show 25th and 75th per-
centiles. Horizontal lines within 
boxes show medians. Vertical lines 
below and above boxes show 10th 
and 90th percentiles. 
IL-6 and sIL-6R concentrations at 
baseline, at T1 and at T2 were com-
pared, respectively, to NCs by ap-
plying the Mann-Whitney test fol-
lowed by Bonferroni’s correction 
for multiple comparisons (value 
of p<0.017 was considered signifi-
cant after Bonferroni’s correction) 
*p<0.017; **p<0.0001.
(C) The columns show the per-
centage of patients with active and 
inactive disease at each follow-up 
time point.
T1: 9 months of follow up; T2: 18 
months of follow-up.
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Furthermore, the role of IL-6/sIL-6R 
systems in inflammatory diseases is 
supported by the evidence that differ-
ent IL-6 activities may be mediated 
by the IL-6 classic-signalling (via the 
membrane bound receptor) and trans-
signalling pathways (via the soluble 
IL-6R), respectively. Indeed, IL-6 via 
the membrane-bound receptor induces 
protective, regenerative and anti-in-
flammatory effects on its target cells, 
while IL-6 response via the sIL-6R is 
pro-inflammatory (45).
In addition, the role of sIL-6R is not 
limited to mediating IL-6 signalling, but 
it may directly control the cellular re-
lease of inflammatory mediators. In this 
regard, evidence that sIL-6R, by itself, 
induces chemokine release and adhe-
sion molecule expression by endothelial 
cells has already been reported (44).

Genetic polymorphisms have been 
found to influence disease susceptibil-
ity and the clinical spectrum of GCA 
(46). In this regard, a single base-
change variation at the promoter region 
(transition G to C position -174 in the 
5-region) has been observed in the hu-
man IL-6 gene (47). Interestingly, in 
biopsy-proven GCA patients with PMR 
manifestations, IL-6 allele C of this pol-
ymorphism was increased in frequency 
compared with GCA patients without 
PMR (47). This increased frequency of 
allele C in the whole group of biopsy-
proven GCA with PMR manifestations 
was mainly caused by the subgroup 
of HLA-DRB1*04–negative patients 
(47). This suggests that IL-6 promoter 
polymorphism at position -174 may 
modulate the phenotypic expression of 
PMR in biopsy-proven GCA.

Two main limitations of this study 
should be addressed.
Firstly, a relatively small number of 
GCA groups were investigated, which 
specifically affected the statistical pow-
er of the analysis of patient subgroups 
obtained following stratification ac-
cording to the specific variables. In ad-
dition, given the small simple size of 
GCA patients, this group was only par-
tially investigated. Indeed, the longitu-
dinal study and the analysis performed 
on IL6/sIL-6R levels in the three groups 
identified by cluster analysis were lim-
ited to TAK patients.
Secondly, the great majority of LVV 
patients evaluated in the study were in 
treatment with corticosteroids either 
with or without immunosuppressive 
drugs. This issue should be considered 
when interpreting the results, since 

Fig. 5. 18F-FDG PET/CT vascular uptake profile (A) and acute-phase index levels (B) characterising the three clusters.
(A) Squares/triangles/circles show means, vertical lines show 95% Confidence interval of the mean.
(B) Boxes show 25th and 75th percentiles. Horizontal lines within boxes show medians. Vertical lines below and above boxes show 10th and 90th percentiles. 
Ordered differences in ESR and CRP values among clusters were analysed using the Jonckheere Terpstra test (ESR, p<0.05; PCR, p<0.005).
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drug regimen might influence IL-6/sIL-
6R circulating levels.
The main point of interest raised by 
this study lies in the novel and original 
results concerning the role of sIL-6R 
circulating levels in LVV, in particular 
in TAK patients. Indeed, to our knowl-
edge, no similar data have been previ-
ously reported.  

Conclusions
Considering the central role of sIL-
6R as a limiting factor for biologi-
cal responsiveness to IL-6, our results 
suggest that in LVV both components 
of the IL-6/sIL-6R system should be 
evaluated, since paired modification 
may better reflect IL-6 involvement in 
inflammatory mechanisms. 
Furthermore, in this study, peculiar 
findings have been shown to charac-
terise TAK and GCA; indeed in TAK, 
sIL-6R appears to be a potential bio-
marker for monitoring disease activity, 
whereas in GCA patients, active dis-
ease might be better identified by IL-6 
modifications.
This evidence could strengthen the hy-
pothesis that GCA and TAK are two 
forms of LVV with distinctive biologi-
cal features, thus supporting the school 
of thought which considers GCA and 
TAK as two distinct disorders rather 
than as two faces of a single LVV form.
Further studies on larger patient popu-
lations should focus on evaluating the 
role of sIL-6R and IL-6 as potential bio-
markers for monitoring disease activity 
in TAK and GCA patients, respectively. 
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