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Serum caspase-1 is correlated with vasculitis

activity at diagnosis and associated with all-cause
mortality in patients with antineutrophil cytoplasmic
antibody-associated vasculitis
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ABSTRACT

Background: Caspase-1, a key protein involved in the inflammasome activation pathway, induces pyroptosis and
inflammasome-mediated cytokine activation and release. In this study, we investigated whether serum caspase-1
could guess cross-sectional vasculitis activity and predict future all-cause mortality in patients with antineutrophil
cytoplasmic antibody-associated vasculitis (AAV).

Methods: This study included 73 patients with AAV. Their clinical data at AAV diagnosis and during follow-up were
collected and recorded. Disease activity was assessed using the Birmingham vasculitis activity score (BVAS). Serum
caspase-1 was measured from the stored sera collected at AAV diagnosis. The end-point of a poor outcome in this
study was set as all-cause mortality.

Results: The median age of the 73 patients was 64.0 years, and 30 and 43 patients were male and female, respective-
ly. The median BVAS was 5.0, and the median levels of serum caspase-1 were 124.2 pg/mL. During follow-up, the
rate of all-cause mortality was identified as 8.2%. Serum caspase-1 was positively correlated with BVAS (r = 0.241,
P = 0.040). In multivariable Cox proportional analysis, serum caspase-1 (hazard ratio [HR] 1.003, 95% confidence
interval [CI] 1.000, 1.006) along with dyslipidaemia (HR 36.610, 95% CI 2.050, 653.701) at AAV diagnosis were
significantly and independently associated with all-cause mortality during follow-up in patients with AAV.
Conclusion: This study demonstrated that serum caspase-1 at AAV diagnosis could guess cross-sectional AAV ac-
tivity, as represented by BVAS and further predict future all-cause mortality during follow-up in patients with AAV.
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KEY MESSAGES

» Serum casepase-1 levels correlate with AAV diseaes
activity.

 Higher serum casepase-1 levels are associated with
a higher risk of all-cause mortality in patients with
AAV.
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INTRODUCTION

Antineutrophil cytoplasmic antibody (ANCA)-associ-
ated vasculitis (AAV) is a small vessel vasculitis char-
acterised by fibrinoid necrotising vasculitis affecting
primarily capillaries, arterioles, venules and, occa-
sionally, medium-sized arteries"?. AAV is divided into
three subtypes according to clinical, histopathologic
and immunologic features: microscopic polyangiitis
(MPA), granulomatosis with polyangiitis (GPA), and
eosinophilic GPA (EGPA)*°. Although the pathogenesis
of AAV remains incompletely understood, cytokine-in-
duced priming of neutrophils, subsequent activation
of these primed neutrophils by ANCA, and activation
of the complement cascade are recognized as central
mechanisms driving the development of AAV’. In ad-
dition to these elements, inflammasome has also been
suggested to be potentially involved in the pathogenesis
of AAV.8 To date, few studies investigated the clinical
role of the inflammasome in AAV, and these were limit-
ed to patients with ANCA-associated glomerulonephri-
tis patients. Furthermore, the proposed mechanism has
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mainly been explained by the effects of IL-1§ and IL-18
produced and released by the inflammasome activation
pathway, which are thought to contribute to the inflam-
matory processes in AAV!L

Caspases (cysteine-aspartic proteases) are integral to
the function of the inflammasome, which is an intracel-
lular multi-protein complex that activate innate immu-
nity in response to inflammatory signals from infection
agents and cell damage'?. To date, fourteen caspases
have been discovered, and these are divided into three
categories according to their roles in programmed cell
death including apoptosis and pyroptosis. Additionally,
caspases may be divided into three types according to
their response to stimuli such as initiator, execution-
er, and inflammatory types'’. Among the 14 caspases,
caspase-1, which is composed of a caspase recruitment
domain (CARD), p20, and p10 subunits, belongs to the
pyroptosis category and to the inflammatory type, and it
plays a key role in the pyroptosis process of the inflam-
masome activation pathway'>'*. The inflammasome
usually consists of three main domains. For example,
the Nod-like receptor pyrin domain-containing pro-
tein 3 (NLRP3) inflammasome has three distinct parts:
NLRP3 as a sensor, caspase-1 as an effector, and apop-
tosis-associated speck-like protein containing a CARD
(ASC) as an adaptor®. Upon sensing pathogen-associ-
ated molecular patterns or damage-associated molecu-
lar patterns (DAMPs) by the sensor NLRP3, the adaptor
ASC activates caspase-1. Activated casepase-1 subse-
quently induces pyroptosis through cleavage of gasder-
min D and promotes secretion ofinterleukin (IL)-1p,
and IL-18. Therefore, caspase-1 executes a critical duty
in the process of pyroptosis and inflammatory immune
responses of the inflammasome!*'®. Although caspase-1
is mainly present in cells, it may also be detected in
the peripheral blood possibly as a consequence of py-
roptosis'®. To date, the clinical implications of serum
caspase-1 have been investigated in several inflammato-
1y diseases including adult-onset Still’s disease, autoin-
flammatory syndromes, and axial spondyloarthritis'’*°.
Additionally, it has generally been demonstrated to be a
useful biomarker for guessing the current disease activ-
ity by showing its significant positive correlation with
the extent of inflammatory burden'”'*.

Previous studies have revealed that neutrophil extra-
cellular traps (NETs) can induce pyroptosis in endo-
thelial cells in small vessels?®?!. Therefore, it could be
reasonably inferred that serum caspase-1, which could
be released through the process of pyroptosis, may be
significantly correlated with the current activity of AAV.
However, no study regarding the clinical significance
of serum caspase-1 in patients with AAV has been re-
ported to date. Hence, in this study, we investigated
whether serum caspase-1 could guess cross-sectional

vasculitis activity or the extent of inflammation at diag-
nosis and predict all-cause mortality during follow-up
in patients with AAV.

PATIENTS AND METHODS

Patients

From a single-centre cohort of AAV, consisting of 327
patients who met the predefined inclusion and exclu-
sion criteria, 73 patients were randomly selected for
this study. The inclusion criteria were i) patients were
newly diagnosed with AAV in the Division of Rheuma-
tology, Department of Internal Medicine of this institute
from November 2005 to December 2023; ii) patients
met both the algorithm for classifying AAV proposed
by the European Medicine Agency in 2007 and the re-
vised nomenclature of systemic vasculitides suggested
by the Chapel Hill Consensus Conference in 2012;"%1ii)
patients also satisfied the newly proposed classification
criteria for MPA, GPA, and EGPA proposed by a joint
group of the American College of Rheumatology and
European Alliance of Associations for Rheumatology
in 2022 (the 2022 ACR/EULAR criteria);>” iv) patients
had electronic medical records sufficiently detailed to
allow collection of clinical, laboratory, radiological,
and histological data, including demographics, ANCA
type, disease manifestations, AAV-specific indices
[the Birmingham vasculitis activity score (BVAS), the
five-factor score (FFS), and the vasculitis damage index
(VDD)], and treatment information from AAV diagnosis
to the last visit; v) patients had results of ANCA tests
performed within 2 weeks before or after AAV diagno-
sis; vi) patients were followed up for at least 6 months
after AAV diagnosis; vii) patients provided informed
consent for the use of clinical data and stored blood
samples for future studies at the time of cohort enrol-
ment. The exclusion criteria were i) patients who had
serious medical conditions such as active malignan-
cies, and severe infectious diseases requiring hospital
admission, including as pneumonia, meningitis, endo-
carditis, and sepsis, as well as those with concomitant
autoimmune diseases at the time of the diagnosis;**>?
ii) patients who were exposed to medications (eg., pro-
phylthiouracil, methimazole, hydralazine, etc) or had
concomitant diseases (eg., human immunodeficiency
viral syndrome, monoclonal gammopathy, tuberculosis,
etc) affecting ANCA positivity;**** iii) patients who had
received immunosuppressive drugs were administered
before AAV diagnosis, including cyclophosphamide,
rituximab, azathioprine, mycophenolate mofetil, tacro-
limus, cyclosporine, and methotrexate.

Ethical approval
The present study was approved by the Institutional Re-
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view Board (IRB) of Severance Hospital, Seoul, Repub-
lic of Korea (IRB number 4-2016-0901). All patients
provided written informed consent upon enrolment in
the SHAVE cohort (at the time of AAV diagnosis and
blood sampling). The IRB waived the requirements for
additional written informed consent as it was obtained
upon enrolment into the SHAVE cohort.

Data at AAV diagnosis

Data on age, sex, smoking history, and body mass index
were collected as baseline demographic data. With re-
gard to AAV-related data, the following were recorded:
AAV subtype, ANCA titres and positivity, and AAV-spe-
cific indices. AAV-specific indices included the BVAS,
the FFS, and the VDI, as indicators of activity, prog-
nosis, and damage around the time of AAV diagnosis,
respectively.25-27 Comorbidities were defined as those
conditions that were recognized before AAV diagnosis
and included type 2 diabetes mellitus, hypertension,
and dyslipidaemia in this study.28 Erythrocyte sed-
imentation rate (ESR), and C-reactive protein (CRP)
were evaluated as acute-phase reactants.29 Laboratory
results included white blood cell count, haemoglobin,
platelet count, fasting glucose, total cholesterol, blood
urea nitrogen, serum creatinine, total serum protein,
and serum albumin.

Tests for ANCA

Myeloperoxidase (MPO)-ANCA and proteinase 3
(PR3)-ANCA titres were quantified by an immunoas-
say method, whereas, perinuclear (P)-ANCA and cy-
toplasmic (C)-ANCA were confirmed by an indirect
immunofluorescence assay. In this study, MPO-ANCA
and PR3-ANCA titres were measured by the novel an-
chor-coated highly sensitive (hs) Phadia ELiA (Thermo
Fisher Scientific/Phadia, Freiburg, Germany) performed
on a Phadia250 analyser using human native antigens.
Based on the description of ANCA results approved
by the 2022 ACR/EULAR criteria® both the results of
MPO-ANCA/PR3-ANCA and those of P-ANCA/C-AN-
CA were recognized as the test results for ANCA.

Blood samples and serum caspase-1
measurement

Whole blood was collected from the patients with their
permission at the time of AAV diagnosis before immu-
nosuppressive drugs were administered. On the same
day, sera were immediately isolated from whole blood
and stored at -80°C. Serum caspase-1 was measured
from the stored sera using enzyme-linked immunosor-
bent assay kits (R&D Systems, Minneapolis, MN, USA)
according to the manufacturer’s instructions. The sen-
sitivity was <1.24 pg/mL and inter-assay coefficients of
variation were 8.3% to 9.4%.
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Data during follow-up after AAV diagnosis
The end-point of a poor outcome of this study was set
as all-cause mortality.

The follow-up duration based on all-cause mortality
was defined as the period from AAV diagnosis to death
for deceased patients and as the period from AAV diag-
nosis to the last visit for surviving patients. The number
of patients receiving glucocorticoids and each immuno-
suppressive drug during follow-up after AAV diagnosis
was investigated.

Statistical analyses

All statistical analyses were performed using SPSS ver-
sion 26 (IBM Corporation, Armonk, NY, USA) for Win-
dows (Microsoft Corporation, Redmond, WA, USA).
Continuous and categorical variables were expressed as
medians (Q1 to Q3), and number (percentage). Cor-
relation coefficients (r) between two variables were
determined using Pearson correlation analysis. A mul-
tivariable Cox proportional hazards model using vari-
ables with P <0.1 in a univariable Cox analysis was per-
formed to obtain a hazard ratio (HR) during follow-up.
P <0.05 was considered to be statistically significant.

RESULTS

Characteristics of patients

At AAV diagnosis, the median age of the 73 patients
was 64.0 years, and 30 (41.1%) patients were male
and 43 (58.9%) patients were female. Regarding dis-
ease subtype, 35 (47.9%) patients were diagnosed
with MPA, 23 (31.5%) with GPA, and 15 (20.5%) with
EGPA. MPO-ANCA (or P-ANCA) were detected in 40
(54.8%) patients and PR3-ANCA (or C-ANCA) in 12
(16.4%) patients. Among AAV-specific indices, median
BVAS was assessed as 5.0, FFS as 0, and VDI as 3.0.
The median ESR was 27.0 mm/h and CRP levels 5.5
mg/L. The median serum caspase-1 was 124.2 pg/mL.
The remaining results of routinely performed laborato-
1y tests are described in Table I. In terms of data during
follow-up, 6 of the 73 patients (8.2%) died after a me-
dian follow-up duration of 26.3 months based on all-
cause mortality. Seventy-two of the 73 patients (98.6%)
received glucocorticoids, and the most commonly ad-
ministered immunosuppressive drug was cyclophos-
phamide (63.0%) followed by azathioprine (58.9%)
(Table D).

Correlation analysis

Serum caspase-1 was positively correlated with BVAS (r
=0.241, P = 0.040), CRP (r = 0.291, P = 0.014) (Sup-
plementary Figure 1), white blood cell count (r=0.313,
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TABLE I. Characteristics of patients with AAV
at diagnosis and during follow-up (N=73)

Variables Values

At diagnosis
Demographic data

Age (years) 64.0 (52.0-74.0)

Male sex (N, (%)) 30 (41.1)
Female sex (N, (%)) 43 (58.9)
Ex-smoker (N, (%)) 227
Body mass index (kg/m?) 22.4(20.8-24.8)
AAV subtypes (N, (%))
MPA 35 (47.9)
GPA 23 (31.5)
EGPA 15 (20.5)

ANCA titres and positivity (N, (%))
MPO-ANCA titre 0 (0-33.0)
PR3-ANCA titre 0 (0-0)

MPO-ANCA (or P-ANCA) positive 40 (54.8)
PR3-ANCA (or C-ANCA) positive 12 (16.4)
Both ANCA positive 34.D
ANCA negative 24 (32.9)
AAV-specific indices
BVAS 5.0 (3.0-17.0)
FFS 0(0-1.0)
VDI 3.0 (2.0-4.0)
Comorbidities (N, (%))
Type 2 diabetes mellitus 17 (23.3)
Hypertension 25 (34.2)
Dyslipidaemia 13 (17.8)

Acute-phase reactants

ESR (mm/hr) 27.0(8.5-83.8)

CRP (mg/L) 5.5(0.9-32.8)
Laboratory results

White blood cell count(/mm?*) 7,610.0 (5,945.0-10,530.0)

Haemoglobin (g/dL) 12.0 (10.1-13.7)

Platelet count (x1,000/mm?) 247.0 (190.8-364.3)
93.5 (85.5-109.8)
171.5 (136.8-211.3)

19.2 (13.3-28.7)

Fasting glucose (mg/dL)
Total cholesterol (mg/dL)
Blood urea nitrogen (mg/dL)

Serum creatinine (mg/dL) 0.8 (0.6-1.7)
Total serum protein (g/dL) 6.8 (6.4-7.3)
Serum albumin (g/dL) 4.2 (3.6-4.4)

Serum caspase-1 (pg/mL) 124.2 (97.3-278.0)

continues on the next column

TABLE I. Continuation
During follow-up
Mortality
All-cause mortality (N, (%)) 6(8.2)

Follow-up period based on 26.3 (11.8-46.1)

all-cause mortality (months)

Medications
Glucocorticoids 72 (98.6)
Cyclophosphamide 46 (63.0)
Rituximab 14 (19.2)
Mycophenolate mofetil 18 (24.7)
Azathioprine 43 (58.9)
Tacrolimus 6(8.2)
Methotrexate 2.7

Values are expressed as a median (25~75 percentile) or N (%)

ANCA: antineutrophil cytoplasmic antibody; AAV: ANCA-associated
vasculitis; MPA: microscopic polyangiitis; GPA: granulomatosis with
polyangiitis; MPO: myeloperoxidase; P: perinuclear; PR3: proteinase 3;
C: cytoplasmic; BVAS: the Birmingham vasculitis activity score; FFS: the
five-factor score; VDI: vasculitis damage index; ESR: erythrocyte
sedimentation rate; CRP: C-reactive protein.

P = 0.007), and platelet count (r = 0.332, P = 0.004).
Whereas, serum caspase-1 was also inversely correlat-
ed with haemoglobin (r = -0.266, P = 0.023), total se-
rum protein (r = -0.328, 0.006), and serum albumin
(r=-0.374, P = 0.001) (Table II). We also investigated
which of the nine items of BVAS was associated with se-
rum caspase-1 at diagnosis. First, we performed a cor-
relation analysis and found that serum caspase-1 was
significantly correlated with the sum scores of the items
of general (r = 0.234, P = 0.046), cutaneous (r = 0.320,
P = 0.006), mucous/ocular (r = 0.310, P = 0.008), and
pulmonary (r = 0.235, P = 0.045) manifestations, re-
spectively. Next, we compared serum caspase-1 be-
tween patients with each item and those without and
found that two items, cutaneous and pulmonary mani-
festations, exhibited significant differences between the
two groups. Patients with cutaneous (226.3 vs. 117.7
pg/mL, P =0.025), pulmonary (140.9 vs. 105.5 pg/mL,
P = 0.005), and nervous systemic (155.4 vs. 115.3 pg/
mL, P = 0.041) manifestations exhibited higher medi-
an serum caspase-1 concentrations than those without,
respectively (Supplementary Table I). Among them,
only cutaneous and pulmonary items showed statistical
significance in the two analyses. Thus, we concluded
that serum caspase-1 may contribute to reflecting BVAS
through its significant association with cutaneous and
pulmonary manifestations. On the other hand, among
the subitems of cutaneous and pulmonary items, serum
caspase-1 was significantly correlated with the score
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TABLE Il. Correlation analysis of serum caspase-1
with cross-sectional continuous variables at
diagnosis in patients with AAV (N=73)
Correlation P value
Coefficient (r)
Age 0.214 0.068
Body mass index 0.133 0.261
BVAS 0.241 0.040
FES 0.122 0.304
VDI 0.132 0.270
ESR 0.203 0.096
CRP 0.291 0.014
White blood cell count 0.313 0.007
Haemoglobin -0.266 0.023
Platelet count 0.332 0.004
Fasting glucose 0.191 0.131
Total cholesterol -0.068 0.588
Blood urea nitrogen 0.205 0.082
Serum creatinine 0.127 0.286
Total serum protein -0.328 0.006
Serum albumin -0.374 0.001
s: soluble; R: receptor; MPA: microscopic polyangiitis; GPA: granulomatosis
with polyangiitis; MPO: myeloperoxidase; PR3: proteinase 3; BVAS: the
Birmingham vasculitis activity score; FES: the five-factor score; VDI: vasculitis
damage index; ESR: erythrocyte sedimentation rate; CRP: C-reactive protein.

assigned to the subitems of purpura (r = 0.288, P =
0.013), and massive alveolar haemorrhage (r = 0.447,
P < 0.001). Additionally, patients with purpura (333.0
vs. 122.4 pg/mL, P = 0.027) and massive alveolar hae-
morrhage (472.7 vs. 120.1 pg/mL, P = 0.005) exhibited
higher median serum caspase-1 concentrations than
those without, respectively (Supplementary Figure 2).

Cox proportional hazards analyses for
all-cause mortality

In univariable Cox proportional analysis, VDI (HR
1.561), dyslipidaemia (HR 11.204), white blood cell
count (HR 1.126), haemoglobin (HR 0.621), serum al-
bumin (HR 0.162), and serum caspase-1 (HR 1.002)
at AAV diagnosis were significantly associated with all-
cause mortality during follow-up. Age, body mass in-
dex, BVAS, and total serum protein at AAV diagnosis
tended to be correlated with all-cause mortality during
follow-up. However, they were not statistically signifi-
cant. In multivariable Cox proportional analysis, dys-
lipidaemia (HR 36.610, 95% confidence interval [CI]
2.050, 653.701), and serum caspase-1 (HR 1.003, 95%
CI 1.000, 1.006) at AAV diagnosis were significantly
and independently associated with all-cause mortali-
ty during follow-up (Table III). Additionally, we per-

formed bootstrapping for the internal validation and
found that similar to the main analysis, dyslipidaemia
(P =0.021) and serum caspase-1 (P = 0.037) were still
significantly and independently associated with all-
cause mortality, increasing the robustness of the model.

DISCUSSION

To date, it has been found that caspase-1, which is in-
volved in programmed cell death, can be detected in
the peripheral blood by pyroptosis'*!> and may be a
useful biomarker for guessing the current disease ac-
tivity in several inflammatory diseases®!!. Therefore,
in this study, we investigated whether serum caspase-1
might be correlated with cross-sectional vasculitis ac-
tivity or the extent of inflammation at diagnosis. We
also investigated if it was associated with poor out-
comes during follow-up in patients with AAV and fi-
nally obtained several interesting findings. First, serum
caspase-1 at diagnosis exhibited a significant correla-
tion with the cross-sectional activity represented by
BVAS and inflammation severity expressed by CRP in
patients with AAV. Second, serum caspase-1 at diag-
nosis could independently predict all-cause mortality
during follow-up in patients with AAV, together with
the presence of dyslipidaemia at diagnosis. Therefore,
we concluded that this study provided the opportunity
to discover the clinical potential of serum caspase-1 as a
new biomarker for the current activity and future mor-
tality in patients with AAV.

By what mechanism could serum caspase-1 have
reflected cross-sectional AAV activity in patients with
AAV? Once the inflammasome activation pathway is
turned on, the cell undergoes two distinct processes.
One is IL-1f and IL18 activation and release. The oth-
er is pyroptosis, one of the types of programmed cell
death'*, First, in terms of IL-1f3 and IL-18 activation
and release, these inflammasome-mediated proinflam-
matory cytokines contribute to AAV activation through
three mechanisms. The first mechanism is that IL-1$
may enhance cytoplasmic MPO and PR3 exposure to
antigen-presenting cells’*. The second mechanism is
that IL-18 may participate in priming neutrophils®>'.
The third mechanism is that both IL-1f and IL-18 pro-
voke endothelial dysfunction and augment leukocyte
recruitment by increasing the production of adhesion
molecules by endothelial cells'*. Therefore, it could
be inferred that the extent of inflammasome activation
leading to IL-1f and IL-18 activation and release may
be closely associated with and reflect cross-sectional
AAV activity.

Next, in terms of pyroptosis, caspase-1 plays a role
in promoting the inflammasome activation pathway
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TABLE lll. Cox proportional hazards model analyses of serum caspase-1 and variables at diagnosis for
all-cause mortality during follow-up in AAV patients (N=73)

S Univariable Multivariable

HR 95% CI P value HR 95% CI P value

Age (years) 1.093 0.996, 1.200 0.061

Male sex (N, (%)) 2.489 0.522, 15.558 0.227

Ex-smoker (N, (%)) 0.047 2. 428,%(;’7'1 3 0.767

Body mass index (kg/m?) 0.768 0.567, 1.040 0.088

MPO-ANCA (or P-ANCA) positive 4.850 0.565, 41.645 0.150

PR3-ANCA (or C-ANCA) positive 0.037 0.000, 366.720 0.483

BVAS 1.078 0.995, 1.167 0.066

FES 2.193 0.862, 5.580 0.100

VDI 1.561 1.046, 2.331 0.029 1.505 0.721, 3.141 0.277

Type 2 diabetes mellitus 3.590 0.724, 17.800 0.118

Hypertension 1.003 0.184, 5.477 0.998

Dyslipidaemia 11.204 2.046, 61.349 0.005 36.610 2.050, 653.701 0.014

ESR (mm/hr) 1.016 0.996, 1.036 0.120

CRP (mg/L) 1.014 0.997,1.031 0.102

White blood cell count 1.126 1.019, 1.243 0.020 1.238 0.934, 1.641 0.138

Haemoglobin 0.621 0.402, 0.960 0.032 1.345 0.526, 3.442 0.537

Platelet count 1.002 0.997, 1.006 0.405

Fasting glucose 1.006 0.997, 1.016 0.195

Total cholesterol 0.989 0.968, 1.010 0.307

Blood urea nitrogen 1.022 0.986, 1.059 0.231

Serum creatinine 1.238 0.836, 1.835 0.287

Total serum protein 0.402 0.158, 1.024 0.056

Serum albumin 0.162 0.050, 0.520 0.002 0.221 0.008, 5.899 0.368

Serum caspase-1 1.002 1.000, 1.003 0.010 1.003 1.000, 1.006 0.045
ANCA: antineutrophil cytoplasmic antibody; AAV: ANCA-associated vasculitis; HR: hazard ratio; CI: confidence interval; MPO: myeloperoxidase; P: perinuclear; PR3:
proteinase 3; C: cytoplasmic; BVAS: the Birmingham vasculitis activity score; FFS: the five-factor score; VDI: vasculitis damage index; ESR: erythrocyte sedimentation
rate; CRP: C-reactive protein.

inside the cell mainly, but it is not a protein that is
doomed to be produced and released out of the cell'*
5. Accordingly, caspase-1 detected in peripheral blood
outside the cell is likely to have been cleaved and re-
leased active caspase-1, a product of programmed cell
death, especially pyroptosis. As infectious or auto-in-
flammatory signals increase, pyroptosis may progress
and active caspase-1 present in the cell may be released
out of the cell. Therefore, it could be inferred that se-
rum caspase-1 is active caspase-1 which can serve as a
biomarker for the extent of inflammasome activation
which may reflect cross-sectional AAV activity'*". In
summary, it can be concluded that serum caspase-1
may be useful in guessing cross-sectional AAV activity
associated with the extent of inflammasome activation
that mediates not only IL-1f and IL-18 activation and
release but also pyroptosis.

Given IL-1p and IL-18 activation and release as the
distinct consequences of inflammasome activation, it
could be assumed that serum both IL-1 and IL-18
may have the clinical utility in reflecting cross-sectional
AAV activity. However, several previous studies investi-
gating the role of inflammatory cytokines and chemo-
kines in AAV pathogenesis or clinical practice have
provided inconsistent and controversial evidence sup-
porting this assumption. Regarding IL-1f, serum IL-1
concentration was reported to exhibit no significant
differences between patients with active AAV and those
in remission or controls® or its levels were too labile
to be sufficiently analysed due to the issue of detection
efficiency®. In contrast, serum IL-18 was reported to
be meaningfully higher in patients with GPA compared
with controls,*** and further, correlated with BVAS in
patients with AAV*®. Given that the serum IL-1f and IL-
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18, the downstream immunologic consequences of the
caspase-1 containing inflammasome activation path-
way, show different patterns in AAV patients, it could
be concluded that measuring serum caspase-1, which
may directly reflect the extent of inflammasome activa-
tion-mediated pyroptosis, would be more effective in
understanding the relationship between inflammasome
activation and AAV activity.

In multivariable Cox analysis including serum
caspase-1, the independent predictive potential for all-
cause mortality in patients with AAV was proven to be
significant in only serum caspase-1 and dyslipidaemia
at AAV diagnosis. We wondered how serum caspase-1
measured at AAV diagnosis could predict future mor-
tality during follow-up in patients with AAV. Therefore,
we inferred its predictive mechanism according to the
three categories for risk factors of all-cause mortality at
the time of AAV diagnosis in patients with AAV303738,
First of all, among the traditional risk factors, serum
caspase-1 tended to be positively correlated with age
(r=0.214, P = 0.068) but not body mass index. Addi-
tionally, no significant differences in serum caspase-1
according to sex (P = 0.147), type 2 diabetes mellitus
(P =0.695), hypertension (P = 0.443), or dyslipidaemia
(P = 0.846) were observed. Next, among the inflamma-
tion-related risk factors, serum caspase-1 was signifi-
cantly correlated with CRP (r=0.291, P =0.014) and it
tended to be positively correlated with ESR (r = 0.203,
P =0.096). Also, it was inversely correlated with serum
albumin (r = -0.374, P = 0.001), which is one of the
acute-phase reactants. Last, among the AAV-related risk
factors, serum caspase-1 was significantly correlated
with BVAS (R = 0.241, P = 0.040) (Table II). In summa-
1y, we carefully concluded that serum caspase-1 at the
time of AAV diagnosis may have the potential to predict
future all-cause mortality by reflecting the initial risk
factors for mortality at AAV diagnosis such as age, the
acute-phase reactants, and the activity of AAV.

Secondly, we also inferred its predictive mechanism
by means of the concept of NETs formation. In the pro-
cess of neutrophil priming and activation in AAV, the
interaction between circulating ANCAs and neutrophils
promotes the formation of NETs, which may release
the cytoplasmic antigens of ANCAs such as MPO, and
PR3%°. Subsequently, these molecules may be recog-
nized by pattern recognition receptors (PRRs), leading
to the activation of the NLRP3 inflammasome®*. NETs,
which are composed of DNA, histones, and antimi-
crobial proteins, may trap pathogens and act as potent
DAMPs. When recognized by PRRs, they may initiate
a signalling cascade that activates the NLRP3 inflam-
masome, leading to caspase-1 activation and related
pro-inflammatory cytokine release'**!. This suggests
that a feedback loop may be formed, in which inflam-
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masome activation is driven by NET formation, lead-
ing to an intensified inflammatory state. Additionally,
NETs may induce pyroptosis which is one of the pro-
grammed cell death processes that can inherently result
in inflammation, and thus, they may directly damage
epithelial and endothelial cells*. Therefore, we careful-
ly concluded that serum caspase-1 at the time of AAV
diagnosis can reflect the consequences that these NETs
formation-mediated factors may contribute to intensi-
fying AAV progression and increasing the rate of all-
cause mortality in patients with AAV.

The present study has an advantage in that this is
the first study to demonstrate the clinical utility of se-
rum caspase-1 measured at the time of AAV diagnosis
as a biomarker for guessing cross-sectional AAV activity
represented by BVAS and further predicting all-cause
mortality during follow-up in patients with AAV. An-
other advantage is that this study suggested the possi-
bility that serum caspase-1 could be a more stable and
reliable indicator reflecting the extent of inflammasome
activation than inflammasome-mediated proinflamma-
tory cytokines.

The present study has several limitations. The first
critical limitation is that this study included only a small
number of patients and was conducted retrospectively.
The second limitation is that this study had no data re-
garding the serum concentrations of inflammatory-me-
diated pro-inflammatory cytokines such as IL-1p and
IL-18. This was because unfortunately, the available
serum samples for measuring the serum concentrations
of IL-1p and IL-18 were all used and none were left.
The third limitation is that this study did not measure
serum caspase-1 in blood samples collected at different
times of AAV activity in the same patients. This would
have allowed for demonstrating the dynamic associa-
tion between serum caspase-1 and cross-sectional AAV
activity. The fourth limitation is that the correlation
coelficients are modest (r < 0.4), and thus, their clin-
ical relevance should be interpreted with caution. The
fifth limitation is that the number of events (6 deaths)
is low relative to the number of predictors included
in the multivariable Cox model. This raises concerns
about model overfitting, with a reported HR of 36.610
for dyslipidaemia and marginal HR for caspase-1. In
addition, the extremely wide 95% CI (2.050-653.701)
for dyslipidaemia is indicative of instability in the mod-
el. However, despite these limitations, we believe that
this study has clinical implications as a pilot study. Ad-
ditionally, we believe that a future prospective study
including more patients and measurements of serum
caspase-1 and inflammatory-mediated pro-inflammato-
ry cytokines, using paired blood samples will provide
more dynamic and reliable information on the clinical
utility of serum caspase-1 in patients with AAV.
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CONCLUSION

In this study, we demonstrated that serum caspase-1
at AAV diagnosis could guess cross-sectional AAV ac-
tivity represented by BVAS and further predict future
all-cause mortality during follow-up in patients with
AAV. Based on the results of this study, we would like to
propose that serum caspase-1 at AAV diagnosis has the
clinical potential to be a useful biomarker in real clini-
cal practice for managing patients with AAV.
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SUPPLEMENTARY MATERIAL

SUPPLEMENTARY TABLE I. Correlation of serum caspase-1 with each of the nine items of BVAS and
comparison of its median concentrations between patients with each item and those without

Correlation
Coefficient (r)

P value

General manifestation 0.234 0.046
Cutaneous manifestation 0.320 0.006
Mucous/ocular manifestation 0.310 0.008
Ear nose and throat manifestation -0.130 0.273
Pulmonary manifestation 0.235 0.045
Cardiovascular manifestation 0.074 0.553
Gastroenterological manifestation N/A N/A

Renal manifestation 0.148 0.211
Nervous systemic manifestation 0.073 0.537

Median serum caspase-1 (pg/mL)

Absence Presence Faie
120.1 164.4 0.212
117.7 226.3 0.025
123.3 152.9 0.630
129.1 122.9 0.719
105.5 140.9 0.005
122.9 225.0 0.101
N/A N/A N/A
114.7 129.1 0.508
115.3 155.4 0.041

BVAS: the Birmingham vasculitis activity score; N/A: not applicable.
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Supplementary Figure 1. Correlation of serum caspase-1 with BVAS and CRP. BVAS: the Birmingham vasculitis activity score; CRP:

C-reactive protein.

Supplementary Figure 2. Comparison of serum caspase-1. Patients with purpura and massive alveolar haemorrhage exhibited
higher median serum caspase-1 concentrations than those without.
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