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Cryopreservation of red blood cells: Effect of
freezing on red cell quality and residual
lymphocyte immunogenicity
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Abstract
Aims-To investigate treatment with
glycerolwashing as a potential substitute
for freeze-thawing in the production of
leucocyte depleted red cell concentrates
for patients with a history of non-
haemolytic reactions following trans-
fusion.
Methods-The standard procedure of
treatment with glyceroll-80°C freezingl
thawing/washing was compared with a
similar procedure in which freezing was
omitted. The quality of the resulting red
cell products was assessed in relation to:
(1) standard red cell biochemical para-
meters; (2) leucocyte and lymphocyte
subset composition using flow cytometry
with fluorescent labelled monoclonal
antibodies; and (3) immunogenicity of
the residual lymphocytes in mixed lym-
phocyte culture.
Results-Compared with red cells sub-
jected to the standard freeze-thaw tech-
nique, red cells undergoing the
non-freezing procedure and suspended
in additive solutions had significantly
better biochemical preservation after 21
days of storage (p < 0.001). Both proce-
dures removed an average 98% ofthe ini-
tial leucocytes at the expense of 18-20%
of the red cells. The non-freezing proce-
dure resulted in higher residual concen-
trations of HLA class II bearing
lymphocytes (p < 0.01), but not higher
numbers of dendritic cells. Both proce-
dures were equally effective in annulling
the residual lymphocytes' ability to act as
stimulator cells in one-way mixed lym-
phocyte culture.
Conclusions-The non-freezing proce-
dure produces a superior product for the
provision of red cells to patients with
granulocyte antibodies. These products
may also offer a lower risk of HLA allo-
immunisation to previously unexposed
patients.

(3 Clin Pathol 1993;46:742-745)

Largely superceded by filtration, leucocyte
depletion by freeze-thawing has been
regarded as the bench mark technique in the
provision of red cell concentrates for patients
alloimmunised to leucocyte antibodies.' The
freeze-thaw procedure probably damages the
leucocytes by exposing them to the cryopro-
tectant glycerol, in addition to the damage

and loss incurred from the freeze-washing
process.2 This is supported by the finding in
this laboratory of 7% of chronically trans-
fused patients experiencing non-haemolytic
febrile transfusion reactions (NHFTR) to all
but frozen-thawed red cells, despite lower
leucocyte burdens being achieved through fil-
tration. The procedure also damages the red
cells, however, and an enhancement of the
normal storage lesion of red cells at 4°C is
observed.34 Furthermore, -800C is expen-
sive to maintain.

Following previous reports describing
avoidance of NHFTR through the use of
glycerol treated and washed red cells,5 we
studied the characteristics of residual red and
white cells following glycerol treatment and
washing and compared them with units sub-
jected to the standard glycerol treatment/
freeze-thawing method.

Methods
Blood units used in this study were 5 days old
and were processed to red cell concentrates
with leucocyte contents averaging 1650 x
106 a unit. This is in the expected range for
red cell concentrates.6 The somewhat low ini-
tial leucocyte content is possibly due to the
drop in leucocyte count observed in blood
units during storage.7

Plasma depleted red cell concentrates were
treated with 6-2M glycerol (Glycerolyte 57,
Baxter-Fenwal, DCerfield, Illinois, USA) and
frozen in a -80°C cabinet freezer (Hetofrig
CL4 10, Copenhagen, Denmark), as
described by Valeri.5 After frozen storage
(one week for the units described in this
study) the units were thawed at 42°C, diluted
with 12% NaCl, and then washed with
2 litres of 0 9% NaCl on a Haemonetics
15 cell washer (Haemonetics, Braintree,
Massachusetts). The recovered red cell units
were centrifuged and the residual saline was
removed to give a haematocrit of about 80%.
For the purpose of studying red cell storage at
4°C, the cells were then divided into equal
volumes and 50 ml of the red cell additive
ADSOL9 or 50 ml of the additive AAS'0 was
added to the cells. Units were then stored at
40C and sampled at the intervals shown in
the results section.
The glycerol treated/washed red cells were

prepared in the same way as frozen-thawed
red cells, except that after glycerol treatment,
the cells were equilibrated for 15 minutes at
22°C. They were then diluted with hyper-
tonic saline and washed as described above.
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Table I Extracellular haemoglobin and potassium concentrations in red cell suspensions
21 days after processing

Method Free Hb mgll Free K+ mM/i

Glycerol treatment/washing (n = 4) 730 (31) 7-6 (11)
Glycerol treatment/freezing/washing (n = 5) 3730 (950) 30 3 (23)
Difference between means - 3000 - 22-7
95% confidence interval - 4160 - 1850 - 25-6-- 20

The final products were also studied as sus-

pensions in the additives described above.
Pall RC50 filters (Pall Biomedical, Ports-

mouth, England were used to filter red cell
units using sterile connection procedures, as

described previously."
Red cell adenosine 5'-triphosphate, extra-

cellular haemoglobin, and extracellular potas-
sium were measured as described before.'2
Total red cell counts were performed on a

Sysmex E-2500 electronic counter (TOA,
Kobe, Japan).

Residual leucocytes were counted flow
cytometrically using a method based on that
of Dzik et al."3 Following permeabilisation of
the leucocytes with Triton x 100, nuclei were

treated with RNAase and propidium iodide
and then analysed on a FACScan flow
cytometer (Beckton-Dickinson, Mountain
View, California, USA). Data acquisition was

based on dot plots for fluorescence intensity
on the propidium iodide channel and inten-
sity of forward scatter. Fluorescence was

gated and counted for 10 minutes. A detailed
description of the method and its validation
will be reported separately.

Phenotyping of the residual leucocytes was

also performed on the flow cytometer, using
labelled monoclonal antibodies to leucocyte
antigens. Reagents were obtained from
Becton-Dickinson, and the manufacturer's
instructions were followed for sample prepa-
ration and analysis. Leucogate is a mixture of
fluorescein isothiocyanate (FITC)-labelled
anti-CD45, which recognises all leucocytes,
and phycoerythrin (PE)-labelled anti-CD14,
which recognises monocytes. Analysis on the
FACScan required a software package
(Simulset) to generate three-part differentials
of the residual leucocyte population. The pro-
portion of residual lymphocytes which were

HLA class II bearing cells was performed
similarly using a mixture of FITC-labelled
anti-CD3 (recognising T cells) and PE-
labelled anti-HLA-DR (recognising all HIA
class II cells). An estimation of the proportion
of dendritic cells was performed by similar
analysis using PE-labelled anti-CD19 (recog-
nising B cells and dendritic cells) and FITC-

labelled anti-CD20 (recognising B cells).
The mixed lymphocyte reaction, using

lymphocytes from processed red cell units as

stimulator cells, was performed in 96-well
microtitre trays: 5 x 104 cells per well were

inactivated by exposure to 3000 Grays of irra-
diation from a 137Cs source. The cells were

incubated for five days with 5 x 104 cells
from normal donors as responding cells,
labelled with luCi of 3H-thymidine, and
further incubated at 37°C before harvesting
and counting on a liquid scintillation spec-
trometer (Packhard Model 2450).

Statistical analysis was performed using a

computer package (Statgraphics, Statistical
Graphics Corporation, Maryland, USA) to
analyse data. P values and confidence inter-
vals for differences were assessed with the
unpaired t test, and were considered signifi-
cant at p < 0 05.

Results
Table 1 summarises data for extracellular
haemoglobin and potassium in red cell sus-

pensions at day 21. In non-frozen units, both
variables were significantly lower, indicating
that this process was less damaging to the red
cells. Both procedures resulted in a red cell
depletion of 5-25% while removing about
98% of the leucocytes. There was no signifi-
cant difference between the two groups for
these two measurements.
The leucocyte and lymphocyte subset dis-

tribution for the two processes is shown in
table 2. Both methods resulted in a preferen-
tial removal of granulocytes. Phenotyping the
residual lymphocytes showed that the freezing
procedure resulted in significantly lower con-
centrations of HLA class II bearing cells
(difference between means - 7 25; 95% con-

fidence interval - 1-86 to 12-64). Dendritic
cells were depleted to similar levels by both
methods. With filtration, residual leucocyte
numbers were significantly lower (p < 0-01)
than for both the other leucocyte depletion
procedures. A higher proportion of granulo-
cytes passed through the filters, however,
resulting in residual granulocyte numbers of
about 4.4 x 106/unit compared with approxi-
mately 0-54-0-74 x 106/unit for the other
procedures.
The figure shows the effect of the two

methods on the ability of lymphocytes in the
red cell concentrates to act as stimulator
cells in the mixed lymphocyte reaction. Both
procedures severely and equally destroyed
lymphocyte stimulation of two different
responding cells.

Table 2 Types of leucocytes in red cell concentrates

Lymphocytes Granulocytes Monocytes HLA class II cells Dendnitic cells
Total leucocytes

Product x 106/unit as % total leucocytes as % total lymphocytest
Unprocessed 1650 (388) 32 (10) 64 (8) 4 (3) 17 (7) ND
Glycerol/ 26-8 (2 9) 95 (2) 2 (1) 2 (2) 11 (4) 0-13 (1-1)

washed
Glycerol 37-8 (31 6) 98 (2) 2 (1) 1 (1) 3-8 (1) 1-83 (2 9)

frozen/washed
Filtered 11-0 (9-6) 59 (11) 40 (9) 0 27 (7) 0

*n = 7, tn = 4; all results show mean (SD).
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One-way mixed lymphocyte reaction with lymphocytes
from processed red cells (TEST), cellsfrom a mixed pool of
lymphocytes (MC), or normal blood donors acting as
stimulators. Four different donors were used as responders.
Each test sample was run in quadruplicate, and the mean
offour different samples is shown.
(A) glycerol treated/frozen washed cells; (B) glycerol
treatedlwashed cells. Note log scale. All cells with self below
cutoff; mixed cells strongly positive; test cells below cutoff
for both cells.

Discussion
The indications for frozen-thawed red cells
have been comprehensively reviewed.'4 The
maintenance of a frozen rare red cell bank is
important, but leucocyte depletion to avoid
NHFTR and to prevent alloimmunisation to
HIA antigens has always been our organisa-
tion's main reason for providing these prod-
ucts. Over 90% of our frozen cell issue is for
chronically transfused red cell recipients.
These patients exhibit all the manifestations
ofNHFTR following transfusion of other red
cell products, including products leucocyte
depleted by other means. The present investi-
gation was initiated when the increased sensi-
tivity of the flow cytometric counting method
showed that red cells rendered leucocyte poor
by currently available polyester filters resulted
in lower residual leucocyte numbers than
frozen-thawed red cells, despite the latter
being better tolerated by the patients
described above. The freezing procedure
seemed to be reducing the residual leuco-
cytes' ability to cause a reaction. The demon-
stration of a selective removal of granulocytes
shown by previous work3 '5 and by the present
study (table 2) when red cell concentrates are

frozen-thawed may explain this, as the high-
est incidence of NHFTR has been described
in patients with antibodies to granulocytes.'6
Because it has been shown that polyester fil-
tration permits relatively more granulocytes
in the product,'7 this may result in reactions

in these patients which are avoided when
transfusing the granulocyte-poor frozen cells.

This contention is supported by the data
for filtered cells shown in table 2 which con-
firm a higher absolute granulocyte content in
filtered cells compared with frozen or glycerol
treated cells, despite a lower total leucocyte
content. The filters we used at the time of
this study included the ones described in
table 2; we have subsequently studied filters
with higher leucocyte-and granulocyte-deple-
tion efficiency (Farrugia et al; unpublished
observations).

Similar levels of leucocyte removal as well
as a similar leucocyte subset composition
were attained when the red cell concentrates
were subjected to an identical procedure
without freezing. This confirms previous
findings that this procedure is equally effec-
tive in removing leucocytes and preventing
NHFTR.s The exposure of leucocytes to
glycerol results in extensive damage of the cell
membrane, nuclear changes, and leakage of
nuclear material from the cell, causing leuco-
cyte clumping and removal of the resulting
aggregates during subsequent cell washing.2
The freeze-thawing procedure also substan-
tially damages the red cells.34 Our study
shows that red cell damage, as assessed by
haemolysis and potassium leakage is signifi-
cantly decreased when red cells are treated
with glycerol but not frozen. This suggests
that with the use of special washing harnesses
to enable all procedures to be performed in a
closed system, this method will allow better
quality red cells to be delivered and with
fewer logistical difficulties than frozen-thawed
red cells.

Analysis of the subset composition of the
residual lymphocytes in the processed red
cells showed that the freezing procedure
resulted in significantly lower numbers of
HLA class II bearing cells. Class II positive
antigen presenting cells are responsible for
initiating the immune response which results
in HLA antibody formation.'8 It might there-
fore be expected that glycerol treated washed
cells would pose a higher risk of inducing
HLA alloimmunisation than frozen/thawed
cells. The finding that the two procedures
produced equivalent numbers of dendritic
cells, considered to be the most important in
HLA alloimmunisation,'9 suggests, however,
that their immunogenic potential should be
similar. Further evidence of the non-
immunogenicity of the residual lymphocytes
in both procedures was supplied by the
reduction in their ability to stimulate respon-
der cells in the one-way mixed lymphocyte
reaction (figure). This test has already been
used as an in vitro indicator of the ability of
passenger lymphocytes in blood products to
cause an immune response and HLA anti-
body formation when transfused.3 20 The simi-
larly reduced level of incapacitation in this
test suggests that the residual lymphocytes
from both will be incapable of causing HLA
alloimmunisation. Patients not previously
immunised may therefore be kept in this state
when transfused with these products, thereby
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avoiding subsequent complications such as

unresponsiveness to platelet transfusions,
should these be required.

In summary, omitting the freezing step in
the production of leucocyte depleted red cells
by freeze-thawing results in a product with
improved red cell quality. The analysis of the
leucocyte and lymphocyte subsets suggests
that this product should also avoid NHFTR
and HIA alloimmunisation. If - 80°C freez-
ing could be avoided this improved product
could also be delivered at lower cost.

This work was supported by a grant from the Thalassaemia
Society of Victoria.
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