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Abstract

BACKGROUND: Alloimmunization to platelet rich plasma (PRP) transfusions can cause adverse
reactions such as platelet refractoriness or transplant rejection. Pathogen reduction treatment with
ultraviolet light and riboflavin (UV+R) of allogeneic PRP was shown to reduce allogeneic
antibody responses and confer partial antigen-specific immune tolerance to subsequent
transfusions in mice. Studies have shown UV+R was effective both at rapidly killing donor white
blood cells (WBCs) and reducing their ability to stimulate an allogeneic response in vitro.
However, the manner in which UV+R induces WBC death and its associated role in the immune
response to treated PRP is unknown.

METHODS AND MATERIALS: This study evaluates whether UV+R causes WBC apoptosis by
examining phosphatidylserine exposure on the plasma membrane, membrane asymmetry, caspase

activity and chromatin condensation by flow cytometry. The immunogenicity of WBCs killed with
UV+R versus apoptotic or necrotic pathways was also examined /in vivo.

RESULTS: WBCs after UV+R exhibited early apoptotic-like characteristics including
phosphatidylserine exposure on the outer leaflet of the plasma membrane and loss of membrane
asymmetry, but unlike canonical apoptotic cells, caspase activity and chromatin condensation were
not apparent. However, /n vivo studies demonstrated, unlike untreated or necrotic WBCs, both
apoptotic WBCs and UV+R treated WBCs failed to prime alloantibody responses to subsequent
untreated transfusions.

CONCLUSION: Overall, the mechanism of WBC death following UV+R treatment shares some
membrane characteristics of early apoptosis, but is distinct from classic apoptosis. Despite these
differences, UV+R treated and apoptotic WBCs both offer some protection from
alloimmunization.
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INTRODUCTION:

Alloimmunization is a common complication to platelet rich plasma (PRP) transfusion that
can negatively impact subsequent transfusions and transplants.}~” The advent of
leukoreduction has significantly reduced, but not eliminated, the risk of alloimmunization.
8-14 pathogen reduction treatment (PRT) with ultraviolet (UV) B light and the photoactivator
riboflavin (UV+R; Mirasol, Terumo BCT, Lakewood, CO), primarily designed to reduce the
risk of transfusion-transmission related infectious agents, was shown to reduce allogeneic
antibody responses in animal models.15-19 Moreover, transfusion of UV+R treated PRP
conferred partial immune tolerance to subsequent exposures of untreated PRP in a white
blood cell (WBC)-dependent, antigen specific manner in mice.15 /n vitro studies with human
peripheral blood mononuclear cells (PBMCs) showed that UV+R results in rapid cell death
and down-regulation of surface adhesion molecules, which prevents allogeneic T cell
responses in mixed lymphocyte reactions.20

Cell death pathways are complex and diverse, and the manner in which cells die can impact
how they are perceived by the immune system, with apoptotic cells generally tolerated, and
necrotic cells associated with inflammation.2! Apoptosis is a coordinated process of cell
death that involves regulated morphological and biochemical cellular change.?2 In live cells,
anionic phosphatidylserine (PS) is distributed on the cytoplasmic surface of the cell
membrane.22 One of the earliest indicators of apoptosis is the translocation of PS from the
internal to the external leaflet of the plasma membrane.?122 Committed apoptotic cells also
undergo caspase activation, chromatin condensation, and loss of cell membrane asymmetry,
among other cellular changes.?1.22

UVB light induces apoptosis in many different mouse and human cell types by various
mechanisms.23-30 Different wavelengths and doses of UV light have different effects, with
lower doses generally inducing apoptosis and higher doses inducing necrosis.2® The cell
death pathway induced also depends on the cell type and is related to the extent of DNA
damage. This paper focuses on WBCs, as contaminating lymphocytes in transfusion
products are the most potent inducers of anti-MHC alloimmunization.30-32 UVB light can
induce apoptosis in lymphocytes,2425.29.33 pyt as doses and wavelengths of UV light can
vary considerably, it is unclear if these findings will translate to blood products treated with
commercially available PRT systems. There is some evidence to suggest that the Mirasol
system may induce apoptosis. Yang et al. described PS exposure in human lymphocytes
treated with riboflavin and an in-house source of UVB light,3* and Asano et al. reported
elevated PS exposure in rat WBCs following Mirasol treatment.1® Neither of these studies,
however, evaluated indicators of apoptosis beyond PS exposure.

UV treated cells have been shown to induce tolerance in humans and animal models.
Extracorporeal photochemotherapy, in which autologous blood is treated with UVA light and
psoralen before reinfusion, has been shown to regulate inflammatory immune responses in
autoimmune diseases and graft-versus-host disease.3>-38 Multiple infusions of allogeneic
PBMCs treated with UVB light (lower doses than used in UV+R), can control donor specific
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humoral responses, and tolerance in this model can be conferred to naive mice by adoptive
transfer of CD4* CD25* T cells.3940

Treatment of PRP with UV+R reduces alloimmunization and provides WBC-dependent
partial protection from subsequent exposure.1®16 As treatment induces rapid WBC death20
and apoptotic cells are suggested to have immune tolerant properties,*! we sought to
determine the manner of death induced by UV+R treatment in both human and mouse
WBCs. PS exposure, membrane asymmetry, caspase activity and chromatin condensation
were evaluated in WBCs isolated from pathogen reduced PRP and compared with WBCs
treated with known apoptosis or necrosis inducers. The immunogenicity of these cells was
also compared to apoptotic and necrotic controls /in vivo.

MATERIALS AND METHODS:

Participants and samples

Healthy male and female subjects were recruited to participate in the study. Small volumes
of blood were collected into a final volume of 14% citrate phosphate dextrose anti-coagulant
(CPDA-1) that was aliquoted from a 500-mL WBF double CPDA-1 blood bag unit
(Haemonetics, Braintree, MA). Written informed consent and sample collection were in
accordance with institutional review board—approved protocols per the Declaration of
Helsinki.

Mice and samples

Male and female BALB/cJ (BALB/c) and C57BI/6J (B6) mice (The Jackson Laboratory, Bar
Harbor, ME) between 8 to 11 weeks of age for recipient mice and 6 weeks to 6 months of
age for donor mice were housed and maintained in a specific pathogen free vivarium under
barrier conditions at our institute in accordance with the Guide for the Care and Use of
Laboratory Animals. Mice acclimated for a minimum of a week prior to use. Blood was
collected by exsanguination via orbital enucleation under inhalation anesthesia (isoflurane).
Samples were pooled into tubes with a final volume of 14% CPDA-1. Research was
performed with approval and oversight of the Institutional Animal Care and Use Committee
at Covance Laboratories, Inc. (San Carlos, CA) under Animal Welfare Assurance A3367-
01.

Sample Processing

PRP fractions were isolated by gentle centrifugation (two 15 min spins each at 200 X g).
The remaining fraction was diluted in phosphate buffered saline (PBS), centrifuged over
Lymphocyte Separation Medium (Cellgro, Mediatech, Manassas, VA) to isolate WBCs and
washed with sterile PBS. The WBCs were used alone or added back to a portion of the PRP
to generate a WBC-enriched PRP, i.e. non-leukoreduced PRP.

UV+R treatment

Non-leukoreduced PRP, prepared as described above, underwent pathogen reduction
treatment (UV+R) with the Mirasol Pathogen Reduction Technology System (Terumo BCT,
Lakewood, CO). A scaled version of the Mirasol system was adapted for mice as previously
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described.13.15.16 Treated samples were transferred to sterile tubes and kept at room
temperature for injection into mice or evaluated /n vitro as described below.

WBCs from non-leukoreduced PRP with and without UV+R treatment were evaluated for
indicators of apoptosis. Empirically, we observed that human WBCs were more resistant to
induction of PS exposure than mouse cells when treated with the same concentration of
ethanol (EtOH). Therefore, to generate experimental controls, an aliquot was treated with
5% total volume ethanol (mice) or 10% total volume ethanol (human) for 90 minutes at
37°C for the induction of apoptosis.*2-44 A separate aliquot was treated with a 10% total
volume ethanol (mice), 20% total volume ethanol (human), or a cycle of freeze/thaw in dry
ice and placed in 37°C incubation for the induction of cell necrosis.#24> Cells were washed
prior to analysis. PS exposure was measured by affinity to Annexin V conjugated to
allophycocyanin (APC; Life Technologies, Carlsbad, CA). Membrane asymmetry was
measured with the Ratiometric Membrane Asymmetry (VRMA) Probe 4’-N,N-
diethylamino-6-(N,N,N-dodecyl-methylamino-sulfopropyl)-methyl-3-hydroxyflavone
(F2N12S) (Molecular Probes, Eugene, OR). Effector caspase 3 and/or caspase 7 expressions
were measured by CellEvent Caspase-3/7 Green Flow Cytometry Assay Kit (Life
Technologies, Carlsbad, CA). Total caspase activity was measured by Vybrant FAM Poly
Caspases Assay Kit (Molecular Probes, Eugene, OR). Chromatin condensation was
measured with the cell permeable nuclear dye Vybrant DyeCycle Violet Stain (Molecular
Probes, Eugene, OR). Reagents were used per manufacturer’s instructions. Cells were
analyzed immediately after treatment and staining, which was between 3-5 hours post UV
+R treatment, depending on the experiment.

For primary transfusion, leuko-poor PRP was treated with UV+R and used as a vehicle for
administration of WBCs that were either untreated, UV+R treated, 5% ethanol treated, or
freeze/thaw treated. Ethanol, freeze/thaw, and untreated WBCs were washed and
resuspended in UV+R treated leuko-poor PRP prior to transfusion into mice. Secondary
transfusions consisted of untreated non-leukoreduced PRP. PRP products were stored at
room temperature prior to administration of 100 pL volume by intravenous tail vein injection
within seven hours of collection for the first transfusion and 5 hours for the second
transfusion. For primary transfusion, the number of WBCs was normalized to 5 x 10° cells/
transfusion, and the number of WBCs in the secondary transfusion of non-leukoreduced
untreated PRP ranged from 5.8 — 7.0 x 10° cells/transfusion. Total platelets (PLT) were
between 1.1 x 107 to 7.4 x 107 cells/transfusion.

Alloantibody responses and flow cytometry

Alloantibody responses were measured by flow cytometry as previously described using B6
splenocytes as target cells.1>16 Median fluorescence intensity (MFI) values were normalized
by dividing individual MFI by the mean MFI of the non-transfused controls for that
experiment.
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Anti-mouse antibodies used for flow cytometry from BD Biosciences (San Diego, CA)
included phycoerythrin (PE)-CD61, biotin-conjugated anti-mouse Igx, PE-Cy5-conjugated
anti-mouse TCRp, pacific blue (PB)-conjugated anti-mouse B220, APC-conjugated
streptavidin and brilliant violet (BV) 421-CD45.2, and anti-mouse CD16/32 for blocking.
Anti-human PE-CD14 antibody was from Caltag (Molecular Probes, Eugene, OR). Live/
dead discrimination was determined by staining with propidium iodide (PI) or Sytox
AAdvanced (Life Technologies, Carlsbad, CA), which are functionally interchangeable for
the detection of live/dead cells. Absolute counts of cell populations were made with BD
Trucount Tubes (BD Biosciences, San Diego, CA). Samples were run on a BD FACS LSR 11
(BD Biosciences, San Diego, CA) and acquired with BD FACSDiva software. Cytometry
data was analyzed on FlowJo software version 10 (FlowlJo, LLC).

Statistical analysis

Treatment groups were compared using one-way analysis of variance (ANOVA) followed by
Tukey’s or Dunnet’s multiple comparison post-test as indicated, assuming normal
distribution unless otherwise noted. Analysis and graphing were performed using Prism
version 7 (GraphPad Software, Inc., La Jolla, CA). Power analysis suggested a minimum
sample size of 5 for figure 1 and a minimum sample size of 10 for figure 5 where power =
0.8 and type | error rate = 5%.

RESULTS:

Exposure of PS on the outer plasma membrane is an early indicator of apoptosis. To evaluate
PS exposure following pathogen reduction, WBCs isolated from UV+R treated PRP were
stained with Annexin V and compared with WBCs killed under conditions known to induce
either apoptosis or necrosis. In WBCs from mice (Figure 1A) and healthy human donors
(Figure 1B), PS exposure did not differ between UV+R and apoptosis-induced controls (5%
EtOH for mice and 10% EtOH for human; apoptotic cells). Both did show significantly
enhanced PS exposure when compared to untreated cells or necrotic cells (10% EtOH for
mice, 20% EtOH for human, and freeze/thaw). For human samples, the apoptotic control
showed an increased trend of PS exposure when compared to necrotic cells treated with a
cycle of freeze/thaw but the difference was not significant. Therefore, UV+R significantly
induced PS exposure similar to apoptotic mouse and human WBCs.

To evaluate whether membrane asymmetry, another indicator of apoptosis, was
compromised after UV+R, the charge distribution of the outer plasma membrane was
measured with the VRMA probe F2N12S. Loss of membrane asymmetry is associated with
a reduced ratio between 585 nm/530 nm fluorescence from F2N12S. Mouse WBCs (Figure
2A) and healthy human donors (Figure 2B) showed more than a two fold increase in the loss
of membrane asymmetry among apoptotic cells and following UV+R when compared with
untreated or necrotic cells. Therefore, UV+R, like apoptotic cells, induced a greater loss of
membrane asymmetry in mouse and human WBCs.

Since caspase activation is an established indicator of apoptosis, the effector caspases 3 and
7, as well as total caspase activity were measured.?1:22 Expression of caspase was measured
in the Annexin V™ PI/Sytox~ subset and the Annexin V* PI/Sytox™ subset as illustrated by
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the respective cytometry plots (Figure 3). Necrotic cells induced by ethanol treatment were
not examined due to insufficient P1/Sytox™ events (see Figure 1). Among WBCs from mice
(Figure 3A, C) and humans (Figure 3B, D), the apoptotic cells expressed total caspase and
effector caspase 3 and 7 in the Annexin V* P1/Sytox™ subset population, but not in the
Annexin V™~ P1/Sytox™ subset of cells. The human necrotic sample from a single freeze/thaw
also showed caspase activity. Strikingly, little to no total caspase or effector caspase 3 and 7
activity was observed after UV+R in either mouse or human WBCs.

To examine a late indicator of apoptosis, chromatin condensation was measured with the cell
permeable nuclear dye Vybrant® DyeCycle™ Violet Stain which stains DNA and increases
fluorescent intensity with increased proximity, associated with chromatin condensation.
Samples were gated for Annexin V™ PI~ (black), Annexin V* PI~ (blue) and Annexin V* PI*
(red) subsets and examined for VVybrant Dye Cycle signal intensity (Figure 4, first column).
For mouse (Figure 4A) and human (Figure 4B) WBCs, the apoptotic control exhibited
relatively greater intensity of Vybrant Dye Cycle signal from the Annexin V* PI~ subset
compared to untreated or necrotic controls (dotted arrow). In the UV+R sample, the Annexin
V* PI~ subset also exhibited moderate enhancement of the Vybrant Dye Cycle signal but not
to the same degree as the apoptotic control (dashed arrow). Moreover, only a small fraction
of events showed elevated Vybrant Dye Cycle signal in the human UV+R sample (dashed
arrow). A moderately increased Vybrant Dye Cycle signal was observed in the Annexin V-
P1~ subset in the UV+R group when compared to untreated and apoptotic control (solid
arrows). Therefore, UV+R does not induce chromatin condensation in mice or humans.

UV+R treated, untreated, apoptotic, and necrotic WBCs were evaluated for the ability to
prime alloantibody responses /n vivo (Figure 5). BALB/c recipients were either given no
transfusion or primed with a transfusion of allogeneic B6 WBCs that were either UV+R
treated, untreated, 5% EtOH treated (apoptotic control) or freeze/thaw treated (necrotic
control). All WBCs were suspended in UV+R treated leukoreduced B6 PRP with equal
numbers of WBCs used for each treatment. An additional control group was primed with
UV+R treated leukoreduced B6 PRP alone. Two weeks later, recipients received no
transfusion (negative control) or were challenged with non-leukoreduced untreated B6 PRP
transfusion to evaluate the primed response. Alloantibody was screened another two weeks
after the final transfusion (3 independent experiments). All groups were compared to mice
receiving only the second untreated B6 PRP transfusion (single non-leukoreduced untreated
B6 PRP transfusion) to determine if exposure to the variously treated WBCs primed an
enhanced response. Mice given untreated WBCs in the initial transfusion had significantly
higher anti-B6 antibody responses than the single exposure control group, indicating a
primed response. Alloantibody responses in mice given UV+R treated cells were equivalent
to those of mice given only a single exposure to untreated PRP, demonstrating no primed
response. Mice given apoptotic cells had a slightly reduced response compared with the
single exposure group, suggesting a slight protective effect. The concentration of WBCs in
the necrotic group was diminished relative to the other groups due to cell loss from the
freeze/thaw and wash steps, which may have introduced variability in the results.
Nonetheless, the primed responses of the necrotic groups showed an increased trend when
compared to the response to a single allogeneic transfusion.
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DISCUSSION:

Prior in vitro studies showed UV+R treated human PBMCs underwent rapid cell death, but
the manner in which death progressed was unclear.20 Here we show that UV+R induces
apoptotic-like characteristics in both human and mouse WBCs including externalization of
PS and loss of membrane asymmetry, but unlike canonical apoptosis, caspase expression and
chromatin condensation were not apparent. Therefore PRT with UV+R does not induce
conventional apoptosis as originally thought, but instead induces a quasi-apoptotic state in
blood leukocytes.34 Despite these differences, an allogeneic transfusion of UV+R treated
cells, similar to apoptotic cells, failed to prime enhanced alloantibody responses to
secondary allo-exposure.

Caspase expression was not observed in WBCs following UV+R pathogen reduction
treatment, suggesting these cells underwent an alternative caspase-independent apoptotic
pathway. Reports using varying doses of UV exposure suggested WBCs generally undergo
conventional apoptosis, i.e., caspase activation, upregulation of GADD45a, CD95 (FAS/
APO-1), Bax, and/or p73, and poly-ADP ribose polymerase (parp) cleavage.24:29.34:46-48
There are, however, reports of caspase-independent apoptosis occurring in WBCs in
response to other stimuli, or in other cell types in response to UV exposure, providing some
precedence for our findings.22:48-50 Platelets also demonstrated caspase 9 and 3 activity after
UVB exposure with riboflavin using the Mirasol system, but differences were observed five
days post storage.30-51 Caspase 3 was also identified in platelets after exposure to UVA and
psoralen.3! In contrast, UV+R treated WBCs showed little to no caspase activity whether it
was from the effector caspases 3 and 7 or from total caspase activity. Collectively, these data
suggest that in many cell types, UV exposure can induce caspase dependent mechanisms of
apoptosis, but exposure to UVB light and riboflavin with the Mirasol system uniquely
induces caspase independent apoptosis in WBCs. Alternatively, the absence of measurable
caspase activity with UV+R treatment may suggest a non-apoptotic pathway that includes
some apoptotic-like characteristics such as PS exposure and loss of membrane asymmetry.
Increased PS exposure in the absence of apoptosis can be induced due to elevated cytosolic
Ca?* or depletion of ATP%2-54 Also, caspase expression could be transient so caspase
activity could have disappeared by the time of measurement, though all groups were
measured at the same time post treatment initiation.21:22

Similarly, UV+R treated WBCs did not exhibit chromatin condensation to the same degree
as the apoptotic control. The UV component of UV+R induces DNA crosslinking, which
may explain the moderate increase in fluorescent activity observed. This may be similar to
reports of UVB and UVC exposure in different cell lines that have been described to exhibit
chromatin condensation with a “moth eaten” appearance which was dissimilar to chromatin
condensation found in classic apoptotic cells.*6:50 Qverall, chromatin condensation after UV
+R was distinct from that of the ethanol-treated apoptotic cells.

Exposure of PS on the outer membrane may be sufficiently apoptotic from the perspective of
the immune system. Elevated PS on the outer plasma membrane of cells facilitates
recognition and uptake of apoptotic cells by antigen presenting cells such as macrophages.
55,56 This may explain why exposure to UV+R treated WBCs leads to down-modulated
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cytokine responses to subsequent exposures,1® as UV+R treated cells may be perceived by
antigen presenting cells as apoptotic when processed, leading to some tolerizing signalsto T
cells during indirect presentation of alloantigens.

In clinical practice, leukoreduction reduces, but may not completely eliminate, WBCs from
PRP transfusions and the residual WBCs may contribute to alloimmunization over repeat
exposures.8-14 Earlier studies have shown that the presence of WBCs significantly increases
the alloresponse to PRP transfusion, with optimal protection observed using a combination
of leukoreduction and UV+R.213.16.17 Fyrthermore, we have found that MHC antigens from
WBCs are critical for induction of the partially tolerogenic phenotype observed with UV+R
treatment.15:32 Therefore, WBCs were added back into the leukoreduced PRP in our
experimental model to simulate a worst-case scenario of alloimmunization. To determine the
immunogenicity of WBCs in different states of cell death, PRP transfusions were enriched
with WBCs killed in different ways, and their capacity to prime alloantibody responses /in
vivo was evaluated. Prior exposure to untreated WBCs led to primed (increased) responses
to subsequent untreated transfusion, compared with controls. In contrast, a prior exposure to
UV+R treated WBCs or apoptotic WBCs led to similar or reduced responses when
compared to a single allogeneic transfusion. This indicates UV+R treated allogeneic WBCs
are perceived similarly to apoptotic WBCs and may be more tolerated by the immune
system. Overall, UV+R may be inducing caspase-independent apoptosis in WBCs that
provides partial protection against primed alloantibody responses in subsequent transfusions.
In contrast, UV+R appears to induce classical apoptosis in platelets including PS exposure
and caspase activation, and is thought to enhance platelet immunogeneicity, suggesting that
differences in the mechanism of cell death and cellular origin of alloantigens may be critical
in regulation of the alloresponse.30:3151.57 platelets and leukocytes can also induce very
different allogeneic responses, which may help to explain differences in study outcomes.
UVB treated leukocytes have been shown to induce tolerance in a different mouse model,
but when plasma and platelets were included with the treated leukocytes, it interfered with
this tolerance.3°

UV+R has been shown to abrogate binding and stimulation to allogeneic cells in in vitro
studies and prevent alloimmunization in animal models.15-20.58 |n the clinic, PRT provides
graft-versus-host disease prophylaxis and can prevent formation of alloantibodies.>9-62
However, conflicting clinical reports have suggested otherwise. A quantitative systematic
review that combined clinical data from several studies of hemato-oncological patients and
different PRT technologies concluded that PRT increased the risk of platelet refractoriness
due to alloimmunization.3 A recent Pathogen Reduction Evaluation and Predictive
Analytical Rating Score (PREPAReS) trial of hemato-oncological patients similarly
indicated PRT does not prevent alloimmunization after platelet transfusion.64 However,
confounding factors that could increase alloimmunization risk such as concurrent exposure
to other untreated allogeneic blood products, storage prior to transfusion and use of gamma
irradiation have complicated interpretation of these clinical studies.®® Most of the
participants in the trials to date have received red cells in addition to their treated or
untreated platelet products, introducing an alternative source of alloantigen.63-65 PRT
treatment of red cells is more complicated as the hemoglobin absorbs much of the UV light
energy, requiring either higher doses of UV light or alternative approaches.¢ As these
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approaches have not yet been approved for use, all red cells given in these trials are
untreated.%3-65 Also, increased storage prior to transfusion of PRT treated PRP has been
reported to elevate caspase-dependent apoptosis in platelets, which may have inflammatory
effects.30.51.57 As our animal studies have used freshly treated products and most of the
clinical trials have used products stored for a few days after treatment, this may help to
explain some of the discrepancies. The PREPAReS trial included off-protocol transfusions,
including RBC transfusions, and up to 7 days of storage prior to transfusion that could have
increased platelet storage lesion.54 Furthermore, while PRT has been shown to be an
effective replacement for gamma irradiation in preventing graft-versus-host disease®%:67,
some institutions practice tandem treatment with PRT and gamma irradiation, and gamma
irradiation was utilized in all arms of the PREPAReS trial.58 Gamma irradiation does not
induce apoptosis in leukocytes and does not enhance immunologic suppression when treated
along with UVB.17:39.46 Moreover, tandem treatment with PRT and gamma irradiation could
promote cell necrosis and ultimately incite more inflammatory responses. Ultimately, more
studies will be needed to determine the impact of interacting variables on cell death and
alloimmunization to help further reconcile differences observed between pre-clinical studies
and clinical outcomes. Understanding the mechanism that regulates the response to PRT
may help guide future strategies to prevent the risk of transplant rejection and platelet
refractoriness.
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Figure 1: UV+R treatment significantly enriches PS exposure on outer plasma membrane.
The presence of PS on the outer leaflet of the plasma membrane was measured by staining

with Annexin V in WBCs derived from (A) B6 mice and (B) healthy human donors. WBCs
were untreated, or treated with 5% EtOH, 10% EtOH, 20% EtOH, a freeze/thaw cycle or
pathogen reduction with UV+R. Samples were analyzed within 3-5 hours of UV+R
treatment. Representative gating by flow cytometry for each treatment sample selected for
single lymphocytes (CD14~ for human samples). Live/dead markers used were propidium
iodide (PI) or Sytox AADvanced dead cell stain kit. Graphical representation of data shows
the frequency of Annexin V* P1/Sytox AADvanced™ (gate in bold) (N=6 or 7). Groups were
compared by ANOVA with Tukey’s post-test. *p<0.05, **p<0.01, ***p<0.001,
***%0<0.0001.
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Figure 2: Loss of plasma membrane asymmetry is elevated following UV+R treatment.
Membrane asymmetry was determined by shift in surface charge measured using the Violet

Ratiometric Membrane Asymmetry Probe (F2N12S) by flow cytometry. Representative
gating for WBCs that were untreated, or treated with 5% EtOH, 10% EtOH, 20% EtOH, a
freeze/thaw cycle or pathogen reduction with UV+R from (A) B6 mice and (B) healthy
human donors selected for single lymphocytes (CD14~ for human samples). Samples were
analyzed within 3 hours of UV+R treatment. Sytox AADvanced measured live/dead cells.
The ratiometric response of emission bands corresponding to 530 nm and 585 nm from the
dual fluorescence of the probe measured loss of membrane asymmetry. Graphical
representation of data shows the frequency of F2N12S Ratio 585 nm/530 nm low Sytox
AADvanced™ (gate in bold) from the combined data of three independent experiments
(N=3).
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Figure 3: Littleto no caspase activity is detected after UV+R treatment.
Total caspase (top panel) and effector caspase 3 and caspase 7 (bottom panel) activity were

measured in WBCs from (A) B6 mice or (B) healthy human donors. WBCs were untreated,
or treated with 5% EtOH, 10% EtOH, a freeze/thaw cycle or pathogen reduction with UV
+R. Samples were analyzed within 4-5 hours of UV+R treatment. Gating by flow cytometry
selected for single lymphocytes (CD14~ for human samples) and for Annexin V= PI/Sytox
AADvanced™ or Annexin V* P1/Sytox AADvanced™, respectively. Live/dead markers used
were Pl or Sytox AADvanced dead cell stain kit. Representative flow cytometry plots are
from the UV+R treated group of each respective experiment and highlight the population
selected for the histogram. Graphical representation of compiled data from three
independent experiments in (C) mice and (D) humans (N=3). (*) Data below 200 events not
shown.
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Figure 4: UV+R treatment may not be inducing chromatin condensation.
Chromatin condensation was determined by staining with the nuclear dye Vybrant Dye

Cycle Violet Stain in WBCs from (A) B6 mice or (B) healthy human donors. WBCs were
untreated, or treated with 5% EtOH, 10% EtOH, 20% EtOH, a freeze/thaw cycle or
pathogen reduction with UV+R. Samples were analyzed within 4-5 hours of UV+R
treatment. Gating selected for single nucleated lymphocytes (CD14~ for human samples)
that were Annexin V™ PI~ (black), Annexin V* PI~ (blue) and Annexin V* PI* (red)
populations (first column). These populations were then examined for VVybrant Dye Cycle
expression for each group. Solid arrows indicate chromatin condensation for the Annexin V-
PI~ population. Chromatin condensation for the Annexin V* PI~ population is indicated by
the dotted arrow (apoptotic control) and dashed arrow (UV+R group). Pl stained for live/
dead cells. Plots shown are representative of three independent experiments.
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Figure5: UV+R treated WBCsfail to primeincreased alloantibody responsesto secondary allo-
exposure, similar to apoptotic WBCs.

BALB/c recipient mice were 1) not transfused (negative control @), 2) given a single
transfusion with non-leukoreduced untreated B6 PRP (single transfusion control ), or
transfused with non-leukoreduced untreated B6 PRP 2 weeks after initial transfusion with
either 3) leukoreduced UV+R treated PRP alone (rt), 4) UV+R treated PRP containing UV
+R treated WBCs (8), 5) UV+R treated PRP containing untreated WBCs (), 6) UV+R
treated PRP containing 5% EtOH-treated WBCs (apoptotic O), or 7) UV+R treated PRP
containing freeze/thaw-treated WBCs (necrotic O), all from allogeneic B6 donors. Two
weeks after last transfusion, serum from recipients was screened for antibodies against B6
target cells by flow cytometry. Shown is combined data from three independent experiments
(N=13-15 per group). Groups were compared by ANOVA with Dunnet’s post-test to
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compare each group to the single untreated PRP transfusion control (X). **p<0.01 and
****n<0.0001.
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