International Journal of

Life Sciences

International Peer Reviewed Open Access Refereed Journal

Review Article Open Access

Int. J. of Life Sciences, 2026; 14 (1): 3-13
ISSN:2320-7817(p) | 2320-964X(0)

IgM Hexamers Utilization Over IgM Pentamers and IgG
Monomers with Complement-Dependent Cytotoxicity

Destefano, Alexander

Canyon Crest Academy, 5951 Village Center Loop Rd., San Diego, CA 92130, United States

alexanderdestefano10@gmail.com

Manuscript details:
Received: 05.01.2026

Accepted: 02.03.2026
Published: 30.03.2026

Cite this article as:
Alexander  Destefano  (2026) IgM
Hexamers Utilization Over IgM

Pentamers and 1gG Monomers with
Complement-Dependent Cytotoxicity,
Int. J. of Life Sciences, 14 (1): 3-13.

Available online on http://www.ijlsci.in
ISSN: 2320-964X (Online)
ISSN: 2320-7817 (Print)

Open Access This article
@ @ is licensed wunder a

Creative Commons
Attribution 4.0 International License,
which permits use, sharing, adaptation,
distribution and reproduction in any
medium or format, as long as you give
appropriate credit to the original
author(s) and the source, provide a link
to the Creative Commons licence, and
indicate if changes were made. The
images or other third-party material in
this article are included in the article’s
Creative Commons licence, unless
indicated otherwise in a credit line to the
material. If material is not included in the
article’s Creative Commons licence and
your intended use is not permitted by
statutory regulation or exceeds the
permitted use, you will need to obtain
permission directly from the copyright
holder. To view a copy of this licence,
visit http://creativecommons.org/
licenses/by/4.0/.

ABSTRACT

Antibodies are responsible for the immune system'’s response to pathogens
or abnormal cells through recognition of specific components known as
antigens. They activate complementary pathways that work to neutralize
invading pathogens or malfunctioning cells. Immunoglobulin M (IgM) and
Immunoglobulin G (IgG) antibody classes and their relation to Complement-
Dependent Cytotoxicity (CDC) activation regarding Clq to fragment
crystallizable (Fc) region interactions are examined to discuss the extent and
reasons behind IgM hexamers demonstrating higher affinities for Fc-Clq
interactions, which leads to CDC activity. Comparing and contrasting the
structures of IgM hexamers, IgM pentamers, and IgG monomers will help
better understand the underlying reasons for their differing affinities and
potential applications in therapeutic settings. Furthermore, researching the
CDC response to cancers and the potential for in vitro engineering of IgM
hexamers is important, as IgM hexamers are typically unable to cross into the
lumenal space due to structural abnormalities in comparison to IgM
pentamers and IgG structures. This review discusses antibody structural
conformations, the potential uses of IgM hexameric antibodies, and their
respective impacts on the immune system to explore utilizing IgM hexamers
over traditional antibodies to offer a more effective therapeutic that could
result in better targeted treatments.
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INTRODUCTION

B cells produce antibodies via B-cell receptors that target certain
pathogens or infected cells based on epitopes, which are regions on
antigens recognized by immunoglobulins. Antibody specificity arises
through several processes: Variable-diversity-joining rearrangement
(V(D)] recombination), which rearranges certain genes; class switch
recombination, which mutates the heavy chain to alter isotype; and
somatic hypermutation, which introduces point mutations in a B cell
capable of binding to an antigen (Hozumi and Tonegawa, 1976;
Papavasiliou and Schatz, 2002). There are five known immunoglobulin
isotypes: IgM, IgG, IgA, IgD, and IgE. These immunoglobulins have specific
functions that serve as a crucial part of the immune response by alerting
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other immune cells about pathogens or cancerous
tumor cells. Specifically, antibodies mediate antigen
detection and effector functions, including the
initiation of a complement pathway (Miletic and Frank,
1995). Antibodies are Y-shaped proteins composed of
two pairs of light and heavy chains, which have
variable regions located at the N-termini of each chain,
that determine antigen specificity. The fragment
antigen-binding (Fab) regions determine antigen
specificity. Additionally, connected to the variable
regions, the Fc or non-variable region of the antibody
is consistent between a class of antibodies but not
across the five isotypes (Charles et al, 2001). Its
primary function is the activation of a complement
system immune response, such as CDC, where the Fc
regions of IgM or IgG bind to a C1q protein, resulting in
a cascade of protein interactions that lead to the lysis
of a target cell (Diebolder et al, 2014). These
components are relevant to the overall discussion of

studies comparing the ability of CDC activation among
IgM hexamers, pentamers, and IgG monomers.

2. Structural Differences of IgM Hexamers,
Pentamers, and IgG Monomers

2.1 IgM Structural Overview

IgM has covalent disulfide bonds between monomeric
subunits to take either pentameric or hexameric form,
depending on the presence of a joining chain (] chain)
(Mller et al., 2013; Randall et al., 1992). The ] chain
functions in linking the heavy (p) chains of IgM
polymers together, but does not display binding to the
light chains (Morrison and Koshland, 1972). The ]
chain is approximately 15kDa in size and has disulfide
bonds with two p chains in the terminal cysteine via
Cys-575 residues to complete the pentameric polymer
(Figure 1a), and Cys-414 residues in disulfide bonds
are found between IgM monomers to stabilize the
oligomer (Fazel et al., 1997).

Figure 1. (A) Cryo-electron microscopy (cryo-EM) structure of a human IgM pentamer (green) with a J-chain (red) and disulfide bonds
(yellow) at Cys-575 residues on two heavy chains with Cys-14 and Cys-68 residues on the J chain that allow the monomers to link
together into an oligomer via intermediary bonds (PDB-6KXS) (Davis et al., 1989; Frutiger et al., 1992; Wiersma et al., 1997). Cys-414
disulfide bonds link together the individual monomers in both IgM pentamers and hexamers (magenta) (Pan et al., 2021). (B) A
human IgM hexamer that lacks a J-chain, instead containing another IgM monomer. The IgM hexamer consists of monomers linked
together via disulfide bonds with Cys-575 (yellow) and Cys-414 (purple) residues on different parts of their tailpieces, Cu4 and Cu3
domains, respectively (Miller et al., 2013; Randall et al., 1992). (C) Cryo-EM structure of a single IgM monomer’s Fc region with the
Cu2 domain in orange, Cu3 in green, Cu4 in red, and the tailpiece of Cu4 in brown (PDB-6KXS) (Li et al., 2020). Figures created with
pymol Molecular Graphics System v.4.6.0 (Schrodinger LLC, New York, NY, USA) and BioRender.com.
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However, in IgMs without a ] chain, the hexameric
form of the polymer is favored (Figure 1b). (Randall et
al, 1992) Hexameric IgM polymers possess Cu4tp-
Cpdtp (Cpé4 tailpiece) dimers to compensate for the
lack of ] chain presence, where (-sheets form to
complete the ring-shaped conformation, and every
monomer possesses Cys-575 residues for disulfide
bonds (Figure 1b) (Miiller et al, 2013). The IgM Fc
domain is comprised of three components: Cu2, Cys-
337 residue, Cp3, Cys-414, Cp4 residue, Cys-575
residue, and Cp4’s tailpiece at the C-terminal (Cu4tp),
which are bound together in disulfide bridges to form
the polymeric structures (Figure 1c) (Miiller et al,

2013; Sitia et al,, 1990). IgM opsonizes, or increases
the likelihood of mediated cell death, antigens via
fixation of the complement system, and is especially
effective with repeating epitopes present in foreign
bodies (Schroeder and Cavacini, 2010).

2.2 1gG Structural Overview

IgG is naturally present as monomers in four different
subclasses, I1gGl, IgG2, IgG3, and IgG4, that can
aggregate into higher-order oligomers, such as
hexamers, upon attachment to antigens to activate the
complement system (Diebolder et al., 2014; Schroeder
and Cavacini, 2010).

~Asn-297
%4 [N-linked Glycan

Tcys230

cys-2217

Figure 2. (A) An X-ray diffraction analysis shows an IgG monomer with its hinge region colored red (PDB-1IGT) (Harris et al., 1997).
The hinge region provides flexibility to create greater Fab region affinity by conforming to a separated epitope (Deveuve et al., 2019).
(B) The CH2 (lightblue) and CH3 (darkblue) domains of the Fc region on IgG that stabilize with C1q receptor binding with an N-linked
glycan (orange) on the Asn-297 residue (yellow) (PDB-11GT) (Boune et al., 2020; Harris et al., 1997; van Osch et al., 2021). (C, D, E, F)
X-ray diffraction analyses show IgG1l and 1gG4 with schematics modeling 1gG2 and 1gG3, which demonstrate the differing hinge
regions and disulfide bonds. A lack of data regarding the IgG2 and IgG3 hinge region is the reason for the schematics in (D) and (E).
IgG1 has Cys-226 and Cys-229 residues (yellow) for heavy chain binding in the hinge region (red) that form disulfide bonds, but do
not in this figure (PDB-1HZH) (Saphire et al., 2001); 1gG2 has 4 disulfide bonds Cys-223, Cys-224, Cys-227, and Cys-230 residues
(yellow) (Dillon et al., 2008); 1gG3 has 11 total disulfide bonds, which are Cys228, Cys231, Cys237, Cys243, Cys246, Cys252, Cys258,
Cys261, Cys267, Cys273, and Cys276 residues (yellow) (Michaelsen et al., 1977; Spiteri et al., 2021); 1gG4 has the same residues as
IgG1 with Cys-226 and Cys-229 (yellow) across the hinge region (red) (PDB-5DK3) (Liu and May, 2012; Michaelsen et al., 1977; Scapin
et al., 2015). The overall Fab and Fc region, excluding the hinge region and CH2 domain, of IgG1-4 is very similar. Figures created with
PyMOL Molecular Graphics System v.4.6.0 (Schrodinger LLC, New York, NY, USA) and BioRender.com.
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The basic structure is consistent with IgM and is
comprised of two heavy and light chains linked
together via disulfide bonds (Porter, 1959). IgG
contains a hinge region between the Fab regions and
the Fc portion of the antibody that allows for rotation
of the antigen-binding sites for greater avidity and
immune system collaboration (Figure 2a) (Deveuve et
al, 2019). In IgG1, the hinge is approximately 15
amino acids in size with two disulfide bonds; IgG2 has
an approximately 12 amino acid hinge with four
disulfide bonds providing a more rigid structure; the
IgG3 hinge is the larger at approximately 62 amino
acids and 11 disulfide bonds, which causes a much
shorter lifespan of about seven days; IgG4 contains a
hinge region with approximately 12 amino acids and
two disulfide bonds, and has a serine residue instead
of proline at residue 228 to promote a phenomenon
known as Fab-arm exchange that causes light and
heavy chain recombination causing more possible
antigen binding, and IgG4 has the least stable structure
compared to IgG1l-3 (Figure 2c-f) (Frangione et al,
1969; Liu and May, 2012). The IgG3 has a longer hinge

C Chain

Tyr-173

G
C Asp-432 <

Asp-108

Asp-109  Tyr-175

region, which results in greater effector function than
IgG1l (Vidarsson et al.,, 2014; Zwarthoff et al., 2021).
IgG1 and IgG3 have the greatest affinity for CDC and
are most prevalent in the resulting lysis of target cells
(Zwarthoff et al., 2021). The IgG Fc region has CH2 and
CH3 (Cy2-Cy3) domains, stabilized by non-covalent
interactions and glycosylated at Asn-297 (CH2), which
enhances Clq and Fc receptor binding (Figure 2b)
(Edelman et al,, 1969; Frangione et al., 1969).

3. Complement Activation with C1 Complex via IgM
Hexamers, Pentamers, and IgG Oligomers

3.1. Structural Components of IgM and IgG for C1
Complex Binding

Antigen binding sites for IgM and IgG differ in
structure, but both classes of immunoglobulins share
the F(ab")2, Fab’, Fab, and Fv fragments (Coulter and
Harris, 1983; Diebolder et al., 2014). IgM is found with
10-12 Fab regions, due to its polymeric state, instead
of the typical 2 in IgG, which provides a higher avidity
for antigen response (Klimovich, 2011).

B

} C1r subunits Cf1s subunits

C1q globular heads

Glu-318

C1qB and C chain

Lys-322 Arg-109

Figure 3. C1 Complex binding with 1gG and IgM. (A) A schematic of the C1 complex with subunits C1q (purple globular heads), C1r
(green), and C1s (orange) (BioRender). (B) An X-ray diffraction analysis shows the C1q globular heads with the A (orange), B (violet),
and C (dark blue) chains capable of binding to Fc regions (PDB-1PK6) (Gaboriaud et al., 2003). C1q subunits contain a central calcium
ion (Ca?*, gold) that functions to hold together the three chains of C1q and mediate interactions with antibodies IgG and IgM, which
is coordinated by oxygen ligands (cyan) contributed by the side-chain oxygen of residues on A and B chains: Asp-172, the side-chain
carbonyls of GIn-177 and GIn-179, the main-chain carbonyl of Tyr-173, and two waters (not shown) (Gaboriaud et al., 2003;
Roumenina et al., 2005). (C) X-ray diffraction analyses visualize C1q binding to IgM via IgM’s Cu3 domain (Cu3 residues DLPSP, Asp-
Leu-Pro-Ser-Pro residues 432-436) and C1q’s B chain (C1q residue Arg-108, Arg-109, Tyr-175) (PDB-6KXS, 1PK6) (Gaboriaud et al.,
2003; Li et al., 2020; Sharp et al., 2019). (D) X-ray diffraction analyses visualize IgG interacting with Clq via IgG’s Cy2 domain (Cy2
residues Glu-318, Lys-320, and Lys-322) and C1q’s B and C chains (C1q B chain residues Arg-108, Arg-109, Arg-114, and Arg-129, C
chain residues Lys-170 and Asp-195) (PDB-1PK6, 1H3Y) (Bally et al., 2019; Gaboriaud et al., 2003; Kaul and Loos, 1997; Krapp et al.,
2003; Sharp et al., 2019). Figures created with PyMOL Molecular Graphics System v.4.6.0 (Schrodinger LLC, New York, NY, USA) and
BioRender.com.
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Within the Fab regions are CDRs (Complementarity-
Determining Regions) for hyperspecific antigen
binding, comprising a total of six CDRs: three in both
the heavy and light chains (Kelow et al, 2020). In
relation to variable regions, CDRs provide the
functionality for binding to epitopes on antigens with
CDR1, CDR2, and CDR3 loops possessing unique
sequences for affinity (Kelow et al, 2020). The
classical complement system consists of circulating C1
complexes of size 790kDa with subunits C1q, C1r, and
Cls (Figure 3a) (Cruz et al., 2021; Venkatraman Girija
etal, 2013). To initiate the cascade, C1 must first bind
to antibody complexes on antigens using the
recognition site Clq: Clq has a disulfide-linked
hexameric structure with globular heads splaying out

" Antibody

C1r2s2
tetramer

C1q Complex

C4 C2
—*
P e — ™
Cda Cab C2a C2b

C3
_—
o
C3a C3b

C1r
@=0=9 Autoactivation

from an N-terminal stalk, forming 6 collagenous arms
(Cruz et al, 2021; Venkatraman Girija et al,, 2013).
Each gC1q (the globular heads) contains three chains
(A, B, C) (Figure 3b) that bind to Fc regions of
antibodies (Figure 3c,d) (Sharp etal,, 2019).

3.2 Overview of CDC Pathway

Cryo-EM data show that the entire Cl1 complex
undergoes conformational changes after binding to the
antibodies to accommodate Clr and Cls dimers
(Mortensen et al, 2017). Clr and Cls are serine
proteases, which hydrolyze peptide bonds, that
assemble in a tetrameric shape with the serine
protease domains at the end of the C1r2s2 tetramer
(Sharp et al., 2019; Weiss et al., 1986).

C1s Activation
by C1r
C1s
Q==

C1r of C1r C1s

C2a C4b

\/

C4b2a
C3 Convertase

C4b2a C5

N/ —>

C4b2a3b C5a C5b
C5 Convertase

MAC

Figure 4. Schematic for visualization of the CDC activation process beginning from the initial C1 Complex binding to an antibody to
the MAC complex, enabling cell lysis (Noris and Remuzzi, 2013). Figure created with BioRender.com.
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Each Clr autolytically cleaves the other, a process
called autoactivation, to activate the C1 complex by
then cleaving Cls (Arlaud et al, 2002; Cruz et al,
2021). C1s is then able to cleave the C4 protein into
C4a, an anaphylatoxin, and C4b, which recruits the C2
protein that Cls cleaves into C2a, a serine protease,
and C2b (Merle et al., 2015; Walport, 2001). C4b and
C2a form C3 convertase (C4b2a) that cleaves the C3
protein into C3a, an anaphylatoxin for inflammation,
and C3b (Rawal and Pangburn, 2003). C3b binds to the
target cell to amplify opsonization and continues to
interact with C4b2a to form C5 convertase (C4b2a3b),
which cleaves C5 into C5a, an anaphylatoxin for
immune cell recruitment, and C5b. C5b recruits C6, C7,
C8, and multiple C9 molecules to form the membrane
attack complex (MAC), C5b-C9, a pore-like structure
approximately 10 nm in diameter, which disrupts the
target cell membrane, ultimately causing osmotic lysis
of the target cell (Merle et al, 2015; Rawal and
Pangburn, 2003; Ricklin et al., 2010).

3.3 IgG CDC Pathway Differences

IgG initiates CDC via a different mechanism due to its
structural differences. A cryo-electron tomography
and atomic force microscopy study demonstrated that
IgG creates a hexameric binding platform on the
antigen to bind six C1lq subunits (Cruz et al., 2021;
Zeller et al.,, 2022). The hexameric compound normally
forms via Fc-Fc interactions of IgG, but in the absence
of IgG:C1q complexes forming, which was found in a
study using SpA (Staphylococcal Protein A) binding
competitively to Fc regions on IgG, Fc-Fc interactions
are prevented resulting in no hexamerization, so

Table 1. Complement C3b Deposition on HSA-bt in ELISA

complement activation does not occur (Cruz et al,
2021; Sharp et al., 2019).

4. Characteristics of antibody reaction to low-
antigen dense tumors

4.1.1 CDC Activity Comparison

Due to the naturally multivalent structure of IgM
(ranging from 10 to 12 binding sites), it is much more
likely to bind to epitopes on antigens compared to IgG,
which has two binding sites. A study done by Oskam et
al. in 2022 measured the effectiveness of IgG1, IgM
pentamers, and IgM hexamers by producing antibodies
of IgG1, IgM pentamers, and IgM hexamers specific for
biotin and citrullinated proteins. With the produced
antibodies, ELISAs were used to measure the amount
of complement components, such as Clq, C4b, and
C3b, produced after using human serum to incubate
antigen-coated plates with varying densities of
biotinylated human serum albumin (HSA-bt) exposed
to the antibodies (Oskam et al., 2022). Oskam et al.
also utilized a CDC assay to measure the endpoint
outcome of cell lysis achieved on biotinylated red
blood cells (RBCs) incubated with the antibodies to
measure low antigen density; lysis was quantified by
spectrophotometric  measurement of released
hemoglobin (Oskam et al, 2022). The results show
that at high antigen densities, both IgM and IgG1
configurations induced similar CDC potency; at lower
antigen densities, both IgM forms outperform IgG1 ata
significant rate; at critically low antigen densities, IgM
hexamers demonstrate higher potency than even IgM
pentamers (Oskam et al., 2022).

Epitopes per HSA IgM Hexamer IgM Pentamer IgG1 Monomer
(Approximate Density)
T T T
14 (high) 90-95% 85-90% 70-80%
8 (Moderate) 85-90% 70-80% 30-40%
3 (Low) 80% 40-50% 10-15%
1 (Critically Low) 50-60% 20-30% 0-5%

aAntibody effectiveness represented through complement component deposition rates estimated from Oskam et al. ELISA assays on

HSA-coated plates (Oskam et al., 2022).
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4.1.2. CDC Activity Differences from Structural
Differences

The greater cell lysis rate can be attributed to the
higher number of Fab regions in IgM molecules, which
leads to a greater stability and arrangement of Fc
regions for C1 complex binding. Compared to the two
Fab regions of IgG and the need for two to six separate
immunoglobulins to form aggregates for C1 complex
binding, IgM achieves greater efficacy for antigen
binding and complement pathway activation (Perelson
and Wiegel, 1979). IgM hexamers outperform IgM
pentamers since the hexameric configurations do not
need to undergo conformation change for efficient C1q
binding; the C1 complex binding is demonstrated by
the effectiveness of IgM hexamers in Oskam et al’s
study through the greater percentage of complement
system component C3b deposition rates at low antigen
densities, proving greater complement system
activation (Sharp etal., 2019).

4.2. CDC for Tumors Comparison

A greater affinity for low-antigen density conditions is
especially relevant for tumor relapse, which becomes
more prevalent in tumors that exhibit lower antigen
expression and experience antigen escape to evade the
immune system (Lu and Zhao, 2025; Olson and
McNeel, 2012). IgM hexamers’ high avidity for
antigens, even in low-density conditions, reduces the
capacity of antigen escape, which has clinical usage for
the prevention of tumor relapse (Wang et al., 2016). In
2007, Azuma et al. conducted the first report of a
majority hexameric IgM solution that was shown to
mitigate cancer approximately 5 to 10 times more
effectively than its counterpart of majority pentameric
IgM for melanoma metastases (Azuma et al.,, 2007). By
creating GM3-positive human melanoma and GM3-
positive B16F10 mouse melanoma cell lines with only
the GM3 ganglioside, the monoclonal L612 IgM, CJ45
IgM, and CA19 IgM specific for GM3, but with differing
amounts  of and pentameric IgM
concentrations, were tested for CDC activity against
the melanoma (Azuma et al, 2007). L612 contained
19.8% hexameric and 73.6% pentameric forms of IgM,

hexameric

CJ45 contained 4.5% hexameric and 91.5% pentameric
forms of IgM, and CA19 had the largest concentration
of hexameric IgM at 79.2% with 9.3% pentameric IgM;
the remaining concentrations were tetrameric and
aggregate forms of IgM. A Chromium-51 release assay
was used to measure antibody-induced CDC activity
against the tumor cell lines (Azuma et al,, 2007). At an
antibody concentration of 5 pg/mL, CA19, CJ45, and

www.ijlsci.in

L612 demonstrated similar levels of CDC activity
against B16F10; however, at lower antibody
concentrations, approximately 0.04 to 0.2 pg/mlL,
CA19 demonstrated greater levels of CDC than CJ45
and L612. CA19’s antibody concentration necessary to
achieve 50% specific cytotoxicity was found to be
approximately 5 to 10 times lower than CJ45 and L612
(Azuma et al., 2007). For M1 human melanoma, CA19
demonstrated similar results of cytotoxic activity at
differing antibody concentrations compared to CJ45
and L612, as in the B16F10 test (Azuma et al., 2007).
This demonstrates that a higher concentration of
hexameric IgM results in a more effective monoclonal
antibody treatment, as CA19 showed greater
cytotoxicity than its counterparts, CJ45 and L612,
which contain more pentameric IgM, at lower antibody
concentrations.

5. Synthetic Production of IgM Hexamers
Typically, antibodies pass through the epithelial
barrier to reach organs and bind to pathogens, alerting
the immune system to respond (Rojas and Apodaca,
2002). IgM hexamers are unable to pass through the
epithelia of the bloodstream because they do not
possess the ]J-chain, which is used to bind to polymeric
Ig receptor (pIgR) to allow IgM to become exocrine
secretions (Johansen et al., 2000). To rectify this issue,
supplementing patients with artificially produced IgM
hexamers could be used, which would allow the use of
higher-affinity antibodies to treat low-antigen-density
tumors. IgM hexamers can be produced using
mammalian cells as host cells, which preserves
glycosylation patterns for the accurate production of
monoclonal antibodies (Al Ojaimi et al, 2022). The
specific lines of host mammalian cells used for
recombinant production are human embryonic kidney
cells (HEK293), mouse bone marrow cells (NSO),
mouse spleen cells (Sp2/0), Chinese hamster ovary
cells (CHO), and human embryonic retinal cells
(PER.C6) (Ho et al.,, 2012; Jones et al., 2003; Kunert
and Reinhart, 2016; Melixetian et al, 2003). The
transport of artificially produced antibodies can
bypass the epithelium via subcutaneous injection (Al
Ojaimi et al., 2022). Intratumoral injection directly into
a tumor can also be used to create a more effective
therapeutic response with IgM hexamers (Baniel et al,,
2020; Hong et al., 2020). This method can be used to
bypass the restriction that a J-chain-lacking IgM
hexamer possesses.
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CONCLUSION

This research paper has discussed the structural
distinctions among IgM hexamers, IgM pentamers, and
IgG monomers, focusing on their influence on Fc-Clq
interactions and CDC in low-antigen-density tumors.
IgM hexamers, characterized by the absence of a ]J-
chain and stabilized by Cu4tp-Cpdtp dimers, possess a
structural advantage allowing for enhanced CDC
efficacy. IgM hexamers achieve greater cell lysis at
critically low antigen densities, compared to
pentamers and for IgG. The multivalent nature of IgM
hexamers (10-12 Fab regions) enables efficient Clq
recruitment without the Fc-Fc aggregation required by
IgG, making them highly effective against tumors
prone to antigen escape and relapse. However,
limitations such as restricted tumor penetration due to
high affinity and the inability to cross epithelial
barriers due to the absence of J-chain-mediated pIgR
binding pose challenges for natural IgM hexamers in
therapeutic settings.

In vitro production of IgM hexamers offers a potential
solution using recombinant techniques in mammalian
cells to produce hexamer antibodies, which can be
paired with subcutaneous or intratumoral injections to
bypass epithelial restrictions. These approaches
amplify CDC and can be utilized in therapeutics to
optimize tumor penetration. By harnessing these
advancements, IgM hexamers offer a transformative
approach to combat low-antigen-density cancers,
potentially reducing relapse rates and demonstrating
the potential for personalized immunotherapies.

Conflict of Interest: The authors declare no conflict of interest
in relation to this research.
Data Availability Statement: Not applicable.

Correspondence and requests for materials should be
addressed to Alexander Destefano

Peer review information
IJLSCI thanks the anonymous reviewers for their contribution to
the peer review of this work. A peer review file is available.

Reprints and permissions information is available at
https://www.ijlsci.in/reprints

REFERENCES

Al Ojaimi, Y, Blin, T, Lamamy, ], Gracia, M, Pitiot, A,
Denevault-Sabourin, C, Joubert, N, Pouget, ]-P,
Gouilleux-Gruart, V, Heuzé-Vourc’h, N, Lanznaster, D,
Poty, S and Sécher, T (2022) Therapeutic antibodies -
natural and pathological barriers and strategies to

overcome them, Pharmacology & Therapeutics, 233,
108022. https://doi.org/10.1016/j.pharmthera.2021.1
08022

Arlaud, GJ, Gaboriaud, C, Thielens, NM, Budayova-Spano, M,
Rossi, V and Fontecilla-Camps, JC (2002) Structural
biology of the C1 complex of complement unveils the
mechanisms of its activation and proteolytic activity,

Molecular Immunology, 39(7-8), 383-
394. https://doi.org/10.1016/s0161-5890(02)00143-
8

Azuma, Y, Ishikawa, Y, Kawai, S, Tsunenari, T, Tsunoda, H,
Igawa, T, lida, S, Nanami, M, Suzuki, M, Irie, RF,
Tsuchiya, M and Yamada-Okabe, H (2007)
Recombinant Human  Hexamer-Dominant IgM
Monoclonal Antibody to Ganglioside GM3 for
Treatment of Melanoma, Clinical Cancer Research,
13(9), 2745-2750. https://doi.org/10.1158/1078-
0432.CCR-06-2919

Bally, I, Inforzato, A, Dalonneau, F, Stravalaci, M, Bottazzi, B,
Gaboriaud, C and Thielens, NM (2019) Interaction of
Clq With Pentraxin 3 and IgM Revisited: Mutational
Studies With Recombinant C1q Variants, Frontiers in
Immunology, 10,
461. https://doi.org/10.3389/fimmu.2019.00461

Baniel, CC, Sumiec, EG, Hank, JA, Bates, AM, Erbe, AK, Pieper,
AA, Hoefges, AG, Patel, RB, Rakhmilevich, AL, Morris, ZS
and Sondel, PM (2020) Intratumoral injection reduces
toxicity and antibody-mediated neutralization of
immunocytokine in a mouse melanoma model, Journal
for Immunotherapy of Cancer, 8(2),
e001262. https://doi.org/10.1136/jitc-2020-001262

Boune, S, Hu, P, Epstein, AL and Khawli, LA (2020) Principles
of N-Linked Glycosylation Variations of IgG-Based
Therapeutics:  Pharmacokinetic and  Functional
Considerations, Antibodies, 9(2),
22. https://doi.org/10.3390/antib9020022

Charles A Janeway, ], Travers, P, Walport, M and Shlomchik,
M] (2001) The structure of a typical antibody molecule,
in Immunobiology: The Immune System in Health and
Disease, 5th edition, Garland Science, 75-85.

Coulter, A and Harris, R (1983) Simplified preparation of
rabbit Fab fragments, Journal of Immunological
Methods, 59(2), 199-
203. https://doi.org/10.1016/0022-1759(83)90031-5

Cruz, AR, Boer, MA den, Strasser, ], Zwarthoff, SA, Beurskens,
F], de Haas, CJC, Aerts, PC, Wang, G, de Jong, RN,
Bagnoli, F, van Strijp, JAG, van Kessel, KPM, Schuurman,
], Preiner, ], Heck, AJR and Rooijakkers, SHM (2021)
Staphylococcal protein A inhibits complement
activation by interfering with IgG hexamer formation,
Proceedings of the National Academy of Sciences,
118(7),
e2016772118. https://doi.org/10.1073/pnas.2016772
118

Davis, AC, Roux, KH, Pursey, ] and Shulman, M] (1989)
Intermolecular disulfide bonding in IgM: Effects of
replacing cysteine residues in the mu heavy chain, The
EMBO Journal, 8(9), 2519-
2526. https://doi.org/10.1002/j.1460-
2075.1989.tb08389.x

10 | Int. J. of Life Sciences, Volume 14 (1) 2026


https://www.ijlsci.in/reprints
https://doi.org/10.1016/j.pharmthera.2021.108022
https://doi.org/10.1016/j.pharmthera.2021.108022
https://doi.org/10.1016/s0161-5890(02)00143-8
https://doi.org/10.1016/s0161-5890(02)00143-8
https://doi.org/10.1158/1078-0432.CCR-06-2919
https://doi.org/10.1158/1078-0432.CCR-06-2919
https://doi.org/10.3389/fimmu.2019.00461
https://doi.org/10.1136/jitc-2020-001262
https://doi.org/10.3390/antib9020022
https://doi.org/10.1016/0022-1759(83)90031-5
https://doi.org/10.1073/pnas.2016772118
https://doi.org/10.1073/pnas.2016772118
https://doi.org/10.1002/j.1460-2075.1989.tb08389.x
https://doi.org/10.1002/j.1460-2075.1989.tb08389.x

IgM Hexamers Utilization Over IgM Pentamers and IgG Monomers with Complement-Dependent Cytotoxicity.

Deveuve, Q, Gouilleux-Gruart, V, Thibault, G and Lajoie,
L (2019) [The hinge region of therapeutic antibodies:
Major importance of a short sequence], Medecine
Sciences: M/S, 35(12), 1098-
1105. https://doi.org/10.1051/medsci/2019218

Diebolder, CA, Beurskens, F], de Jong, RN, Koning, RI,
Strumane, K, Lindorfer, MA, Voorhorst, M, Ugurlar, D,
Rosati, S, Heck, AJR, van de Winkel, JGJ, Wilson, IA,
Koster, A], Taylor, RP, Saphire, EO, Burton, DR,
Schuurman, ], Gros, P and Parren, PWHI (2014)
Complement Is Activated by IgG Hexamers Assembled
at the Cell Surface, Science, 343(6176), 1260-
1263. https://doi.org/10.1126/science.1248943

Dillon, TM, Ricci, MS, Vezina, C, Flynn, GC, Liu, YD, Rehder,
DS, Plant, M, Henkle, B, Li, Y, Deechongkit, S, Varnum, B,
Wypych, ], Balland, A and Bondarenko, PV (2008)
Structural and Functional Characterization of Disulfide
Isoforms of the Human IgG2 Subclass, Journal of
Biological Chemistry, 283(23), 16206-
16215. https://doi.org/10.1074 /jbc.M709988200

Edelman, GM, Cunningham, BA, Gall, WE, Gottlieb, PD,
Rutishauser, U and Waxdal, M] (1969) THE COVALENT
STRUCTURE OF AN ENTIRE yG IMMUNOGLOBULIN
MOLECULE, Proceedings of the National Academy of
Sciences, 63(1), 78-
85. https://doi.org/10.1073 /pnas.63.1.78

Fazel, S, Wiersma, EJ and Shulman, MJ (1997) Interplay of ]
chain and disulfide bonding in assembly of polymeric
IgM, International Immunology, 9(8), 1149-
1158. https://doi.org/10.1093 /intimm/9.8.1149

Frangione, B, Milstein, C and Pink, JR (1969) Structural
studies of immunoglobulin G, Nature, 221(5176), 145-
148. https://doi.org/10.1038/221145a0

Frutiger, S, Hughes, G], Paquet, N, Liithy, R and Jaton,
JC (1992) Disulfide bond assignment in human ] chain
and its covalent pairing with immunoglobulin M,
Biochemistry, 31(50), 12643-
12647. https://doi.org/10.1021/bi00165a014

Gaboriaud, C, Juanhuix, ], Gruez, A, Lacroix, M, Darnault, C,
Pignol, D, Verger, D, Fontecilla-Camps, JC and Arlaud,
GJ (2003) The crystal structure of the globular head of
complement protein Clq provides a basis for its
versatile recognition properties, Journal of Biological
Chemistry, 278(47), 46974~
46982. https://doi.org/10.1074/jbc.M307764200

Harris, L], Larson, SB, Hasel, KW and McPherson, A (1997)
Refined structure of an intact IgG2a monoclonal
antibody, Biochemistry, 36(7), 1581-
1597. https://doi.org/10.1021/bi962514+

Ho, Y, Kiparissides, A, Pistikopoulos, EN and Mantalaris,
A (2012) Computational approach for understanding
and improving GS-NSO antibody production under
hyperosmotic conditions, Journal of Bioscience and
Bioengineering, 113(1), 88-
98. https://doi.org/10.1016/j.jbiosc.2011.08.022

Hong, WX, Haebe, S, Lee, AS, Westphalen, CB, Norton, JA,
Jiang, W and Levy, R (2020) Intratumoral
immunotherapy for early-stage solid tumors, Clinical
Cancer Research, 26(13), 3091-

www.ijlsci.in

Int. J. of Life Sciences, Volume 14 (1) 2026

3099. https://doi.org/10.1158/1078-0432.CCR-19-
3642

Hozumi, N and Tonegawa, S (1976) Evidence for somatic
rearrangement of immunoglobulin genes coding for
variable and constant regions, Proceedings of the
National Academy of Sciences of the United States of
America, 73(10), 3628-
3632. https://doi.org/10.1073 /pnas.73.10.3628

Johansen, FE, Braathen, R and Brandtzaeg, P (2000) Role of ]
chain in secretory immunoglobulin formation,
Scandinavian Journal of Immunology, 52(3), 240-
248. https://doi.org/10.1046/j.1365-
3083.2000.00790.x

Jones, D, Kroos, N, Anema, R, van Montfort, B, Vooys, A, van
der Kraats, S, van der Helm, E, Smits, S, Schouten, ],
Brouwer, K, Lagerwerf, F, van Berkel, P, Opstelten, D-],
Logtenberg, T and Bout, A (2003) High-level expression
of recombinant IgG in the human cell line per.c6,
Biotechnology Progress, 19(1), 163-
168. https://doi.org/10.1021 /bp025574h

Kaul, M and Loos, M (1997) Dissection of C1q Capability of
Interacting with IgG: TIME-DEPENDENT FORMATION
OF A TIGHT AND ONLY PARTLY REVERSIBLE
ASSOCIATION, Journal of Biological Chemistry,
272(52), 33234-
33244. https://doi.org/10.1074/jbc.272.52.33234

Kelow, SP, Adolf-Bryfogle, ] and Dunbrack, RL (2020) Hiding
in plain sight: Structure and sequence analysis reveals
the importance of the antibody DE loop for antibody-

antigen binding, mAbs, 12(1),
1840005. https://doi.org/10.1080/19420862.2020.18
40005

Klimovich, VB (2011) IgM and its receptors: Structural and
functional aspects, Biochemistry, 76(5), 534-
549. https://doi.org/10.1134/S0006297911050038

Krapp, S, Mimura, Y, Jefferis, R, Huber, R and Sondermann,
P (2003) Structural analysis of human IgG-Fc
glycoforms reveals a correlation between glycosylation
and structural integrity, Journal of Molecular Biology,
325(5), 979-989. https://doi.org/10.1016/s0022-
2836(02)01250-0

Kunert, R and Reinhart, D (2016) Advances in recombinant
antibody manufacturing, Applied Microbiology and
Biotechnology, 100, 3451-
3461. https://doi.org/10.1007/s00253-016-7388-9

Li, Y, Wang, G, Li, N, Wang, Y, Zhu, Q, Chu, H, Wu, W, Tan, Y,
Yu, F, Su, X-D, Gao, N and Xiao, ] (2020) Structural
insights into immunoglobulin M, Science, 367(6481),
1014-1017. https://doi.org/10.1126/science.aaz5425

Liu, H and May, K (2012) Disulfide bond structures of IgG
molecules, mAbs, 4(1), 17-
23. https://doi.org/10.4161/mabs.4.1.18347

Lu, Y and Zhao, F (2025) Strategies to overcome tumour
relapse caused by antigen escape after CAR T therapy,
Molecular Cancer, 24(1),
126. https://doi.org/10.1186/s12943-025-02334-6

Melixetian, MB, Pavlenko, MA, Beriozkina, EV, Kovaleva, ZV,
Sorokina, EA, Ignatova, TN and Grinchuk, TM (2003)
Mouse myeloma cell line Sp2/0 multidrug-resistant

|11


http://www.ijlsci.in/
https://doi.org/10.1051/medsci/2019218
https://doi.org/10.1126/science.1248943
https://doi.org/10.1074/jbc.M709988200
https://doi.org/10.1073/pnas.63.1.78
https://doi.org/10.1093/intimm/9.8.1149
https://doi.org/10.1038/221145a0
https://doi.org/10.1021/bi00165a014
https://doi.org/10.1074/jbc.M307764200
https://doi.org/10.1021/bi962514+
https://doi.org/10.1016/j.jbiosc.2011.08.022
https://doi.org/10.1158/1078-0432.CCR-19-3642
https://doi.org/10.1158/1078-0432.CCR-19-3642
https://doi.org/10.1073/pnas.73.10.3628
https://doi.org/10.1046/j.1365-3083.2000.00790.x
https://doi.org/10.1046/j.1365-3083.2000.00790.x
https://doi.org/10.1021/bp025574h
https://doi.org/10.1074/jbc.272.52.33234
https://doi.org/10.1080/19420862.2020.1840005
https://doi.org/10.1080/19420862.2020.1840005
https://doi.org/10.1134/S0006297911050038
https://doi.org/10.1016/s0022-2836(02)01250-0
https://doi.org/10.1016/s0022-2836(02)01250-0
https://doi.org/10.1007/s00253-016-7388-9
https://doi.org/10.1126/science.aaz5425
https://doi.org/10.4161/mabs.4.1.18347
https://doi.org/10.1186/s12943-025-02334-6

Alexander Destefano, 2026

variant as parental cell line for hybridoma
construction, Hybridoma and Hybridomics, 22(5), 321-
327. https://doi.org/10.1089/153685903322538854

Merle, NS, Church, SE, Fremeaux-Bacchi, V and Roumenina,
LT (2015) Complement System Part I - Molecular
Mechanisms of Activation and Regulation, Frontiers in
Immunology, 6,
262. https://doi.org/10.3389 /fimmu.2015.00262

Michaelsen, TE, Frangione, B and Franklin, EC (1977)
Primary structure of the "hinge" region of human IgG3.
Probable quadruplication of a 15-amino acid residue
basic unit, Journal of Biological Chemistry, 252(3),

883-889.

Mileticc, VD and Frank, MM (1995) Complement-
immunoglobulin interactions, Current Opinion in
Immunology, 7(1), 41-

47. https://doi.org/10.1016/0952-7915(95)80027-1

Morrison, SL and Koshland, ME (1972) Characterization of
the ] Chain from Polymeric Immunoglobulins,
Proceedings of the National Academy of Sciences of the
United  States of  America, 69(1), 124-
128. https://doi.org/10.1073 /pnas.69.1.124

Mortensen, SA, Sander, B, Jensen, RK, Pedersen, ]S, Golas,
MM, Jensenius, JC, Hansen, AG, Thiel, S and Andersen,
GR (2017) Structure and activation of C1, the complex
initiating the classical pathway of the complement
cascade, Proceedings of the National Academy of
Sciences, 114(5), 986-
991. https://doi.org/10.1073 /pnas.1616998114

Miiller, R, Griwert, MA, Kern, T, Madl, T, Peschek, ], Sattler,
M, Groll, M and Buchner, ] (2013) High-resolution
structures of the IgM Fc domains reveal principles of its
hexamer formation, Proceedings of the National
Academy of Sciences of the United States of America,
110(25), 10183-
10188. https://doi.org/10.1073 /pnas.1300547110

Noris, M and Remuzzi, G (2013) Overview of Complement
Activation and Regulation, Seminars in Nephrology,

33(6), 479-
492. https://doi.org/10.1016/j.semnephrol.2013.08.00
1

Olson, BM and McNeel, DG (2012) Antigen loss and tumor-
mediated immunosuppression facilitate tumor
recurrence, Expert Review of Vaccines, 11(11), 1315-
1317. https://doi.org/10.1586 /erv.12.107

Oskam, N, Ooijevaar-de Heer, P, Derksen, NIL, Kruithof, S, de
Taeye, SW, Vidarsson, G, Reijm, S, Kissel, T, Toes, REM
and Rispens, T (2022) At Critically Low Antigen
Densities, IgM Hexamers Outcompete Both IgM
Pentamers and IgGl for Human Complement
Deposition and Complement-Dependent Cytotoxicity,
Journal of Immunology, 209(1), 16-
25. https://doi.org/10.4049 /jimmunol.2101196

Pan, S, Manabe, N and Yamaguchi, Y (2021) 3D Structures of
IgA, IgM, and Components, International Journal of

Molecular Sciences, 22(23),
12776. https://doi.org/10.3390/ijms222312776
Papavasiliou, FN and Schatz, DG (2002) Somatic

Hypermutation of Immunoglobulin Genes: Merging

Mechanisms for Genetic Diversity, Cell, 109(2), S35-
S44. https://doi.org/10.1016/S0092-8674(02)00706-
7

Perelson, AS and Wiegel, FW (1979) A calculation of the
number of IgG molecules required per cell to fix
complement, Journal of Theoretical Biology, 79(3),
317-332. https://doi.org/10.1016/0022-

5193(79)90349-7

Porter, RR (1959) The hydrolysis of rabbit y-globulin and
antibodies with crystalline papain, Biochemical Journal,
73(1), 119-127. https://doi.org/10.1042 /bj0730119

Randall, TD, Parkhouse, RME and Corley, RB (1992) ] Chain
Synthesis and Secretion of Hexameric IgM is
Differentially Regulated by Lipopolysaccharide and
Interleukin 5, Proceedings of the National Academy of
Sciences of the United States of America, 89(3), 962-
966. https://doi.org/10.1073 /pnas.89.3.962

Rawal, N and Pangburn, MK (2003) Formation of high
affinity C5 convertase of the classical pathway of
complement, Journal of Biological Chemistry, 278(40),
38476-

38483. https://doi.org/10.1074/jbc.M307017200

Ricklin, D, Hajishengallis, G, Yang, K and Lambris, JD (2010)
Complement: A key system for immune surveillance
and homeostasis, Nature Immunology, 11(9), 785-
797. https://doi.org/10.1038/ni.1923

Rojas, R and Apodaca, G (2002) Immunoglobulin transport
across polarized epithelial cells, Nature Reviews
Molecular Cell Biology, 3(12), 944—
955. https://doi.org/10.1038/nrm972

Roumenina, LT, Kantardjiev, AA, Atanasov, BP, Waters, P,
Gadjeva, M, Reid, KBM, Mantovani, A, Kishore, U and
Kojouharova, MS (2005) Role of Ca2+ in the
Electrostatic Stability and the Functional Activity of the
Globular Domain of Human C1q, Biochemistry, 44(43),
14097-14109. https://doi.org/10.1021/bi051186n

Saphire, EO, Parren, PWHI, Pantophlet, R, Zwick, MB, Morris,
GM, Rudd, PM, Dwek, RA, Stanfield, RL, Burton, DR and
Wilson, IA (2001) Crystal structure of a neutralizing
human IGG against HIV-1: A template for vaccine
design, Science, 293(5532), 1155-
11509. https://doi.org/10.1126 /science.1061692

Scapin, G, Yang, X, Prosise, WW, McCoy, M, Reichert, P,
Johnston, JM, Kashi, RS and Strickland, C (2015)
Structure of full-length human anti-PD1 therapeutic
IgG4 antibody pembrolizumab, Nature Structural &
Molecular Biology, 22(12), 953-
958. https://doi.org/10.1038/nsmb.3129

Schroeder, HW and Cavacini, L (2010) Structure and function
of immunoglobulins, Journal of Allergy and Clinical
Immunology, 125(2), S41-
S52. https://doi.org/10.1016/j.jaci.2009.09.046

Sharp, TH, Boyle, AL, Diebolder, CA, Kros, A, Koster, A] and
Gros, P (2019) Insights into IgM-mediated complement
activation based on in situ structures of IgM-C1-C4b,
Proceedings of the National Academy of Sciences of the
United States of America, 116(24), 11900-
11905. https://doi.org/10.1073 /pnas.1901841116

12| Int. J. of Life Sciences, Volume 14 (1) 2026


https://doi.org/10.1089/153685903322538854
https://doi.org/10.3389/fimmu.2015.00262
https://doi.org/10.1016/0952-7915(95)80027-1
https://doi.org/10.1073/pnas.69.1.124
https://doi.org/10.1073/pnas.1616998114
https://doi.org/10.1073/pnas.1300547110
https://doi.org/10.1016/j.semnephrol.2013.08.001
https://doi.org/10.1016/j.semnephrol.2013.08.001
https://doi.org/10.1586/erv.12.107
https://doi.org/10.4049/jimmunol.2101196
https://doi.org/10.3390/ijms222312776
https://doi.org/10.1016/S0092-8674(02)00706-7
https://doi.org/10.1016/S0092-8674(02)00706-7
https://doi.org/10.1016/0022-5193(79)90349-7
https://doi.org/10.1016/0022-5193(79)90349-7
https://doi.org/10.1042/bj0730119
https://doi.org/10.1073/pnas.89.3.962
https://doi.org/10.1074/jbc.M307017200
https://doi.org/10.1038/ni.1923
https://doi.org/10.1038/nrm972
https://doi.org/10.1021/bi051186n
https://doi.org/10.1126/science.1061692
https://doi.org/10.1038/nsmb.3129
https://doi.org/10.1016/j.jaci.2009.09.046
https://doi.org/10.1073/pnas.1901841116

IgM Hexamers Utilization Over IgM Pentamers and IgG Monomers with Complement-Dependent Cytotoxicity.

Sitia, R, Neuberger, M, Alberini, C, Bet, P, Fra, A, Valetti, C,
Williams, G and Milstein, C(1990) Developmental
regulation of IgM secretion: The role of the carboxy-
terminal cysteine, Cell, 60(5), 781-
790. https://doi.org/10.1016/0092-8674(90)90092-S

Spiteri, VA, Goodall, M, Doutch, ], Rambo, RP, Gor, ] and
Perkins, SJ(2021) Solution structures of human
myeloma IgG3 antibody reveal extended Fab and Fc
regions relative to the other IgG subclasses, Journal of
Biological Chemistry, 297(3),
100995. https://doi.org/10.1016/j.jbc.2021.100995

van Osch, TL], Nouta, ], Derksen, NIL, van Mierlo, G, van der
Schoot, CE, Wuhrer, M, Rispens, T and Vidarsson,
G (2021) Fc Galactosylation Promotes Hexamerization
of Human IgGl, Leading to Enhanced Classical
Complement Activation, Journal of Immunology,
207(6), 1545-
1554. https://doi.org/10.4049 /jimmunol.2100399

Venkatraman Girija, U, Gingras, AR, Marshall, JE, Panchal, R,
Sheikh, MA, Harper, JA], Gal, P, Schwaeble, W], Mitchell,
DA, Moody, PCE and Wallis, R (2013) Structural basis of
the Clq/Cls interaction and its central role in
assembly of the C1 complex of complement activation,
Proceedings of the National Academy of Sciences,
110(34), 13916-
13920. https://doi.org/10.1073 /pnas.1311113110

Vidarsson, G, Dekkers, G and Rispens, T (2014) IgG
Subclasses and Allotypes: From Structure to Effector
Functions, Frontiers in Immunology, 5,
520. https://doi.org/10.3389 /fimmu.2014.00520

Walport, MJ (2001) Complement. First of two parts, New
England Journal of Medicine, 344(14), 1058-
1066. https://doi.org/10.1056/NE[M2001040534414
06

Wang, G, de Jong, RN, van den Bremer, ETJ, Beurskens, FJ,
Labrijn, AF, Ugurlar, D, Gros, P, Schuurman, ], Parren,
PWHI and Heck, AJR(2016) Molecular Basis of
Assembly and Activation of Complement Component
C1 in Complex with Immunoglobulin G1 and Antigen,
Molecular Cell, 63(1), 135-
145. https://doi.org/10.1016/j.molcel.2016.05.016

Weiss, V, Fauser, C and Engel, ] (1986) Functional model of
subcomponent C1 of human complement, Journal of
Molecular Biology, 189(3), 573-
581. https://doi.org/10.1016/0022-2836(86)90325-6

Wiersma, EJ, Chen, F, Bazin, R, Collins, C, Painter, RH,
Lemieux, R and Shulman, M] (1997) Analysis of IgM
structures involved in ] chain incorporation, Journal of
Immunology, 158(4), 1719-1726.

Zeller, ], Cheung Tung Shing, KS, Nero, TL, McFadyen, D,
Krippner, G, Bogner, B, Kreuzaler, S, Kiefer, ], Horner,
VK, Braig, D, Danish, H, Baratchi, S, Fricke, M, Wang, X,
Kather, MG, Kammerer, B, Woollard, K], Sharma, P,
Morton, C], Parker, MW, ... Eisenhardt, SU (2022) A
novel phosphocholine-mimetic inhibits a
pro-inflammatory conformational change in C-reactive
protein, EMBO Molecular Medicine, 15(1),
e16236. https://doi.org/10.15252 /emmm.202216236

Zwarthoff, SA, Widmer, K, Kuipers, A, Strasser, ], Ruyken, M,
Aerts, PC, de Haas, CJC, Ugurlar, D, den Boer, MA,

www.ijlsci.in

Vidarsson, G, van Strijp, JAG, Gros, P, Parren, PWHI, van
Kessel, KPM, Preiner, ], Beurskens, F], Schuurman, J,
Ricklin, D and Rooijakkers, SHM (2021) C1q binding to
surface-bound IgG is stabilized by C1lr2s2 proteases,
Proceedings of the National Academy of Sciences of the

United States of America, 118(26),
€2102787118. https://doi.org/10.1073/pnas.2102787
118.

© The Author(s) 2026

Publisher’s Note
IJLSCI remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Int. J. of Life Sciences, Volume 14 (1) 2026 | 13


http://www.ijlsci.in/
https://doi.org/10.1016/0092-8674(90)90092-S
https://doi.org/10.1016/j.jbc.2021.100995
https://doi.org/10.4049/jimmunol.2100399
https://doi.org/10.1073/pnas.1311113110
https://doi.org/10.3389/fimmu.2014.00520
https://doi.org/10.1056/NEJM200104053441406
https://doi.org/10.1056/NEJM200104053441406
https://doi.org/10.1016/j.molcel.2016.05.016
https://doi.org/10.1016/0022-2836(86)90325-6
https://doi.org/10.15252/emmm.202216236
https://doi.org/10.1073/pnas.2102787118
https://doi.org/10.1073/pnas.2102787118

