A novel AGBL3 variant potentially associated with
hypocomplementaemic urticarial vasculitis syndrome:
examining clinical outcomes and therapeutic responses

B. Karacam!?~, I. Khan*#, A. Hacisuleyman’, C. Bracaglia®,
N. Abaci!, S. Sirma-Ekmekci', A. Giil’

'Department of Genetics, Aziz Sancar Institute of Experimental Medicine, Istanbul University, Turkey;
2Institute of Graduate Studies in Health Sciences, Istanbul University, Istanbul, Turkey;
SDepartment of Molecular Biology, Beykoz Institute of Life Sciences and Biotechnology, Bezmialem
Vakif University, Yalikoy, Beykoz, Istanbul, Turkey; *Department of Biochemistry and Molecular
Biology, College of Medicine, University of Nebraska Medical Center, Nebraska, USA;
SDepartment of Computational Biology, University of Lausanne, Switzerland; °Division of
Rheumatology, Ospedale Pediatrico Bambino Gesu, Roma, Italy; "Division of Rheumatology,
Department of Internal Medicine, Faculty of Medicine, Istanbul University, Turkey.

Abstract
Objective
Hypocomplementaemic urticarial vasculitis syndrome (HUVS) is a rare and severe form of urticarial vasculitis (UV),
and characterised by chronic urticaria, systemic vasculitis, and hypocomplementaemia. Pathogenesis of HUVS is
unknown. Genetics may play a role, and DNASEIL3 gene variants were identified in 2 families with HUVS.

Methods
In this study, we conducted a trio-based whole exome sequencing (WES) study to identify new candidate gene(s) in a
consanguineous family with an affected son with HUVS, and the identified variant was confirmed by Sanger sequencing.
Functional significance of the variant was assessed by bioinformatic tools, including molecular dynamics (MD).

Results
The patient had recurrent episodes of fever, urticarial rash, red eyes, and joint pain from age 13 along with elevated
acute phase response, and increased ANA titres over time. WES analysis revealed a nonsense ¢.769C>T (p.GIn257Ter)
variant in the AGBL3 gene, heterozygous in the parents, and homozygous in the index case. The comprehensive MD
analyses demonstrated that the Gln257Ter truncation not only eliminates a portion of the protein but also fundamentally
alters the structural and dynamic properties of the remaining regions.

Conclusion
Our results indicate that AGBL3 is a novel candidate gene potentially associated with the pathogenesis of HUVS.

Key words
vasculitis, hypocomplementaemic urticarial vasculitis syndrome, AGBL3, variation

Clinical and Experimental Rheumatology 2025; 43: 1748-1752.



AGBL3 variant in HUVS / B. Karacam et al.

Busra Karacam, BSc
Imran Khan, PhD

Aysima Hacisuleyman
Claudia Bracaglia, MD
Neslihan Abact, PhD
Sema Sirma-Ekmekci, PhD
Ahmet Giil, MD

Please address correspondence to:
Ahmet Giil

Division of Rheumatology,
Department of Internal Medicine,
Istanbul University,

Istanbul Medical Faculty,

34093 Istanbul, Turkey.

E-mail: agul@istanbul .edu.tr

Received on January 14, 2025, accepted
in revised form on August 1, 2025.

© Copyright CLINICAL AND
EXPERIMENTAL RHEUMATOLOGY 2025.

Funding: this study was funded by the
Scientific Research Projects Coordination
Unit of Istanbul University (Project
number TYL-2020-36201).

Competing interests: C. Bracaglia is a
consultant for SOBI and Novartis, and is
member of speaker’s bureau for GSK.
The other authors have declared no
competing interests.

Clinical and Experimental Rheumatology 2025

Introduction

Hypocomplementaemic urticarial vas-
culitis syndrome (HUVYS) is a rare au-
toimmune disorder with an incidence of
0.5/100.000 and characterised by urti-
caria for at least six months, low com-
plement levels, and systemic findings
such as arthritis, pulmonary disease,
and ocular inflammation (1, 2-5). Exist-
ing research indicates that HUVS is pre-
sent in 7-8% of systemic lupus erythe-
matosus (SLE) patients, and over half
(54%) of HUVS patients received the
diagnosis of SLE during follow-up (3-
6). Elevated levels of anti-C1q antibod-
ies are detected in most of the patients,
which may bind to the collagen domain
of Clq, forming immune complexes
that deposit on vascular walls, leading
to complement activation and endothe-
lial damage (2). Some HUVS patients
had variations in the DNASEIL3 gene,
which is also associated with monogen-
ic SLE, indicating the hereditary forms
of HUVS (6, 7). This study aimed to
investigate new candidate genes associ-
ated with HUVS using trio-based whole
exome sequencing (WES) in a consan-
guineous family with one affected child.

Materials and methods

Participants

The study group comprised the consan-
guineous family of an index case and
his parents, as well as two unrelated
paediatric patients with HUVS from
Italy. The index case and parents were
followed in the Division of Rheumatol-
ogy at Istanbul Faculty of Medicine.
Local Ethics Committee approval was
obtained (122249, 21/06/2019), and all
provided written informed consent.

DNA isolation and sequencing
Peripheral blood samples were ob-
tained in 5 ml EDTA-containing tubes,
and total DNA was isolated. WES was
performed at Oxford Gene Technol-
ogy (Oxfordshire, UK) on the Illumina
HiSeq2000 platform using TruSeq v3
chemistry. The identified AGBL3 variant
was verified using Sanger sequencing.

Bioinformatics for determining

the effect of the variation on

protein structure

The 3D structure of native and trun-

cated AGBL3 protein was investigat-
ed first using standard bioinformatics
tools (8-12). The native protein was
modelled via homology modelling in
SWISS-MODEL and validated with
PROCHECK. The truncated form was
generated using SWISS PDB Viewer.
NOMAD-Ref tool, which uses the
Gromacs algorithm by default, was
used to optimise protein models for
conformational energy minimisation.
SPPIDER and Polyview3D were used
to predict solvent accessibility and sec-
ondary structures. SRide was used to
identify stabilising residues, and Flex-
Pred to predict residue positions in con-
formational switches. HBAT was used
for analysis of unbound interactions.
The structures of full-length AGBL3
and its GIn257Ter variant were gener-
ated using AlphaFold and prepared for
molecular Dynamics (MD) simulations.
Details of the MD analyses are given in
the Supplementary Figures 1-5. Both
systems underwent three independ-
ent replicates of 100 ns production
runs, which were used in the analysis.
The simulations were performed using
NAMD3.b54. All frames in each trajec-
tory were aligned to the first frame of
the simulation by using VMD 1.9 4 be-
fore performing the analysis. The MD
analyses included Root Mean Square
Deviation (RMSD) and Fluctuation
(RMSF), Contact Frequency, and Com-
parative Residue Flexibility.

Results

The index case was a 22-year-old male
(Fig. 1). The patient experienced recur-
rent episodes of fever, urticarial rash on
the extremities and trunk, conjunctival
injections, and arthralgia starting at age
13. The 2-3 day-lasting attacks became
more frequent during warm weather
conditions or after hot baths. Histo-
pathological analysis of the cutaneous
lesions confirmed the diagnosis of ur-
ticarial vasculitis. During the episodes,
he exhibited markedly elevated levels
of C-reactive protein and erythrocyte
sedimentation rate, and his acute phase
response did not normalise between the
flares. Low complement C3 and C4 lev-
els were observed even during asymp-
tomatic periods. The patient’s ANA
test became positive during the disease
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Fig. 1. Family tree,
zygosity, clinical fea-
tures, and DNA sequenc-
ing results.

I:1: Father with muco-
cutaneous Behcet’s;

1:2: Healthy mother

II:1: Index case with
HUVS

The AGBL3 gene c.769
C>T variant results in
p.GIn257Ter, a truncated
protein. Sanger sequenc-
ing results of AGBL3
gene for ¢.769C>T vari-
ant are given in the bot-
tom part of the Figure -
A: heterozygous (C/T)
patient I:1;

B: homozygous (T/T)
patient II: 1.

¢.769C>T variation
marked with red arrow).

c.769 C/T c.769 C/T

1 |:2
Number Diagnosis
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1:2 Healthy
t
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1I:1 HUVS
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Fig. 2. Position of ¢.769C>T (p.GIn257Ter) variation in AGBL3 protein domains.
Structures of the full-length and mutated forms are predicted by AlphaFold 3 (Google DeepMind).

course, with increasing titres over time.  seen with anti-IL-1 treatments (canaki-
The patient exhibited a partial response  numab and anakinra). He experienced
to glucocorticoid therapy, and no clini- a macrophage activation syndrome fol-
cal or laboratory improvements were lowing a viral pneumonia and required
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intensive care support. After the obser-
vation of increased titres of ANA, ritux-
imab treatment was administered, and a
favourable outcome was observed. The
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patient experienced fewer and less se-
vere attacks, which were only triggered
by infections, and the acute phase reac-
tants almost normalised during the qui-
escent periods. During the pandemic,
his rituximab treatment was stopped,
and he was followed with azathioprine
and glucocorticoids.

Both parents were second-degree cous-
ins. His 55-year-old father exhibited
mucocutaneous manifestations of Be-
hcet’s disease and was treated with col-
chicine, while his 48-year-old mother
was asymptomatic.

Exon sequencing of the family revealed
a homozygous nonsense c¢.769C>T
(p.GIn257Ter) variation in the AGBL3
gene of the index case, and both parents
were identified as heterozygous carri-
ers. The variant was further confirmed
with Sanger sequencing (Fig. 1). Allele
frequency of the variant was reported as
extremely low 6.445 x 107 in the Gno-
mAD database (chr7-134719111 C>T).
This nonsense variation results in pre-
mature termination of the protein and
deletion of the functional carboxypepti-
dase domain of the AGBL3 protein (Fig.
2). The patient and parents were nega-
tive for the DNASEIL3 variants.

This variation was also screened by
Sanger sequencing in two unrelated pae-
diatric cases (patients 4 and 5) diagnosed
with HUVS from Italy, who were nega-
tive for the DNASEIL3 variants, and
both were negative for the p.GIn257Ter
variant. Sequencing analysis of the other
functional regions (exons 2-10) of the
AGBL3 gene revealed no variation, oth-
er than common polymorphisms.
Bioinformatic analyses showed that
this premature termination is associated
with significant alterations in the struc-
ture and stability of AGBL3. The native
and early terminated AGBL3 protein
was modelled the SWISS-MODEL
and AlphaFold2 (Fig. 2). SPPIDER’s
analysis revealed differences in the
secondary structure between truncated
AGBL3 models and their native coun-
terparts (Supplementary Table S1). The
significant change in secondary struc-
ture predicted a possible change in pro-
tein folding and intracellular interac-
tions. All stabilising residues present in
the native AGBL3 protein model were
deleted in truncated form (Suppl. Table
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S2). The flexible residues of the mutant
and wild-type proteins exhibited differ-
ences (Suppl. Table S3). A remarkable
decrease in the strong H-bond N-H..O
and a decrease in weak H-bonds such as
C-H.O and C-H.N were predicted in the
truncated protein by HBAT mediation
(Suppl. Table S4).

MD analyses revealed distinct residue-
residue interactions and contact patterns
between wild-type and p.GIn257Ter,
demonstrating that the truncation funda-
mentally alters the folding of the protein
(see Suppl. file). The new contact re-
gions and alternative folding patterns led
to the altered conformational behaviour
in the Principal Component Analysis
plots. This comparison reveals regions
with differential flexibility between the
two systems, with some segments show-
ing increased mobility in the GIn257Ter
variant suggesting that these regions be-
come more dynamic in the absence of
stabilising interactions from the rest of
the protein, while others display reduced
fluctuations, possibly indicating forma-
tion of new, non-native interactions that
restrict movement. The overall trend of
increased flexibility in the truncated var-
iant is consistent with a less structured
and more dynamic conformation.

Discussion

The pathogenic mechanisms associated
with HUVS have not been fully under-
stood, but genetic factors are considered
to play an important role. DNASEIL3
variants were identified in two familial
cases of HUVS (6, 7). In the current
study, analysis of a consanguineous
family with one affected patient with
HUVS revealed no pathogenic variant
in the DNASEIL3 gene, but we iden-
tified a novel potentially pathogenic
variant in the AGBL3 gene (c.769C>T,
p.GIn257Ter). The premature termina-
tion of the AGBL3 protein leads to the
deletion of the cytosolic carboxypepti-
dase (CCP) domain, which may play a
role in protein folding, regulation, and/
or binding to other proteins (13). The
¢.769C>T variant can also lead to non-
sense-mediated decay, where the pre-
maturely terminated polypeptide may
be degraded through the proteasomal
degradation pathway. Alternatively, the
truncated protein may persist in the cell

in truncated form. Bioinformatic analy-
ses revealed that the truncated protein
exhibits a significant reduction in coil
and beta secondary structures, as well
as a deletion of the helix structure. The
comprehensive MD analyses demon-
strated that the GIn257Ter truncation
not only eliminates a portion of the
protein but also fundamentally alters
the structural and dynamic properties of
the remaining regions. These changes
likely have significant implications for
protein function, particularly regard-
ing substrate recognition, binding part-
ner interactions, and catalytic activity.
These results need to be confirmed by
further functional studies and in vitro
experiments.

AGBL3 is an enzyme catalysing deglu-
tamylation and deaspartyllation, espe-
cially on the C-terminal tail of tubulin,
affecting the terminal tyrosine, which
stabilises microtubules. By removing
the penultimate glutamate, AGBL3 can
create irreversible A2-tubulin, a char-
acteristic feature of stable microtubules
in neurons, centrosomes, and cilia. Tu-
bulins have been linked to autoinflam-
matory and autoimmune diseases, and
microtubules play a role in forming the
NLRP3 inflammasome (14). The N-ter-
minal portion of pyrin also binds to mi-
crotubules. Pyrin is thought to regulate
inflammation by interacting with the
cytoskeleton in granulocytes and mono-
cytes. Colchicine, an alkaloid known to
function by binding to tubulin and pre-
venting the elongation of microtubules,
is frequently used in conditions associ-
ated with pyrin inflammasome (14).

In conclusion, the novel early termina-
tion variant in the AGBL3 gene identi-
fied in this study appears as a candidate
gene potentially associated with the
pathogenesis of HUVS. Additional re-
search is needed to better understand
the clinical features associated with
AGBL3 gene variants, which may also
help to clarify the heterogeneous patho-
genesis of HUVS.
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