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ABSTRACT

Objective: Infantile giant cell hepatitis with autoimmune hae-
molytic anaemia (GCH-AHA) is a rare disease characterised by
giant cell and autoimmune haemolysis. The pathogenic mecha-
nisms involve several factors, including genetic and immunolog-
ical components, particularly those related to the lectin pathway
of the complement system. In this study, we aimed to identify
possible germline variations in patients with GCH-AHA.

Material and Method: Whole-exome sequencing (WES) was
performed on a 6-month-old boy who was diagnosed with GCH-
AHA. An in-house data analysis pipeline was applied to deter-
mine familial segregation using Sanger sequencing. ELISA was
used for MASP2 protein detection.

Result: WES revealed a likely pathogenic heterozygous
missense variant (p.(Cys618Tyr)) in the mannose-binding lectin
(MBL)-associated serine protease-2 (MASP-2) gene. The MASP2
variant identified in the serine protease domain was predicted
to disrupt disulphide bonds. In vitro assays showed decreased
MASP2 levels in the patient and mother compared with controls,
supporting the potential pathogenicity of the variant.

OzZET

Amag: OtoimmuUn hemolitik anemili infantil dev hicreli hepatit
(GCH-AHA), dev hiicre ve otoimmin hemoliz ile karakterize nadir
bir hastaliktir. Patojenik mekanizmalar, genetik ve immunolojik bile-
senler, dzellikle de kompleman sisteminin lektin yolagi ile ilgili olan-
lar dahil olmak Uzere cesitli faktorleri igerir. Bu calismada GCH-A-
HA'daki olasi germ hatti varyasyonlarini analiz etmeyi amacladik.

Gereg ve Yéntem: GCH-AHA tanisi konan 6 aylik bir cocukta
tim ekzom dizileme (TED) yapildi. In house veri analizi algorit-
masi uygulandi ve Sanger sekanslama ile ailesel segregasyon
belirlendi. MASP2 protein tespiti icin ELISA kullanildi.

Bulgular: TED, mannoz baglayici lektin (MBL) ile iligkili serin pro-
teaz-2 (MASP-2) geninde muhtemel bir patojenik heterozigot
yanlis anlamli varyanti (p.(Cys618Tyr)) ortaya ¢ikardi. Tahmin arag-
lar bulgularina gére, serin proteaz domainde bulunan MASP2
varyantinin distlfit baglarini bozdugu tahmin edilmistir. In vitro
testler, hastada ve etkilenen annede MASP2 seviyelerinin kont-
rollere kiyasla azaldigini géstererek varyantin potansiyel patoje-
nitesini desteklemistir.
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Conclusion: This study highlighted the association between a
novel MASP2 variant and GCH-AHA, emphasising the role of
the lectin pathway in the pathogenesis of this rare disorder. The
variable expressivity and incomplete penetrance observed in
MASP?2 deficiency underscore the complexity of genotype-phe-
notype correlations. Further investigations into the lectin path-
way's detailed activation and its impact on GCH-AHA pathogen-
esis are warranted for a comprehensive understanding of the
disease mechanisms.

Keywords: Infantile giant cell hepatitis, autoimmune haemolytic
anaemia, complement system, MASP2, whole-exome sequencing

Sonug: Bu calisma, yeni bir MASP2 varyanti ile GCH-AHA ara-
sindaki iliskiyi vurgulayarak, bu nadir bozuklugun patogenezinde
lektin yolunun roliinl vurgulamaktadir. MASP2 eksikliginde goz-
lemlenen degisken ifade ve eksik penetrasyon, genotip-fenotip
korelasyonlarinin karmasikliginin altini cizmektedir. Lektin yolu-
nun ayrintili aktivasyonu ve bunun GCH-AHA patogenezi (ize-
rindeki etkisine iliskin daha fazla arastirma, hastalik mekanizma-
larinin kapsamli bir sekilde anlasiimasi igin dnem arz etmektedir.

Anahtar Kelimeler: infantil dev hiicreli hepatit, otoimmin he-
molitik anemi, kompleman sistemi, MASP2, tim ekzom dizilimi

INTRODUCTION

Infantile giant cell hepatitis with autoimmune haemolytic
anaemia (GCH-AHA\) is a progressive disorder character-
ised by diffuse giant cell hepatocyte transformation and
autoimmune haemolysis (1, 2). Patients diagnosed within
the first two years of life with elevated aminotransferase
levels, acute liver injury, and haemolytic anaemia (3). In-
fection susceptibility is common, with 25% of patients
harbouring infections such as mycoplasma, Epstein—Barr
Virus (EBV), and acute otitis media.

The aetiology of GCH-AHA is poorly understood; ap-
proximately 49% of patients have idiopathic disease. The
clinical presentation of GCH-AHA varies. Biliary atresia,
immune dysregulation, neonatal hemochromatosis, and
hypopituitarism have been seen in the patients (4). Al-
though the genetic background is unknown, there is
strong evidence of the role of humoral immunity and the
complement system. Patients are Coombs-positive for
immunoglobulin G positive (IgG+), implying involvement
of complement protein 3 (C3) and immunoglobulins. In
addition, complement-mediated damage and C5-9-me-
diated hepatocyte injury have been observed in children
with GCH-AHA (5, 6).

The complement system is a system within the natural im-
mune system that is activated in three ways: classical, al-
ternative, and lectin pathways (7). When the lectin pathway
(LP) is activated, the pathogen is recognised by its man-
nose moieties via mannose-binding lectin (MBL) and/or
ficolin, and this engagement activates the MBL-associat-
ed serine proteases: MASP1, MASP2, and MASP3. MASPs
cleave the complement system; autoactivation of MASP2
triggers cleavage of complement factors C4 and C2 and
generates C3 convertase (8). MASP2 is the key mediator of
LP because MASP2 is the only serine protease capable of
cleaving C4 (9). MASP2 can initiate activation of the lectin
pathway without the contribution of other proteases.

The Inborn Errors of Immunity Committee (International
Union of Immunological Societies (IUIS) Primary Immune

Deficiency Expert Committee) considered autosomal
recessive MASP2 deficiency as an inherited comple-
ment deficiency (10). MASP2 deficiency (MIM:605102) is
a rare disorder with a prevalence of <1:1,000,000. This
disorder was first described in 2003 in an adult patient
with severe recurrent pneumococcal infections in ad-
dition to autoinflammatory and autoimmune diseases.
This patient carried the biallelic MASP2:p.(D120G) vari-
ant, which significantly reduced serum MASP2 levels
(11). Current studies show that MASP2 deficiency can
be inherited as an autosomal dominant disease. Hejazi
et al. reported a heterozygous MASP2 variant in a pae-
diatric patient with Crohn's disease and severe tuber-
culosis infection (12). It has been observed that some
heterozygous or homozygous variants cause significant
decreases in protein levels in studies that examined
the relationship between MASP2 variants and serum or
plasma enzyme levels. In addition, low enzyme levels
were not observed in all individuals who carried vari-
ants of MASP2, which cause decreased enzyme levels.
For example, according to the GnomAD database, the
first identified variant, p.(D120G), was found frequently
in the population (2.21%), indicating incomplete pene-
trance of this disease (11).

MASP2 protein levels are diverse among ethnic groups
and populations, and variations are associated with en-
zyme levels (13). Low serum MASP2 levels are related to
increased susceptibility to infections in several settings
(14, 15). Mistegaard et al. identified low MASP2 levels
in patients with common variable immune deficiency
(CVID) and suggested that dysregulated enzyme levels
may have a master or slave effect in some patients with
CVID (16). In addition, MASP2 gene variations that result
in lower serum levels are associated with systemic lupus
erythematosus susceptibility (17).

Here, we report a likely pathogenic heterozygous mis-
sense MASP2 gene variant in a 6-month-old patient di-
agnosed with giant cell hepatitis with autoimmune hae-
molytic anaemia.
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MATERIAL AND METHODS

Patient

A 6-month-old boy was admitted with pallor and a rapid
drop in haemoglobin. He had mild jaundice and hepato-
splenomegaly on admission. He was born to unrelated
parents. Laboratory examination revealed direct anti-
body test (DAT)-positive haemolytic anaemia with mild-
ly elevated transaminase levels (Table 1). Infectious and
metabolic workup, serum immunoglobulin levels, and
lymphocyte immunophenotyping were normal. Meth-
ylprednisolone 2 mg/kg/day was started. Because of
early-onset autoimmune haemolytic anaemia, genetic
testing was also planned to rule out underlying primary
immunodeficiency. This study was approved by the istan-
bul Faculty of Medicine Clinical Research Ethics Commit-
tee (Date: 24.01.2020, No: 02). Written and oral informed
consent was obtained from family members or legal rep-
resentatives.

Whole-exome sequencing and data analysis

Peripheral blood samples were collected from the index
case (II-1) and the parents (mother; I-2 and father I-1). DNA
isolation was performed from peripheral blood using a
QlAamp DNA Blood Mini kit (QlAgen Valencia, CA, USA).
The amount and quality of the isolated DNA samples were
evaluated using a spectrophotometry device (ND-2000,
Thermo Fisher Scientific, MA, United States). Whole-
exome sequencing (WES) was performed in the index
case. An Agilent SureSelect Human All Exon V6 (Agilent
Technologies, Santa Clara, CA, USA) kit was applied based
on the manufacturer’s protocol for a pre-captured library,
and sequencing was performed in paired-end mode using
the lllumina HiSeq 2000 platform (lllumina Inc., San Diego,
CA, US). The sequence reads were mapped to the hg19
reference genome using the Burrows-Wheeler Aligner
(BWA) programme (18). Aligned data were converted to
VCF format for variant calling and base quality calibrations
using the Genome Analysis Toolkit (GATK) (https://gatk.
broadinstitute.org/hc/en-us). Variants with a Phred score of
30 (>Q30) confidence were called. Variants were annotated
using the ANNOVAR (https://annovar.openbioinformatics.
org/en/latest/) and FRANKLIN (https://franklin.genoox.
com/clinical-db/home) tools. Variants were categorised
based on the American College of Medical Genetics and
Genomics (ACMQ) classification, and pathogenic (P), likely
pathogenic (LP), or variant of unknown significance (VUS)
variants were included. Two different analysis pipelines
were applied for variant prioritisation (Figure 1). Global
filtering was applied for coding and splice region variants
with minor allele frequency (MAF)<0.005, P, LP, and VUS
variants according to ACMG and Clinvar records were
filtered. The primaryimmunodeficiency (PID)-related genes
with a minimum MAF<0.05 and ACMG classification were
filtered using a second filtering approach. The PID-specific
gene list (including 451 genes) was generated according to
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the International Union for Immunological Societies (IUIS)
guidelines and the literature knowledge (Supplemental
Table 1). In silico prediction tools; Combined Annotation-
Dependent Depletion (CADD), Sorting Intolerant From

Table 1: Clinical characteristics of the patient and the
mother.

ﬁ\llgnslcal find- | dex case Mother Re\;‘aell;‘eensce
Peripheral blood tests
WBC (107xL) 28.8 9.3 5.2-12.4
Hgb (g/dl) 5.8 13.5 12-18
Plt (10%x pL) 67.3 349 130-400
HCT (%) 16 41 37-52
MCV (fl) 88.8 85.4 80-99
AST (IU/L) 4841 NA 0-40
ALT (IU/L) 3988 NA 0-40
GGT (IU/L) 106 NA 3-25
ALP (1U/L) 442 NA 20-155
Total biluribin 20.18 NA 0.3-1.2
(mg/dL)
Direct biluribin 17 NA 0-0.2
(mg/dL)
Direct Coombs  AHG+3, NA Negative
lgG+3,
C3d+3
PT (sec) 12.6 NA 10.4-14
APTT (sec) 12.6 NA 21-32
INR 1.07 NA 0.85-1.15
AFP (U/L) 78.63 NA <13
CRP (mg/L) 29.39 NA <5
Cold agglutinin  Positive NA Negative
(mg/L)
Complement values
C3 (mg/L) 1.54 1.04 09.-1.8
C4 (mg/dL) 0.21 0.22 Negative
Immunoglobulin levels
IgA (mg/dL) 31.2 127 (Ref. 19)
IgG (mg/dL) 528 1255 (Ref. 19)
IgM (mg/dL) 98.3 149.8 (Ref. 19)
IgE (mg/dL) 33.95 NA (Ref. 19)
Autoimmune antibodies
ANCA Negative NA Negative
ANA Negative NA Negative

WBC: White blood cell, Hgb: hemoglobin, Plt: platelet, HCT: hemato-
crit, MCV: mean corpuscular volume, AST: aspartate transferase, ALT:
alanine transaminase, GGT: gamma-glutamyl transferase, ALP: alkaline
phosphatase, PT: prothrombin, APTT: activated partial thromboplastin
time, INR: international normalized ratio, AFP: alpha-fetoprotein, CRP:
c-reactive protein, C3: complement component 3, C4: complement
component 4, IgA: immunoglobulin A, IgG: immunoglobulin G, IgM:
immunoglobulin M, IgE: immunoglobulin E, ANCA: antineutrophil cy-
toplasmic antibodies, ANA: antinuclear antibody, Ref: reference
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Figure 1: Variant filtering strategy for whole-exome
sequencing data. A) Overview of global and B) Primary
Immune Deficiency (PID)-specific variant filtering strategies
with the total number of variants for each filtering step.

Tolerant (SIFT), Polymorphism Phenotyping ver.2 (Poly-
Phen-2), MutationTaster, and Functional Analysis through
Hidden Markov Models (FATHMM), were used to predict
the impact of the variants. Sanger sequencing detected
the familial segregation and CLC genomics workbench
3.6.5 (QIAGEN, Aarhus, Denmark) used for analysis.
Primers are available upon request.

MASP2 protein expression

Plasma samples were collected from the index case (Ill-
5), the affected mother (II-6), and five healthy individuals
with a mean age of 26 years (range: 25-34 years). MASP2
levels were determined by Enzyme-Linked Immuno-
Sorbent Assay (ELISA) using a human MASP2 ELISA kit
(Catalogue No: MBS2506522, MyBioSource, San Diego,
USA) according to the kit's protocol. Immobilised man-
nan was used as a ligand to investigate the functional
activity of the LP pathway. Mannan was purchased from
Sigma (from Saccharomyces cerevisiae; M7504), phos-
phate-buffered saline (PBS) was used as solvent (10 mg/
ml), and stored at 20°C. ELISA plates (microtiter plates)
were coated with mannan (100 g/ml; 100 L per well) in
100 mM Na2CO3/NaHCO3 buffer (coating buffer, pH 9.6)
overnight at +4°C. After each processing step, 100 pl of
PBS containing 0.05% Tween-20 was used to wash the
plates three times. Residual binding areas were covered
by 100 pL PBS including 1% bovine serum albumin (BSA)
for 1 h at 37°C. Human plasma samples diluted 1:4 us-
ing dilution buffer (kit carrier) were pre-incubated on ice
for 15 min. After that, the plates were incubated at 37°C
for 1 h. The minimum measurable MASP-2 concentration
using the ELISA kit was 3.13 ng/mL. An enzyme-linked

immunosorbent assay reader was used to measure co-
lour intensity, and reading was performed at 450 nm.
Concentration calculations were drawn as a “four-param-
eter logistic curve in log-log graph” paper, with standard
concentration values written on the X-axis and OD values
on the Y-axis. The concentration was calculated from the
curve by multiplying by the dilution ratio. Comparison of
MASP2 levels between the groups was performed using
the Mann-Whitney U test, a non-parametric test, with
GraphPad Prism version 5.01. (GraphPad Software, San
Diego, California, USA, www.graphpad.com).

RESULTS

Clinical history of the index case

The patient received intravenous immunoglobulin (IVIG)
at a total dose of 2 g/kg because the haemolytic anae-
mia did not improve. After haemoglobin levels stabilised
without active haemolysis during the second month of
steroid treatment, cyclosporine was added for mainte-
nance and methylprednisolone was tapered. However, at
follow-up, transaminase and bilirubin levels progressively
increased (Table 1) and remained high despite discon-
tinuation of cyclosporine and steroids. Liver biopsy was
performed with a presumptive diagnosis of autoimmune
or toxic hepatitis. Pathological examination revealed gi-
ant cell hepatitis. The final diagnosis was giant cell hep-
atitis and autoimmune haemolytic anaemia. Because the
patient experienced seizures with encephalopathy and
nephrotoxicity after the resumption of cyclosporine ther-
apy, methylprednisolone was restarted. As recommend-
ed in the literature, an anti-CD20 monoclonal antibody
(rituximab) at the standard dose (375 mg/m?) was admin-
istered once weekly for six consecutive weeks in addition
to steroid therapy. Eight weeks after the start of rituximab
treatment, alanin aminotransferase (ALT) and aspartate
aminotransferase (AST) levels returned to normal, and
bilirubin levels decreased significantly to 1.3 g/dL, with
normal haemoglobin levels on complete blood count
(CBC) and persistence of DAT positivity (IgG 2+/C3 2+).
Maintenance therapy with azathioprine was initiated, and
steroid therapy was tapered and eventually discontinued.
DAT became negative after two years of immunosup-
pressive therapy. He remained on azathioprine therapy
and had no active signs of haemolysis or hepatic impair-
ment at regular follow-up of four years after diagnosis.
The father and mother had no medical history and were
found to be healthy on clinical examination (Table 1) (19).

Whole-exome data analysis and in silico prediction
Whole-exome sequencing was performed in the index
case. Global filtering was applied to the coding regions
(Figure 1), MAF<0.005, nonsynonymous, and ACMG
scores for the P, LP, and VUS variants (Figure 1). Filtered
genes/variants (n=151) are listed in Supplemental Table 2
that were found to be irrelevant to the phenotype.
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Based on the diagnosis of early-onset autoim-
mune haemolytic anaemia, no known pathogenic/
likely pathogenic variants were found, except for
the heterozygous ABCA4:p.(Gly172Ser) variant.
Monoallelic ABCA4 variants are associated with
age-related macular degeneration (MIM:153800).
The patient had no clinical symptoms at the cur-
rent age, so follow-up was planned. In further
analysis, the patient was screened for variants in
a 451 PID-related genes list (see Supplemental Ta-
ble 1), and eight candidate variants were detected
(Figure 1 and Table 2). Among these, the heterozy-
gous missense variant NM_006610.4:c.1853G>A
(rs764932450) in the serine protease domain of
MASP2 was found to be relevant to clinical find-
ings. The GnomAD frequency of the MAF was
G=0.000008, ACMG class was VUS (evidence PP3
and PM2), and the aggregated prediction score
was harmful. Sanger sequencing confirmed het-
erozygosity in the index case (IlI-5) and the mother
(1-6) (Figure 2).

MASP2 consists of 12 exons: the serine protease
(SP) domain, which is responsible for protease
activity, two C1r/C1s/Uegf/bone morphogenet-
ic protein (CUB) domains (CUB1 and CUB2), lo-
cated in the heavy chain, the epidermal growth
factor-like (EGF) domain, which separates the
two CUB domains, and two complement control
protein (CCP) domains (CCP1 and CCP2). The p.(-
Cys618Tyr) missense variant was found in exon 12,
which encodes the serine protease domain (Fig-
ure 3A). On the 3D structure of the MASP2 pro-
tein, p.(Cys618Tyr) variant was predicted to disrupt
disulphide bonds within CYS598 and CYS618 (Fig-
ure 3A). To determine the pathogenicity of the p.(-
Cys618Tyr) variant, SIFT, PolyPhen2, and Mutation
Taster predictions were used and shown to be dis-
ease-causing, deleterious, and probably damag-
ing, respectively. The CADD score was 24, and the
variant position was also evolutionarily conserved
among the species (Table 2 and Figure 3B).

Impact of the MASP2 variant on plasma levels
To  investigate  the  effect of the
NM_006610.4:¢c.1853G>A;p.(Cys618Tyr)
on active MASP2 levels, ELISA was performed on
plasma samples from the index, mutated moth-
er, and healthy controls (n=5). The MASP2 levels
were 153 ng/ml in the patient and 152.3 ng/ml in
the mother. The median MASP2 level in healthy
control samples was 185 ng/ml (min 159-max 603
ng/ml). A decrease in MASP2 levels was found in
index cases and mothers with heterozygous vari-
ation compared with healthy controls, but there
was no statistical significance (p=0.12).
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2A 2B
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MASP2:c.1853G>A

Figure 2: Family tree and segregation analysis. A)
Pedigree of the MASP2 family. B) Segregation analysis of
the MASP2 variant. The open shapes in the pedigree
represent phenotypically unaffected family members,
and the black square represents the affected proband.
The arrows indicate the heterozgous alles of the parents.
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often contributes to the pathogenesis of GCH-AHA (20,
21). Clinical findings such as hepatitis and Coombs-posi-
tive anaemia may indicate the involvement of B-cell relat-
ed autoimmune dysregulation or complement deficiency.
Studies have shown a high degree of complement-medi-
ated hepatocyte injury in patients with GCH-AHA (5, 22).
In this study, WES identified the heterozygous missense
variant NM_006610.4:c.1853G>A in MASPZ2 in a 6-month-
old patient with GCH-AHA. The patient presented with
hepatosplenomegaly, mildly elevated transaminase, and
DAT-positive haemolytic anaemia. The pathogenic p.(Cy-
s618Tyr) variant is located in the SP domain of the protein
and is responsible for the catalytic activity of the entire
molecule and may prevent the formation of the disulphide
bond that binds the two polypeptide chains together in

ccP1 MASP2 Protein

GLESGGKDSCRGDSGG:
GLESGGKDSCRGDSGG

GLESGGKDSCRGDSGG!
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4GLESGGKDSCRGDSGG
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Figure 3: Localisation of p. Cys618Thr variant on the serine protease (SP) domain of MASP2 and a graphical
demonstration of the wild-type and mutant forms of the MASP2 protein. 3A) The wild-type residue is shown to form a
disulphide bond with residues CYS 598 and CYS 618 (Distance: 1.912 &) on chain B of the wild-type structure 1g3x and
the substitution disrupts this bond. 3B) Conservation of 618. amino acids of the MASP2 protein in primates. Conservation
analysis was performed using the CLUSTAL Omega (1.2.4) multiple sequence alignment tool. The C1r/C1s/Uegf/bone
morphogenetic protein 1 (CUB1) domain is an epidermal growth factor-like (EGF) domain, and the CUB2 domain is
followed by two complement control protein (CCP1 and CCP2) domains and the C-terminal SP domain. The SP domain
is linked to the CCP2 domain by a small linker region with S-S disulphide bonds.

DISCUSSION

Giant cell hepatitis associated with autoimmune haemo-
lytic anaemia is associated with infection, cholestasis, and
hepatic inflammation. The aetiology of this disease has
not been fully elucidated, it is a factor that plays a role
in immune system dysregulation. The involvement of im-
mune-mediated findings, such as autoimmunity, most

the functionally active form of the MASP-2 protein (23). Al-
though the mode of inheritance was autosomal dominant
and segregation analysis confirmed that the mother also
carried the same variation without obvious clinical symp-
toms, MASP2 deficiency is difficult to diagnose due to
unclear genotype-phenotype correlation, low penetrance,
and significant clinical heterogeneity (24).
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Previous studies have shown that different mono- or bi-al-
lelic variants of MASP2 result in changes in serum/plasma
levels and functions of MASP2 (11). Homozygous MASP2
variants, which are believed to affect the protein, do not
always cause low enzyme levels. On the contrary, some
heterozygous variants can cause significant enzyme defi-
ciency (13). The relatively low levels of MASP2 in mothers
compared with healthy controls support the variable ex-
pressivity reported previously, but there is wide variability
in healthy controls. Additionally, MASP2 enzyme levels
were not related to age, gender, or physical activity, and
there were no statistically significant differences between
serum and plasma enzyme levels. Ytting et al. showed
that the mean serum enzyme level in healthy controls was
416 ng/mL (ranging from 125 to 1152) and that MASP2
levels below 100 ng/mL were indicative of MASP2 de-
ficiency in Caucasians (13, 25). To have a better under-
standing of the exact effects of these MASP2 variants, the
activation of the lectin pathway should be investigated in
detail. GCH-AHA is a rare disorder and the genetic aeti-
ology is unclear. Possible mechanisms include autoimmu-
nity or dysregulation of the complement system affecting
hepatocytes and erythrocytes. MASPZ2 variants may con-
tribute to the pathogenesis of GCH-AHA as a primary or
secondary disease. Evaluation of enzyme levels and MBL
pathway activity is the most accurate approach to assess-
ing the clinical impact of monoallelic or biallelic MASP2
variants.

CONCLUSION

This study presented the clinical findings and genetic
analysis of an index case diagnosed with giant cell hep-
atitis and autoimmune haemolytic anaemia. Despite
initial treatment challenges and complications, includ-
ing progressive elevation of transaminase and bilirubin
levels following cyclosporine therapy and subsequent
seizures with encephalopathy and nephrotoxicity, our
patient experienced significant improvement following
a comprehensive therapeutic approach. Whole-exome
sequencing revealed a heterozygous missense variant
NM_006610.4:¢c.1853G>A (rs764932450) in the serine pro-
tease domain of MASP2, which was deemed relevant to
the clinical phenotype. Through in silico predictions and
functional assays, we elucidated the potential pathoge-
nicity of the identified variant and its contribution to the
observed phenotype.
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