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ABSTRACT
Objective. Giant cell arteritis (GCA) 
is a common vasculitis affecting pa-
tients aged 50 and older. GCA leads to 
chronic inflammation of large/medium-
sized vessel walls with complications 
such as permanent vision loss and risk 
of stroke and aortic aneurysms. Early 
diagnosis is crucial and relies on tem-
poral artery biopsy (TAB) and ultra-
sound imaging of temporal and axil-
lary arteries. However, these methods 
have limitations. Serum biomarkers as 
autoantibodies have been reported but 
with inconclusive data for their use in 
the clinical setting. Additionally, C-
reactive protein and erythrocyte sedi-
mentation rate are non-specific and 
limited in reflecting disease activity, 
particularly in patients treated with 
IL-6 inhibitors. This study aimed to 
identify serum autoantibodies as new 
diagnostic biomarkers for GCA using 
a human protein array.
Methods. One commercial and one 
proprietary human protein array were 
used for antibody profiling of sera from 
patients with GCA (n=55), Takayasu 
(TAK n=7), and Healthy Controls (HC 
n=28). The identified candidate au-
toantigens were purified and tested for 
specific autoantibodies by ELISA.
Results. Antibodies against two pro-
teins, VSIG10L (V-Set and Immuno-
globulin Domain Containing 10 Like) 
and DCBLD1 (discoidin), were iden-
tified and found to be associated with 
GCA, with an overall prevalence of 
43–57%, respectively, and high speci-
ficity as individual antibodies. A con-
trol series of TAK sera tested negative.
Conclusion. Detecting GCA-specific 
autoantibodies may offer a new, non-

invasive tool for improving our diag-
nostic power in GCA. Even though 
cell-mediated immune responses are 
crucial for GCA pathogenesis, this 
finding opens the way for investigating 
the additional role of humoral immune         
responses in the disease.

Introduction 
Giant cell arteritis (GCA) is the most 
frequent primary systemic vasculitis 
in patients aged ≥50 years, leading to 
chronic inflammation of the large- and 
medium-sized vessel walls. The most 
dreadful complication of GCA is per-
manent vision loss. The disease can 
cause other ischaemic complications, 
such as stroke, and increases the risk 
for aortic aneurysms and dissection, 
warranting long-term monitoring (1). 
Correct and early diagnosis of GCA is 
crucial due to its serious complications 
and the requirement of high-dose glu-
cocorticoids or adjunctive immunosup-
pressive drugs to control relapses in up 
to 40–50% of patients (2). 
The gold standard for diagnosing GCA 
has long been temporal artery biopsy 
(TAB). Nonetheless, this invasive pro-
cedure has limitations, including inva-
siveness, low sensitivity (as low as 40-
60%), and operator-dependent results 
(3, 4). Recent advancements have led 
to the adoption of ultrasound imaging 
of temporal and axillary arteries as a 
reliable first-line tool for GCA diagno-
sis, offering high sensitivity and speci-
ficity. Ultrasound is non-invasive, cost-
effective, and repeatable, and it extends 
diagnostic evaluation to extra-cranial 
arteries, enhancing diagnostic accuracy 
and allowing early diagnosis when in-
corporated into fast-track clinics (5, 6). 
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However, access to specialised clinics 
with expert sonographers and adequate 
equipment is limited in Europe. More-
over, the timing of imaging studies in 
relation to glucocorticoid treatment is 
crucial. As false positive ultrasound 
findings have been described, inter-
preting results in the context of clinical 
presentation and pre-test probability is 
required to avoid misinterpretation (5). 
Specific diagnostic biomarkers for 
GCA are lacking. C-reactive protein 
(CRP) and erythrocyte sedimentation 
rate are the only biomarkers currently 
used in clinical practice; however, they 
are non-specific, do not consistently re-
flect disease activity, and have limited 
value in assessing patients treated with 
IL-6 inhibitors such as tocilizumab (2). 
Research is ongoing to identify new 
biomarkers for GCA diagnosis and 
monitoring. While crucial in diagnos-
ing other rheumatic conditions, au-
toantibodies have not been consistently 
found in GCA, and no specific autoan-
tibody marker for GCA diagnosis has 
yet been identified (7-10).
The study aimed to identify serum au-
toantibodies detectable in GCA patients 
through human protein array analysis 
and explore their diagnostic value.

Materials and methods
Patients and study design
We included 55 patients with GCA 
classified according to the 2022 ACR/
EULAR classification criteria for 
GCA (1). Seven Takayasu’s arteritis 
(TAK) patients classified according to 
Grayson et al. (11) were included as a 
pathological control group of a differ-
ent large vessel vasculitis. All the sam-
ples have been collected at the time of 
the diagnosis. Twenty-eight age/sex-
matched healthy controls (HC) were 
also investigated. 
Serum samples were collected accord-
ing to standard operating procedures 
in 3 different structures: University 
of Milan, Italy, University of Bern, 
Switzerland, and University of Mod-
ena-Reggio Emilia, Reggio Emilia, 
Italy. Sera were aliquoted and stored at 
-80°C. The study was approved by the 
Ethics Committee at Istituto Auxolog-
ico Italiano, Milan, Italy (code 2019-
_05_21_16). 

For the discovery phase, 20 sera were 
used (11 GCA and 9 age/sex-matched 
HC; three pools of 3-4 sera), whereas 
for the validation phase 79 individual 
sera were used (44 GCA, 7 TAK, 28 
HC). 

Autoantibody profiling by 
protein array
Sera of the discovery phase were tested 
in pools (3–4 sera each) on i) ProtoAr-
ray v. 5.0 Human Protein Microarray 
(Thermo Fisher Scientific), containing 
over 9,000 unique GST-fusion proteins, 
and ii) a proprietary human protein 

array including approximately 1,650 
His-tagged proteins predicted to be se-
creted or membrane-associated. Further 
details on protein array, staining, detec-
tion and data analysis are provided in 
the Supplementary material.

Expression and purification 
of candidate autoantigens
Candidate autoantigens were expressed 
as His-tagged recombinant forms in E. 
coli system and purified using Ni2+-
NTA affinity chromatography by Akta-
Pure (GE Life Sciences) (Supplemen-
tary material). 

Fig. 1. Candidate autoan-
tigens specifically recog-
nised by GCA compared to 
healthy control (HC) sera. 
Correlation plot illustrating 
the different signal intensity 
between GCA and HC sera 
for the five selected proteins 
localised in the extracellular 
space and cell membrane.

Fig. 2. A) VSIG10L and DCBLD1 display a higher immunoreactivity with sera of GCA patients than 
HC. Box plots show the reactivity of the recombinant proteins VSIG10L and DCBLD1 when incubated 
with individual sera from a total of 44 GCA patients and 28 HC by ELISA. B) Reactivity of GCA, 
TAK, and HC sera against VSIG10L alone () or both VSIG10L and DCBLD1 (). The reactivity 
is expressed as Signal/Control ratio (S/Co). Dotted line represents the threshold. Unpaired Mann-
Whitney test and Kruskal-Wallis test.
*p<0.05, ***p<0.001, ****p<0.0001.
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ELISA assays
Autoantigen validation was performed 
by ELISA on plates coated with the re-
combinant proteins, using sera of the 
validation phase (Suppl. material). 

Statistical analysis
Data normalisation and statistical 
analysis of protein array data were per-
formed using R software (v. 4.0.5, R 
Core Development Team). All statisti-
cal analyses and plotting were conduct-
ed with Prism 8 (GraphPad Software). 
This included frequency comparisons 
using the chi-square test or Fisher’s 
exact test (when expected frequencies 
were less than five), and differences be-
tween serum groups were analysed with 
two-way ANOVA. Sensitivity, specific-
ity, and Receiver operating characteris-
tic (ROC) curve analysis were carried 
out using CombiROC (12). A two-sided 
p-value of less than 0.05 was consid-
ered statistically significant.

Results
Identification of new autoantigens 
recognised by GCA sera
In the discovery phase, we performed 
an autoantigen profiling analysis of 
pooled sera using the two human pro-
tein arrays (see Materials and methods 
section). We observed that GCA sera 
exhibited significantly higher reactivity 
than HC sera for the spotted proteins on 
both of the two arrays (positive thresh-
olds: GCA sera, MFI>12,500; HC sera, 
MFI<5,000). Collectively, fifty-nine 
autoantigens recognised by at least 2 
out of 3 of the pools of GCA sera but 
not by HC sera were selected (Suppl. 
Table S1). Specifically, we focused the 
analysis on five proteins that showed 
the highest MFI values, and were pri-
oritised to be predicted as extracellular 
or associated with the plasma mem-
brane (CFHR3 extracellular; KCNA4, 
GAP43, DCBLD1 and VISIG10L, cell 
membrane) (Fig. 1 and Suppl. Table 
S1), as assessed by the DeepLoc 2.0 
algorithm.

VSIG10L and DCBLD1 were 
confirmed to be highly associated 
with GCA 
We confirmed the reactivity of the five 
selected autoantigens by ELISA, using 

the validation set of sera (44 GCA pa-
tients and 28 HC). Among the five au-
toantigens tested, VSIG10L (V-Set and 
immunoglobulin domain containing 
protein 10 like) and DCBLD1 (discoi-
din) displayed significantly higher reac-
tivity with GCA than HC sera (Fig. 2A).
Specifically, 25 out of 44 GCA patients 
(57%) were positive for antibodies 
against VSIG10L, while 19 out of 44 
patients (43%) were positive for anti-
DCBLD1 IgG. We tested seven TAK 
sera as a further pathological con-
trol group. Only 1 out of 7 TAK sera 
showed borderline reactivity against 
these two proteins. Interestingly, 
among 25 GCA patients positive for 
VSIG10L, 13 (52%) also had antibod-
ies against DCBLD1, suggesting that 
the combination of these autoantibod-
ies may be more effective for diagnosis 
than either antibody alone (Fig. 2B).
Finally, we evaluated the sensitiv-
ity and specificity of antibodies against 
DCBLD1, VSIG10L, and their combi-
nation in discriminating patients with 
GCA from controls using ROC analy-
sis. Overall, anti-DCBLD1 and anti-
VSIG10L antibodies demonstrated very 
high specificity (SP) as individual au-
toantibodies (SP DCBLD1=1; SP VS-
IG10L=0.964). The combination of the 
two autoantibodies showed a slight im-
provement in performance, as assessed 
by the area under the curve (AUC: 0.73, 
0.86, and 0.88 for DCBLD1, VSIG10L, 
and combination, respectively) (Fig. 3).

Discussion
We report the presence of circulating 

antibodies reacting against two self-
proteins (DCBLD1 and VSIG10L) as 
new biomarkers in sera of active GCA 
patients, with an overall prevalence of 
43-57% and a specificity >96%. More 
than half of the GCA patients positive 
for anti-VSIG10L antibodies also dis-
play anti-DCBLD1 IgG, suggesting 
that detecting both antibodies may in-
crease their diagnostic accuracy. The 
findings support their diagnostic use-
fulness in addition to the gold standard 
tools, the TAB and imaging methods 
such as ultrasound of temporal and ax-
illary arteries.
Anti-DCBLD1 and anti-VSIG10L IgG 
have been detected in GCA but not in 
TAK sera. Takayasu arteritis displays 
an immune-mediated granulomatous 
vascular wall inflammation of the aorta 
and its major branches. The pathogen-
esis shares many features with GCA, 
but TAK is a large-vessel vasculitis of 
adolescents and young adults (11). The 
lack of anti-DCBLD1 and anti-VS-
IG10L IgG in TAK strongly supports 
a diagnostic value in GCA. Moreover, 
these antibodies cannot be detectable 
in age-matched healthy controls, ruling 
out an association with age.
Even though cell-mediated immune 
responses are the pillar of GCA patho-
genesis, there is also sound evidence 
that humoral immune responses may 
play a role. For example, effector B 
cells, but not IL-10-positive regulatory 
B cells, decrease in newly diagnosed 
GCA or polymyalgia rheumatica pa-
tients but normalise after treatment (8, 
13). Moreover, artery tertiary lymphoid 

Fig. 3. ROC curves of DCBLD1 and 
VSIG10L antibodies predicting ELISA 
positivity against GCA. ROC curves 
were performed using data of the se-
rology against the DCBLD1 and VS-
IG10L obtained from 44 GCA patients 
who exhibited anti-DCBLD1 and anti-
VSIG10L antibodies and 28 who did 
not. The area under the curve (AUC), 
p-value of the ROC, sensitivity (SE) 
and specificity (SP) with 95% confi-
dence intervals are reported. Accuracy 
(ACC) is also shown. 
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organs (ATLOs) were found in 60% of 
GCA arterial biopsies accompanied by 
the expression of B cell growth fac-
tors and B cell attracting chemokine 1 
(14). Circulating antibodies against fer-
ritin, serum 14-3-3 proteins, or proteic 
lysates of human umbilical endothelial/
vascular smooth muscle cells have been 
described in GCA but also in other vas-
culitides. This makes their diagnostic 
value less stringent (7, 9, 10, 15).
Despite the lack of information on the 
presence of VSIG10L and DCBLD1 
in TAB from GCA patients, the char-
acterisation of these molecules as cell 
membrane proteins is consistent with 
the hypothesis that they can be poten-
tial autoantigen targets for circulating 
autoantibodies. It is useful to speculate 
whether autoantibodies reacting with 
cell membrane antigens may directly 
damage the cell targets or alternatively 
may affect their function and contrib-
ute to vascular inflammation and re-
modelling in GCA (6).
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