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Antibody-mediated lung 
damage
Surface-bound antigen-antibody com-
plexes can initiate the proteolytic cascade 
of complement by binding to and activat-
ing the C1 complex, which is known as the 
classical pathway of complement activa-
tion (1). Antibody-dependent complement 
activation requires binding of one Fab 
arm to the target with the other remain-
ing free, thereby allowing the formation 
of IgG hexameric Fc platforms (2). IgG 
subclass members IgG1 and IgG3 and IgM 
are known to activate complement via C1q 
binding to their Fc region (3). IgA lacks a 
site for C1q binding but is still able to acti-
vate the complement cascade via the man-
nose-binding lectin pathway (4). Binding 
of C1q to a surface results in the activation 
and assembly of two copies each of the ser-
ine proteases C1r and C1s (5), which can 
cleave C4 to C4b (and C4a), and C2 to C2b 
(and C2a), thus forming the C3 convertase 
(C4bC2b, formerly referred to as C4bC2a) 

(6). The C3 convertase cleaves C3, which 
generates C3a, an anaphylatoxin that is 
also a potent inflammatory mediator (7). 
Importantly, addition of a C3b to the C3 
convertase forms the C5 convertase, lead-
ing to a membrane attack complex (MAC) 
that can perturb membranes and result in 
cell lysis (Figure 1) (8).

Although antibody-mediated lung 
damage is a major contributing factor 
in transfusion-related acute lung injury 
(TRALI) (9), autoimmune lung disease (for 
example, coatomer subunit α [COPA] syn-
drome) (10), as well as primary graft dys-
function (PGD) occurring after lung trans-
plantation (11), the mechanism by which 
antigen-antibody complexes activate the 
complement system to induce lung dam-
age remains unclear. A theory that has 
increasingly gained traction involves the 
formation of IgG hexamers from IgG1 
and IgG3 antibodies on antigenic surfac-
es by Fc-domain interactions that result 
in complement activation and increased 

deposition on these target surfaces (2, 12). 
Whether this hexamer assembly explains 
alloantibody-mediated lung damage in 
vivo has been an unanswered question in 
the field.

Antibody hexamerization 
in complement-mediated 
alloimmune acute lung injury
In this issue of the JCI, Cleary et al. utilized 
several approaches to demonstrate that 
IgG forms hexamers with MHC-I Class I 
alloantibodies, and this hexamerization is 
required for complement-mediated allo-
immune acute lung injury (ALI) (13). They 
used multiple orthogonal approaches to 
block hexamerization, such as antibody 
carbamylation, the knockin mutation 
K439E in the Fc region, and a treatment 
with domain B from Staphylococcal pro-
tein A, all of which reduced alloantibody- 
mediated ALI. Conversely, mutations in 
the Fc region that promoted hexameriza-
tion worsened this phenotype. Utilizing 
C1q-deficient mice, the authors demon-
strated a key role of the classical pathway 
of complement in the pathophysiology of 
their model. Additionally, they pinpointed 
the specific location of antibody-mediat-
ed complement deposition, specifically 
on the pulmonary endothelium. Finally, 
in an elegant lung injury model involving 
the administration of 34-1-2S, a mono-
clonal antibody that preferentially binds 
MHC class I antigens, the authors demon-
strated a causal relationship between IgG 
hexamerization and lung damage. They 
administered 34-1-2S to transgenic mice 
expressing human FCGR2A, and then 
used a recombinant Fc hexamer “decoy” 
therapeutic. This study, therefore, con-
vincingly demonstrates that IgG hexamer-
ization is required for alloantibody-medi-
ated ALI. Additionally, the study provides 
unique therapeutic avenues for an oth-
erwise hard-to-treat critical illness, the 
current treatment of which is primarily 
supportive. Thus, the study by Cleary et al. 
(13) not only provides a unique opportuni-

  Related Article: https://doi.org/10.1172/JCI178351

Conflict of interest: The author has declared that no conflict of interest exists.
Copyright: © 2024, Kulkarni et al. This is an open access article published under the terms of the Creative Commons 
Attribution 4.0 International License.
Reference information: J Clin Invest. 2024;134(11):e181137. https://doi.org/10.1172/JCI181137.

Although antibody-mediated lung damage is a major factor in transfusion-
related acute lung injury (ALI), autoimmune lung disease (for example, 
coatomer subunit α [COPA] syndrome), and primary graft dysfunction 
following lung transplantation, the mechanism by which antigen-antibody 
complexes activate complement to induce lung damage remains unclear. 
In this issue of the JCI, Cleary and colleagues utilized several approaches 
to demonstrate that IgG forms hexamers with MHC class I alloantibodies. 
This hexamerization served as a key pathophysiological mechanism in 
alloimmune lung injury models and was mediated through the classical 
pathway of complement activation. Additionally, the authors provided 
avenues for exploring therapeutics for this currently hard-to-treat clinical 
entity that has several etiologies but a potentially focused mechanism.
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tion (15). Yet, susceptible hosts (in this 
case, hFCGR2A-transgenic mice) became 
more hypoxemic than did their littermates 
in the setting of alloantibody-mediated 
damage and often died before pulmonary 
edema developed, suggesting that limit-
ing microvascular lung perfusion is a key 
component of this model. Moreover, these 
susceptible hosts often had increased leu-
kocyte recruitment into their lungs, and 
thus the survivors may have developed 
worse pulmonary edema (13).

Therefore, this model of alloimmune 
lung damage — occurring within minutes 
to hours of an 34-1-2S injection — creates 
an opportunity to investigate not only 
when complement activation occurs, but 
also when it terminates. The determining 
factors of its termination (for example, 
regulatory proteins), its interplay with neu-
trophil recruitment and alveolar-capillary 
barrier disruption, and how complement 
ties into the resolution of alloimmune 
lung injury are questions requiring further 

matory injury of the endothelium that 
increases lung vascular permeability (13). 
The authors have previously shown that 
complement activation, as demonstrat-
ed by C3 deposition, occurs within five 
minutes of the inciting event, with com-
plement-dependent intravascular platelet 
and neutrophil responses observed with-
in five to ten minutes of 34-1-2S injection 
(14). The work by Cleary et al. advances 
our understanding of the pathophysiology 
of alloantibody-mediated damage, in that 
pulmonary edema was detectable around 
15 minutes after 34-1-2S injection, which 
follows the onset of intravascular plate-
let and neutrophil responses (13). Clas-
sical complement activation continued 
for several hours after the inciting event, 
and its footprint remained even after 
the vascular permeability had resolved 
(e.g., at 24 hours) (13), which is consistent 
with the hallmarks of a different disease, 
C4d-positive, antibody-mediated rejec-
tion (AMR) following lung transplanta-

ty to reflect on our current understanding 
of alloantibody-mediated lung injury, but 
also generates key questions as to how we 
may be able to design subsequent studies 
to translate therapeutics from preclinical 
models of complement-dependent alloim-
mune lung injury to patient care.

The time course of 
complement activation  
in alloimmune ALI
Given that IgG hexamerization induces 
alloantibody-mediated lung damage via 
activation of the classical pathway of com-
plement, understanding the time course 
for initiation of complement activation 
and injury is important in this disease. The 
pathophysiology of the ALI model used by 
Cleary et al. has two major components 
— an early component, occurring within 
minutes, related to intravascular platelet 
and neutrophil responses that can limit 
lung microvascular perfusion, and a fol-
lowing, later component involving inflam-

Figure 1. Alloantibodies induce complement-mediated lung injury. C1q binds to the Fc region of IgG hexamers on a pulmonary endothelial surface, result-
ing in the activation and assembly of two copies each of the serine proteases C1r and C1s, thus forming a C1 complex. The C1 complex cleaves C4 to C4b on a 
surface, which is processed to C4d and remains covalently bound. C4b, along with C2b, forms a C3 convertase. C3 convertase cleaves C3, releasing C3a into 
the fluid phase, while C3b and C3d remain bound to the cell surface, amplifying the cascade and forming the C5 convertase, which eventually facilitates the 
formation of the MAC (aka C5b-9). MAC disrupts endothelial integrity, resulting in vascular leak. At the same time, chemokines and anaphylatoxins, such as 
C3a and C5a, result in neutrophil activation. Subsequent neutrophil degranulation and the formation of NETs perpetuate injury. This ongoing injury results in 
moderate-to-severe lung damage, which, in its worst form, is characterized by histologic evidence of injury (such as septal thickening and hyaline mem-
branes in humans), pulmonary inflammation, alveolar-capillary barrier disruption, and physiologic dysfunction, such as impaired gas exchange.



The Journal of Clinical Investigation   C O M M E N T A R Y

3J Clin Invest. 2024;134(11):e181137  https://doi.org/10.1172/JCI181137

to-treat clinical entity that has several 
etiologies but a potentially focused mech-
anism. The field of lung injury eagerly 
awaits such personalized therapeutics to 
mitigate the short-term and long-term 
consequences of acute respiratory dis-
tress syndrome, as we begin to better 
understand many of its etiologies.
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