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ABSTRACT
Cardiovascular disease (CVD) is the leading cause of mortality around the world. Each
year, thousands of patients requiring heart transplants die due to a lack of available organs. One
alternative for these patients would be the use of ventricular assist devices (VADs), prosthetic
instruments that augment arterial output and help reduce the physical ailments associated with
CVD. One particular type of VAD, the axial flow pump, is widely used because of its simple
design. Curiously, many patients using these axial pumps experience decentralized bleeding in
their joints and gastrointestinal system, a condition known as Acquired von Willebrand
Syndrome. It appears that the nonphysiological shear stresses placed on blood by the ventricular
assist devices causes a breakdown in the physical structure of von Willebrand Factor (vWF), a
multivalent, multimeric blood-borne protein that plays a critical role in coagulation and the repair
of vascular damage. This study replicated and extended the experimental design of Dr. Han-Mou
Tsai, and, in doing so, more fully elucidated the relationship between shear rate and vWF
degradation. The study included the design of a unique, specifically designed flow loop, through
which platelet-poor plasma (PPP) was perfused to generate shear rates of known intensity and
duration. After perfusion, the PPP was collected and assayed via Western blot coupled with
computer imaging software. A major portion of the study was dedicated to establishing the most
useful visualization modality for use with Western blotting techniques and refining the staining
protocol to improve the quality of the collected images. This study describes the novel Western
blotting protocol developed, covers aspects of the protocol that still need to be formulated, as well
as the preliminary data collected throughout the development process.
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Chapter 1

Introduction
Cardiovascular disease (CVD) is markedly the greatest cause of death globally, serving
as the underlying factor for approximately every 268 out of 100,000 deaths annually and claiming
more than 17 million victims in 2008.1,2 CVD is a collective term, encompassing a wide array of
diseases; examples include cardiomyopathy, congenital heart disease, cerebrovascular disease,
hypertension, and valvular stenosis.1 While a notable problem in developed countries, CVD is
significantly more problematic in poorer nations, with over 80% of CVD deaths occurring in lowand middle-income countries.3 While the etiology and biological mechanisms behind CVD are
relatively well-understood, the most effective methods of treatment are preventative rather than
therapeutic. Medication regulating blood pressure can be used to mitigate the effects of more
minor cases, but those victims with moderate to severe symptoms have few options outside of
extensive surgery or organ transplantation.

Unfortunately, such procedures are frequently

unavailable to patients living in less affluent regions. Worse still, even the most extreme medical
treatments do little to “cure” CVD, instead serving only to temporarily alleviate some of the
worse symptoms of the disease and prolong the victim’s life. The preferred treatment for CVD,
cadaveric cardiac allograft (heart transplantation), is beleaguered by complications, ranging from
sepsis to organ rejection; only 70% of patients are expected to live past 5 years, and those that do
require a continual administration of immunosuppressant medications for the remainder of their
lives.4 Perhaps more disturbing is the relatively scarcity of viable donors: it was estimated than in
2009, 800,000 people worldwide had CVD of sufficient severity to necessitate a heart transplant,
while

only

3,500

such

operations

were

performed.4

The

discrepancy between availability and need is staggering; without an alternative procedure,
thousands if not hundreds of thousands of afflicted people will die.
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Ventricular Assist Devices
One such alternative is the implantation of a ventricular assist device (VAD). VADs are
designed to support the heart in circulating blood throughout the body, reducing the strain on the
heart and improving the oxygenation of central and peripheral tissues (thereby attenuating
ischemia). Assist devices come in a variety of forms, from continuous flow pumps to pulsatile
pumps mimetic of the heart’s natural rhythm. These two types of pumps serve the same basic
function – using a device to drive blood through the body – but rely on dramatically different
technologies to accomplish their task.

Pulsatile pumps, such as the Penn State Hershey
LionHeartTM

system,

utilize

negative pressure to draw blood
into the device from the left
ventricle before forcing the
blood through an outflow port
into the aorta using a pusher
plate mechanism.5,6

In this

sense, pulsatile pumps mimic a
natural heart rhythm in that
Figure 1-1: A schematic of the “screw” mechanism that
helps to drive blood flow in continuous flow (axial)
ventricular assist devices.8

there are distinct “pulses” of
blood flow into the aorta.

Continuous flow pumps, such as the Thoratec© HeartMate II™, on the other hand, use an axially
rotating screw mechanism to continuously drive blood from a ventricle into the aorta (see Figure
1).7 As the flow is constant, these pumps do not exhibit the various stages associated with
pulsatile flow, effectively eliminating a person’s “pulse.”
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Much like organ allograft and other procedures, VAD use does not directly combat CVD;
instead, by lessening the stress on the heart and vasculature, VADs can provide crucial time for
regeneration and repair of damaged cardiovascular tissues.
Unfortunately, there are many complications associated with VAD implantation. The
imperfect biocompatibility of the materials comprising the device and the nonphysiological fluid
stresses induced on the blood by the pumps lead to heightened platelet activation, hemolysis, and
protein factor alteration; these issues can in turn develop into more deadly pathologies, such as
thromboembolization.9,10,11,12

Acquired von Willebrand Disease
One

illness

associated

with

the

implantation of ventricular assist devices is
Acquired von Willebrand Disease (AvWD), also
known as Acquired von Willebrand Syndrome
(AvWS).9 Von Willebrand factor (vWF) is a
multimeric, multivalent protein which plays a
pivotal role in hemostasis and blood clotting.13
The vWF multimer is made up of a series of
identical

~250kD

monomers.11,13

In

the

coagulation cascade process, vWF binds to
collagen, a subendothelial protein that only comes

Figure
1-2:
A
small
graphic
highlighting the different fragments of
the vWF multimer generated by applied
shear.11

into contact with blood factors when a vessel wall
is damaged.10 Specifically, vWF binds to collagen types I, III, and VI.10 vWF also binds various
receptors of platelets, specifically GpIbα, GpIIb-IIIa, and the GpIb/IX/V complex of activated
platelets.10 By adhering to the collagen of a vessel’s subendothelium and the GpIb/IX/V complex
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of platelets, vWF acts as a bridge linking together the blood-borne factors and the constituent
proteins of the vessel wall.13 As such, vWF plays a critical role in the accretion and sedimentation
of platelets, erythrocytes, and other blood factors into thrombus aggregates. Consequentially,
defects in the vWF protein are associated with a variety of bleeding mal-effects (e.g., inexplicable
bruising, accumulation of blood in the joints, gastrointestinal hemorrhaging, bleeding from the
teeth and gums, inter alia) with little-to-no ability to stem the blood loss.12
While von Willebrand Disease (vWD) normally stems from an inherited genetic defect, it
is believed that similar symptoms can be induced in a patient by introducing a ventricular assist
system into an individual’s vasculature.

Some patients using VAD technology were found to

have inexplicable episodes of blood loss of variable intensity; further investigation revealed a
dramatic decline in the number of high molecular weight (HMW) vWF multimers and reduced
functionality of vWF in the patient’s blood.9,10,11,12 Research by several doctors at the Hershey
Medical Center – notably the hematologist Dr. Han-Mou Tsai – has indicated that application of
abnormally high shear rates, such as might be found with a VAD, increase the proteolysis of
HMW vWF multimers, leading to higher concentrations of vWF monomers within the blood.11 It
is believed that vWF in its monomeric form is less effective at facilitating platelet aggregation
than in its multimeric form, and may serve as the causative factor underlying the hemorrhaging
associated with VAD usage.

The Concept of Shear
A cursory understanding of the fluid mechanical factors underlying the proteolysis of
vWF is helpful in explaining the proposed etiology of this phenomenon. All fluids exhibit a
characteristic viscosity (µ), akin to the internal friction of the fluid. Viscosity of a fluid may
fluctuate nonlinearly with respect to the flow’s shear stress (τ); however, because it is not always
feasible to calculate shear stress, a different measurement independent of viscosity, known as
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shear rate (𝛾), is frequently used instead. The relationship between shear stress and shear rate for
a Newtonian fluid is defined by the following equation,
𝜏 =   𝜇𝛾
which allows for easy conversion from shear rate to shear stress (and vice versa) so long
as the dynamic viscosity of the fluid is known.11 Shear rate is defined in units of inverse seconds
(s-1).
It is well known that shear rate (and other mechanical factors) can have a direct impact on
the characteristics of blood. It has been demonstrated that high shear (>10000 s-1), independent
of any biochemical agonists, can “activate” platelets, increasing their affinity to bind vWF and, in
turn, increasing the likelihood they will aggregate and deposit on a surface.14 It is thought,
similarly, that high enough shear rates might physically break apart large vWF multimers into
individual monomers. It is also important to consider how the duration of the shear force might
influence vWF proteolysis – prolonged exposure to even minimal shear could have a dramatic
impact on the large protein complex’s fragmentation. Additionally, the cumulative exposure of
vWF to a shear rate (that is, the built up exposure of vWF to a shear force over multiple
circulations through a VAD) could conceivably lead to some aggregate degradation. Research
into the fluid mechanics of centrifugal VADs indicates that blood may experience ultra-high
shear forces (>10000 s-1) for very short durations (<2 ms) while passing through the device.15

The Effects of Shear on vWF Proteolysis
Based on the work of Tsai, however, it seems that shear of high intensity plays a
predominant role in augmenting the activity of catabolic factors used in degrading vWF above
and beyond their normal functions over a range of shear rates.11 Tsai studied the effects of a range
of shear intensities (1508-4761 s-1) for a given duration (12 s) on vWF proteolysis, finding that
higher intensity shears (namely, 3351 s-1 and 4761-1) resulted in a significant decrease in larger
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vWF multimers.

11

Furthermore, Tsai displayed compelling evidence that vWF proteolysis is

catalytically regulated: in his experiments, he demonstrated that plasma perfused with EGTA (a
chelating agent that binds calcium and magnesium ions) did not show significant cleavage of
larger vWF multimers, while plasma run without a ligating agent showed heightened vWF
fragmentation.11 Subsequent experiments demonstrated that 140 kD and 176 kD vWF fragments
and, more significantly, their 200 and 350 kD dimers (respectively) are the major by-products of
vWF cleavage, resulting from cleaving of the vWF multimer at highly specific regions (namely,
Tyr-823/Met-843) when exposed to high shear rates (3327 and 5603 s-1).11

Tsai’s work

demonstrated a strong correlation between the intensity of shear and the amount of 200 and 350
kD fragments present in solution; however, as mentioned previously, Tsai’s work largely ignored
the influence of a shear’s duration on the degradation of vWF, a fundamental characteristic of the
fluid mechanics involved in VADs and a major focus of these experiments.
Having established the role of vWF in hemostasis and coagulation as well as the basic
mechanistic properties underlying shear rate, we aim to further elucidate the relationship between
shear rate and vWF proteolysis through an examination of the concentration of vWF monomers.
It is hypothesized that the concentration of vWF monomers present in a plasma solution will vary
directly with the shear rate and its duration. As a final note, although evidence points toward an
enzymatic mediator of vWF

cleavage, the terms “proteolysis,” “degradation,” and

“fragmentation” will be used interchangeably throughout this document.
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Chapter 2

Materials and Methodology
To test the hypothesis, platelet poor plasma (PPP) was isolated from whole human blood
through centrifugation. The PPP was injected into a narrow bore flow loop at a controlled rate by
a syringe pump to subject the blood to a specific shear rate. Using a modified version of a
protocol (Appendix A) developed by Dr. Han-Mou Tsai of Penn State Hershey Medical Center,
the treated blood was analyzed via gel electrophoresis and Western blotting to assay the levels of
vWF in both its monomeric and multimeric forms. Each step of the process will be explained in
greater depth in the following.

Blood Collection and Preparation
Blood was collected from willing, consented, informed volunteers as per a protocol
approved by Penn State’s Institutional Review Board (IRB#38442, see Appendix C). Volunteers
donated approximately 9.0 mL of whole blood per session, donating no more often than once
every week and no more than eight times total in a given year. The blood was collected in 4.5
mL vacutainer tubes (BD Science, Appendix B) containing a solution of 3.2% sodium citrate as
the anticoagulant; the blood was diluted at 1 part sodium citrate solution per 9 parts whole blood.
Blood was withdrawn by a trained professional to avoid unnecessary risk or injury. The whole
blood was then subjected to centrifugation to isolate platelet-poor plasma (PPP), explained in
greater detail later. The remaining blood fractions not needed in the experiment were then treated
with a 10% bleach solution to eliminate the risk of pathological transmission or genetic
identification before being disposed of in an appropriate manner consistent with biohazardous
waste disposal protocols.
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Blood Centrifugation
To remove unwanted cells, cellular material, and blood-solubilized proteins, the collected
human blood was subjected to high intensity sequential centrifugation.

The blood was

centrifuged at 600 G (1800 rpm) for 20 minutes, after which the platelet-rich plasma (PRP)
supernatant was sequestered from the first pellet (consisting mostly of erythrocytes, leukocytes,
and larger blood factors), according to a protocol developed by Katie Chorpenning (a masters
student who worked extensively with blood plasma).16 The PRP then underwent a second round
of centrifugation at 1100 G (2400 rpm) for 10 minutes. Once more, the supernatant (PPP) was
aliquoted into a separate container, ready for use in the flow loop.
An alternative method of isolating PPP was later developed, using one round of
centrifugation, to save time and material, using a modified protocol (developed from the work of
Chorpenning and Tsai).11,16 Whole blood was spun at 2800 rpm (approximately 1700 G) for 20
minutes, after which the PPP was collected in a sterile centrifuge tube before being used in the
flow loop.

Although different from both the methodology of Tsai and Chorpenning, the

centrifugation values utilized to collect PPP fractions from whole blood are consistent with other
publicly available protocols.

Flow Loop
After the PPP had been isolated via sequential centrifugation, 100 µL samples were
deposited into 1 or 3 mL Luer Lock syringes (BD Science, Appendix B) with the syringe volume
varying based on the desired shear rate to be generated. The syringes were then mounted onto a
KD Scientific KDS210 Infusion/Withdrawal syringe pump and connected, via a Luer Lock
adaptor, to lengths of narrow steel tubing. A precise volume of PPP was then infused into the
tubing at a measured flow rate according to the equation
𝛾 = 4𝑄/𝜋𝑟 !
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where 𝛾 is the wall shear rate, Q represents the volumetric flow rate of the fluid moving
through a cylinder, and r represents the internal radius of the cylinder.10 The required length of
tubing needed to guarantee a set duration can be determined by a simple equation, specifically
𝐿   = 𝑄𝑡/𝜋𝑟 !
where L represents the length of the tubing and t represents the time spent passing the
fluid through the tube.

The study tested how varying shear rate and infusion time affect

proteolysis of vWF in the PPP. Specifically, the PPP was sheared at 2500, 5000, and 7500 s-1 for
0.1, 0.5, and 1.0 second iterations. These settings were chosen so that there was some overlap
with Tsai’s experiments (in terms of shear rates), while still expanding into new conditions, both
in shear rate and, most significantly, shear duration (variations in which went largely unexplored
in Tsai’s work).11 Based on these variable settings, the experiments were performed for nine
separate permutations, as presented in Table 1. Due to time constraints, those conditions marked
with an asterisk (*) were not performed; consequentially, no data is available for them.
Table 2-1: Settings for each experimental condition to be performed.
Shear Rate (1/s)
2500

5000

7500

Flow Rate (mL/s)
0.03218
0.03218
0.03218
0.06435
0.06435
0.06435
0.09655
0.09655
0.09655

Radius (cm)
0.0254
0.0254
0.0254
0.0254
0.0254
0.0254
0.0254
0.0254
0.0254

Time (s)
0.1
0.5
1
0.1
0.5
1
0.1
0.5
1

Length (cm)
1.5875
7.9375
15.875
3.175
15.875
31.75
4.7625
23.8125
47.625

Identifier
*
A
B
*
C
D
E
F
G

In addition, control samples were prepared for each flow loop trial for use as a standard and
quantification measurements (explained in greater detail later).
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The loop was primed with an initial wash of phosphate-buffered saline (PBS) to clear out
any extraneous material or debris, after which the PPP was run through the loop at a specific flow
rate and set duration. After the run was complete, the sheared plasma was then collected for
analysis using gel electrophoresis and Western blotting. A rough representation of the flow loop
is presented in Figure 2-1. Pictures of the loop can be found in Appendix D.

Figure 2-1: A rough schematic of the flow loop set-up and the different variables
considered in its constructions.

Hypodermic Steel Tubing
To guarantee that the PPP (and vWF protein) experienced a shear for a specific duration,
small caliber (.0508 cm diameter) stainless steel hypodermic tubing (SmallParts, Appendix B)
was purchased in five-foot rods. These rods were then carefully cut and sanded down to slightly
longer than the desired length before undergoing finer cuts using the ultra-precise Kulicke and
Soffa Model 982-6 dicing saw.

This machine, able to make cuts accurate to the nearest

micrometer, offered a level of precision not possible with ordinary hand tools; to guarantee an
exact length, the rough tubing was measured using a JET Turret Milling Machine equipped with a
DRO PROS 3M measuring system before being cut.
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Western Blot Preparation and Visualization
Gel Electrophoresis
Plasma from the flow loops was collected and diluted at a 1:20 ratio in a non-reducing
sodium dodecyl sulfate (SDS) sample buffer developed by Dr. Tsai and the Hershey Rheology
team (see Appendix A). The buffer contains SDS, a surfactant that helps to promote migration of
organic particulate through the gel, and bromophenol blue for visualization purposes. Seven and a
half microliters of each diluted sample were loaded in a 26-well, 5% Tris-HCl polyacrylamide
precast gel (Bio-Rad, see Appendix B) along with a protein molecular weight marker. The
loaded gel was then placed in an electrophoresis cell, immersed in an electrode buffer, containing
glycine and other electrolytes for conductive purposes. The gel was then left to run in the BioRad Criterion Cell (Appendix B, images in Appendix G) for 1.5-2 hours at a constant current of
40 mA, generated by a VWR AccuPower Model 300 (Appendix G). The chemical structure of
the polyacrylamide gel facilitates separation of proteins based on molecular weight: smaller
proteins are more easily able to travel through the porous polyacrylamide matrix, while larger
proteins are hindered by their bulk. As such, for a given period of time, lighter weight proteins
will travel a significant larger distance through the gel as compared to heavier proteins.

Protein Transfer
During gel electrophoresis, a small slip of polyvinylidene fluoride (PVDF) membrane
and two cards of blotting filter paper (Bio-Rad, Appendix B) were soaked sequentially in
methanol (99.8% purity, Acros Organics, Appendix B) for fifteen minutes and a transfer buffer
solution (per Dr. Tsai’s protocol, Appendix A) until the gel electrophoresis was complete. The
gel was then carefully removed from its cassette and gently aligned on top of the membrane and
gently compressed to remove any extraneous air pockets. Filter paper cards were then placed on
either side of the gel and membrane, to help facilitate electrical conductivity and efficient protein
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transfer. Thick fiber pads (Bio-Rad, Appendix B) were used to line the inside of the transfer
cassette, providing support and protection to the gel/membrane/filter pad “sandwich.” The entire
cassette was then left to run overnight in a Bio-Rad Criterion Blotter (Appendix B, images in
Appendix G) at a constant 12 volts, again supplied by a VWR AccuPower Model 300.

Coomassie Brilliant Blue Staining
To make certain that the vWF fragments were binding to the PVDF membrane during the
transfer phase, a colorimetric stain was used to highlight protein particulate on the membrane’s
surface. Using a protocol given by Dr. Tsai (Appendix E), the PVDF membrane was incubated in
a solution containing Coomassie Brilliant Blue for a half-hour. The membrane was then washed
with an acidic solution, destaining the PVDF except where the Coomassie dye had remained
bound to the proteins. Pictures of the stained membrane can be found in Appendix E. Although
the Coomassie staining offered little data about vWF degradation, it did serve as a positive
control, demonstrating that protein was indeed binding to the membrane (see Results and
Appendix E).

Chemiluminescent Labeling
Two different imaging modalities were employed throughout the course of the
experiment. The first utilized chemiluminescence detection and a colorimetric Kaleidoscope Mr
protein marker (Bio-Rad, Appendix B) to visualize and quantify vWF fragmentation, as
demonstrated in Dr. Tsai’s original paper (on which the experiment was based).11
After transferring overnight, the PVDF membrane was isolated and incubated in a
TBS/Cassein Blocking Agent (Bio-Rad, Appendix B) for ninety minutes. The membrane was
then soaked in 15 mL of a solution of polyclonal rabbit anti-human anti-vWF antibody, diluted
1:5,000 in Cassein blocking agent (Appendix A), for one hour on an automated rocker. To
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remove excess antibody, the membrane was then washed twice with a 150 mM NaCl, 20 mM
Trizma Base solution for ten minutes, with three quick washes of distilled water following each
saline/Trizma bath. The membrane was then incubated in a 15 mL secondary antibody solution
containing horseradish peroxidase (HRP) conjugated goat anti-rabbit antibody (Thermo
Scientific, Appendix B), diluted at 1:10,000 in Cassein blocking agent (Appendix A), for one
hour on a rocker, followed by further washing.
Finally, the fully-labeled membrane was left to sit in a 15 mL substrate solution
composed of equal parts SuperSignal West Pico Luminol/Enhancer Solution and SuperSignal
West Pico Stable Peroxide Solution (Thermo Scientific, Appendix B). When undergoing
oxidation, a process catalyzed by HRP, the substrate (Luminol) emits photons that can be
detected by conventional imaging equipment. After soaking in the substrate solution for five
minutes, the membrane was transferred to a transparent plastic sheath and placed in a UVP
Bioimaging Systems EpiChemi3 DarkRoom (equipped with a Canon TV zoom lens) for digital
image capture.

Infrared Fluorescent Labeling
Due to the difficulty and inconsistency of using chemiluminescent labels (to be further
discussed in Results), those involved in the experiment elected to pursue a different imaging
modality. Dr. Tsai’s original protocol was modified to incorporate a different, fluorescentlylabeled protein marker (IRDye 680/800 protein marker, LI-COR, Appendix B) and secondary
antibody (goat anti-rabbit IRDye 800CW, LI-COR, Appendix B) that fluoresce when excited by
infrared radiation (~800 nm wavelength).

The changes to the protocol were minimal:

an

identical amount of protein marker (7.5 µL) was run through the gel, and the membrane was
incubated in an equal volume (15 mL) of secondary solution. The most significant alterations to
the protocol were a change in the primary antibody incubation time (increased from one hour to
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°C

overnight at 4 ), the dilution of the secondary antibody (decreased from 1:10,000 to 1:1,000 in
Cassein blocking agent), and the elimination of the substrate solution (which would serve no
purpose in fluorescent labeling).
After incubating in the secondary solution for an hour, the PVDF membrane was
thoroughly washed (as per Dr. Tsai’s protocol, Appendix A) before being imaged using a LICOR ODYSSEY® Infrared Imaging System (courtesy of Justin Brown, PhD, Department of
Bioengineering).

Image generation and post-processing were performed on the associated

ODYSSEY® software.

Protein Quantification
Images generated on the ODYSSEY® system were then imported into ImageJ for
quantification purposes. The intensity of a protein band’s fluorescent-label scales linearly with
the concentration of a protein/antigen present on a membrane over a much larger range of
concentrations than conventional chemiluminscent-labels.17 As such, it was possible to compare
the relative intensities of the fragmented vWF bands to the intensity of the control bands (that is,
samples that were not infused through the flow loop) to quantify the extent of protein
fragmentation as a result of shear application.
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Chapter 3

Results
As stated before, due to difficulties in visualizing the vWF proteins attached to PVDF
membranes, three different imaging modalities were tried, with the first two modalities –
chemiluminescence and colorimetry – helping to refine the staining protocol employed in the
experiment, but ultimately inadequate in producing data. To clarify, while the data derived from
chemiluminescent- and colorimetric-labeling were not quantifiable, the two tests did offer
qualitative information about vWF fragmentation, the efficacy of the antibody solutions, and the
quality of the Western blot assays. The final modality used – IR fluorescence – shows great
promise, and will be the primary focus of future endeavors.
Irrespective of the quality of the data collected, results were collected for each of the
three modalities and are presented (in chronological order) below.

Chemiluminescence
Initial experiments followed Dr. Tsai’s protocol as closely as possible.

The first

experiment, as shown in Figure 3-1, produced a membrane with faint, very fuzzy bands of
chemiluminescence.

The images acquired, while promising, were far too dim to offer any

significant information about vWF fragmentation rates, let alone sufficient intensity for
quantitative analysis. Subsequent experiments altered experimental variables in an attempt to
improve the quality of the data collected: in one experiment, the concentration of secondary
antibody was increased from a 1:10,000 to 1:7,500; in a separate experiment, the membranes
were incubated overnight in primary solution (see Figures 3-2 and 3-3). Figure 3-2 clearly shows
the colorimetric Mr marker lanes transferred to the membrane surface. Unfortunately, despite the
alterations, no meaningful data was collected using chemiluminescent markers (Figure 3-3).
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Figure 3-1: An image of a chemiluminescently-labeled PVDF membrane. The
white arrows delineate the four different wells in which samples were run; each
sample was run at a unique condition. The lanes correspond to the following
settings: A – 7500 s-1 for 1 s; B – 7500 s-1 for 0.5 s; 5000 s-1 for 1.0 s; D – 5000
s-1 for 0.5 s. Unfortunately, no control sample was run, making comparative
analysis impossible. Not visible is the colorimetric “Kaleidoscope” Mr protein
marker. The exposure time for Figure 3-1 was 20 minutes.
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100 kD Band

Figure 3-2: An image of a PVDF membrane taken in ambient light. The protein markers
are readily visible, with their specific molecular weight listed to the side.
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…the void…

Figure 3-3: An image of the same PVDF membrane (as in Figure 3-2) taken from the
same perspective but in complete darkness. No chemiluminescent signals are visible
whatsoever, and the protein bands are completely obscured.
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Colorimetry
When the chemiluminescence experiments failed, a colorimetric label – namely,
Coomassie Brilliant Blue – was used to visualize membrane-bound proteins and verify that the
protein transfer phase was successful. As Figure 3-4 demonstrates, the Coomassie stain affirmed
that protein transfer was, in fact, occurring, and that the visualization problems were complicit in
the antibodies and imaging systems used. Multiple, concrete band of consistent or comparable
weight to vWF fragments were shown bound to the membrane’s surface, indicating the proteins
were very likely von Willebrand Factor fragments. Curiously, the 200 kD band was not clearly
marked.
Although vivid and easily imaged, the intensity of the Coomassie stain does not correlate
with protein and/or protein fragment quantity, at least not without a system of intricate
calibrations to filter out background noise and the influences of staining time.18 Due to the
complexity of these calibrations, Coomassie staining was solely used as a qualitative assay
(namely, as a positive control) while pursuing other visualization modalities (IR fluorescence) for
quantitative and densitometric measurements.
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Mr Marker Lane
Sample Lanes

Direction of
protein
migration

Sample Lanes

250 kD Band

150 kD Band

100 kD Band

Figure 3-4: A Coomassie Brilliant Blue-stained membrane, with the samples lanes and Mr
protein marker bands labeled. The white arrows to the left of the membrane are indicating the
140 and 176 kD bands, two of the vWF fragments produced by proteolysis. The black arrow
marks the 350 kD band, the dimer of the 176 kD vWF fragment, another product of vWF
multimer degradation. Curiously absent is the 200 kD dimer of the 140 kD fragment.
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IR Fluorescence
The final – and most successful – visualization modality used was IR fluorescence. To
highlight bound vWF proteins, the membrane was incubated in a 1:5,000 dilution of polyclonal
rabbit anti-human anti-vWF primary antibody suspended in TBS/Cassein blocking agent. After
incubating overnight in primary, the membrane was washed and then labeled with an IRDye goat
anti-rabbit 800CW (LI-COR, Appendix B). The secondary antibody was conjugated with a
fluorophore with absorption in the infrared region, namely 800 nanometers. The protein marker
was labeled with a similar fluorophore, so that both the protein marker and labeled protein
fluoresce green when exposed to IR radiation, as seen in Figures 3-5 and 3-6. While significantly
clearer, the monochromatic emission of the fluorophore made interpreting protein marker
molecular weights more difficult in comparison to the colorimetric Mr marker used in
chemiluminescence (where each molecular band marker had a unique color).
Three separate blood samples were collected, and run through seven different shear
conditions (also found in Table 2-1): 2500 s-1 for 0.5 s; 2500 s-1 for 1.0 s; 5000 s-1 for 0.5 s; 5000
s-1 for 1.0 s; 7500 s-1 for 0.1 s; 7500 for 0.5 s; and 7500 s-1 for 1.0 s. It is worth noting that each
sample group – namely, the seven different shear conditioned samples and a control sample – will
be referred to as one “experiment,” in the context of this project. In the three experiments
performed, there was some evidence of heightened vWF fragmentation (see Figure 3-7); without
computer-assisted quantitative measurements and a larger sample size, however, it is impossible
to state presently whether this variation is significant or merely an artifact of the Western blotting
technique. Additional experiments, and the use of quantitative and densitometric measurements,
are the logical subsequent step in the continuation of this study.
It is also worth noting that, in the course of running gels using the new fluorescent labels,
the IRDye protein marker was discovered to contain some form of reducing agent. As shown in
Figure 3-5 and 3-6, wells adjacent to lanes containing the protein marker were reduced into a
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cluttered mass of random particulate, producing an incoherent blur of color from which no useful
data could be obtained. Subsequent experiments (Figure 3-7) took measures to redress this error
by spacing protein sample lanes a well or two distant from protein markers.

23

*

*

*

*

250 kD Band

Direction
of protein
migration

150 kD Band
100 kD Band
X

PM

G

F

E

D

Sample 1 Lanes

C

B

A

PM

Figure 3-5: A PVDF membrane imaged under infrared light. The membrane shown was
run with two lanes of protein markers (PM); in between the protein marker lanes, eight
wells from one sample were run, with seven separate conditions (A-G) and one control
(X). The lanes correspond to the following settings: A – 2500 s-1 for 0.5 s; B – 2500 s-1 for
1.0 s; C – 5000 s-1 for 0.5 s; D – 5000 s-1 for 1.0 s; E – 7500 s-1 for 0.1 s; F – 7500 s-1 for 0.5
s; G – 7500 s-1 for 1.0 s; X - control. The white arrows indicate bands of vWF fragments
present in the gel. The white stars indicate wells bordering the protein marker lanes whose
proteins were reduced and rendered incoherent. It is worth noting that the molecular
weights labeled in the picture are somewhat speculative.
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Figure 3-6: A PVDF membrane imaged under infrared light. The membrane shown was
run with two lanes of protein markers (PM); in between the protein marker lanes, eight
wells from one sample were run, with seven separate conditions (A-G) and one control
(X). The lanes correspond to the following settings: A – 2500 s-1 for 0.5 s; B – 2500 s-1 for
1.0 s; C – 5000 s-1 for 0.5 s; D – 5000 s-1 for 1.0 s; E – 7500 s-1 for 0.1 s; F – 7500 s-1 for 0.5
s; G – 7500 s-1 for 1.0 s; X - control. The white arrows indicate bands of vWF fragments
present in the gel. The white stars indicate wells bordering the protein marker lanes whose
proteins were reduced and rendered incoherent. It is worth noting that the molecular
weights labeled in the picture are somewhat speculative.
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Figure 3-7: A PVDF membrane imaged under infrared light. The membrane shown was run
with one lane of protein marker (PM; to the left of the marker, eight of one sample were run,
with seven separate conditions (A-G) and one control (X). Additionally, two controls (H and
I) were run to make up for the damaged controls from the previous experiment (Figure 3-5).
The lanes correspond to the following settings: A – 2500 s-1 for 0.5 s; B – 2500 s-1 for 1.0 s; C
– 5000 s-1 for 0.5 s; D – 5000 s -1 for 1.0 s; E – 7500 s-1 for 0.1 s; F – 7500 s -1 for 0.5 s; G –
7500 s-1 for 1.0 s; X - control. The white arrows indicate bands of vWF fragments present in
the gel. There is some evidence of heightened fragmentation in the lanes G and H (small
white arrows), where the bands have greater intensity than the control and lower
shear/duration wells. It is worth noting that the molecular weights labeled in the picture are
somewhat speculative; it is not absolutely certain that the assigned values were necessarily
accurate.
Appendix F contains black and white images of Figures 3-5 and 3-6 (combined as one picture)
and Figure 3-7 to more clearly highlight the protein bands and reduce any signal interference
from background artifacts.
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Chapter 4

Discussion
A major part of preliminary studies involves framing the experiment, gathering the
necessary materials, and setting up the experiment in such a way that it produces viable,
meaningful data consistently. Even when based on a previous study with an established protocol,
replicating an experiment is a time-consuming, trial-and-error-filled experience.

This

experiment, and its gradual evolution, is a testament to the challenges implicit in every
preliminary or novel trial.
The initial protocol utilized chemiluminescent-labeling to visualize vWF fragmentation.
The HRP-conjugated secondary antibody proved to be unsatisfactory for visualization purposes,
although the exact flaw with the design is not clear; images captured turned out dark, fuzzy, and
incoherent even when extremely long acquisition times (>20 minutes) were employed, as
displayed in Figures 3-1 and 3-2. It is possible that the antibodies used were too concentrated,
too dilute, or perhaps did not bind with adequate affinity. The substrate solution might have been
consumed too rapidly.

Most likely, the imaging equipment may have been inadequate for

visualization purposes; the camera, imaging software, and computer were all several years old
and could feasibly lack the precision and resolution necessary to detect the low levels of light
emission expected from a chemiluminescent emission modality.
Due to the limitations of the antibodies and imaging equipment, virtually no meaningful
data was collected using chemiluminescence, despite multiple trials and alterations to the protocol
(e.g., prolonging incubation time in the primary antibody solution, varying the dilutions of the
antibody solutions, et cetera). The inability to directly compare data with similar experiments
(namely those of Dr. Tsai) was problematic, although it appears that the new fluorescently labeled
secondary antibody produces results of sufficient clarity and quality for statistical and qualitative
comparison.
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After multiple trials yielded no viable results despite alterations to the protocol, concerns
arose that some unknown problem was interfering with protein transfer. Once again, there were
many different factors that were necessarily considered in redressing the issue, including an
incorrectly reproduced transfer buffer, improperly constructed membrane cassettes, defects in the
blotting equipment, and others. Fortunately, a simple method of testing protein transfer was
available in the form Coomassie Brilliant Blue colorimetric staining.

As stated before,

Coomassie Brilliant Blue stains highlight proteins bound to a membrane’s surface. Used in
conjunction with a molecular weight protein marker, a Coomassie stain can reveal the presence
(or absence) of a desired protein, though it offers essentially no data regarding the quantity of
protein transferred. As shown in Figure 3-4, when performed the Coomassie stain confirmed that
the vWF fragments were indeed transferring and binding to the PVDF membrane. This discovery
further reinforced suspicions that the defect in the experimental design lay within the antibodies
and equipment that were being used. The protocol was altered to allow for a new secondary
antibody conjugate, more accurate imaging equipment, and a brighter, more consistent
visualization format.
As evidenced in Figures 3-5, 3-6, and 3-7, the solution to these three criteria was found in
the form of IR fluorescence. The secondary antibody signal was significantly stronger, and the
ODYSSEY® software was markedly more sophisticated than that of the gel dock system
(LabWorks™): the newer software had a built-in interface that allowed the user to adjust the
intensity, brightness, and contrast of the generated image to better highlight important features of
the membrane without retaking the image. Unfortunately, the IR protein marker not as easily
interpretable than the colorimetric “Kaleidoscope” Mr marker used in chemiluminescence, as the
IR marker fluoresces only one color, while the Mr marker’s gradations have unique colors.
However, the greater clarity of the IR images is arguably worth the inconvenience of its
monochromatic protein marker.
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As demonstrated in Figures 3-5, 3-6, and 3-7, the membranes labeled with an IRDye
clearly showed the striation of vWF fragments of varied weights. According to Dr. Tsai, the
presence of (and increase in) 200 kD and 350 kD fragments, which represent dimers of the 140
kD and 176kD fragments (respectively), is particularly important as these fragments are
generated when vWF is exposed to shear. As discussed previously, Tsai demonstrated that the
presence of these two vWF fragments increased significantly when exposed to shears >3000 s-1.11
Of the two shear conditions used in this experiment that exceeded this threshold, it is interesting
that (possible) increased concentration of these two fragments occurred only at the highest
intensity (Figure 3-7). It is in considering the duration of shear, however, that a possible solution
is discovered: although Tsai varied the shear intensity significantly between his experiments, the
duration of the shear remained relatively constant – about 12 s, an order of magnitude longer than
the longest duration condition used in this experiment.11 This may imply that duration plays a
critical role in the extent of vWF proteolysis, and that only shear of extraordinarily high intensity
could enhance vWF proteolysis with the short durations blood experiences in a ventricular assist
device (<2 ms).15 However, as certain computational models predict shear rates of up to 10000 s-1
within a VAD, this theory – that vWF stems from high intensity, short duration shears – may be
plausible.15
Unfortunately, the collected data is inconclusive as to whether the concentration of these
shear-generated fragments were significantly altered. Uncertainty in the identity of the protein
marker bands, coupled with some background signal and minute fluctuations in emission
intensity between different wells, made it very difficult to identify shear-generated fragments, let
alone gauge possible variations in protein concentration (especially without software assisted
measures). Additionally, a low sample size prohibited any test for statistical significance. The
ambiguity of the collected data could stem from one or several factors, which are discussed
individually below.
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Faulty Samples
It is possible that, at some point, the samples used in gel electrophoresis and the Western
blot assays were contaminated or degraded in some manner. Blood samples were collected,
centrifuged, perfused, and then diluted in sample buffer all in one day before being frozen for
later analysis via Western blot. It is possible that long-term cold storage and multiple freeze-thaw
cycles could compromise protein integrity and lead to sample decomposition and degradation. In
theory, the samples run through the gels may have been replete with “nonsense” proteins of
random size that would contribute to background noise and detract from the coherence and
intensity of the vWF bands.

Experimental Technique
An extension of the “faulty sample” postulation, it is possible that, due to my
inexperience, I did not perform the Western blotting protocol well enough to generate accurate
results. As I have performed only two assays using the new IR fluorophore, it is plausible that
more experience and familiarity with the materials will yield higher quality data. Additionally, it
is likely that the experimental settings need to be adjusted to better suit the assay and the
available equipment. Much of the staining, electrophoresis, and protein transfer protocols were
based on protocols from separate facilities and experiments (namely, those of Dr. Tsai and Eric
Weidert). As such, additional tests, exploring the effects of altering variables such as incubation
time, primary and secondary antibody solution concentrations, and IR emission intensity, would
be warranted to improve the quality of the data.
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Insignificant Variations in vWF Fragmentation
It is also possible that the data produced was indeed of sufficient quality, but that the
differences in vWF fragmentation were too minute to discern. All shear durations used in the
experiment were ≤1s, an extremely short (but physiologically relevant) time. As such, it is
possible that such short shears, even when extremely intense (e.g., a shear of 7500 s-1), do not
significantly augment vWF proteolysis. Indeed, it is possible that AvWS stems from the gradual
accumulation of damage to vWF stemming from hundreds of thousands of shear events as blood
cycles throughout the body; even then, it may take weeks to months for the damage to reach the
critical levels necessary to precipitate hemorrhaging and the faulty clotting mechanisms
associated with advanced symptoms.

This is consistent with published research on the

progression of AvWS, which has shown that the disease typically manifests between two weeks
and three months after VAD implantation.9 In patients with aortic stenosis, symptoms of AvWS
may take up to six months to fully develop.19 These publications seem to confirm that AvWS
stems from the cumulative effects of vWF proteolysis and fragmentation over an extended period
of time.
As such, the experiment can be regarded as somewhat successful, revealing that vWF
proteolysis may be liminal, occurring below macroscopic thresholds over protracted periods of
time. This could explain the subtlety of AvWS progression, and why many patients are surprised
when diagnosed. Of course, the results presented in this study are strictly preliminary; additional
experiments will be necessary to confirm these initial conclusions.
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Future Work
Regardless of the factor underlying the quality of the data, additional experiments are
necessary to clarify the results and to generate sufficient data to determine statistical significance.
Future experiments should take advantage of the full capabilities of the ODYSSEY® software,
using computer analysis to determine quantitative fluctuations in fragment concentration and
densities. Additionally, the experiments described in this thesis were performed without two
specific experimental set-ups, specifically shears of 2500 s-1 and 5000 s-1 for 0.1 second
durations; after construction of the appropriate flow loops, it will be necessary to collect
additional data to compensate for the exclusion of these settings.
Furthermore, measures must be taken to address the concerns raised by the “Faulty
Samples” and “Experimental Technique” criticisms. Altering the experimental design to find the
ideal antibody dilutions, incubation times, and imaging settings will, in all likelihood, improve
the overall quality of the resulting data.

It must also be verified that the vWF protein

metastructure is not significantly damaged by repeated temperature variations. Also, steps must
be taken to ascertain the identity of the fluorescent protein marker fragments so that accurate
identification of the vWF protein particles is guaranteed. By running both the colorimetric Mr
marker and the fluorescent IRDye marker in the same gel, it will be possible to cross-reference
the various protein fragments and allow for greater certainty in the identity of our results.

Conclusions
Evident from the multitude of protocols, designs, and visualization techniques employed
through its course, this preliminary study made major steps in framing and perfecting a novel
means of imaging vWF proteolysis. While not yet complete, the study made significant progress
and may have made a meaningful breakthrough into elucidating the influence of shear, and in
particular its duration, on the extent of vWF proteolysis.
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Appendix A

SDS PAGE and Electric Transfer for Detection of vWF Fragments
Electrophoresis
Bio-Rad Criterion cell
Gels:
Bio-Rad Criterion SDS Tris HCl gels, 5%, 1 mm thickness, 26 wells
Sample buffer (SDS non-reducing buffer, no mercaptoethanol):
- Distilled water 4.0 mL
- 0.5 M Tris-HCl, pH 6.8 1.0 mL
- Glycerol 0.8 mL
- 10% (w/v) SDS stock 1.6 mL
- 100 mM EDTA stock 0.4 mL
- 0.1% (w/v) bromophenol blue 0.2 mL
Dilute the plasma samples at 1:20 with the sample buffer and keep at 37° C for 15 min before
loading.
5X electrode buffer, pH 8.3
- Tris base 9 g
- Glycine 43.2 g
- SDS 3 g
Make to 600 mL with distilled water. Dilute 60 ml 5X stock with 240 mL distilled water.
Load the sample mixtures, 7.5 µL/well
First lane: Kaleidoscopic Mr marker
Running condition
Constant current, ≈40 mA/gel, starting voltage ≈100 V
Running time is ≈1.5 – 2 hours, until the blue dye reaches the bottom.
Transfer
Bio-Rad Criterion Blotter, PVDF membrane and thick filter paper for blotting
Transfer buffer
Tris-glycine buffer, 20% methanol
10X transfer buffer stock
- 30.3 g Tris base
- 144.1 g glycine
- water to 1 liter
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1X transfer buffer
- 100 ml 10X stock
- 500 ml H2O
- 200 ml methanol
- water to 1 L
- chill to 4° C
Sandwich
Cassette, from bottom (black side):
Fiber pad
Thick filter paper
Gel, equilibrated in transfer buffer ≈5 min in a shallow tray
-Slip a filter paper underneath the gel, spread out the gel evenly in the buffer
-Trim the filter to gel size (and trim the gel below the 100 kD marker if necessary to fit two gels
in one cassette)
-Transfer the gel/filter paper on to the thick filter paper
PVDF, cut to size, pre-wet >10 min /methanol followed by transfer buffer, layered over the gel,
avoiding air bubbles
-Rollering lightly to remove air bubbles, avoid stretching the gel
Thick filter paper
-Rollering to remove air bubbles
Fiber pad, close the cassette and insert it in the blotter
Transfer condition
12 V, overnight, at room temperature, with a gentle stirring magnet bar
Blocking
Bio-Rad 1x TBS/Casein, 90 min at room temperature
Detection
1st antibody: polyclonal anti-vWF (Dako), 1:5,000 – 1:7,500 in blocking buffer, 60 min.
2nd antibody: HRP conjugated GAR IgG (Pierce/Thermo Scientific), 1:5,000 – 10,000 in
blocking buffer, 60 minutes.
-After each antibody, rinse 3x with DW, wash with 100 mL wash buffer, 10 minutes x 2.
Visualization
SuperSignal WestPico (Pierce/Thermo Scientific), as instructed
Place PVDF between two sheets of saran film
X-ray film exposure, duration to optimal band OD
Alternatively, use a chemiluminescence imaging station
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Appendix B

List of Materials
Item

Vendor

Catalog Number

Glycerol

Fischer Scientific

G31-500

10% SDS Stock

Promega

V6551

500mM EDTA Solution

TekNova

E0308

Bromophenol Blue

Bio-Rad

161-0404

Tris Base

Sigma-Aldrich

T1503

Glycine

Fischer Scientific

G48-212

Methanol

Acros Organics

423950040

Criterion Blotter

Bio-Rad

170-4070

PVDF Membrane

Bio-Rad

162-0177

Criterion SDS Tris HCL Gels

Bio-Rad

345-0003

Criterion Cell

Bio-Rad

165-6001

1x TBS/Cassein Blocking Agent

Bio-Rad

161-0782

Thick Blot Paper

Bio-Rad

170-4085

Kaleidoscope Marker

Bio-Rad

161-0375

Anti-vWF Antibody

Dako

A0082

Secondary Antibody

Thermo Scientific

34083

0.9% w/v Saline Solution

VWR

RC72101

PVDF Low-Fluorescence Membrane

Bio-Rad

162-0264

IRDye 680/800 Protein Marker

LI-COR

928-40006

Goat anti-Rabbit IRDye 800CW

LI-COR

926-32211
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Appendix C

Institutional Review Board Consent Form
Informed Consent Form for Biomedical Research
The Pennsylvania State University
Study Title:

Mechanisms of Acquired von Willebrand
Syndrome in LVAD Patients

Principal Investigator:

Keefe Manning
205 Hallowell Building, University Park, PA 16802
kbm10@psu.edu; (814) 863-6318

Other Investigators:

Han-Mou Tsai, MD, William Weiss, PhD, Margaret Slattery
PhD, Matt Scanlon

Participant Name:
Background for the Study
Cardiac disease is the leading cause of death in the developed world, causing over 600,000
deaths in the United States alone in 2009. One method of treating cardiac morbidity is through
the use of ventricular assist devices, instruments which improve blood flow throughout the body
and reduce strain on the heart. However, the use of assist devices in patients with cardiovascular
disease appears linked with the incidence of acquired von Willebrand Disease, an illness that
causes gastrointestinal bleeding. The unnatural flow induced on blood by assist devices seems to
contribute to enhanced break-up of von Willebrand factor (vWF), a key chemical component in
blood clotting. The focus of this study is to understand the extent that enhanced vWF destruction
will be related to an increase in flow that the blood is exposed to through the assist device.
Purpose of the study
The purpose of this study is to determine at what force and exposure time does vWF
break up occur.
You are being asked to participate in this study because you are a healthy individual
between the ages of 18 and 35 and have no known medical reasons as to why you should not have
your blood drawn (i.e., low iron), and you weigh at least 110lbs.
Methods and Procedures
You will be asked to come to the nurses’ station at the Clinical Research Center at the Noll
Laboratory on the University Park campus for a 30 minute visit for a blood draw. At this visit, a
10-20 ml (20 mL is significantly less than 2 tablespoons) sample of blood will be drawn to
remove red blood cells from the whole blood resulting in only plasma with vWF. As a participant,
the amount of blood drawn will not exceed 550 ml (550 ml is a little over 37 tablespoons or a
little over 1 pint) in an 8 week period and collection may not occur more frequently than 2 times
per week. All unused portions of the blood will be disposed. If the first blood draw does not
work, it may be repeated with your permission.
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As a general health screen, you must be able to answer NO to the following questions each
day that you donate a blood sample.
• Are you under 18 years of age?
• Do you weigh less than 110 lbs?
• If female, are you pregnant?
• Are you anemic or have a history of anemia?
• Are you taking prescription antibiotics?
• Are you taking allergy or cold medication?
• Do you have or do you have a history of HIV or Hepatitis infection?
• Have you had mononucleosis in the past 6 months?
The initial blood draw will include 1 teaspoon of blood for a lab test called a complete blood
count with differential cell count (CBC with diff). Complete blood counts are taken because the
CBC can reveal anemia (low red blood cell count), leukopenia (low white cell count) and
thrombocytopenia (low platelet count), which may indicate an underlying condition or illness. In
the even that abnormal blood count test results are obtained, you will be informed of the results
and advised to contact your medical provider for follow-up. The CBC will be repeated every 6
months.
Blood samples collected for this study will only be used for research purposes. There is no
possibility that DNA will be extracted from your blood. Experiments will not test for any disease
and results from your specific blood sample will not be available, so results will not be shared
with you or your insurance company.
Discomforts and risks
Blood Draw. Blood draws often cause mild pain, swelling or bleeding. There may be some
bruising (blood under the surface of the skin), which will be minimized by pressing on the site
after the needle is removed. There is also a slight chance of infection, dizziness or fainting. These
risks will be minimized and most likely eliminated by having trained staff draw the blood in a
clinical setting using clean supplies. If dizziness or fainting occurs, the symptoms will be taken
care of by having you lie flat with your feet raised. If these should occur, we may ask that you
remain at the clinic until we have checked your blood pressure and we are sure that you feel OK.
Having a trained, proficient technician perform the procedure using sterile techniques on a
participant who is lying down will minimize all risks.
Injury Clause
In the unlikely event you become injured as a result of your participation in this study,
medical care is available. It is the policy of this institution to provide neither financial
compensation nor free medical treatment for research-related injury. By signing this document,
you are not waiving any rights that you have against The Pennsylvania State University for injury
resulting from negligence of the University or its investigators.
Confidentiality of records
All data will be kept in coded files and locked in 231 Hallowell. All data will not be available
or divulged to anyone outside of the research team except those who “need to know” for scientific
purposes involved in carrying out this study. Your blood sample will never be labeled with your
name or an identifying label. All CBC information with the participant’s information, if any, is
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kept with the CRC nurses in secure files and no part of the CBC information will be divulged to
investigators or anyone else. The following may review and copy records related to this research:
The Office of Human Research Protections in the U.S. Dept. of Health and Human Services; The
Penn State University Office for Research Protections (ORP) and the Penn State University
Institutional Review Board.
Potential Benefits
By voluntarily participating in this study, you will be contributing to the general body of
knowledge about the how patients acquire vWF disease and how shear rate influences the
breakdown of vWF, thereby providing a public service.
Compensation
No compensation will be received for your time and participation in this study.
Right to Ask Questions
Please contact Keefe Manning at (814) 863-6318 with questions, complaints, or concerns
about this research. You can also call this number if you feel this study has harmed you. If you
have any questions, concerns, problems about your rights as a research participant or would like
to offer input, please contact The Pennsylvania State University’s Office for Research Protections
(ORP) at (814) 865-1775. The ORP cannot answer questions about research procedures.
Questions about research procedures can be answered by the research team.
Voluntary Participation
Your decision to be in this research is voluntary. You may stop at any time. You do not have
to answer any questions you do not want to answer. Refusal to take part in or withdrawing from
this study will involve no penalty or loss of benefits you would receive otherwise.
You must be 18 years of age or older to take part in this research study. If you agree to
take part in this research study and the information outlined above, please sign your name and
indicate the date below.
You will be given a copy of this signed and dated consent form for your records.
Participant Signature:
Date:
I have defined and fully explained the investigation to the above participant.
Person Obtaining Consent’s Signature:
Date:
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Appendix D

Narrow-Bore Flow Loop Images

Syringe
Plastic connector
tubing

Hypodermic steel
tubing

Syringe Pump
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Appendix E

Coomassie Brilliant Blue Staining Protocol/Images
Protocol:
Coomassie stain
0.500 g Brilliant Blue
500 mL methanol
100 mL glacial acetic acid
400 mL dH2O
-Let membrane incubate in solution for 15 minutes on a rocking platform.
Coomassie destaining solution
500 mL methanol
100 mL glacial acetic acid
400 mL dH2O
-Let membrane incubate in solution for 15-30 minutes on a rocking platform.
Images:
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Appendix F

Alternate, High-Contrast Images of Figures 3-5, 3-6, and 3-7

Above A black and white image of Figures 3-5 and 3-6 from an
identical perspective. Below A black and white image of Figure 37 from an identical perspective.
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Appendix G

Images of Gel Electrophoresis/Western Blot Equipment

Left: An unassembled Bio-Rad Criterion cell, showing the two electrode connection points
that generate the current necessary for gel electrophoresis. Right: The same Criterion cell,
fully assembled with the electrodes unplugged.

Left: An unassembled Bio-Rad Criterion blotter, with the plate electrodes visible and the
transfer cassette sitting open. Right: The same blotter fully assembled, with the transfer
cassettes loaded and the electrode wires leading away from the device.
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Left: A fully-assembled Criterion blotter plugged into the VWR AccuPower Model 300
power supply. Right: One of the 26-well 5% Tris-HCl polyacrylamide gels (from BioRad) used in gel electrophoresis with the gel “comb” (in green) visibly still in place.
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