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The Mechanics of Von Willebrand Factor

Why size, force, and cleavage determine hemostatic behavior
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VWEF is not simply present or absent. Itis a
a force-responsive mechanical system in moving blood. |
Function is determined by size, force, and cleavage. A P OSED)
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The Hemostatic Paradox
of Circulating Blood
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How does VWF remain adhesive enough to stop bleeding, but regulated enough to avoid thrombosis?
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1. Size 2. Force 3. Cleavage
(Multimer Architecture) (Shear-Induced Activation) (ADAMTS13 Editing)
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Pillar 1: Multimer Size
- is a Physiologic Property
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The largest multimers are
functionally different. They create
massive, multivalent adhesive
platforms capable of tethering
platelets moving at high speed.
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A patient can have a fully normal
VWF quantity (antigen level) but
still bleed because they lack the
hemostatically critical size
(high-molecular-weight multimers).

Quantity does not equal capacity.
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Pillar 2: The Mechanosensor Designed to Feel the Bloodstream

Low Shear State - Key Concept Box
Platelet-binding
domains are Hydrodynamic force turns VWF ON.
physically hidden _ ;
within the structure Tension alters conformation,
converting a safe, coiled circulating
protein into an active adhesive string
precisely where flow accelerates
(injury sites and microcirculation).
High Shear State ——




Pillar 3: ADAMTS13 Trims Only What is Stretched

ADAMTS13

The Hinge

The A2 domain acts as a
force-sensitive hinge.

Under tension, it preferentially unfolds.
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The Editor

N

A2 domain: Lacks
stabilizing disulfide
bond.
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. ADAMTS13 is a size editor. 3

The protease does not attack coiled

- VWF. It relies on substrate exposure.

- Force makes VWF cleavable,
allowing ADAMTS13 to trim

dangerously adhesive ultralarge

strings down to safe, circulating sizes.




The Self-Regulating
Architecture of Hemostasis

Largest multimers
are the most inherently
adhesive.

Their massive size
makes them experience
the most shear force.

Cleavage reduces size,
abruptly dropping
adhesive potential.

The molecules most capable
of causing thrombosis are
precisely the ones most
likely to be trimmed.
Shear turns VWF ON, and
shear turns it DOWN.

Exposed A2 invites
ADAMTS13 cleavage.

Excessive force violently
unfolds the A2 domain.



A Single Mechanical Axis
Connects Distinct Diseases
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Inherited Structural Failures:
The Type 2 Variants

Variant The Mechanical Defect The Phenotype

Convergent structural loss of —> Fo
2 A high-molecular-weight multimers T,
ype (due to assembly, secretion, or
excessive ADAMTS13 susceptibility).

Bleeding.

Hyperadhesion (increased affinity o .

Typ e 2 B for GPlba). The resulting VWF- VWE Paradoxical Bleedinig
platelet complexes are cleared § & Thrombocytopenia.
from circulation. =

Multimers are normal size but

Type 2M functionally blind (abnormal '%. |—X D Bleeding.

GPIb/collagen interaction).

> e W

Hemophilia A-like FVIII
(reduced FVIII).

b

Orthogonal to the shear axis.
Type 2N Impaired FVIII binding.




Acquired Defects: Changing the Flow
Changes the Protein
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Heyde Syndrome \ o

The Mechanism \

Nonphysiologic mechanical forces cause massive VWF

vy
. x unfolding, leading to excessive ADAMTS13 cleavage and
an acquired Type-2A-like defect.

Links aortic stenosis to Gl bleeding from mucosal angiodysplasia
Q ‘ (which requires large multimers to clot), Fixing the valve treats
the bleeding by removing the mechanical driver.




TTP: The Thrombotic Edge of the System

Uncleaved Ultralarge

Microvessel

Endothelium N
l AP

VWEF Strings
L | |

i '-\.\_\_H-\-\-.

— P

T =

-

Platelet Aggregation —— ——— RBC Fragmentation

& Thrombus

(Hemolysis)

Pathophysiology

Severe deficiency of ADAMTS13.
The crucial regulatory “trimming”
fails to occur.

The Result

Uncleaved ultralarge VWF persists.
Platelets bind relentlessly under shear,
forming microvascular thrombi leading
to thrombocytopenia, hemolysis, and

organ injury.

Key Insight

TTP is not simply “too much clotting.”

It is the catastrophic failure to restrain
a mechanically activated protein.




The Inherent Limits of the Laboratory'

The Lab
(L 10

Shear Gradients, Elongational Flow, Thrombin
Generation, Local ADAMTS13 Regulation

+ Assays attempt to translate force-dependent
biology into static, isolated numbers. * VWEF is context-sensitive: levels fluctuate with
inflammation, stress, age, and blood group.

Static, Simplified Flow
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The clinician must interpret assays as structural approximations,
not direct replicas of in vivo hemostasis.




Diagnostic Interpretation Matrix

Measures Quantity: How much raw

Laboratory Assay Mechanical Translation

=1 VWEF Antigen —> g
rotein is present?
Al ; i =
r Measures Function: Can the active
7 Platelet-Dependent Activity / RIPA conformation bind platelet GPIb?
Tas X
Measures Size: Are the highly
— Collagen Binding & Multimer Analysis —— adhesive, high-molecular-weight
Y multimers physically present? Tt:
15 _ _ The structural clue: Distinguishes a
== Activity-to-Antigen Ratio —>  quantitative shortage froma
by 3 qualitative mechanical defect. =
= o Measures Carrier Function:
— FVIII Binding Assay Lo < dentifies Type 2N.
L = .




Treatment Logic Dictated by Mechanics_
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Mechanism Intervention

Mechanism: Endogenous Storage Block Intervention: Desmopressin

o D/u VWF e
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' Forces release of stored VWF

(including large multimers) into
circulation.
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Mechanism: Missing/Dysfunctional Structure Interventien' VWF Concentrates
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/—o Replaces the exact mechanical
forms required (watch multimer
CF@ distribution/FVIII content).

Intervention: Valve Replacement
* = = - ——— Treats the mechanical driver;
“ ° *  stops the pathological unfolding
g b /D/ and excessive shearing.

Intervention: Plasma Exchange / ADAMTS‘I 3 ]
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Mechanism: Acquired Sheer Lesion (Heyde's)

|

|

2 .# i!, Restores the missing "size
e—o—' oo |.ocn lec—e editor’ to cut the pathological

4 % ‘*j, adhesive strings.




Clinical Application: When Normal Antigen Still Bleeds

2 Patient Profile Card | Why is he bleeding if VWF
quantity is normal?
TR——— —,

@) Profile: 78-year-old man,
severe aortic stenosis,
recurrent melena (Gl bleed
from angiodysplasia).

& Labs:

- Normal VWF Antigen

:%& 2. The Mechanics

High shear across the stenotic valve
over-stretches VWF = ADAMTS13
clears the largest multimers —
impaired high-shear adhesion at
mucosal lesions.

—- adequate quantity &®
ﬂ - Reduced Collagen-Binding

My - Loss of HMW Multimers

@ 3. The Lesson

Flow created the disease. To
treat the bleeding, the clinician
must treat the force.




Redefining the Mental Model

| VWE A2 hinge domain

aion

Function = Concentration +
Size + Force +Cleavage

Fun

Von Willebrand Factor is not a static clotting protein. It is a highly
calibrated mechanical system functioning in moving blood.



