BLOOD COMPONENTS AND
REGENERATIVE MEDICINE

[

1Center for Cancer and Immunology
Research, Children’s National
Hospital, Washington, DC,
United States of America;
2Division of Allergy and
Immunology, Children’s National
Hospital, Washington, DC,
United States of America;
3Division of Blood and Marrow
Transplantation, Children’s
National Hospital, Washington,
DC, United States of America;
“Division of Haematology,
George Washington University,
Washington, DC,

United States of America;
5School of Medicine and Health
Sciences, George Washington
University, Washington, DC,
United States of America;
$Holland Lab for the Biomedical
Sciences, American Red Cross,
Rockville, MD,

United States of America;
"Department of Pathology,
Microbiology and Immunology,
Vanderbilt University Medical
Center, Nashville, TN,

United States of America

Arrived: 23 March 2021

Revision accepted: 24 May 2021
Correspondence: Patrick J. Hanley
phanley@childrensnational.org

456

Flow-based analysis of cell division
identifies highly active populations
within plasma products during mixed
lymphocyte cultures

Christopher A. Lazarski’, Keri Toner*®, Michael D. Keller**, Naomi Luban*s,
Pampee P. Young®”, Catherine M. Bollard***, Stephen J. Wagner®, Patrick J. Hanley***

Background - Leukoreduction to eliminate mononuclear cells within blood
products is necessary to prevent graft-versus-host disease after transfusion.
Published reports document low concentrations of mononuclear cells leftover
in fresh-frozen plasma products, however the phenotype and the proliferative
potential of these cells has not been tested.

Materials and methods - We investigated residual cellular components
contained within fresh and fresh-frozen plasma products and characterised
their proliferative potential'in co-cultures with unrelated allogeneic cells. We
designed a flow-based assay to phenotype cells and quantify cell division
by measuring the dilution of fluorescently labeled protein as cells divide.
Leukocytes from consenting donors were purified from fresh liquid or
fresh-frozen plasma units and cultured for three to seven days with unrelated
irradiated allogeneic targets.

Results - We discovered a median of 1.6x10" viable lymphocytes were
detectable in fresh plasma units after collection (n=8), comprised of a mixture
of CD3+ CD8+ and CD3+ CD4+ cells. Furthermore, we identified a median
of 8.4% of live CD3+ plasma lymphocytes divided as early as Day 4 when
co-cultured with unrelated allogeneic cells, expanding to a median 88.8% by
Day 7 (n=3). Although freezing the plasma product reduced the total number
of viable leukocyte cells down to 2.3x10° (n=10), residual naive CD3+ cells were
viable and demonstrated division through Day 7 of co-culture.

Discussion - The evidence of viable proliferative lymphocytes in fresh and
fresh-frozen plasma products derived from centrifugation suggests that
additional leukoreduction measures should be investigated to fully eradicate
reactive lymphocytes from centrifuged plasma products.

Keywords: TA-GVHD, fresh-frozen plasma, lymphocytes, T cells.

INTRODUCTION

Transfusion-associated graft versus host disease (TA-GVHD) is a rare but almost

universally fatal complication arising from unanticipated recognition of host tissue by
residual lymphocytes present within transfused blood products'?. The pathophysiology
of TA-GVHD arises from a HLA mismatch between recipient (host) and residual donor
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lymphocytes within transfused blood products, where
host lymphocytes see donor lymphocytes as self!, while
donor lymphocytes recognize the host as foreign and
initiate the disease response*’. TA-GVHD is considered
preventable if the proliferative potential of donor
lymphocytes is eradicated’. TA-GVHD and other leukocyte-
associated transfusion reactions have thus spurred the
implementation of practices aimed at inhibiting the activity
of viable lymphocytes within blood products, which include
leukoreduction, irradiation, and pathogen reduction, as
well as processes such as freezing and thawing**.
Preparation of liquid plasma products involves manual
collection from centrifuged whole blood which may or
may not have passed through a leukoreduction filter,
or automated collection within apheresis machines
using centrifugation programs specific for plasma
isolation. During manual fractionation of whole blood,
centrifugation renders the top plasma layer distinct
from the intermediate buffy coat layer (containing
leukocytes and platelets) and the bottom packed red
blood cell pellet. Published reports suggest plasma unit
production derived from whole blood donation may
contain a greater contaminating white blood cell fraction
(up to 30x10° cells per unit) as compared with plasma
derived from apheresis collection (less than 5x10° cells per
unit)”?. Recommendations for leukocyte counts in liquid
plasma are published to be less than 100 white blood
cells per microliter before initiating transfusion*°.
Addition of further treatment steps to eradicate residual
cellular proliferation within the collected plasma, such as
irradiation or pathogen inactivation, is also institution
specific. However, viable leukocyte counts within fresh
plasma are not routinely measured before initiating
irradiation or freezing, nor are they routinely measured
after these treatments and before use in patients due to
cost and inherent inefficiencies of quantification of low
cellular numbers in large volumes.

Guidelines for the preparation and use of fresh, frozen,
or irradiated products in patients continue to evolve as
new filtration products and centrifugation equipment
become available>*. A detailed analysis of the phenotype
and activity of viable leukocytes remaining in transfused
blood products is required as more clinical therapies
utilize blood and cellular products for treatment of
diseases7.

Importantly, published clinical reports
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have already identified TA-GVHD in patients receiving
irradiated blood products“?°?, yet data is sparse regarding
the ability of previously frozen lymphocytes to divide and
proliferate?>®. Given that many patients are ill at the
time of plasma transfusion and the lack of standardised
reporting, TA-GVHD secondary to fresh-frozen plasma
transfusions is likely underdiagnosed and underreported.
Therefore, our goal was to define the viability, phenotype
and proliferative potential of lymphocytes present in fresh
and fresh frozen plasma products. For this, we utilised
flow cytometry to phenotypically characterize residual
lymphocytes within plasma units from healthy donors and
measured their viability and capacity for division in mixed
lymphocyte cultures with unrelated allogeneic cells.

MATERIALS AND METHODS

Blood collection

For plasma effectors, de-identified peripheral blood was
collected from healthy consenting donors according to IRB-
approved protocol (American Red Cross IRB n. 2004-033).
Whole blood was collected in Fenwal triple collection sets
(Fresenius Kabi, Lake Zurich, IL, USA) and centrifuged in
a Sorvall HBB6 rotor (Thermofisher Scientific, Waltham
MA, USA) at 4,500 rpm with an accumulated centrifugal
effect (ACE) setting of 1.0x10® and a brake setting of 7 to
isolate liquid plasma from cellular pellet. ACE centrifugal
settings analyse the effect differing rotor loading has
upon acceleration and deceleration times to apply the
same amount of total centrifugal time for samples.
Residualleukocytesinliquid plasma were measured on the
ADAM-wRBC (NanoEnTek, Waltham MA, USA). Liquid
plasma was rapidly frozen at <-32°C in a blast freezer
(Harris BPF-99E, Thermofisher Scientific) for at least one
hour prior to transport on dry ice to the study site. Liquid
plasma and leukocyte replete red blood cells (RBCs) were
transported to the study site on wet ice. Transport time
was less than1h, and samples were immediately processed
upon receipt.

For targets, peripheral leukocyte cells were collected
from de-identified TRIMA Accel platelet transfusion
filters (Terumo Medical, Somerset NJ, USA). Donors
for target peripheral cells were consented according to
IRB-approved protocol (Children’s National Hospital IRB
n. 4033). Residual cellular fractions were processed as
peripheral blood as subsequently noted.
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Cellisolation and labeling

Fresh-frozen plasma units were thawed in 37°C water
baths until liquid. Newly thawed fresh-frozen plasma
units and fresh plasma was divided into 50 mL collection
tubes and spun at 600 xg for 10 min to concentrate
leukocyte cells. Pellet fractions were re-suspended in
5 mL of 1x PBS, combined into one 50 mL collection
tube, and spun at 600 xg for 10 min. The resulting pellet
fraction was re-suspended in 5 mL of 1x PBS and cell
counts were enumerated by automated count using a
Luna-FL system (Logos Biosystems, Annandale, VA, USA).
Plasma cells were re-suspended to a final concentration
of 1x10° cells per mL in 1x PBS. 5x10° cells were added to
5 uL of 5 uM of Cell Trace Violet (Thermofisher Scientific)
for a final concentration of 5 uM in 15 mL collection
tubes. Plasma cells were incubated at 37°C for 20 min,
after which 10 mL of complete media was added to the
cell suspension and subsequently incubated at 37°C for
additional 5 min. Plasma cells were spun down and
washed 1x with 10 mL of complete media. Plasma cells
were re-suspended in 5 mL of complete media for a
final concentration of 1x10° cells per mL for subsequent
co-culture. 100 pLcell suspension was added to individual
wells of a 96 well U-bottom plate for a final concentration
of 1x10° effectors per well. Complete medium contained
150 mL RPMI (Hyclone, Thermofisher Scientific), 100 mL
Click’s Medium (Irvine Scientific, Santa Ana CA, USA),
2.5 mL Glutamax (Gibco, Thermofisher Scientific), and
25 mL of inactivated Human Serum (Valley Biomedical,
Winchester VA, USA) per 250 mL of media which was
sterile filtered.

Peripheral blood was processed to isolate peripheral blood
mononuclear cell (PBMC) for use as targets or effectors.
For effectors, PBMCs were separated from blood by
Ficoll-Paque® (Sigma-Aldrich, St. MI, USA)
and spun at 800 xg for 25 min to purify the leukocyte

Louis,

fraction. The leukocyte fraction was washed once with
1x PBS and spun at 450 x4 for 5 min to pellet lymphocytes.
For effectors, PBMCs were processed as described
previously for labeling with Cell Trace Violet (Thermofisher
Scientific). For targets, PBMCs from three unrelated
donors were collected by harvesting cells from TRIMA
Accel platelet transfusion filters (Terumo Medical).
Target cells from the three filters were mixed in an equal
ratio of 1: 1: 1 and 5x10° of the mixed cells were used for
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labeling. 5x10° of mixed targets were added to 5 uL of
5 uM of Cell Trace Far Red (Thermofisher Scientific) for
a final concentration of 1 M in 15 mL collection tubes.
Mixed target cells were incubated at 37°C for 20 min,
after which 10 mL of complete media was added to the
cell suspension and incubated at 37°C for an additional 5
min. Mixed target cells were spun down and washed 1x
with 10 mL of complete media. Labeled mixed target cells
were re-suspended in 5 mL of complete media for a final
concentration of 1x10° of the mixed cells per mL. Target
cells were irradiated with 25 Gy, after which targets were
added to wells for co-culture.

For mixed lymphocyte cultures (test wells), 100 uL effector
cell suspension (1x10° effectors) and 100 uL of target cell
suspension (1x10° targets) was added to individual wells
of a 96 well U-bottom plate for a 1: 1 ratio of effectors to
targets. Control wells consisted of 100 uL effector cell
suspension with 100 uL of media alone, 100 pL effector cell
suspension with 100 uL of media plus PHA or IL2, and 100
uL target cell suspension with 100 uL of media alone. Cells
were cultured at 37°C for three to seven days.

Antibody staining

Cells were spun down at 400 xg for 5 min and washed once
in 100 pL 1x PBS. For viability staining with Live Dead
Aqua (Thermofisher Scientific), cells were re-suspended in
50 pL of 1x PBS containing Live Dead Aqua at a dilution of
1: 500 and then stained for 20 min at 4°C, and washed with
PBS fetal
serum (FBS). Cells were re-suspended in 50 uL of
staining buffer containing either 1x PBS/2% FBS or
1x PBS/2% FBS plus Brilliant Violet staining solution for
panels which contained Brilliant Violet dyes (Biolegend,
San Diego, CA, USA). Cells were stained for at least
30 min at 4°C then washed twice with 100 pL
1x PBS/2% FBS. Cells were re-suspended in 50 pL of
1x PBS/2% FBS for collection. Markers for staining
included CD3 PerCP Cys.5 (Biolegend; clone SK7),
CD3 APC Vio770 (Miltenyi Biotec [Bergisch Gladbach,
Germanyl], clone Bw264/56), CD4 BV570 (Biolegend; clone
RPA-T4), CD4 PE Vio770 (Miltenyi Biotec, clone REA623),
CD4 PE Cy7 (BD Biosciences, clone SK3), CD8 APC Vio770
(Miltenyi Biotec, clone REA734), CD8 VioGreen (Miltenyi
Biotec, clone REA734), CD8 Brilliant Violet 421 (Biolegend,
clone SK1), CD8 BV711 (Biolegend, clone SK1), CD127 PE
Dazzles94 (Biolegend, clone Aoc19Ds), CDsé PE (Miltenyi

100 pL of 1x containing 2% bovine
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Biotec, clone REA196), CD14 VioBlue (Miltenyi Biotec,
clone REA599), CCR7 FITC (Biolegend, clone Go43H?7),
CCR7 PE Vio770 (Miltenyi Biotec, clone REA546), CD19
PE (Miltenyi Biotech, clone REA675), CD45RO BV605
(Biolegend, clone UCHL1), CD45RO AlexaFluor488
(Biolegend, clone UCHL1), CD25 BV650 (Biolegend, clone
BC96), CD83 APC (Miltenyi Biotec, clone HB15), TCRa/p
PerCP Vio7o0o (Miltenyi Biotech, clone REA652), Live
Dead Aqua (Thermofisher), and 7AAD (Miltenyi Biotec).
Cells were loaded onto a Cytoflex S (Beckman Coulter,
Atlanta, GA) or a Sartorius IQue Screener Plus (Sartorius,
Gottingen, Germany) for collection of samples. Data was
analysed in Flowjo software (FlowJo, Ashland, OR, USA),
and statistics were analysed in Graphpad Prism software
(GraphPad, San Diego, CA, USA).

RESULTS

Fresh plasma retains a substantial number of
leukocytes after centrifugation

We first characterised the frequency and phenotype of
leukocytes within fresh plasma products in comparison
with peripheral blood drawn from the same donors. We
identified that fresh plasma containsleukocytes consistent
in size and granularity with lymphocyte, monocyte,
and granulocyte subpopulations (Figure 14). These cells
were similar in size and granularity to cells within fresh
blood from which the plasma was purified. We further
evaluated the lymphocyte subpopulation for lineage
staining using flow cytometry and identified CD3+ T cells,
including both CD4+ and CD8+T cells, were present within
lymphocyte gated populations. Overall, we measured a
median of 1.6x107 leukocytes per unit from eight fresh
plasma products analysed (Figure 1B), which equates to 64
leukocytes per microliter in a volume of 250 mL for plasma
units, which represented an approximate 6o0-fold to
150-fold reduction as compared with whole blood, which
has a published mean of 2.1 to 5.2x10° leukocytes per
unit (4,000-10,000 leukocytes per microliter; 520 mL per
unit?).

Leukocytes from fresh plasma divide in response to
mixed HLA stimulation

We next investigated whether cells present within fresh
plasma were capable of division after co-culture with
allogeneic cells using a flow-based mixed lymphocyte
reaction (MLR) assay to identify division of effector cells.

All rights reserved - For personal use only

Leukocytes isolated from fresh plasma were labeled
with Cell Trace Violet tracking dye and co-cultured with
irradiated target cells from unrelated donors which were
labeled with Cell Trace Red (Figure 24). To enumerate
division, we measured the frequency of viable CD3+ cells
(Figure 2B) which had diluted out the tracking dye as a
fraction of total CD3+ cells in the co-culture well. By Day
4, 5.5% of plasma-derived leukocytes co-cultured with
allogeneic target cells showed cell division, eventually
reaching 59.5% on Day 6 (Figure 2C). In contrast, as shown
in Figure 2D, these same plasma-derived leukocytes
remained quiescent and showed no division out through
Day 6. Cells also divided rapidly in response to exogenous
IL-2 (Figure2E). For this sample, we additionally performed
staining for CD4 and CD8 subpopulations, and identified
both groups of T cells divided in response in co-cultures
(Figure 2F). Overall, we identified division of lymphocytes
isolated from fresh plasma as early as Day 4 when cultured
with HLA mismatched cells, with a median of 8.4% of live
CD3+ cells showing division (Figure 2G). By Day 7, the
majority of plasma cells had divided, with a median of
88.8% of live CD3+ cells diluting out the viable dye.

Fresh-frozen plasma (FFP) samples retain viable
lymphocytes which divide in response to mixed HLA
stimulation

We next sought to identify whether rapid freezing of
FFP was sufficient for complete lymphoreduction of T
lymphocytes. We measured a median of 2.3x10° residual
leukocytes per unit from 10 independent FFP units, which
was a 100-fold reduction as compared with fresh plasma
(Figure 34). This equates to 0.9 leukocytes per microliter
for a 250 mL volume per unit of frozen plasma. We further
characterised the phenotype of two FFP units by flow
cytometry and identified viable cells within fresh-frozen
plasma samples (Figure 3B), in which CD3+ cells were present
atafrequency of 0.7%and 1.3% of total cells (Figure 3C). Within
the CD3+ T cell population, we identified several putative
subgroups of T cells, including CD3+ CD8+ cells (cytotoxic
T cells), CD3+ CD4+ cells (helper T cells), and CD4+ CD25+
CD127low cells (regulatory T cells). The expression of CCR7
and CD45RO markers on T cells were also measured to
identify T cell memory subtypes. In two phenotyped
samples, we observed that CD3+ cell populations detected
in the FFP units comprised both naive (CCR7+ CD45RO-)
and effector memory (CCR7- CD45RO+) subtypes.
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Figure 1 - Viable leukocytes persist after fractionation to produce fresh plasma

A) Representative sample of blood and fresh plasma from the same donor were analysed by flow cytometry
for the presence of lymphocytes, monocytes, and granulocytes by size (FSC) and granularity (SSC). Fresh
plasma was stained with antibodies against CD3, CD4, and CD8 to identify the frequency of subpopulations
of lymphocytes by flow cytometry. B) Viable cell counts were measured in whole units of fresh plasma from

n=8 independent donors.

We also co-cultured cells isolated from FFP units with
a mixed population of irradiated cells from unrelated
donors and measured proliferation after five days of
culture (three independent donors, n=2 experiments).
After five days of culture, we identified that between
15 to 22% of viable CD3+ cells in co-cultures had divided
in response to co-culture with unrelated donor PBMCs
(Figure 4A). In contrast, in the absence of co-culture with
allogeneic PBMC, the FFP derived CD3+ T cells showed
minimal cell division for the first set of samples tested (3%
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or less). We identified a higher background division for a
second set of samples tested, however all samples from
both groups of FFP donation expanded after co-culture
with allogeneic targets (Figure 4B). To further validate
these findings, we collected samples of fresh blood, fresh
plasma, and fresh-frozen plasma derived from one single
donation and measured cell division after co-culture for
seven days. Two independent experiments identified
division in fresh blood, fresh plasma, and fresh-frozen
plasma (Figure 4C). In co-culture assays with allogeneic
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Frozen plasma retains active lymphocytes
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targets, a median of 76.6%+1.1% CD3+ T cells derived from
fresh blood, 75.9%+8.6% CD3+ T cells from fresh plasma,
and 35.3%+15.2% CD3+ T cells from frozen plasma divided
after seven days. Without co-culture with unrelated target
cells, a median of 1%+1.4% CD3+ T cells from fresh blood,
1.9%+2% CD3+ T cells from fresh plasma, and 10.5%+6.9%
CD3+ T cells from fresh-frozen plasma had divided after
seven days. These examples show that viable T cells can
survive the flash freezing process in sufficient numbers
to divide and expand after exposure to unrelated donor
cells, although the extent of division appears to be less
than that of lymphocytes derived from peripheral blood or
fresh plasma.

DISCUSSION

In this study, we utilised flow cytometry to uncover the
presence of viable lymphocytes within samples of fresh
and fresh-frozen plasma sample derived from multiple
independent donors and characterised their phenotype
by surface marker staining. The proliferative potential
of these lymphocytes was also evaluated in flow-based
MLR assays. We identified that CD3+ T cells identified
in both fresh and fresh-frozen plasma were fully capable
of division when cultured with unrelated PBMCs in our
flow-based MLR assay. These findings suggest that the
isolation of plasma from fresh blood by centrifugation
and subsequent flash-freezing process is not sufficient
to completely eliminate allo-reactive CD3+ T cells within
fresh and fresh-frozen plasma products.

Currently, plasma is transfused for a variety of indications
including in settings of coagulation factor deficiencies,
thrombotic disorders and in massive transfusions
and other trauma surgery”, and, while rare, the fatal
nature of TA-GVHD necessitates risk mitigation to
prevent the disease process*>. Though historically,
immunocompromised patients are considered to be at
highest risk for TA-GVHD?>*?¢, 65.2% of these published
cases would not have been predicted to be at risk for
TA-GVHD under current guidelines within the United
States and did not meet criteria to receive an irradiated
product*?. Fresh plasma was identified as the transfused
product in one of these cases, but 28.7% of cases either
received multiple products or the culprit was not
identified’. Additionally, a survey of 89 institutions in the
United States evaluating 3,387 total plasma transfusions
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identified 4.7% of institutions documented a serious
non-fatal transfusion reaction and 5.9% of institutions
reported a fatal plasma-related transfusion reaction
within 5 years prior to study”. Reviews further identify a
2.1% increased risk of multi-organ failure independently
associated with transfusion of fresh-frozen plasma units?®
concomitant with red cell infusion which is not associated
with infusion of red cell products alone. It is unclear
whether the addition of red cell products in this study
may have induced an immunosuppressive environment
favorable for expansion of viable cells from the frozen
plasma units*?°. Diagnosis of donor lymphocyte infusion
as a contributing factor in GVHD is challenging as a
pathologically confirmed diagnosis requires detection of
persistent donor lymphocytes derived from the transfused
component in affected tissue biopsy or peripheral blood*.
Cases are therefore likely under recognised secondary
to other competing diagnoses. Furthermore, products
potentially containing proliferative lymphocytes may also
contribute to other transfusion reactions.

Our results identified a residual level of contaminating
leukocytes within fresh plasma units and is in agreement
with several prior publications quantifying leukocytes
when investigating protocols for plasma creation™71922:2,
Rieske etal. suggest inherent variability of human samples
during fractionation can lead to a more diffuse buffy coat
layer, increasing the likelihood of human error during
plasma collection. Although the proposed addition
of a leukoreduction filter step before centrifugation
eliminated cellularity from fresh blood components in
their investigation”, a different review still identified
cases of TA-GVHD from leukoreduced fresh blood
components which were not irradiated®. The persistent
presence of contaminating white blood cells within plasma
products collected from manual fractionation of whole
blood suggest additional processing steps are necessary to
achieve cell free plasma products™».

Our experiments demonstrate that flash freezing alone
is an incomplete method for leuko-reduction, as freezing
only reduced the viable cellular numbers of fresh plasma
by 100-fold. This is far less than is typical for reduction
of plasma components with 25 Gy of gamma irradiation
(100,000-fold) or with amotosalen and UVA light treatment
for pathogen inactivation (100,000,000-fold; reviewed in 3).
Flash freezing is also less effective at reducing viable
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leukocytes compared to the use of leukocyte reduction
filters (>1,000-fold). these
destructive processes may still produce plasma units

Importantly, leukocyte
which promote allergic reactions due to release of the
products of cell lysis, since recent reports suggest debris
from plasma cellularity as low as 1x10° is sufficient to
induce inflammatory IL-6 production in recipients”. Such
inflammatory cytokines are produced through sensing
of danger signals from lysis of leukocytes, red cells, and
platelets, and can exacerbate allograft rejection through
inhibition of regulatory T cell activity and initiation of
Th ~development™*. These compounding interactions
between host cells and residual cellular debris highlight
the need to carefully evaluate and standardize protocols
for eliminating all cellularity within fractionated fresh
plasma components, and to incorporate more sensitive
methods for analysis of cellular division, such as flow
cytometry. Furthermore, frozen components should notbe
considered acellular, and atleast one additional treatment
step for leukocyte reduction should be investigated prior
to freezing, such as irradiation, pathogen inactivation, or
leukocyte filtration.

In this study, the complexity of preparation and
subsequent processing of individual samples of fresh
blood, fresh plasma, and fresh-frozen plasma units at the
same time created logistical challenges which limited our
ability to perform both phenotypic analysis and mixed
lymphocyte co-cultures on individual units. Although
we could identify putative granulocytes and monocytes
based on size and granularity within plasma fractionated
from whole blood, we focused on tracking the expansion
of viable CD3+ T cells in cultures as they are the causative
agents of TA-GVHD. We also used peripheral blood from
donors to confirm our staining was accurate and the CD3+
effectors from the donor were reactive to the targets. Our
assay of polyclonal cell division in co-cultures identified
reactive cells as a single peak which increased in number
over time rather than a series of distinct division peaks,
as is common with stimulation of monoclonal T cells
or stimulation with exogenous cytokine stimuli. Thus,
without multiple division peaks, traditional proliferation
modeling was not able to definitively identify the peak
number of the divided cells. However, our assay clearly
identified a qualitative CD3+ response present within
fresh and frozen plasma units. Additionally, although

All rights reserved - For personal use only

these experiments measured individual reactions to
mismatched HLA antigens on target cells, the amount
of HLA mismatch was not measured as typing was not
performed on effector or target cells. In anticipation of
this, we utilised a suspension of three different donor
PBMCs to maximize the potential for HLA mismatch, and
verified this suspension induced robust stimulation of
donor cells from peripheral blood. Finally, several factors
may have influenced the variation we have identified
within fresh and fresh-frozen plasma samples, including
inherent heterogeneity between samples, human error
during separation of plasma from diffuse buffy coats,
and variation in leukocyte survival during the freezing
and thawing process in the absence of cryopreservative.
Our observations would suggest that, inclusive of the
variation, manual fractionation of whole blood still
produces a lingering population of contaminating cells
within plasma products.

CONCLUSIONS

In summary, we have demonstrated that viable
lymphocytes with proliferative potential exist in plasma
products obtained from fractionation of whole blood, and
while the current standard freezing process may reduce
the lymphocyte burden, it is not sufficient to completely
eradicate lymphocytes within both fresh and fresh-frozen
plasma products. For these reasons, further leukoreduction
strategies should be considered when administering

plasma products, especially to high-risk patients.
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