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CAD is a complement The Mechanism
disease before itis a

hemolytic one. THE SWITCH THE FORCE

- : IgM Antibod Complement System
The conventional view focuses on the (Ig ) (Comp ystem)

antibody. The modern view focuses on Triggers

the engine. ¥ ﬁ
The core thesis: The antibody initiates

the process, but complement determines
the phenotype. Understanding this biology
explains why the disease is chronic, why
steroids fail, and why proximal

inhibition is effective.

________________

Clinical Implication: The quantity of antibody matters less than the efficiency of the
complement cascade it triggers.



The Initiation: Kinetics of the Start

IgM and C1 Engagement _ . el
In primary CAD, the pathogenic antibody is

almost always IgM. IgM is uniquely

lgG Monomer \‘(/ efficient; its pentameric structure allows it
to trigger activation even at low antibody
densities.

Mechanism: Binding to the RBC surface
Conformational causes a structural shift in IgM, exposing

IgM Pentamer
Change C1q binding sites. This recruits Cir and Cis.

(landing)

Thermal Factor: This binding is
thermodynamically favored at lower
temperatures (peripheral circulation).

Clinical Implication: The disease begins with a structural change in the antibody that
makes it a perfect docking station for C1.




Classical Pathway Dominance and Amplification

Input: Output:
C1 Activation C3 Cleavage

~
Amplification The C3 Output:
C1s cleaves Convertase Cleavage
C4 & C2 (C4b2a)

The Point of No Return.
Once formed, the system is
committed to self-propagation.

The Classical Pathway
is the primary driver in
CAD. Alternative and
Lectin pathways are not
the initiators.

Once C1s forms the C3
convertase, the cascade
proceeds rapidly,
independent of the
original antibody
trigger. This is the
engine of the disease.

Clinical Implication: Once the C3 convertase is formed, the cascade proceeds

rapidly, independent of the original antibody trigger.



The ‘Hit-and-Run’ Mechanism: Complement Has Memory

Periphery / Cold Core / Warm

Phase 1: IgM binds,
»~ Clactivates.

Phase 2:
[gM dissociates upon warming. —»
C3b remains covalently fixed.

Periphery / Cold Core / Warm

[gM binding is transient and temperature-dependent. Complement deposition (C3b) is permanent and covalent.
Hemolysis continues after rewarming because the cells remain opsonized even after the antibody is gone.

Clinical Implication: Disease activity persists despite cold avoidance

because the complement “tag” remains on the cell.




The Effector: C3 Deposition and
Extravascular Hemolysis

The dominant event in CAD is :
1zati ' lations:
Opsonization, not Lysis. _G3b S OORFITRPIL;

- Chronic,
compensated
hemolysis

- Modest

Mechanism: C3 convertase
cleaves C3 into C3a and C3b.
The C3b fragment coats the red
blood cell. This ‘tag’ marks the
cell for removal.

LDH/Bilirubin
elevation

- Low
Haptoglobin

Clearance: These opsonized cells 7
dare recogniZEd by Macmphages Kupffer Cell
(Kupffer cells) in the liver.

- Phagocytosis
(Extravascular Hemolysis)




Why Intravascular Lysis is Limited (But Possible)

Regulatory Balance: The Exception:
MAC-mediated lysis In severe disease
is usually limited by or acute

efficient regulation exacerbations,
(CD55/CD59) on the high complement
RBC surface. activity can
Furthermore, overwhelm these
opsonized cells are regulators,
usually cleared by leading to

the liver before the “breakthrough”
MAC can fully form. intravascular

hemolysis.




Systemic Impact: Beyond Red Cell Clearance

The Hemolytic Path
Clinical red
blood cell
C3b Phagocytosis
c3b (Extravascular
Hemolysis)
Kupffer cell
(macrophage)

The Inflammatory Path

Endothelial cells
Coa (Anaphylatoxins)

C3a Q
J

>

Mechanism:

Complement activation releases
potent inflammatory mediators
(anaphylatoxins C3a and C5a).
These cause endothelial
activation and microvascular
dysfunction.

Patient Experience:

- Fatigue out of proportion to
anemia

- Cold-induced pain

- Circulatory symptoms

Clinical Implication: CAD is a systemic complement-mediated state, not just a red blood

cell count problem.




The Failure of Standard Care: Why Steroids Don’t Work

Warm AIHA Cold Agglutinin Disease

lgG Mediated IlgM/Complement
W ) o : | The Mismatch:

Corticosteroids suppress
} 1gG binding IgMbinding  Fc-mediated clearance and
lgG inflammation. They
| ¥ have little impact on

C3b complement activation or

‘8 Deposition  the clonal production of
IgM.
Hacetic Therefore, steroids do not

W Clearance meaningfully interrupt the
l } CAD disease pathway.

Corticosteroids

Fc-Receptor
Clearance

<

(Spleen)

Corticosteroids

EFFECTIVE c mmml)> INEFFECTIVE

Clinical Implication: Treating CAD with steroids is targeting the wrong biology.



Therapeutic Logic: Precision Upstream Inhibition

Proximal Inhibition

(C1s Blockade)
Input: C4/C2
C1 Activation Cleavage

—

C3
Convertase

<

Opsonization
(C3b Deposition)

Mechanism of Action:

1. Targets C1s to block the classical
pathway at the initiation point.

2. Prevents the formation of C3
convertase.

3. Halts downstream C3 deposition,
extravascular hemolysis, and
anaphylatoxin production.

The ‘Clean’ Circuit: Proximal
inhibition works because CAD is
classical-pathway dependent. This
approach halts the disease driver
while preserving the Alternative
Pathway for immune defense.

Clinical Implication: Stopping the cascade at C1s prevents both extravascular hemolysis

and anaphylatoxin generation.




Mechanism as Destiny

INITIATION AMPLIFICATION PHENOTYPE

The Switch. The Force. The Consequence.

“Severity, chronicity, symptoms, and treatment response are
shaped less by how much antibody is present than by how
efficiently complement is activated and sustained.”

Reference: Aird, W. “Complement Biology in Cold Agglutinin Disease.”



