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ignoring the full choreography of local injury.
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[Plasma sampling only captures the circulating fractiun,]

|><.< The clinical subtypes of von Willebrand Disease (VWD) are merely shorthand. The biology is the map.
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To diagnose it, we must ask: Where is it, what is it trying to do, and what happens when that job fails?




VWEF is not simply secreted; it is manufactured, folded, packed, and released.

Step 1: Endoplasmic Reticulum
(The Dimer)

Step 2: The Golg

(The Multimer)

Step 3: Weibel-Palade Bodies
(The Storage Unit)

Subunits form tail-to-tail
dimers via C-terminal

cystine-knot (CK) domains.

Dimers are linked head-to-
head into large multimers via
N-terminal disulfide bonding.

The VWF propeptide supports
trafficking into these
regulated storage granules,

ready for rapid release.

Clinical Insight: Defects at different steps produce distinct
VWD phenotypes. A low plasma VWF level might reflect poor

synthesis, incorrect folding, abnormal storage, or
impaired secretion.




At a site of vascular injury, the entire VWF lifecycle unfolds in a single environment.

— 2. Bind: — 3. Stretch: Elongational 6. Protect: Factor VIl 7. Trim:
VWF binds the flow stretches VWF, is delivered into the ADAMTS13 trims VWF
injured surface. changing its shape. hemostatic environment. as it unfolds under force.

5. Recruit: Additional
platelets are recruited
and aggregated.

4, Tether: Platelets tether
through their GPIba receptors.

1. Expose:

Subendothelial

collageniisiexposed. \ Hemostasis succeeds when these elements align in time and space.
Disease emerges when they do not.




The central VWF paradox: force activates the molecule for capture,
while simultaneously marking it for destruction.
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Bottom State
(High-Shear Flow)

' Clinical Insight: Platelets cannot

l_elnngated, multimeric tether.

simply settle onto a damaged surface
in rapidly flowing blood. They require an
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'VWF domains are not simply structural architeCture;
they are highly specific, functional failure points.

Factor VIII. and collagen IV/VI. cleavage site

(Tyr1605-Met1606).

platelet integrin allbf3.
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A collagen-binding defect is not the same as a factor Vlll-binding defect.
Different broken domains produce entirely different clinical patterns.
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" This explains why loss of HMW multimers produces severe bleeding even when total i

. VWF antigen remains measurable. The scaffolding fails where it is most needed. |

_HMW multimers provide

-4 adhesive surfaces

and respond strongly to

hydrodynamic force.
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Severe VWF deficiendy can mimic mild herhophilia A because
VWEF serves as the primary protector of Factor VIIl.

-_Mﬂst circulating Factor VIII
= o N R e e L e R ) e N o) U e OO ) A is bound to the D'D3 region
= \\ i = of VWF, protecting it from
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4| Alow Factor VIl level does not always indicate primary Factor VIl deficiency. || -
Li, In VWD, factor VIIl is often a downstream readout of VWF health. ‘_J_J
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ADAMTS13 provides an elegant biological balance,

trimming VWF to prevent unregulated thrombosis.

Inherited Defect

Type 2A VWD

-

o

-
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Excessive susceptibility to
ADAMTS13 cleavage leads to the

loss of functional HMW multimers,

causing bleeding.

HMWVWF g3
multimer web

Clinical Insight: This explains
why loss of HMW multimers
produces severe bleeding even
when total VWF antigen
remains measurable. The
scaffolding fails where it is

most needed.

Y

Tyr1605-Met1606 Bond

ADAMTS13

A
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Acquired High-Shear Loss

Aortic Stenosis

Severe stenosis artificially increases
shear stress, hyper-stretching VWF.

This triggers acquired, excessive
ADAMTS13 cleavage and HMW
multimer loss. Relieving the shear
restores the multimers.

Clinical Insight: A low Factor VIII
level does not always indicate
primary Factor VIII deficiency. In
VWD, factor VIll is often a down-
stream readout of VWF health.
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The clinical label ‘VWD’ actually contains |
multiple distinct biological failure modes.

Too Little VWF |!

Reduced steady-state | !
amount (synthesis/secretion | |

failure or rapid clearance).

Impaired Ligand
Binding
Fails to bind partners

(platelets, collagen, or
FVIII).

|
I
]

'Von Willebrand
Disease (VWD)

e

'| Abnormal Structure

| Assembled incorrectly
% 1| (loss of HMW multimers).

o || Dysregulated
' || Processing
' | Cleared or cleaved too

quickly (A2-ADAMTS13
axis failure).

The goal is not simply to name the subtype.
71, The goal is to understand which mechanical job is failing. |
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FPropOﬁiﬂnal reduction pt:aint;I
L to a quantitative deficiency. i

The VWF Activity-to-Antigen ratio is not a mathematical trick; "
it distinguishes structural amount from biological function.

| S —

VWF Activity
(Function)

FDiSDpoDFﬂDI’IEltEW reduced activit';'
—  reveals a broken structural job, <«——
. evenifthe protein is present.

________________ : Clinical Insight: A normal VWF antigen level

does not guarantee normal VWF function.
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'The Subtype Decoder: Translating clinical shorthand

=

L back to biological mechanism. )

&',;‘t'fgé S uc Affected Job The Biological Defect
Type 1 Amount Quantitative reduction. | Synthesis, secretion, or clearance.

. Platelet tethering Loss of HMW multimers (often excess
Type 2A | Function under shear. ADAMTS13 cleavage).

- - : Increased A1-GPIba binding - clearance
Type 2B Function Hyperactive tethering. and possible thrombocytopenia.

- Platelet/Collagen Impaired A1 or A3 function (multimers
Type 2M | Function binding. preserved).
Type 2N Function Carrying FVIII. D’'D3 domain defect.
Type 3 Absolute both adhesive and Near-complete absence of VWF.

Amount carrier jobs fail.




F_A‘_ low steady-state VWF level ﬁlay not reflect poor synthezsiéﬁj

o but rather accelerated clearance. )

t = =l [~ Bl
T TS 1. Normal Clearance _, The VWFpp / VWF:Ag ratio
. Py A 2. Accelerated Clearance can identify accelerated
: N | -  Clearance profiles. |
i :

G 5l
Judging a desmopressin
response by the peak

» Value alone is dangerous.
Duration of response
determines procedural
safety.

VWEF Plasma Level

18 L] 0 ) 71 | Clinical Insight: A normal VWF antigen level ________________ a
| - does not guarantee normal VWF function. : "
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Upgrading clinical dilalogue: Shifting from
L a static mindset to a system mindset.

e

~ Amount is only part of the picture. We must

Your VWF antigen is

normal, so you're fine. test if the VWF works, if large multimers are

~ present, and If it fits your bleeding history.
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' Because activity is lower than antigen, we
must look for a qualitative, structural defect,
~ Not just a deficiency.

The activity is low,
so this is Type 1.

-

i ila mi Factor VIl is disproportionately low; we
Egﬁé"ﬂﬁ?ﬂ"ﬁe i must rule out Type 2N VWD failing to
i ~ protect Factor VIII.

I |




The New Clinical Paradigm: Interpreting VWF onr

o as a system, not a number. o

' Where is the VWF problém? 1 " How much VWF is present? .

Synthesis, storage, vessel wall The absolute antigen amount
localization, or clearance. available in the system.

" How well does it work? "' Which hemostatic job is failing?'

Its mechanical response under force, Tethering platelets, recruiting under
multimer size, and activity assays. 4 shear, or carrying FVIII.
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™ Von Willebrand Disease is not diagnosed by asking whethera
single number is low. It is diagnosed b determ_lnlnﬁ whether the
biological mechanism explains the bleeding history.




