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Functional assay of antiplatelet drugs based on margination of platelets
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A novel functional assay of antiplatelet drug efficacy was designed by utilizing the phenomena of
platelet margination in flowing blood and transient platelet contacts with surface-immobilized
platelet agonists. Flow margination enhances transient contacts of platelets with the walls of flow
chambers covered with surface-immobilized proteins. Depending on the type and the surface den-
sity of the immobilized agonists, such transient interactions could “prime” the marginated platelet
subpopulation for enhanced activation and adhesion downstream. By creating an upstream surface
patch with an immobilized platelet agonist, platelet flow margination was used to test how effective
antiplatelet drugs are in suppressing downstream platelet activation and adhesion. The platelet ad-
hesion downstream was measured by a so-called “capture” patch region close to the distal end of
the flow chamber. Platelet adhesion downstream was found to be dose-dependent on the upstream
surface coverage of the “priming” patch, with immobilized fibrinogen acting as a platelet agonist.
Several antiplatelet agents (acetylsalicylic acid, eptifibatide, and tirofiban) were evaluated for their
efficacy in attenuating downstream adhesion after upstream platelet priming. The activation of the
platelet population was found to be dependent on both the extent of the upstream agonist stimulus
and the antiplatelet drug concentration. Such a relationship provides an opportunity to measure the
efficacy of specific antiplatelet agents against the type and concentration of upstream platelet

agonists. © 2016 American Vacuum Society. [http://dx.doi.org/10.1116/1.4945305]

I. INTRODUCTION

Each year, millions of individuals require surgical inter-
vention to deal with cardiovascular diseases, oftentimes
requiring the assistance of a vascular device such as a stent,
shunt or graft." A major failure mode of these devices is the
formation of a thrombus, leading to an occlusion of the de-
vice or an embolic event. This hemostatic response of the
body to foreign materials often necessitates that patients be
placed on systemic anticoagulants, many of which result in a
considerable loss in quality of life. The development of anti-
platelet agents is hindered by the fact that no current in vitro
platelet activation assay fully takes into account the condi-
tions under which platelets interact with different agonists
in vivo and the downstream consequences of such interac-
tions. Our group has recently shown that there is a quantita-
tive relationship between transient contacts of platelets with
upstream immobilized agonists and downstream platelet ad-
hesion and activation, leading to a new perspective on vascu-
lar device failures.? This finding was utilized here to design
a novel antiplatelet drug efficacy assay that mimics transient
platelet encounters with exposed agonists at a blood vessel

¥ Author to whom correspondence should be addressed; present address:
20 S 2030 E., Rm. 108A, Salt Lake City, Utah 84112; electronic mail:
vladimir.hlady@utah.edu

029805-1 Biointerphases 11(2), June 2016

1934-8630/2016/11(2)/029805/7/$30.00

wall lesion, or with procoagulant proteins adsorbed to the
surface of an implanted vascular device.

A. Platelet activation and adhesion

It is commonly accepted that upon encountering a blood
vessel injury or biomaterial, platelets initiate the process of
repair by recognizing exposed subendothelial proteins via
membrane receptors and tethering to the surface.”* Platelets
roll along the surface of the injured vessel or material due to
short term interactions of glycoprotein Ib and von
Willebrand factor, then arrest, activate, and aggregate
through the interactions of glycoprotein IIb/IIla (GPIIblIla)
and fibrinogen or collagen.’”’ Upon adhering, platelets
undergo a morphological change and release the contents of
their granules, which contain additional activation factors.®
These processes lead to an amplification of the activation
cascade and the formation of a fibrin clot.” Most platelets
that contact a locus of injury, however, do not immediately
adhere at the site of initial contact.'® Those platelets that
have made transient contacts with a procoagulant surface
stimulus remain “primed” for downstream activation as they
continue to circulate. We have recently demonstrated that a
platelet population allowed to transiently interact with a
stimulating surface patch has an increased propensity to acti-
vate and adhere downstream.>'" This phenomenon is largely
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due to the margination of platelets in flowing blood which
was utilized here to create a new type of antiplatelet agent
assay that takes into account the upstream history of platelet—
agonist interactions.

B. Antiplatelet agents

Anticoagulant or antiplatelet therapy is often used during
and after the surgical introduction of a vascular device or
repair of a damaged blood vessel to reduce the risk of throm-
botic complications.'?> A large proportion of patients con-
tinue to receive these therapies indefinitely due to the
increased risk of thrombosis and embolism associated with
damaged vessel walls or with blood contacting implants.
Examples of antiplatelet drugs currently prescribed include
thromboxane inhibitors [acetylsalicylic acid (ASA)], GPIIb/
IITa inhibitors (abciximab, eptifibatide, and tirofiban) and
adenosine diphosphate (ADP) inhibitors (clopidogrel, prasu-
grel, and cangrelor). Despite the prevalence of antiplatelet
and anticoagulation agents, the lack of relevant platelet func-
tion assays has limited the scope of antiplatelet drugs tests
in vitro. There is currently no optimal system in which to
test the effects of antiplatelet therapies on the dynamics of
platelet activation and adhesion in circulation, since current
assays for antiplatelet agents tend to approximate only the
local effects of vascular injury or procoagulant device surfa-
ces. Practically, no current in vitro platelet function assay
takes into account the upstream priming that can occur in
vessel injury conditions. Platelet aggregometry, for example,
in which a platelet agonist is added to whole blood or plasma
and aggregate formation is recorded, is considered the “gold
standard” for platelet functionality assays.'> Although
aggregometry is capable of providing a large amount of in-
formation on platelet functionality, it does not provide a cir-
culatory environment that accurately mimics adhesion,
activation, and aggregation onto an injured blood vessel wall
or an implanted device.>'* Other methods, including analy-
sis of activation markers using flow cytometry or aggrega-
tion using techniques such as thromboelastography, only
detect bulk platelet activation and do not directly assess
surface-induced adhesion and activation.'”

C. Platelet function assays

Most platelet function assays are unable to model the
effects of a specific activating region and actual vessel flow
conditions and specific injury site conditions are typically
not presented. One exception is the IMPACT cone and plate
analyzer (CPA), which was developed to more accurately
represent natural haemostasis.'® In the CPA, a polystyrene
plate is used to monitor platelet adhesion and aggregation in
a well-defined shear environment. Plasma proteins are
allowed to adsorb to the surface of a polystyrene plate from
whole blood, creating a thrombogenic surface. The type and
amount of plasma proteins that adsorb to the surface are not
controlled, however, so no direct correlations between spe-
cific plasma proteins and platelet function can be elucidated.
The platelet function analyzer (PFA-100/200, Siemens) is
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another assay commonly used to assess platelet function.
The PFA-100/200 is a shear activated, cartridge based plate-
let assay, which was originally designed to replace or auto-
mate bleeding time tests by mimicking an injured blood
vessel.'” In this assay, whole blood is drawn through a mem-
brane with a small (150 um) aperture, which is coated with
either collagen and ADP or collagen and epinephrine.'®
These agonists, combined with the elevated shear at the
aperture, serve to activate platelets that eventually occlude
the membrane. While this assay does directly assess surface-
induced activation and adhesion, it does so in the presence
of high shear rates and does not take into account transient
surface interactions. Recent years have also seen the rise in
use of microfluidic flow cells as essential tools for studying
platelet activation and adhesion.'”?® Gutierrez et al. used
extracellular matrix (ECM) coated substrates to investigate
the influence of elevated shear rates on platelet adhesion
with respect to the GPIIb/IIIa receptor.?’ Similar assays have
also been used by Maloney ef al. to investigate patient-
specific responses to antiplatelet therapies.*

While these studies have come closer to simulating vessel
wall lesion conditions by presenting physiologically relevant
substrates to shear and/or ECM activated platelets, the influ-
ence of transient contacts between platelets and surface
bound agonists has been overlooked. To investigate this phe-
nomenon, we have developed a flow-based method to test
the downstream activation of platelets after specific
upstream stimulation of platelets by transient contacts with
mimetic procoagulant agonists. The surface-immobilized
procoagulant proteins act as platelet agonists in order to
mimic exposed subendothelium in a blood vessel lesion or a
procoagulant surface of an implanted vascular device.
Varying the surface density of an upstream agonist can thus
mirror a range of pathological conditions in patients with
lesions on a blood vessel wall.

D. Novel flow assay

The central premise of the flow assay described here is
that by controlling the presentation of an upstream agonist (a
so-called “priming” region made of covalently tethered pro-
coagulant proteins), the subsequent activation of platelets
can be determined using a downstream platelet “capture”
region. This assay is carried out in a miniaturized array of
flow chambers through which a small volume of blood is
perfused. Figure 1 shows the geometry of the upstream ago-
nist priming and downstream capture regions in rectangular
flow chambers. Due to the geometry of the flow cell, this
assay takes advantage of a margination phenomenon
observed in flowing blood in which platelets are concen-
trated near the vessel wall. Such margination of platelets to-
ward the chamber walls is due to the existence of a red blood
cell depletion zone established during flow. Spatial fractio-
nation of platelets ensures a higher number of contacts
between the marginated platelet subpopulation and upstream
priming and downstream capture regions. This assay
requires a small sample volume (<1 ml of whole blood) per
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Fic. 1. Schematic of a flow assay assembly. Protein agonists are deposited
on a glass substrate in the priming and capture regions by microcontact
printing and covalent attachment of proteins is achieved through the use of a
commercial NHS ester chemistry (Nexteﬁon—H®, Schott). A relief-molded
PDMS flow channel is inverted on the stamped surface to create the final
assembled device. Flow through the device brings blood past the priming
region followed by the capture region before exiting the device. Platelets
near the substrate surface are therefore able to sequentially interact with two
surface-bound agonist regions in a controlled flow environment.

run, and a typical perfusion lasts 5 min, thus making it an
ideal candidate for a variety of clinical uses.

Il. METHODS
A. Flow cell design and creation

Flow chambers contained an upstream platelet priming
area (10mm in length) and a downstream capture region
(also 10 mm in length). Flow channel dimensions were 3 mm
wide, 0.1 mm deep, and 70 mm long. Such dimensions were
selected to match physiologically relevant venous
(~100 sfl) and arterial (500-1000 sfl) shear rates depend-
ing on the volumetric flow rate used in perfusion.”2® Each
device consisted of a parallel array of four flow channels and
was designed to fit on a standard 25 x 75 mm microscope
slide (Fig. 1). The flow chambers were manufactured
through relief molding of polydimethylsiloxane (PDMS)
(Sylgard 184, Dow Corning) on patterned polymeric tape.
Patterns for the channels were cut out of tape on a xuro-
graphic plotter (CE5000-60, Graphtec). These patterns were
then transferred to the bottom of a mold and PDMS was cast
into the mold at a ratio of 15:1 polymer to crosslinker by
weight. The flow chambers were allowed to cure, then released
from the mold and cut to final dimensions (25 x 75mm).
Fluid vias were bored from the top of the PDMS into the flow
channels to provide access for the inlet and outlet of blood.

To create platelet priming and capture regions, patches of
fibrinogen were deposited at specific upstream and down-
stream locations in each flow cell using a microcontact print-
ing (uCP) process described in detail elsewhere.''” Briefly,
soft lithographic stamps were created out of PDMS, corre-
sponding to random patterns of micrometer-sized islands of
varying surface density coverage. The surface of these
stamps was coated with a fibrinogen solution (1 mg/ml in
phosphate-buffered saline (PBS), Sigma-Aldrich) and
allowed to dry, then brought into contact with the substrate.
Covalent linkages between proteins and the glass-based bot-
tom of the flow assay were achieved by using commercially
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available Nexterion-H® (Schott) slides coated with a
poly(ethylene oxide)-based polymer containing reactive N-
hydroxysuccinimide (NHS) esters.”®** Through the use of a
constant concentration of protein solution and a uniform sur-
face chemistry, the density of fibrinogen transferred to the
surface remained constant in spite of varying total surface
coverage densities provided by stamp patterns. After uCP of
fibrinogen, the slides were rinsed in distilled deionized water
prior to assembly to eliminate any nonbound protein.

The downstream analysis of platelet activation was car-
ried out via a surface capture assay.> A printed protein cap-
ture region consisting of a 10mm long patch of 100%
surface density coverage of fibrinogen was covalently immo-
bilized to the surface of the flow cell 45 mm downstream of
the priming region. This region served to capture activated
platelets from the marginated platelet subpopulation. Figure
2 shows a schematic of a flow assay during platelet perfu-
sion, highlighting the micrometer-sized islands of covalently
attached agonist in the priming region at three different sur-
face densities. Devices were assembled by inverting the
PDMS fluidic channels onto the stamped Nexterion-H glass
substrate. Capillary forces held the PDMS in place strongly
enough to prevent leakage for the duration of the experi-
ments. Prior to all experiments, a solution of human serum
albumin (HSA, 1mg/ml in PBS, Sigma-Aldrich) was per-
fused through each flow cell and was allowed to incubate at
room temperature for 1 h. The introduction of HSA served to
both coat the PDMS walls of the chamber and react with the
remaining NHS ester groups between stamped priming and
capture regions. The presence of covalently attached HSA
intermediate to the priming and capture regions serves to
reduce the adsorption of proteins from serum as well as pro-
vides a platelet-inert substrate over which perfusion is
conducted.*®

B. Flow cell operation

Whole human blood was drawn from healthy donors into
buffered 3.2% (0.105 M) sodium citrate and was treated with
Phe-Pro-Arg-chloromethylketone (PPACK, 80 uM,
Haematologic Technologies) within 5 min of draw to pre-
vent thrombin-induced coagulation. Any additional antipla-
telet agent was added at this time as experimental conditions
dictated. All samples were used within 10 min of draw from
donors. Blood was kept in a water bath at 37 °C for the dura-
tion of the experiment, and polyethylene microfluidic tubing
connected the flow cell to the vial of blood. All microfluidic
tubing was perfused with HSA prior to experiments in order
to preadsorb albumin onto the surface and thereby reduce
the adsorption of serum proteins. Additionally, the microflui-
dic tubing was kept as short as possible to minimize any pos-
sible priming effect it might have on the platelet population.
Flow was achieved by drawing blood through the device
using a syringe-pump (Kent Scientific). A flow rate of
3.6ml/h produced a shear rate of 200s ™', which was used in
all experiments. Flow was sustained for 5 min, after which
the device was rinsed with prewarmed Tyrode’s buffer to
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FiG. 2. Schematic of flow assay function. The presence of red blood cells in flow creates a margination effect which drives platelets toward the chamber walls.
An increased number of platelets near the substrate surface relative to the bulk flow increases chances of platelet—surface interactions. Platelets near the sub-
strate transiently roll along the surface and become primed through interactions with agonists. A variable density of printed agonists in the priming region pro-
vides a range of probabilities that a platelet contacting the surface in the priming region will interact with a printed agonist. Shown here are fluorescent images
of microcontact printed fibrinogen at three different surface coverage densities, 30%, 50%, and 70% (scale bar represents 10 um). Primed platelets continue to
flow downstream along a platelet-inert surface. Primed platelets encountering the downstream agonist patch have an increased propensity to form stable adhe-
sions compared to nonprimed populations. The number of adhered platelets in the capture region is used as an indication of overall priming in the platelet pop-
ulation. The inset image is a representative view of platelets adhered to a fibrinogen capture region (scale bar represents 20 ym).

remove any nonattached cells. Attached cells were fixed in
4% paraformaldehyde, imaged using a differential interfer-
ence contrast microscope (Diaphot 300, Nikon), and quanti-
fied. Adhered platelets were counted in ten randomly
selected fields (300 x 400 pum) within the downstream cap-
ture region.

lll. RESULTS
A. Upstream agonist titration

Flow cells were created with varying surface coverage
densities of fibrinogen in the upstream priming region.
Densities of 15%, 30%, 50%, 75%, 85%, and 100% were
used. Negative controls of 0% surface coverage were run
both before and after the experiments to ensure that the pla-
telets in the blood sample did not become more active over
the course of the experiment. Figure 3 shows that the number
of platelets adhered to the downstream capture region
increased as the surface density of the immobilized agonist
in the upstream priming position is increased. This finding
indicates that the elevated chances of platelets contacting the
upstream agonist led to a greater number of platelets primed
for adhesion downstream. These results demonstrate that
precise control over the relative activation state of a platelet
population is achievable and detectable using this device.

B. Antiplatelet agents

Two classes of antiplatelet agents were examined for their
ability to attenuate platelet activation in response to the
upstream agonist. The cyclooxygenase (COX) inhibitor ASA
(Aspirin®, Bayer) and the two GPIIb/IIIa inhibitors, eptifiba-
tide (Integrilin®, Millennium Pharmaceuticals) and tirofiban
(Aggrastat®, Medicure), were selected as they are all nonpro-
drug candidates, thus could be easily added to the blood
prior to perfusion.
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1. COX inhibitor

Flow cells were created with 50%, 85%, and 100% cover-
age of printed fibrinogen in the upstream priming region.
Two samples of whole blood were prepared, one untreated,
and one treated with 30 ug/ml ASA in whole blood (i.e., the
target blood concentration for antiplatelet therapy in adults).
Figure 4 shows the platelet activation response to varying
surface densities of upstream fibrinogen with and without
ASA premixed in the perfusate. While an increasing surface
density of priming fibrinogen still resulted in increased plate-
let adhesion, the relative number of adhered platelets
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FiG. 3. Stimulus-dependent response of platelet activation. Platelet adhesion
to a downstream fibrinogen capture region is seen to increase as the density
of upstream surface bound fibrinogen increases. Zero percentage pre- and
0% post represent nonprimed controls run before and after all other samples,
respectively (**p < 0.0001 and *p < 0.05).
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FiG. 4. Stimulus-dependent response of platelet activation in the presence of
acetylsalicylic acid. ASA is seen to attenuate the platelet activation
response. Platelet adhesion to the capture region increases as the density of
the upstream priming region increases; however, this rate of increase is
diminished in the presence of the recommended therapeutic dose of ASA
(**p < 0.0001 and *p < 0.01).

significantly decreased in the presence of ASA. These results
illustrate the sensitivity of this assay in assessing the efficacy
of antiplatelet agents in response to varying levels of platelet
activation.

2. GPlibllla inhibitors

Another set of experiments was used to test a different
class of antiplatelet agents, GPIIbllla inhibitors.
Specifically, eptifibatide (a cyclic heptapeptide) and tirofiban
(a nonpeptide inhibitor) were used. Devices were created
with 100% surface coverage of fibrinogen in both the pri-
ming and capture regions. Whole blood mixed with each of
these drugs was used as perfusate. Antiplatelet agents were
combined with blood at their respective target therapeutic
blood concentrations (3 pg/ml, eptifibatide or 0.33 pg/ml, tir-
ofiban) and also at 1/10 of these target concentrations.
Figure 5 shows the results of the GPIIbIlla inhibitors on
downstream platelet adhesion. Both eptifibatide and tirofiban
diminished the number of adhered platelets at their target
therapeutic concentration and at 1/10 of that level. At the
recommended blood concentration of each of these drugs,
results were statistically similar to nonprimed controls (i.e.,
with no agonist present in the upstream region). This result
illustrates the ability of the assay to assess antiplatelet thera-
pies in a dose-sensitive manner.

IV. DISCUSSION

This novel flow assay, which mimics a physiologically
relevant blood vessel wall injury to test platelet function and
antiplatelet drug efficacy, was made possible by utilizing a
dynamic phenomenon by which transient platelet-agonist
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Fic. 5. Dose-dependent response of platelet activation in the presence of
GPIIb/IIa inhibitors. GPIIb/IIIa inhibitors attenuate the platelet activation
response. Both eptifibatide and tirofiban diminish the number of adhered
platelets comparable to negative controls at the target therapeutic dose
(***p < 0.0001, **p < 0.001, and *p < 0.01).

contacts prime platelets for enhanced activation and adhe-
sion downstream. The flow assay emulates the platelet pri-
ming surface of a vascular device or vessel wall injury by
presenting a covalently bound platelet-priming agonist to
flowing whole blood. A second patch of an immobilized
proadhesive protein downstream of the agonist is used to
capture primed platelets. In the present study, fibrinogen was
used as the protein in the capture region as it has been previ-
ously demonstrated to effectively arrest primed platelets;>'"
however, other capture proteins (e.g., collagen or vWF)
could easily be incorporated. This assay would not have the
required sensitivity without the phenomenon of platelet mar-
gination toward flow chamber walls in laminar flow of whole
blood. The dimensions of the flow channels were chosen to
increase the chances of a platelet interacting with the cham-
ber walls multiple times by exploiting the margination of
platelets and the propensity of platelets once marginated to
remain near the chamber walls. Numerous in vivo observa-
tions and in vitro experiments of whole blood flowing in
tubes or channels have established the existence of a near-
wall region with few to no red blood cells.*'* This red-cell
depletion zone is characterized by an enhanced concentra-
tion of platelets compared to their overall bulk concentration
in the blood. The red-cell depleted and platelet enriched
zone comprises the layer of fluid within 2—-5 yum of the wall,
growing thinner as the hematocrit and shear rate increase.
Importantly, platelet margination substantially increases (by
50-fold or more) the rate of platelet contacts with the cham-
ber wall.>> Computational models of whole blood, which
simulate the motion of collections of red blood cells and
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platelets suspended in plasma, show the temporal develop-
ment of the red-cell depletion zone and the subsequent mar-
gination of platelets.’*® These studies also show that the
red blood cells along the edge of the red-cell depletion zone
form an effective barrier which strongly inhibits the move-
ment of platelets from the near-wall region back into the
core flow.’?” In the context of our flow assay, this implies
that most of the platelets that contact the upstream priming
region will remain within a few microns of the wall during
their transit through the chamber to the downstream capture
region, and so have a significant chance of contact with the
capture region.

Transient contacts between primed platelets and the cap-
ture region result in the arrest of platelets, and the number of
arrested platelets has been shown to correlate to the overall
activation of the platelet population.*® Other methods such
as fluorescence-activated cell sorting analysis of activation-
dependent surface markers or [-thromboglobulin plasma
levels are more commonly used to assess platelet activa-
tion.**? Since the fraction of the platelet population that
contacts the priming region is rather small (~2%), it would
be difficult to detect such low numbers of active platelets
among the whole platelet population using these methods.
Thus, the combination of platelet margination in flow and a
downstream capture region allows for the self-selection of
activated platelets, making the current assay more sensitive
than any of the bulk fluid-based platelet activation assays.

The effect of the coagulation cascade was excluded in
these experiments by design through the introduction of
PPACK, a thrombin inhibitor. Through the elimination of
the coagulation response, platelet priming and adhesion
could be interrogated on a cell-by-cell basis without the con-
founding factor of coagulation. If, in the future, it is desired
to study particular aspects of the coagulation cascade, it is
possible to add back free calcium ions to the blood prior to
perfusion and omit the addition of PPACK.

Initially, the surface coverage density of fibrinogen was
varied to demonstrate the sensitivity of the assay to increas-
ing levels of platelet priming stimulus. As the percent of sur-
face coverage increased from 0% to 100%, the chance that
any given platelet flowing past the priming region would
contact a fibrinogen patch also increased. The surface cover-
age density of fibrinogen was seen to have an effect on the
activation state of the platelet population, as increased adhe-
sion was observed in the downstream capture region in a
dose dependent manner (Fig. 3). A similar experiment was
repeated in which the upstream surface density of bound
fibrinogen was varied in the presence of ASA. The results
indicate that ASA was able to decrease the activation of the
platelet population relative to nontreated controls.
Interestingly, platelet priming was still observed to be de-
pendent on the upstream agonist surface density; however,
the number of adhered platelets was diminished. ASA inhib-
its COX, which in turn halts the formation of thromboxane
A2 (TXA2). By lowering TXA2 levels, a key stimulus for
platelet activation was reduced. Other pathways to activation
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remained open, however, indicated by a continued (albeit
decreased) presence of an active platelet population.

The antiplatelet drugs tirofiban and eptifibatide were also
tested for their ability to attenuate platelet activation by
surface-bound agonists. These drugs inhibit the GPIIb/IIla
receptor on platelets, which is presumably responsible for
platelet priming by upstream fibrinogen. A dose-dependent
response was seen when the concentration of each of these
drugs was varied. The number of adhered platelets down-
stream was significantly reduced even when the drugs were
used at 1/10 of their recommended dose, and at the
recommended dose, adhesion was reduced to levels of the
nonprimed control. These results show the ability of this
assay to detect the dose-dependent efficacy of antiplatelet
agents.

V. CONCLUSION

In summary, these experiments demonstrate the new-
found ability to investigate specific platelet priming path-
ways through the use of an upstream agonist, downstream
surface capture assay. The ability of antiplatelet agents to
attenuate this response was also shown, suggesting the utility
of this flow assay for the screening of current and future anti-
platelet therapies. Interpatient variations in drug sensitivity
has been a well-documented challenge surrounding this class
of drugs; therefore, the ability to detect the minimum effec-
tive therapeutic dose on a patient by patient basis would
have large impact on the personalized prescription of such
pharmaceutics.
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