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Description and phenotype of a
novel C5 gene mutation and a
novel combination: family report
and literature review
Asier Lizama-Muñoz1,2,3, Juan Francisco Gutiérrez-Bautista1,2,3*,
Monica Bernal2,3 and Miguel Ángel López-Nevot1,2,3

1Department of Biochemistry, Molecular Biology and Immunology III, Faculty of Medicine, University
of Granada, Granada, Spain, 2Clinical analysis and Immunology Department, University Hospital Virgen
de las Nieves, Granada, Spain, 3Institute for Biosanitary Research of Granada (ibs.GRANADA),
Granada, Spain
Background: Patients with C5 mutations are more susceptibility to Gram-
negative bacterial infections, particularly Neisseria species.

Objective: To describe the phenotype and clinical features of a family carrying
two C5 gene variants, including one novel mutation, and to assess their
functional and genetic signi�cance.

Methods: We analyzed the clinical and genetic characteristics of a family with
two compounds heterozygous C5 variants. Clinical features were assessed
across affected and unaffected family members, and results were correlated
with genetic and functional assays.

Results: Genetic testing revealed compound heterozygous variants in the C5
gene: c.713T>C (p.Ile238Thr) and c.1949G>T (p.Gly650Val). The p.Ile238Thr
variant, located in exon 7, results in a substitution of isoleucine with threonine.
The p.Gly650Val variant, located in exon 15, replaces glycine with valine. Sanger
sequencing con�rmed the variants were in trans (on separate alleles). The mother
carried the same two variants as the patient. Two siblings carried one variant each
(Gly650Val and Ile238Thr, respectively), and one sibling was homozygous for the
Ile238Thr variant.Clinically, the patient, the mother, and the homozygous sibling
had very low serum C5 protein and CH50 levels, correlating with increased
susceptibility to Neisseria infections. Siblings carrying only one variant had
normal complement function. In silico analysis and molecular modeling
indicate that both amino acid substitutions (Ile238Thr and Gly650Val) may
disrupt C5 protein structure. The Ile238Thr change introduces a polar residue
in place of a hydrophobic one, disrupting the hydrophobic core and opening a
loop between beta-sheets. The Gly650Val change substitutes a small residue
with a larger one, causing steric hindrance that necessitates structural
rearrangements, including shifts in a loop, alpha-helix, and beta-sheet.
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Conclusion: We describe a novel C5 variant (Gly650Val) a previously reported
variant (Ile238Thr) in unique genotypic combinations (compound heterozygous
and homozygous) associated with marked C5 de�ciency and increased
susceptibility to invasive Neisseria infections. Our �ndings underscore the
importance of combining genetic, functional, and structural data for variant
interpretation in complement de�ciencies.
KEYWORDS
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Introduction

The complement system is a fundamental component of innate
immunity, playing a central role in host defense by facilitating the
elimination of pathogens, clearance of immune complexes, and
removal of apoptotic cells. Activation occurs via three distinct
pathways—classical, lectin, and alternative—all of which converge
at the terminal complement cascade. This common pathway
involves components C5 through C9, culminating in the assembly
of the membrane attack complex (MAC), which forms
transmembrane pores that lyse target cells (1, 2).

The C5 gene, located on chromosome 9q33.2 (3), comprises 41
exons that encode a 1,676-aminoacid precursor protein known as
pre-C5 (Figure 1A). This precursor contains an arginine-rich linker
region (RPRR) spanning residues 674-677, positioned between the
N-terminal b-chain and the C-terminal a-chain (Figure 1B).
Proteolytic cleavage of pre-C5 yields the a-chain (encoded by
exons 1–16) and the b-chain (exons 17–41), which remain
covalently linked via disul�de bonds (Figure 1B, C). C5 is
synthesized primarily in the liver but also in monocytes and
lymphocytes as an intracellular single-chain precursor (4, 7–9).

Mature human C5 is a 196-kDa plasma glycoprotein composed
of two disul�de-linked polypeptide chains: the a-chain (~115 kDa)
and the b-chain (~75 kDa) (7, 10). Structurally, C5 contains eight
macroglobulin (MG) domains (MG1–MG8), a CUB domain, the
C5d and C5a (anaphylatoxin) domains, and an extended linker
region located between MG1–MG2 and MG4–MG6 (Figure 1C).
Both the linker region and C5a are inserted within the MG6
domain. The MG1–MG6 domains adopt a superhelical
con�guration, while the CUB, C5d, and MG8 domains form a
compact superdomain structure (11, 12).

C5 activation is mediated by the C5 convertase, which cleaves
the molecule into two fragments: the smaller C5a, a 74-amino-acids
peptide derived from the N-terminal region of the a-chain (residues
678–751), and the larger C5b fragment, which initiates the assembly
of the MAC (5, 9, 13, 14). The MAC is essential for pathogen lysis,
and its formation is impaired if any of the terminal complement
components are absent, particularly C5b, which serves as the
scaffold for MAC assembly (5, 6). C5a functions as an
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anaphylatoxin, increasing vascular permeability, inducing smooth
muscle contraction, promoting mast cell and basophil
degranulation, and recruiting immune cells—especially
neutrophils—to the site of infection. In contrast, C5b initiates the
lytic phase of the complement cascade by providing the binding site
for C6, which subsequently leads to the sequential assembly of C7,
C8, and multiple C9 molecules, resulting in the formation of
transmembrane pores that disrupt target cell membranes (4, 15).

Complement de�ciencies represent a diverse group of inborn
errors of immunity and can involve any component of the
complement cascade. Among these, C5 de�ciency is characterized
by absent CH50 and AH50 hemolytic activity, impaired bactericidal
function, and increased susceptibility to infections caused by Gram-
negative bacteria—particularly Neisseriaspecies, which are
commonly associated with meningitis and disseminated
gonococcal infections (15–18). The most frequently identi�ed
genetic alterations in C5 de�ciency are nonsense mutations,
although many are classi�ed as “variants of uncertain
signi�cance” due to a lack of functional or clinical evidence. In
this study, we investigated the clinical presentation and genetic
background of a family harboring two distinct C5 gene variants—
one previously reported and classi�ed as a variant of uncertain
signi�cance, and another novel, likely pathogenic variant associated
with a clear clinical phenotype.
Materials and methods

Patients

We evaluated a patient with a history of multiple episodes of
recurrent meningitis caused by Neisseria spp. infections. The
clinical presentation raised suspicion of an underlying inborn
error of the complement system, prompting comprehensive
immunological and genetic evaluation. In addition to the index
case, close family members—including the patient’s siblings and
mother—were included to investigate inheritance patterns and
identify potential genetic variants associated with complement
de�ciency (Table 1). The patient’s father was not included in the
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study, as he had passed away from colorectal cancer in 2021 at the
age of 58. The family was of Caucasian ancestry, and the parents
were not consanguineous.

Peripheral blood samples were obtained from all available
participants. Total genomic DNA was extracted from peripheral
blood mononuclear cells (PBMCs) for genetic analysis, while serum
samples were used for funct ional assessment of the
complement system.

This study involving human participants was reviewed and
approved by the Portal de E�tica de la Investigacio�n Biome�dica, Junta
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de Andalucı�a (Protocol Code: 0297-N-21). Written informed
consent was obtained from all participants before inclusion.
Molecular analysis

Genomic DNA was analyzed using next-generation sequencing
(NGS) with Twist Bioscience kits for molecular ampli�cation and
library preparation. Sequencing was performed on the Illumina
NextSeq 1000 platform, and data analysis and variant interpretation
FIGURE 1

Schematic and structural representation of the human complement component 5 (C5). (A) Representation of the genomic structure of the human
C5 gene, highlighting exons 7 and 15 in red, which contain the variants identi�ed in this study. Other relevant C5 variants previously reported in
nearby exons were also included (3–6). (B) Schematic overview of the C5 protein structure, showing the a- and b-chains where the MG1–MG6
domains are shown in green, the C5a domain in purple, and the MG6–MG8 and C345C domains in blue. The cleavage site between C5a and C5b is
marked by an arrow, along with selected key residues. There are also indicated domains where the reported variations are ubicated. (C) Ribbon
diagram of the C5 protein structure generated using PyMOL and PDB entry 3CU7 highlighting the position of both C5 variants identi�ed in this study.
Domains are colored as in (B).
frontiersin.org

https://doi.org/10.3389/fimmu.2025.1605903
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

















	Description and phenotype of a novel C5 gene mutation and a novel combination: family report and literature review
	Introduction
	Materials and methods


