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Abstract: This work aimed to investigate a potential link between serum IL-1β levels in patients
with giant cell arteritis (GCA) and their responsiveness to combined anti-IL-6 receptor (IL-6R) and
glucocorticoid (GC) treatments within the context of two separate clinical trials. IL-1β levels were
analyzed in serum samples of two prospective clinical trials investigating tocilizumab in GCA patients
using quantitative Polymerase Chain Reaction (qPCR) based Proximity Ligation Assays (PLA). In
the phase II randomized controlled trial, serum samples from five patients were quantified at two
critical time points: the commencement of the trial (Week 2) and the conclusion of the trial (Week 52).
In the GUSTO trial, serum samples from nine patients were similarly analyzed using PLA at Day
0 and Week 52. Furthermore, for the GUSTO trial, serum samples from 18 patients were assessed
for IL-1β and IL-1RN at six time points: days 0, 3, and 10, weeks 4, 24, and 52 by a second assay
(Proximity Extension Assay, PEA). PLA results from both studies indicated that IL-1β levels were
below 1 pg/mL in most of the patients, resulting in notable signal deviations within the same samples.
In the analysis of the GUSTO trial, both PLA and PEA exhibited similar trends in IL-1β variations
among patients from day 0 to week 52. Notably, the PEA analysis did not show significant variation
over time. Furthermore, we did not find a correlation of IL-1β levels with active disease as compared
to remission, but interestingly, the measurement of IL-1β receptor antagonist (IL-1RN) revealed a
substantial decrease over time. Our study shows that IL-1RN but not IL-1β concentration in serum
samples could be directly related to anti-IL-6R treatment in patients diagnosed with GCA.
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1. Introduction

Interleukin (IL)-1β is a potent pro-inflammatory cytokine implicated in various dis-
eases, such as rheumatoid arthritis, type 1 diabetes, cardiac disease, cancer, or autoin-
flammatory syndromes [1]. IL-1 β is initially synthesized as an inactive precursor and
requires proteolytic cleavage by the inflammasome complex to become biologically active.
Once liberated, it acts as a potent mediator, triggering a cascade of events that coordinate
both innate and adaptive immune responses thereby causing a potent pro-inflammatory
response. The release of IL-1β prompts the secretion of other pro-inflammatory cytokines
such as tumour necrosis factor-alpha (TNF-α) and IL-6. Notably, IL-6 subsequently induces
the production of C-reactive protein (CRP), further amplifying the inflammatory response.
Uncontrolled action of these cytokines exacerbates the inflammatory reaction, resulting
in disease, sepsis, and eventually death. Therefore, understanding the interplay between

Rheumato 2024, 4, 63–74. https://doi.org/10.3390/rheumato4020006 https://www.mdpi.com/journal/rheumato

https://doi.org/10.3390/rheumato4020006
https://doi.org/10.3390/rheumato4020006
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/rheumato
https://www.mdpi.com
https://orcid.org/0000-0002-8859-9964
https://orcid.org/0000-0003-4370-2099
https://doi.org/10.3390/rheumato4020006
https://www.mdpi.com/journal/rheumato
https://www.mdpi.com/article/10.3390/rheumato4020006?type=check_update&version=3


Rheumato 2024, 4 64

these cytokines and their inhibitory counterparts is crucial for the development of targeted
therapies for various inflammatory conditions.

Anakinra [2], the IL-1 receptor antagonist, canakinumab [3], a monoclonal antibody
targeting IL-1β, and rilonacept [4], an Fc fusion molecule containing parts of the IL-1R and
the IL-1R accessory protein, have all demonstrated efficacy in clinical trials for a range of
conditions including rheumatoid arthritis [5], cryopyrin-associated syndromes (CAPS) [6],
familial Mediterranean fever (FMF) [7], Still’s disease [8] or COVID-19 patients with severe
respiratory failure and pneumonia [9]. Furthermore, a large randomized clinical trial (RCT)
of canakinumab has shown modest efficacy in the context of cardiovascular disease [10].

Giant cell arteritis (GCA) is the most common vasculitis in individuals over the age
of 50, affecting medium and large-sized arteries. GCA is characterized by the presence of
infiltrates in arterial walls, composed of activated T cells, macrophages, and giant cells,
which release various chemokines, cytokines, growth factors, and enzymes. Chemokines
such as CCL9 and CCL21 trigger the recruitment of immune cells, while inflammatory
cytokines like IL-1β, IL-6, TNF-α, and interferon-gamma (IFN-γ) induce local vascular
injury and contribute to systemic inflammatory response [11]. Additionally, growth factors
like platelet-derived growth factor (PDGF) and VEGF promote neo-angiogenesis and
the activation of vascular cells, ultimately leading to hyperplasia. Enzymes like matrix
metalloproteinase-9 (MMP-9) contribute to tissue damage, facilitating the migration and
activation of immune cells and resulting in luminal narrowing [12].

Currently, glucocorticoids are the standard treatment for GCA preventing serious vas-
cular complications. However, this treatment is associated with substantial morbidity and
mortality. IL-6, produced by granuloma cells in GCA, plays a key role in the development
of systemic symptoms in GCA [13]. Tocilizumab (TCZ), a humanized monoclonal antibody
that targets the IL-6 receptor, has been shown to induce and maintain remission in patients
with GCA. In a first phase 2, double-blind, randomized-controlled trial (RCT) [14], it was
demonstrated that incorporating TCZ as an adjunct therapy in GCA could reduce the use
of glucocorticoids by at least 50%. Based on the successful phase 3 RCT, TCZ became
approved for the treatment of GCA [15]. The efficacy of this drug was further examined in
the follow-up GUSTO (GCA treatment with ultra-short glucocorticoids and TCZ) trial [16]
for patients with newly diagnosed GCA. Despite the encouraging results of this therapy,
studies using magnetic resonance imaging (MRI) as described by Villiger’s group [17] have
documented the persistency of inflammation, the clinical significance of which remains
uncertain. These findings may suggest the presence of subclinical disease activity that has
yet to be fully detected [18]. As conventional markers of systemic inflammation such as
CRP and ESR are under the control of IL-6, blockade of this pathway using TCZ renders
the markers unreliable. Therefore, a broad range of biomarkers was subsequently analysed
and proposed to mirror disease activity. A recent proteome analysis identified chemokines
as potential candidates [19].

Tocilizumab which targets the IL-6 pathway might potentially lead to a dysregulation
of other inflammatory pathways, including the IL-1β pathway [20]. This opens the possi-
bility of using serum IL-1β levels as a marker for subclinical disease activity in TCZ-treated
patients. However, the serum concentration of IL-1β is generally very low and difficult to
assess (on average it is between 0 to 5 pg/mL) [21].

The main objective of this study was to perform a comparative analysis of results
obtained from two highly sensitive methodologies: Proximity Extension Assay (PEA) [22],
and Proximity Ligation Assay (PLA) [23], for detecting IL-1β. These selected immunoas-
says offer a combination of highly specific antibody-antigen binding and the integration
of reliable genomic tools like quantitative Polymerase Chain Reaction (qPCR) technology.
PLA serves as a quantification tool for IL-1β detection, allowing us to assess a patient’s in-
flammation state by detecting low protein levels using small sample sizes. This technology
utilizes two antibodies, requiring a dual binding event, thereby minimizing the possibility
of false positive results and reducing background noise. After binding, the proximity of
the two ends of the nucleotides permits a second hybridization with a splint that is subse-
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quently amplified. In PEA, two single-stranded oligonucleotides contain complementary
sites for pair-wise annealing with each other, allowing extension by a deoxyribonucleic
acid (DNA) polymerase. This method allows us to determine IL-1β serum level changes
over time by comparing multiple samples with high sensitivity and specificity. Similar to
PLA, PEA used PCR amplification for IL-1β detection. One of the significant advantages of
the PEA method over PLA is the replacement of the ligation event with a DNA polymeriza-
tion step and its ability to approach multiplexing [24]. However, it lacks the capability of
quantification, which is a clear limitation if one wants to establish the inflammatory state
of patients.

This study aims to establish a possible correlation between the concentration levels of
IL-1β in serum samples from both the phase II RCT and GUSTO trials and the deliberate
progression or remission of the disease.

2. Materials and Methods
2.1. Phase II RCT for GCA

The phase 2 randomized, double-blind, placebo-controlled trial was conducted at the
University Hospital Bern, Switzerland, and recruited patients over 50 years old who were
diagnosed with GCA as described [14]. A total of 30 patients were enrolled, including those
with new-onset or relapsing disease, in this clinical trial and were randomly assigned in
a 2:1 ratio to receive oral glucocorticoids and either 8 mg of TCZ/kg of body weight or
placebo. The regimen of administration included 13 TCZ infusions administered at 4-week
intervals intravenously until week 52. Prednisolone therapy started with a dose of 1 mg/kg
per day and was continuously reduced until 0 mg by the end of the trial. Additionally,
patients were allowed to receive prednisolone up to 1 mg/kg body weight for a maximum
of 10 days between inclusion in the trial and the first infusion. In the TCZ group, 18 patients
completed the follow-up until week 52 while 2 patients withdrew from the trial before
week 12. Among the placebo group, 5 patients completed the follow-up by week 52, with
3 patients withdrawing before week 12 and 2 patients withdrawing between week 12 and
week 52. Blood samples were collected from 4 patients of the TCZ group and 1 patient
from the placebo group, both at weeks 2 and 52, for measuring IL-1β.

2.2. The GUSTO Trial

In this investigator-initiated, single-arm, single-center, open-label clinical trial a total
of eighteen patients with newly diagnosed GCA were enrolled [16]. All patients received
500 mg methylprednisolone intravenously for three consecutive days. After discontinuing
glucocorticoid treatment, TCZ was administered intravenously at a dosage of 8 mg/kg
body weight, followed by weekly subcutaneous TCZ injections (162 mg dose) starting
from day 10 and continuing until week 52. The primary endpoint assessed the proportion
of patients who had remission within 31 days and showed no relapse at week 24. Out
of the 18 patients enrolled, 13 completed the follow-up until week 52, while 5 patients
discontinued the trial (2 due to adverse events and 3 due to non-response). Blood samples
were collected at day 0 and week 52 for measuring IL-1β.

2.3. Measurement of Serum IL-1β Using Proximity Ligation Assay (PLA)

To enable the quantification of IL-1β in the serum samples, we employed the Proximity
Ligation Assay (PLA). This assay was chosen because it allows the investigation of antibody-
antigen interaction with a high degree of specificity and sensitivity. It effectively combines
the specificity of the Enzyme-Linked Immunosorbent Assay (ELISA) with the sensitivity of
quantitative Polymerase Chain Reaction (qPCR). This combination enables the detection of
low levels of proteins even when using small sample sizes, reducing the need for extensive
sample dilutions.

In this measurement, we used fourteen serum samples from both the phase II RCT
(5 samples) and the GUSTO trial (9 samples) at day 0 and week 52 were quantified for
IL-1β using a cytokine-specific ProQuantum immunoassay kit (Thermo Fisher Scientific,
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Waltham, MA, USA). This assay was conducted according to the manufacturer’s protocol,
as illustrated in Figure 1.
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nucleotides linked to antibodies hybridize together, allowing extension by a DNA polymerase. This 
extension process generates a template for amplification through PCR assay. The amount of fluo-
rescence is directly proportional to the quantity of PCR product molecules that are generated. The 
results are expressed in NPX (arbitrary unit in log2 scale) and are proportional to the presence of 
each gene in the sample. 

To establish a standard curve, an IL-1β sample, included in the kit at a concentration 
of 5000 pg/mL, was used. This standard sample was first diluted at 100 pg/mL and then 
to 1:3 dilutions. Before analysis, serum samples were diluted five-fold and then diluted 
1:2 with the antibody-conjugate mixture included in the kit.  

To perform qPCR procedure, the samples diluted at 1:5 in assay dilution buffer (5 
µL), were added to a 96-well plate containing a 5 µL antibody conjugation mixture and to 
a 40 µL reaction mixture with ligase, as provided in the kit. The samples were amplified 
through 40 cycles of TaqMan fluorescence-based qPCR. The amount of amplified DNA 
was measured after each cycle via fluorescent dyes whose fluorescence is directly propor-
tional to the amount of PCR molecules amplified. 

2.4. Measurement of Serum IL-1β Using Proximity Extension Assay (PEA) 

Figure 1. Schematic illustration of IL-1β quantification in serum using PLA and PEA. PLA-Proximity
Ligation assay. Two antibodies, each tagged with a short DNA sequence bind to two distinct epitopes
on IL-1β within serum samples. This binding brings the two DNA sequences in close proximity. The
addition of a ligation mixture containing DNA ligase and a third splint oligonucleotide connector
allows the connection of the two ends of the conjugated oligonucleotide. The ligation product is
subsequently amplified by 40 cycles of PCR. PEA-Proximity Extension Assay (PEA) is an alternative
to PLA, the ligation step is replaced by a DNA polymerization step. Single-strand oligonucleotides
linked to antibodies hybridize together, allowing extension by a DNA polymerase. This extension
process generates a template for amplification through PCR assay. The amount of fluorescence is
directly proportional to the quantity of PCR product molecules that are generated. The results are
expressed in NPX (arbitrary unit in log2 scale) and are proportional to the presence of each gene in
the sample.

To establish a standard curve, an IL-1β sample, included in the kit at a concentration
of 5000 pg/mL, was used. This standard sample was first diluted at 100 pg/mL and then
to 1:3 dilutions. Before analysis, serum samples were diluted five-fold and then diluted 1:2
with the antibody-conjugate mixture included in the kit.

To perform qPCR procedure, the samples diluted at 1:5 in assay dilution buffer (5 µL),
were added to a 96-well plate containing a 5 µL antibody conjugation mixture and to a
40 µL reaction mixture with ligase, as provided in the kit. The samples were amplified
through 40 cycles of TaqMan fluorescence-based qPCR. The amount of amplified DNA was
measured after each cycle via fluorescent dyes whose fluorescence is directly proportional
to the amount of PCR molecules amplified.

2.4. Measurement of Serum IL-1β Using Proximity Extension Assay (PEA)

Serum samples were collected according to standard operating procedures (processed
30 min after venipuncture, centrifugation at 2730 r.p.m. for 10 min). Samples were obtained
at the following time points: before treatment or with minimal prior GC exposure (referred
to as day 0), at day 3 (following GC treatment), and during TCZ monotherapy at day 10
and weeks 4, 24, and 52.

All 13 patients who completed the study were analyzed at 6 time points. Additionally,
two samples (day 0, week 4) from one patient who discontinued the study due to divertic-
ulitis after achieving remission, and six samples (day 0, 3, and 10, each) from two patients
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who discontinued the study after day 10 due to persistent cranial symptoms were included.
In total, 86 samples were assessed [19].

Serum samples were analyzed using Olink Explore 1536 platform (Uppsala, Sweden),
a proximity extension assay (PEA) multiplex immunoassay system capable of capturing
1463 proteins. Initially, in the PEA method, specific probes are mixed with the serum
samples. During sample incubation, all proximity probe pairs bound their corresponding
antigens, which brings the probe oligonucleotides in close proximity for hybridization. The
addition of a DNA polymerase led to an extension and joining of the two oligonucleotides,
forming a PCR template. Each DNA sequence was then detected and quantified using
specific primers in microfluidic qPCR.

2.5. Statistics

All statistical analyses for PLA measurements were conducted using ThermoFisher
software, calculating the calibration curve for the standards used in the experiment, and
fitting the experimental points from each serum sample. PEA levels of proteins are dis-
played as log2 normalized protein expression (NPX), a doubling in the relative protein
concentration equals a unit increase.

3. Results
3.1. Proof of Concept: Analysis of IL-1β in Phase II RCT for GCA Using PLA

In our study, we first examined serum samples of patients participating in the phase
II RCT for GCA. Four out of the five patients were assigned to the anti-IL-6R treatment
group (3/4 with new-onset GCA, 1/4 with relapsing GCA) and 1/5 to the placebo group
(Figure 2B). We first established a standard curve by serially diluting IL-1β protein, starting
with a concentration of 100 pg/mL and decreasing to 0.137 pg/mL. Subsequently, we used
this standard curve to quantify the levels of IL-1β in the serum samples. Our analysis of
the serum samples, conducted at week 2 after the trial’s start and at week 52, at the trial’s
conclusion, consistently revealed IL-1β levels below 1pg/mL for four of the patients. In
contrast, one patient (patient no. 2) exhibited a measured concentration of 4 pg/mL at
week 52 (Figure 2C). However, we found no clear evidence that the presence of increased
IL-1β in the serum sample of this patient had any clinical significance.

3.2. Comparison of IL-1β Serum Levels in the GUSTO Trial Using PLA and PEA

Since we were unable to establish a correlation between the quantity of IL-1β and
the response to TCZ treatment in the initial 5 patients, we conducted further testing to
assess the reliability of the PLA test in another clinical trial. Therefore, we examined serum
samples obtained from the GUSTO trial using PLA and compared the results with those
obtained using an alternative assay, PEA, as shown in Figure 3A. For the PLA analysis,
we selected 9 patient samples based on sample quality and collection date. These samples
were examined at two-time points: at the trial’s initiation, when patients were enrolled, and
at week 52 (end of study treatment). As depicted in Figure 3C, 3 patients (GUSTO 01, 02,
and 04) exhibited concentrations of IL-1β ranging from 2 pg/mL to as high as 12 pg/mL
(GUSTO 02). Notably, a comparison of the IL-1β levels revealed a down-regulation at week
52 in two patients, 01 and 02. In contrast, during the same period, there was a noticeable
trend of up-regulation in IL-1β levels for patient 04.

We then examined a possible relationship between the presence of IL-1β in serum
samples and the time it took for patients to achieve remission (Figure 3D). The serum levels
of IL-1β were correlated with three remission points, namely remission within the first
4 weeks of the trial, remission occurring between weeks 4 and 12, and remission achieved
after week 12 of the trial. Four patients who entered remission after week 12 of the trial
began the study with low levels of IL-1β, and they maintained these low levels at the trial’s
conclusion. In contrast, three patients who achieved remission between weeks 4 and 12,
including GUSTO 04, experienced a considerable decrease in IL-1β levels by week 52. As
for the two patients in remission within the initial 4 weeks of the trial, their IL-1β levels,
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which were initially below 5 pg/mL on day 0, exhibited an upward trend by the end of
the trial. Based on these results, serum IL-1β levels failed to reliably predict the efficacy of
TCZ treatment.
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of the time points at which serum samples were collected for analysis. (B) Out of 30 patients,
5 individuals from the TCZ or placebo group who completed the 52-week follow-up were selected
for analysis. Serum samples were diluted 1:5 for PLA analysis and results were interpolated using
the standard curve created by analysing indicated standard concentrations. (C) Analysis of IL-1β
concentration levels in serum samples of the phase II RCT for GCA. The Limit of Detection (LOD) for
the assay was achieved for the standards at 0.68 pg/mL and samples displayed minimal concentration
variation from the beginning to the end of the trial.

To corroborate the results obtained from the PLA assay, we conducted a Proximity
Extension Assay (PEA). PEA shares comparable advantages with PLA, though it cannot
absolutely quantify cytokine levels, focusing solely on monitoring protein fluctuations over
time. In this test, patient samples from the GUSTO trial were assessed at six distinct time
points spanning the 52-week trial duration. Figure 3E reveals the fluctuations in IL-1β
expression, with an average maximum variation of 1.2-fold observed at day 10, while
showing minimal variation during the remaining time points. These PEA data confirm our
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previous PLA findings, specifically that IL-1β exhibited small up- and downregulations
over time, but these fluctuations could not be correlated with TCZ treatment.

With the same patient group, we analyzed IL-1RN, the IL-1 receptor antagonist, at
various time points. Remarkably, we observed substantial changes over time, with values
reaching zero by the 52nd week, as illustrated in Figure 3F.
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Figure 3. Analysis of IL-1β amount in samples from GUSTO Trial by PLA and PEA. (A) Dose regimen
and the time points of sample collection for PLA and PEA analysis; (B) Standard curve for PLA
analysis of serum samples that were diluted 1:5; (C) PLA analysis results of IL-1β concentration
in serum samples are shown, with an assay limit of detection (LOD) of 0.02 pg/mL; (D) IL-1β
concentration values at day 0 and week 52 are plotted on the right and they are correlated with the
patients’ time for remission based on the GUSTO trial analysis [16]; (E) PEA serum samples analysis
of IL-1β; (F) PEA analysis of IL1RN variation in samples according to the regimen from reference [16].
Serum samples from six different time points were tested for the presence of IL-1β and IL1RN. The
results are shown in NPX (arbitrary unit in log2 scale). IL-1β displays lower variation until the end of
the study, while IL1RN consistently shows a decrease in protein expression. ns: non-significant.

4. Discussion

IL-1β, a pro-inflammatory cytokine, plays a pivotal role in the inflammatory response,
orchestrating various reactions such as fever, cell activation, and the induction of acute
phase proteins [25]. Previous research has established a connection between IL-1β and IL-6.
Particularly, IL-6, working in conjunction with IL-1β, contributes to the production of fever,
especially in response to immune challenges. This would imply that TCZ, an antibody
targeting the IL-6 pathway, should induce changes in serum IL-1β levels, potentially
reflecting the effectiveness of TCZ therapy.
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In the field of the currently used methodologies, PCR-based techniques emerged as
some of the most reliable tools available to date for detecting exceedingly low concentrations
of proteins, such as IL-1β. A challenge related to IL-1β is that in healthy individuals the
serum IL-1β concentration typically falls within the range of 0.5 to 12 pg/mL [21]. This
wide range of concentration levels makes the detection level of IL-1β difficult, primarily
due to the limited sensitivity of standard tests [26].

In this study, we used two specific PCR-based tests to detect serum IL-1β: PLA and
PEA. Both of these tests are characterized as dual-recognition assays, distinguished by their
capacity to specifically and sensitively detect one or more analytes [27]. This unique feature
enables a better tracking of disease progression by flowing cytokine profiles. We utilized
PLA to measure IL-1β in serum samples obtained from two clinical trials, achieving a
remarkable sensitivity level as low as 0.01 pg/mL. Previous studies have demonstrated
higher plasma IL-1β levels in patients with Polymyalgia Rheumatica or GCA (median
4 pg/mL) as compared to control subjects (median 0 pg/mL) [28]. These findings have
been subsequently validated by immunohistochemical analyses, which revealed increased
expression of IL-1β as well as TNF in tissue sections from temporal arteries of GCA patients.
This heightened expression was found to be directly correlated with the intensity of the
systemic inflammatory response and the response to glucocorticoid therapy [29].

Despite a potential role for IL-1β in GCA, in our study analyzing two clinical trials
where IL-6 signaling was blocked, we did not observe any correlation between IL-1β levels
and the treatment involving glucocorticoids and TCZ. In the phase II RCT trial, the PLA
analysis revealed IL-1β levels below 1 pg/mL for 4 out of 5 patients at the beginning and
after 52 weeks of the trial. Similarly, the analysis of serum samples from the GUSTO trial
indicated an absence of correlation between IL-1β concentration levels and disease activity.
When comparing IL-1β levels at different time points using the PEA assay in the GUSTO
trial, we observed no significant variations. However, interestingly, using the same assay,
we noted a decrease in IL-1RN over time, with values below detection levels at week 52.
This observation indicates a correlation between IL-6 inhibition and the levels of IL-1RN.
Blocking IL-6 therefore affects the IL-1β signaling, but via the antagonist and not via IL-1β
itself. This decline is consistent with the analysis of different inflammatory markers in the
same serum proteins [17], showing once again the synergetic effect of IL-6 downregulation.
Hence, the blockade of IL-6 production might have a similar effect as the blockade of
IL-1β, essentially disrupting the positive feedback loop for IL-1RN production [30]. Former
studies using knockout mouse models have shown that IL-1RN is required to prevent
the development of lethal arteritis. This highlights the specific function of IL-1RN in
regulating inflammation and reinforces the crucial role of IL-1 in causing damage to
the artery wall [31]. Notably, in the previous study of serum proteomics (Table S1), the
analysis of other biomarkers revealed that one-third of the proteins changed in response to
glucocorticoid treatment followed by TCZ within 10 days of starting treatment. Some of
these proteins (CCL-7, CXCL9, and MMP12) have been proposed as biomarkers of disease
activity. We extend these findings here to IL-1RN, which may serve as a general systemic
parameter for increased local inflammation.

It is plausible that IL-1sR (soluble IL-1 receptor) levels increased with IL-6 receptor
blocker therapy, potentially leading to downregulation of the IL-1 effect. This could
occur concomitantly with a decrease in the levels of the IL-1β receptor antagonist (IL-
1RN) [32], as observed in our study. This scenario aligns with findings from tissue cultures
of temporal arteries, where exogenous IL-6 did not induce increased levels of IL-1. Thus,
our observation of no significant changes in IL-1 levels following IL-6 receptor blocker
therapy is consistent with this existing evidence [33].

However, despite the lack of direct modulation of IL-1 levels by IL-6 receptor blockade,
the effectiveness of anti-IL-1 therapies in GCA suggests that IL-1 still plays a crucial role in
the disease process. This implies the involvement of indirect mechanisms, possibly related
to interactions between IL-1 and other cytokines or pathways implicated in GCA pathology.
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Therefore, while IL-6 may not directly regulate IL-1 levels, the efficacy of anti-IL-1 therapies
underscores the continued importance of IL-1 in GCA pathogenesis [34,35].

Approaching this study’s limitations requires careful consideration of various factors,
particularly regarding the exploratory nature of the research. One notable limitation is the
absence of an analysis of potential confounding factors, such as concomitant medications,
comorbidities, and specific disease characteristics of the patients, including different forms
of GCA. While this limitation is partially justifiable given the exploratory nature of the
study, it underscores the need for future research to incorporate these variables for a more
comprehensive understanding of the observed associations.

Furthermore, it is essential to acknowledge the intrinsic challenges in defining disease
activity in GCA, which complicates the interpretation of marker levels in patients. During
anti-IL6 therapy, discerning disease activity can be particularly challenging due to subtle
symptoms, uninformative laboratory tests, and the influence of organ involvement on
imaging results. Given the absence of a gold standard for defining disease remission in
GCA, validating a marker as a response predictor becomes inherently complex. In the
phase II RCT study was also analyzed one patient from the placebo group, received only
standard glucocorticoid treatment. However, the comparison with the treatment group
did not provide further insights into the specificity of the observed marker responses to
TCZ therapy. Additionally, it is noteworthy that all patients underwent follow-up imaging,
including MRI (phase II) and MRI and ultrasound (GUSTO), to monitor disease activity in
addition to clinical and laboratory assessment.

5. Conclusions

In summary, our study was not able to qualify IL-1β as a possible marker for detecting
disease activity in GCA. However, due to the limited number of patients tested and the lack
of a control population, the effect of TCZ on serum IL-1β levels should be further explored.
Nonetheless, the discovery that disease activity and treatment influence IL-1RN may offer
new possibilities for investigating deeper into crucial pathophysiological mechanisms at
play within vasculitis and exploring IL-1RN as a predictive biomarker.
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