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Mnk1 in platelets and thrombosis specif-
ically in vivo. Furthermore, it will be
interesting to elucidate the role of Mnk1
in physiological and pathophysiological
conditions, where platelets are consid-
ered important, such as wound healing,
inflammatory processes, or cancer-
associated thromboembolism, besides
their role in hemostasis.
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VWF moves at a high velocity, and thus
blurs into a streak during image acquisi-
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Stretching to image VWF in
shear flow
Wendy Thomas | University of Washington

In this issue of Blood, Bergal et al developed a new method to demonstrate
that circulating von Willebrand Factor (VWF) multimers experience less
tension and undergo less conformational elongation in shear flow than pre-
viously thought.1 VWF is a blood protein that binds to and activates platelets
to initiate hemostatic blood clots, particularly in arterial flow. This process
must be precisely regulated, or thrombi would form spontaneously. The
primary regulatory mechanism in VWF is mechanical tension; therefore,
characterizing VWF tension and elongation in shear flow is critical for
understanding the regulation of arterial hemostasis and thrombosis. Indeed,
devices such as artificial heart valves and left ventricular assist devices, which
introduce higher and different fluid stresses, are associated with the hemo-
static and thrombotic dysregulation of VWF in many patients.
Using instruments that apply piconewton
forces to nanoscale single molecules,
critical levels of tension have been
shown to activate the binding of platelet
receptor glycoprotein Ib (GPIb) to
VWF,2,3 explaining why shear stress
triggers VWF-mediated platelet activa-
tion and aggregation. Moreover, tension
8 DEC
in VWF exposes a cleavage site for the
metalloprotease ADAMTS13, which
breaks up VWF multimers to make them
less responsive to flow.4 Together, this
process creates a remarkable mechanical
feedback loop in which VWF is reduced
in size until it does not activate platelets
in the prevalent flow conditions, but can
still respond to new pathological condi-
tions. However, knowing how VWF
responds to tension applied by expen-
sive lab instruments is only helpful
for designing better blood-contacting
devices, if we also know how much ten-
sion is applied to VWF under various flow
conditions. Unfortunately, previous
studies on flow-induced elongation and
tension of free VWF were contradictory,
with 1 showing dramatic elongation at
high physiological shear flow,5 whereas
others showed only minor elongation,
even at higher flow rates.6,7 Because
GPIb binds to VWF multimers only after
dramatic elongation,2 the flow condi-
tions required to activate free VWF
remain unclear.

Bergal et al resolved this contradiction
by addressing a challenge in imaging
technology. At a high shear flow, the

tion (see figure). A strobing laser can
decrease the acquisition time,7 but the
blur length should still be measured and
subtracted to obtain reliable measure-
ments of the particle length in shear
flow. In the past, this required knowl-
edge of the particle velocity from theory,
which is complicated in shear flow owing
to fluid velocity gradients and flow-
induced hydrodynamic lift that moves
VWF-sized particles into higher velocity
streams.8 Bergal et al developed a clever
method called “pulsed laser strobo-
scopic imaging of single molecules
(PULSIS)” that allows calculation of par-
ticle and blur lengths without knowing the
particle velocity ahead of time. Their
accurate and complete measurements
confirmed the more conservative prior
studies by showing that free VWF elon-
gated too little under physiological shear
stress to activate free VWF.

This study also addressed another crit-
ical issue for the development of bio-
materials for blood-contacting devices.
Surface immobilization activates VWF,
contributing to device-dependent hemo-
static and thrombotic dysregulation.
Some surface chemistries stabilize the
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Measuring VWF elongation in shear flow. In shear flow, the fluid farther from the wall moves faster, as illustrated by
the gray arrows. Free VWF moves during image acquisition, so the image forms a blur that is longer than the
length of the protein, and depends on the distance of VWF from the wall. Surface-attached VWF does not move
with the flow, so any elongation in the image reflects actual protein stretching. Professional illustration by
Somersault18:24.
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active conformation of the GPIb-binding
domain of VWF, whereas others do not,9

suggesting that 1 approach to creating
safer blood-contacting devices is to
control surface chemistry. However, it is
also possible that polymers tethered to
surfaces stretch more in the flow.
Although, in a study by Fu et al,2 the
elongation of surface-tethered VWF
inflow was intermediate between that
of free VWF in previous contradictory
studies,5-7 it was significantly more than
the elongation of free VWF measured by
Bergal et al (see figure). Moreover, a
common model for the VWF polymer fits
both the Bergal et al–free VWF and
Fu et al–tethered VWF extensive data,
demonstrating that surface tethering
alone is sufficient to increase VWF
elongation. Together, this supports the
notion that it is important to design
blood-contacting devices that limit the
shear flow at device surfaces.

Although this study focused on free VWF
in shear flow, the methods used here
should advance our ability to charac-
terize a range of shear-dependent pro-
cesses in circulating blood or other
fluids. VWF can also bind to other VWF
multimers or circulating platelets in flow,
which is likely to alter shear-dependent
VWF tension and elongation and thus
contribute to hemostatic and thrombotic
dysregulation in blood-contacting devices.
2420 8 DECEMBER 2022 | VOLUME 140,
Certain bacteria that cause infective
endocarditis bind to immobilized plate-
lets in a shear-dependent manner,10 sug-
gesting that this may also occur in
circulating blood, which would likely
impact bacterial transport to the endo-
cardium. As illustrated by these examples,
binding is a critical factor in many shear-
enhanced processes; therefore, the PUL-
SIS method to measure particle size
accurately at very high flow rates could be
especially powerful if shown to be
compatible with dual fluorescent labeling.

Conflict-of-interest disclosure: The author
declares no competing financial interests. ▪

REFERENCES
1. Bergal HT, Jiang Y, Yang D, Springer TA,

Wong WP. Conformation of von Willebrand
factor in shear flow revealed with
NUMBER 23
stroboscopic single-molecule imaging.
Blood. 2022;140(23):2490-2499.

2. Fu H, Jiang Y, Yang D, et al. Flow-induced
elongation of von Willebrand factor precedes
tension-dependent activation. Nat Commun.
2017;8(1):324.

3. Yago T, Lou J, Wu T, et al. Platelet
glycoprotein Ibalpha forms catch bonds with
human WT vWF but not with type 2B von
Willebrand disease vWF. J Clin Invest. 2008;
118(9):3195-3207.

4. Zhang X, Halvorsen K, Zhang CZ, Wong WP,
Springer TA. Mechanoenzymatic cleavage
of the ultralarge vascular protein von
Willebrand factor. Science. 2009;324(5932):
1330-1334.

5. Schneider SW, Nuschele S, Wixforth A,
et al. Shear-induced unfolding triggers
adhesion of von Willebrand factor fibers.
Proc Natl Acad Sci U S A. 2007;104(19):
7899-7903.

6. Shankaran H, Alexandridis P,
Neelamegham S. Aspects of hydrodynamic
shear regulating shear-induced platelet
activation and self-association of von
Willebrand factor in suspension. Blood. 2003;
101(7):2637-2645.

7. Vergauwe RMA, Uji-I H, de Ceunynck K, et al.
Shear-stress-induced conformational changes
of von Willebrand factor in a water-glycerol
mixture observed with single molecule
microscopy. J Phys Chem B. 2014;118(21):
5660-5669.

8. Zheng X, Silber-Li Z. The influence of Saffman
lift force on nanoparticle concentration
distribution near a wall. Appl Phys Lett. 2009;
95:124105.

9. Tronic EH, Yakovenko O, Weidner T,
et al. Differential surface activation of the
A1 domain of von Willebrand factor.
Biointerphases. 2016;11(2):29803.

10. Yakovenko O, Nunez J, Bensing B, et al.
Serine-rich repeat adhesins mediate shear-
enhanced streptococcal binding to
platelets. Infect Immun. 2018;86(6):
e00160-18.

https://doi.org/10.1182/blood.2022018233

© 2022 by The American Society of Hematology
TRANSPLANTATION
Comment on Vallet et al, page 2500
What a “harmless” antibiotic
can teach us about GVL
Katie Maurer and Robert J. Soiffer | Dana-Farber Cancer Institute

In medicine, actions taken in good faith may lead to manifold unintended
consequences, including off-target effects and unexpected toxicities of
medications typically considered safe. In this issue of Blood, Vallet et al
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