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BLOOD COMPONENTS

Effects of a new pathogen-reduction technology (Mirasol PRT) on
functional aspects of platelet concentrates

S. Perez-Pujol, R. Tonda, M. Lozano, B. Fuste, I. Lopez-Vilchez, A M. Galan, J. Li, R. Goodrich, and
G. Escolar

BACKGROUND: Several strategies are being developed
to reduce the risk of pathogen transmission associated
with platelet (PLT) transfusion.

STUDY DESIGN AND METHODS: The impact of a new
technology for pathogen reduction based on riboflavin
plus illumination (Mirasol PRT, Navigant Biotechnologies,
Inc.) at 6.2 and 12.3 J per mL on functional and
biochemical characteristics of PLTs was evaluated, PLT
concentrates (PCs) obtained by apheresis were treated
with Mirasol PRT and stored at 22°C. Modifications in
major PLT glycoproteins (GPlbo, GPIV, and GPlib-lila),
adhesive ligands (von Willebrand factor [VWF], fibrinogen
[Fgl, and fibronectin}, activation antigens (P-selectin and
LIMP), and apoptotic markers (annexin V binding and
factor [F]Va) were analyzed by flow cytometry. Adhesive
and cohesive PLT functions were evaluated with well-
established perfusion models. Studies were performed on
the preparation day {Day 0) and during PCs storage
{Days 3 and 5).

RESULTS: Levels of glycoproteins remained stable
during storage in PCs treated with 6.2 J per mL pathogen
reduction technology (PRT) and similar to those observed
in nontreated PCs. When 12.3 J per mL PRT was applied,
however, levels of GPlbo moderately decreased on
Days 3 and 5. VWF, Fg, and FVa were not modified in
their expression levels, either by treatment or by storage
period. Fibronectin appeared more elevated in all PRT
samples. A progressive increase in P-selectin and LIMP
expression and in annexin V binding was observed during
storage of PRT-treated PCs. Functional studies indicated
that 6.2 J per mL Mirasol PRT—treated PLTs preserved
adhesive and cohesive functions to levels compatible with
those observed in the respective control PCs.
CONCLUSION: PLT function was well preserved in PCs
treated with 6.2 J per mL Mirasol PRT and stored for

5 days.

he primary objective of platelet (PLT) transfusion

is to provide the required amount of PLTs with

preserved functions so that they can restore

hemostasis in the recipient. PLTs play a triple role
in hemostasis. First, based on their adhesive properties,
PLTs attach onto the damaged areas of the blood vessels.
PLT glycoprotein Ib (GPIb) interacting with subendothe-
lial von Willebrand factor (VWF) acting in combination
with other specific receptors for collagen play a critical
role at this initial stage.”” Second, PLTs through their
cohesive properties interact with each other to produce a
tight PLT aggregate. Receptors expressed on PLT glycopro-
tein [Ib-11Ia (GPIIb-IIla) interacting with plasma adhesive
proteins such as fibrinogen (Fg) and VWF are responsible
for these events.™ In addition, phospholipids present on
the membranes of activated PLTs undergo conformational
changes producing a catalytic surface for the activation of
coagulation mechanisms.® Fibrin formed during the latter
process will consolidate the initial hemostatic plug. Tissue
factor exposed on denuded vascular areas contributes
critically to the coagulation mechanism of primary hemo-
stasis.”® To promote correct hemostasis, transfused PLTs

ABBREVIATIONS: BC = buffy coat; Fg = fibrinogen; GP(s) =
glycoprotein(s); PC(s) = platelet concentrate(s); PLT = platelet;
PRT = pathogenreduction technology; PRT 6.2=6.2 ] per mL PRT;
PRT 12.3 = 12.3 ] per mL PRT; UN-I = nonilluminated (platelets).
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should fully retain adhesive, aggregating, and procoagu-
lant activities.

During the past several years, a number of groups
have studied the morphologic and biochemical changes
that occur during preparation and storage of PLTs and
how these modifications may result in an impairment of
PLT function™!' and even a delayed response to further
stimuli.** Pathogen inactivation of plasma derivatives is
being enforced by several health authorities. This policy is
being extended to PLT concentrates (PCs} used for trans-
fusion. There is a reasonable concern that procedures with
pathogen reduction technology (PRT) for PCs could have
a deleterious effect on PLT integrity and functions.

For this reason, in this study we have explored func-
tional and biochemical characteristics of PLTs exposed to
PRT with riboflavin and ultraviolet (UV) light, This PR
process was conducted with a procedure described previ-
ously that las been demonstrated to provide both virus
and bacteria inactivation while retaining cell functionality
measured in vitro and in vivo.** Briefly, the process
requires the use of a 50 umol per L working concentration
of riboflavin in combination with UVlight {265- to 370-nm
output). In this study, two different intensities of illumina-
tion equivalent to 6.2 ] per mL (PRT 6.2) and 12.3 ] permL
{PRT 12.3) were utilized, and PLT quality was measured
during different times of storage (0, 3, and 5 days). Studies
were performed to evaluate modifications in major PLT
GPs, activation-dependent antigens, and apoptotic mark-
ers by flow cytometry and the adhesive and cohesive func-
tions of PLIs in PCs with well-established models with
circulating human blood.

There were two primary reasons for selecting the light
doses utilized in this study. [n work reported previously,
the effectiveness of the light dose of 6.2] per mL was
established in terms of the ability o inactivate 4 Lo 6 logs
of representative viruses (hwmnan immunodeficiency
virus, West Nile virus, poreine parvovirus) and bacteria
(Staphyloccocus epidermidis, Escherichia coli) while main-
taining adequate in vitro assay results.”” The use of the
light dose of 6.2 ] per mL. in this study was based on these
prior observations. The higher light dose employed here
was utilized to demonstrate the ability of the methods
employed in this work to differentiate significant differ-
ences from both control, untreated samples and samples
treated at the conditions utilized for both preclinical and
clinical studies with this pathogen reduction technology
Vivo.{l»l.‘i

MATERIALS AND METHODS

Experimental design

This study was designed to evaluate the possible effects of
a new pathogen-reduction procedure (riboflavin plus UV
lighy) known as Mirasol PRT (Navigant Biotechnologies,
Inc.. Lakewood, CO) on biochemical and functional char-
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acteristics of PCs obtained through apheresis. Samples
were treated with Mirasol PRT at 6.2 and 12.3 ] per mL in
the presence of 50 punol per L riboflavin. Medifications in
major PLT glvcoproteins, activation-dependent antigens,
and apoptotic markers were analyzed by flow cytometry.
Adhesive and cohesive functions of PLTs in the concen-
trates were evaluated with a perfusion assay, a well-estab-
lished model with circulating human blood. Studies were
performed during the preparation (Dav0) and during
storage {Days 3 and 5) of PCs.

Collection of blood samples

Apheresis collection of PCs was performed with a apher-
esis collection device (Trima, Gambro BCT, Lakewood,
CO). The collection yield target was at least 5.5 x 10" per
procedure to facilitate the separation of the product into
two aliquots (bags). For treated sampiles, after sterile con-
nection, 250 + 5 mL of PLTs was transferred into an illumi-
nation and storage bag (extended-life PLT [ELP], Gambro
BCT) containing 28 mL of riboflavin solution (500 umol/L
in 0.9% saline) vielding a final working concentration of
riboflavin of 50 pmol per L. The transfer tubing was sealed
with a hand-held radio frequency tubing sealer (Sebra,
Tucson, AZ). After connection, the two bags were sepa-
rated and the original collection bag was discarded. Each
final PLT product to be treated contained PLTs suspended
in approximately 278 mL of 90 percent autologous plasma
in a 1-L citrate-plasticized polyvinylchloride ELP bag with
an illumination surface area of 347 cm? per side. The same
subjectswere used to study the two different intensities of
illumination applied (Mirasol PRT technology and proto-
cols with 6.2 and 12.3 J/mL; n=8). In each experiment,
one of the aliquots was subjected to illumination and the
other remained untreated, used as a control. Riboflavin
was not added to the untreated controls. Both aliquots
were kept at 22 £2°C on a flatbed agitator (Helmer Labo-
ratories, Noblesville, IN) running at 60 agitations per
minute for 5 days. All samples were taken, under sterile
conditions. at 0, 3, and 5 days of storage.

Flow cytometry studies

Antibodies. Monoclonal antibodies (MoAbs) used
were commercially available (Immunotech, Marseille,
France: except where expressly indicated) and were pur-
chased conveniently tagged with fluorescein isothiocyan-
ate (FITC) or phycoerythrin (PE), except where expressly
indicated. GPHb-1Ila was detecied with anti-CD41a-PE
{clone P2), GPIbu with anti-CD42b-FITC (clone §7.2), GPIV
with anti-CD36-FITC (clone FAB.152), P-selectin with anti-
CDG2P-FITC (clone CLBThromb/6), the 53 kDa lysosomal
membrane protein with ant-CDG3-FITC (clone CLBGran/
12}, and coagulation factor V with a MoAb that recognizes
the light chain of both factor (F}V and FVa (American



