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Automated, spinning membrane
filtration for preparation of mobilized
leukapheresis products for CD34*
cell selection

Alaina C Schlinker

CD34*" hematopoietic stem and progenitor cells are used to promote
bone marrow reconstitution following cancer treatment and may offer a
novel treatment for other indications. Leukapheresis of mobilized periph-
eral blood (mPB) is a common source of CD34* cells. Depending on the
application, it may be desired to purify the CD34" cells in the leukapher-
esis product via immunomagnetic selection. Prior to selection, the leuka-
pheresis product must be washed to remove platelets and unbound para-
magnetic beads. When performed manually, these processing steps are
time-consuming and operator intensive. This study evaluated the LOVO
Cell Processing System (LOVO), a commercially available instrument uti-
lizing spinning membrane filtration, as an automated alternative for pre-
paring mPB leukapheresis products for CD34* cell selection. The LOVO
removed >90% of platelets prior to bead incubation and substantially
reduced pre-selection processing time compared to a manual approach.
Products prepared using the LOVO had an average 76.2 + 2.9 % CD34*
cell recovery and 4.72 £ 0.41 log T cell reduction following selection.
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leukapheresis products [3], CD34"
cells may be purified prior to in-
fusion. CD34" cells have also been
evaluated as novel cell therapy treat-
ments for sickle cell disease [4],
[B-thalassemia [5], critical limb isch-
emia [6] and HIV [7], among others.
Manufacturing of these therapies
commonly involves immunomag-
netic selection of CD34* cells as an
initial processing step.

HSPCs may be collected from
granulocyte colony stimulating fac-
tor (G-CSF)-mobilized peripheral
blood through an apheresis proce-
dure [8]. Following the leukaphere-
sis collection, the CliniMACS Plus
instrument (Miltenyi) may be used
for automated selection of CD34"
cells [9]. Prior to processing on the
CliniMACS Plus, the leukapheresis
product must be prepared for selec-
tion. This process involves platelet
(PLT) reduction and suspension in
a selection buffer, followed by incu-
bation with 50-nm, super-paramag-
netic iron-dextran beads coated with
CD34 antibody. After incubation,
a wash is performed to remove ex-
cess, unbound beads. Automated
processing on the CliniMACS Plus
passes the cells over a column in the
presence of a magnetic field, result-
ing in the retention of bead-labeled,
CD34" cells and the flow-through of
unlabeled cells. The purified CD34"
cell fraction is then eluted from the
column. More recently, the Clini-
MACS Prodigy (Prodigy; Miltenyi)
has become available for automated,
closed-system, combined prepara-
tion (washes, reagent incubation)
and CD34* cell selection of mPB
leukapheresis products. The Prodi-
gy’s integrated centrifuge chamber is
used to perform wash steps.

The manual preparation pro-
cess for CliniMACS Plus selection
involves repeated centrifugation,
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supernatant depletion, wash buf-
fer addition, and cell resuspension
steps, as well as many welding and
sealing steps to connect and remove
waste and buffer bags. These steps
require significant operator interac-
tion and careful monitoring (i.e., to
ensure white cells are not removed
during supernatant removal with a
plasma extractor) and are time-con-
suming. Spohn ez al. estimated that
approximately 4 hours are required
for manual preparation of a leuka-
pheresis product for CliniMACS
Plus selection (estimate excludes
CliniMACS Plus instrument setup
and operation time) [10]. In an ef-
fort to reduce hands-on interaction
and improve robustness, several
groups have explored alternative
workflows for pre-selection process-
ing. Three centers in a multi-cen-
ter study of CD34* cell-enriched,
T-cell-depleted grafts for acute my-
eloid leukemia used the Cobe 2991
cell washer (Terumo) [9], while Zin-
no et al., Scerpa et al., and Tran ez
al. used the Cytomate (Baxter) [11],
Sepax S-100 (Biosafe) [12] and Elu-
tra (Terumo) [13], respectively.
Several studies have observed an
inverse correlation between pre-se-
lection PLT content and post-se-
lection CD34" cell recovery and/or
purity of the CD34* cell fraction.
Three manual centrifugation-based
washes prior to CD34 reagent addi-
tion resulted in >95% PLT remov-
al and 81.8% CD34" cell recovery
post selection, compared to ~24%
PLT removal and 71.2% CD34*
cell recovery with a single wash [14].
Tran et al. saw higher PLT remov-
al and purity of the post-selection
CD34" cell fraction when elutria-
tion, instead of three manual cen-
trifugation washes, was performed
[13]. Stroncek et al saw a statisti-
cally significant higher PLT content




in the CD34-negative fraction of
cells prepared and selected using
the CliniMACS Prodigy, compared
to those that were centrifuged and
selected using the CliniMACS Plus
[15]. The higher PLT content ob-
served with the CliniMACS Prodi-
gy corresponded with lower CD34*
cell recovery (50.1%), compared
to the CliniMACS Plus (66%).
Sites that used the Cobe 2991 cell
washer, as opposed to manual cen-
trifugation washes, reported higher
CD34" cell recovery (72.6 vs 63%)
in a multi-center study [9]. Data
from one center showed that Cobe
2991 processing resulted in -65%
PLT removal, leading the authors to
postulate that higher PLT removal,
compared to published studies with
manual centrifugation prior to se-
lection, may have been responsible
for the higher CD34" cell recovery.
The LOVO Cell Processing Sys-
tem (LOVO; Fresenius Kabi) is
designed for automated white cell
processing and supports closed-sys-
tem processing through the use of a
sterilized, single-use, disposable kit.
Unlike centrifugation-based devic-
es, the LOVO uses spinning mem-
brane filtration to separate cells and
supernatant. Filtration occurs in the
LOVO kits spinning membrane
module (spinner), which consists of
an outer housing and an inner rotor
wrapped with a 4-pm-pore, polycar-
bonate membrane. As a suspension
flows through the space between the
spinner’s outer housing and inner
rotor, supernatant and cells <4 um
pass through the membrane pores
and exit through the filtrate port,
while cells >4 pm are retained and
exit through a separate, retentate
port (Figure 1). Being 2-3 pm in
diameter on average [16], PLTs are
able to pass through the 4-pum pores
of the spinner’s membrane. Each

pass of the cell suspension through
the spinner constitutes a ‘wash cy-
cle’, which is one of several custom-
izable LOVO parameters. A set of
pre-configured parameters can be
saved as a protocol on the instru-
ment and easily accessed for use.
Motivated by studies suggesting
that higher PLT removal from leu-
kapheresis products results in better
post-selection CD34" cell recovery
and CD34" cell fraction purity, as
well as data showing the LOVO
system’s ability to deplete PLTs [17],
this study evaluated the LOVO for
automating the washing steps in-
volved in the preparation of mPB
leukapheresis products for Clini-

MACS Plus CD34* cell selection.

METHODS

Leukapheresis ~ procedures  were
performed on G-CSF-mobilized,
healthy donors using either the
COBE Spectra Apheresis System
(Terumo) or Spectra Optia Apher-
esis System CMNC (Terumo). Leu-
kapheresis products were shipped
overnight from the collection site to
the manufacturing site in an insu-
lated shipper (1-10°C; NanoCool).
Prior to processing, the leukaphere-
sis products were brought to room
temperature and transferred from
the original collection bag to a 600-
mL transfer pack through a 150-um
filter. Filtration is not required prior
to LOVO processing, but was per-
formed to match a previously estab-
lished protocol. The filtered prod-
uct was sampled immediately prior
to processing on the LOVO and the
time of sampling was used to calcu-
late the elapsed time between the
end of the leukapheresis collection
and the start of processing. An XP-
300 hematology analyzer (Sysmex)
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FIGURE 1

LOVO Cell Processing System spinning membrane module (spinner)
separates a suspension of cells and supernatant into a retentate
stream (cells >4 pym) and a filtrate stream (supernatant, cells <4 pm).
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was used to determine white blood
cell (WBC) and PLT concentra-
tions, as well as hematocrit (HCT)
%, which was calculated as “He-
moglobin (Hb) x 3” [18]. Flow
cytometry was performed using a
FACSCanto (BD), using ISHAGE
gating, with fluorescent antibodies
against CD45, CD34 and CD3 an-
tigens, as well as a 7-AAD viability
dye. Absolute CD34" cell counts
were calculated as “WBC concen-
tration (Sysmex) x % CD34* in
CD45* population (FACSCanto)”.
Absolute CD3* cell counts were
calculated as “WBC concentration
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(Sysmex) x % CD3* in CD45°
population (FACSCanto)”.

Two LOVO protocols were de-
veloped and saved to the LOVO
instrument (version 2.0 software)
for immediate access at the time
of leukapheresis processing. The
LOVO Wash 1 protocol was de-
signed to remove PLTs and plasma
and resuspend cells in CliniMACS
PBS/EDTA Buffer (Miltenyi) sup-
plemented with 0.5% HSA (PBS/
EDTA/HSA buffer). Key proce-
dure parameters for the LOVO
Wash 1 protocol are shown in Table
1. LOVO procedure setup involved
operator entry of the leukapheresis
product volume and WBC con-
centration, HCT % and PLT con-
centration, as well as the desired
final product volume. Based on
this information, the instrument
displayed an estimated volume of
wash solution (PBS/EDTA/HSA
buffer) required for the procedure.
As CliniMACS PBS/EDTA buf-
fer is available in 1-L bags, 1 L of
PBS/EDTA/HSA buffer was pre-
pared for convenience, despite the
fact that 1 L was often substantial-
ly more buffer than the estimated
required volume. The LOVO Cell
Processing Disposable Kit (Frese-
nius Kabi) was installed on to the
instrument, and the standard reten-
tate (final product) bag was replaced
with a 600-mL transfer pack via ster-
ile tubing welding. A spike transfer
set was used to add a tubing lead to
a 1-L PBS/EDTA/HSA buffer bag
for connection to the LOVO kit via
sterile tubing welding. If more than
one bag of wash solution was pre-
pared, a Y-type connector set with
spikes was used to connect two bags.
The PBS/EDTA/HSA buffer and
leukapheresis product were attached
to the LOVO kit via sterile tubing
welding, and the operator began the




LOVO procedure. The LOVO pro-
tocol was configured with mid-pro-
cedure automated pauses to allow
the operator to mix the leukapher-
esis and LOVO kit In-Process bags
to enhance rinse steps or mix cells
with wash solution. At the end of
LOVO Wash 1, the LOVO screen
displayed a weight-based assessment
of the final product volume and the
total automated procedure time,
which were recorded by the opera-
tor. This time represented the dura-
tion of all automated portions of the
procedure, including kit check and
wash buffer prime prior to the start
of cell processing. The final product
bag was sealed off from the LOVO
kit, transferred to a biosafety cab-
inet, and sampled for hematology
analyzer counts and flow cytometry
analysis. One vial of CliniMACS
CD34 Reagent (Miltenyi) was then
injected into the product. The cells
were incubated with the reagent for
30 minutes at room temperature on
an orbital shaker.

During the incubation period,
the kit from the LOVO Wash 1
procedure was removed from the
instrument. The LOVO Wash 2
procedure, which was designed to
remove unbound reagent (50-nm
paramagnetic beads) and resuspend
cells in fresh PBS/EDTA/HSA buf-
fer, was set up using post-LOVO-
Wash-1 measured WBC and PLT
concentrations and HCT %. Key
procedure parameters for the LOVO
Wash 2 protocol are shown in Table
1. A new LOVO kit was installed
and the standard retentate bag was
replaced with a 600-mL transfer
pack. One liter of PBS/EDTA/HSA
buffer was attached, except in one
run where the estimated wash buffer
was 952 mL and 1200 mL (~25%
excess) was attached. As soon as the
reagent incubation was complete,

the labeled product was attached to
the LOVO kit via sterile welding.
Automated pauses were also used in
the LOVO Wash 2 procedure. At
the end of LOVO Wash 2, the final
product volume and total automat-
ed procedure time were recorded
from the LOVO display. The final
product bag was sealed off from the
LOVO kit and sampled for hema-
tology analyzer counts.

For CD34* cell selection, the
LOVO Wash 2 final product bag
was attached to a CliniMACS Tub-
ing Set LS (Miltenyi) via the stan-
dard pre-system filter (Pall) in a bio-
safety cabinet. The LS tubing set was
chosen based on a study showing
higher CD34* cell recovery, com-
pared to the TS tubing set [19]. The
tubing set was installed on a Clini-
MACS Plus Instrument (Miltenyi)
and Program 2 was initiated. Fol-
lowing selection, the cell collection
bag (positive fraction) was sampled
for hematology analyzer counts and
flow cytometry analysis.

STATISTICAL ANALYSIS
Results are expressed as mean + 1

standard deviation (SD).

Data & results

An average of 17.6 + 0.6 hours
elapsed between the end of the leu-
kapheresis collection and the start of
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and Wash 2.

Wash cycles

Spinner inlet flow rate
Reduction retentate flow rate
Desired spinner inlet PCV

Reduction spinner revolution
rate

Integral protocol design parameters for LOVO Wash 1

| LOVOWash1 | LOVOWash2

2

80 mL/min
8 mL/min
6%

4000 rpm

2

150 mL/min
30 mL/min
6%

3000 rpm
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LOVO processing. Collected prod-
ucts had an average volume of 318 +
37 mL and contained an average of
44.2 +12.4 x 10° WBCs, 1.8 £ 0.6
% HCT (5.6 + 1.4 mL of RBCs),
697 + 234 x 10° PLTs, 277 + 110 x
10° CD34* cells, and 15.8 + 7.3 x
10° CD3* cells (Table 2). During set-
up for each LOVO procedure, the
WBC and PLT concentrations, as
well as HCT %, were entered into
the system by the operator. Using
assumed cell volumes of 400 fL and
8 fL for a WBC and PLT, respective-
ly, the LOVO calculated the Packed
Cell Volume (PCV) % for the WBC
and PLT components, then summed
these percentages with the HCT %
to calculate a total PCV % for each
leukapheresis product. The leuka-
pheresis PCV % was used to deter-
mine the amount of AutoDilution
to be performed during the LOVO
procedure. AutoDilution is the au-
tomated addition of wash solution
to the cell suspension just upstream
of the spinner inlet in order to di-
lute the cell suspension to the max-
imum spinner inlet PCV % param-
eter, which is an integral setting in
the LOVO protocol. AutoDilution
avoids the overloading of cells in the
spinner, thereby avoiding fouling of
the membrane, and allows a single
LOVO procedure to easily adapt to
changes in the starting leukapheresis
material cell content. The amount of

wash solution to be used during Au-
toDilution was included in the total
estimated wash solution required for
the procedure that was displayed to
the operator during LOVO proce-
dure setup.

The LOVO Wash 1 protocol was
designed to deplete PLTs and plas-
ma from the starting leukapheresis
product and resuspend the cells in
selection buffer at a smaller, speci-
fied volume in preparation for re-
agent incubation. LOVO Wash 1
data is shown in Table 3. In Run 1
and 2 of the LOVO Wash 1 pro-
cedures, a 95-mL final product
volume was targeted, whereas 105
mL was targeted in Run 3 to ac-
commodate for a planned increased
sampling volume. Other than in
Run 2, where the LOVO produced
a final product volume 3 mL larger
than the targeted final product vol-
ume, the LOVO generated the final
product volume specified during
procedure setup. LOVO Wash 1
automated processing, the sum of
all automated steps from the kit
check through to the end of the
procedure, took an average of 24.1
+ 1.9 minutes. WBC recovery and
CD34" cell recovery averaged 91.2
+ 5.7% and 90.9 + 1.2%, respec-
tively, and PLT reduction averaged
92 + 3.4%, resulting in 53 + 19 x
10’ PLTs remaining in the prod-
uct prior to incubation with CD34

TABLE 2

Apheresis
device and
program

Optia CMNC
Spectra MNC
Optia CMNC

Vol-
ume
(mL)

297
361
296
318
37

Leukapheresis products collected from G-CSF-stimulated healthy donors.

WBC
(x10°)

HCT
(%)

RBC
(mL)

PLT
(x10°)

58.5 24 7.1 959
37.9 1.2 4.3 623
36.1 1.8 5.3 509
44.2 1.8 5.6 697
12.4 0.6 1.4 234

Packed

cell

volume

(PCV,

%)

12.8 287 22.8
6.8 163 16.3
8.0 383 8.2
9.2 277 15.8
3.2 110 7.3
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TABLE 3

LOVO Wash 1 data.
Estimat- Target
ed wash final
solution product
required volume
(mL) (mL)

1 902 95

2 494 95

3 531 105

Mean 642 98

SD 184 5

Actual Auto- WBC
final mated recov-
product process- CRAVA)
volume ing time

(mL) (min)

98 26.7 84.6
95 23.2 90.5
105 224 98.6
99 24.1 91.2
4 1.9 57

CD34+*
cell re-

covery
(%)

89.8
92.6
90.2
90.9
1.2

95.2
87.3
93.6
92.0
3.4

PLT
content
(x 10°)

46
79
33
53
19

Reagent. An average of 642 + 184
mL of PBS/EDTA/HSA buffer was
required for the procedure.

LOVO Wash 2 data is shown
in Table 4. For LOVO Wash 2, the
calculated PCV % for each leuka-
pheresis product was higher than
for LOVO Wash 1, owing to the
smaller leukapheresis product vol-
umes and thereby higher cell con-
centrations. 824 + 90 mL of PBS/
EDTA/HSA buffer was required
for the procedure. In all three runs,
the actual final product volume
matched the targeted final product
volume of 275 mL. Average auto-
mated processing time was 17.6
+ 0.9 minutes and average WBC
recovery and PLT depletion were
101.1 + 6.2% and 96.4 + 3.9%, re-
spectively. The >100% WBC recov-
ery in Run 1 can likely be attributed

to a non-representative sample
taken after LOVO Wash 1, where
WBC recovery was calculated to be
only 84.6%. Flow cytometry was
not performed on the Post-LOVO-
Wash-2 product, therefore CD34*
cell recovery for Wash 2 alone could
not be calculated. Cumulative
WBC recovery and PLT depletion
through both LOVO Wash 1 and
Wash 2 procedures averaged 91.9 +
2.2% and 99.8 + 0.0%, respectively.

The data for the CliniMACS Plus
selection of CD34" cells is shown in
Table 5. CD34* cell viability and pu-
rity averaged 99.8 + 0.1% and 93
+ 1.0%, respectively. Flow cytome-
try was not performed on the Post-
LOVO-Wash-2 product, therefore
recovery of CD34" cells sent to
the CliniMACS Plus was not cal-
culated. Cumulative CD34* cell

Target Actual

final final

product product time (min)
volume volume

(mL) (mL)

275 275 18.9

275 275 16.9

275 275 17.2

275 275 17.6

0 0 0.9

Automated
processing

WBC

recovery

(%)

109.7

98.8
94.9

1011

6.2

PLT

depletion (%)

90.9
98.3
100.0
96.4
3.9

TABLE 4
LOVO wash 2 data.
Packed Estimat-
cell ed wash
volume solution
(PCV, %) required
(mL)
1 26.6 952
2 19.9 757
3 18.6 764
Mean 21.7 824
SD 3.5 90
in a calculated PLT depletion of 100%.

The post-Wash 2 PLT count for Run 2 was below the hematology analyzer’s limit of detection and was therefore assumed to be O, resulting
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TABLE 5

CliniMACS Plus positive fraction data.

CD34* CD34* Cumulative Cumulative
cell cell CD34 cell log depletion
viability fraction recovery of CD3* cells
(%) purity (%)
(%)

1 87.7 99.8 92.5 207 72.3 0.12 0.26 4.94

2 82.8 99.8 92.2 125 76.9 0.13 0.17 4,98

3 85.0 99.9 944 304 794 0.15 0.47 4.24

Mean 85.2 99.8 93.0 212 76.2 0.13 0.30 472

SD 2.0 0.1 1.0 73 2.9 0.01 0.13 0.41

630

recovery, calculated as the number
of CD34* cells in the CliniMACS
Plus positive fraction divided by the
number of CD34" cells in the un-
manipulated leukapheresis product,
averaged 76.2 + 2.9%. CD3" cells
comprised on average 0.13% of the
CliniMACS Plus positive fraction
and average cumulative CD3"* de-
pletion measured 4.72 + 0.41 logs.

DISCUSSION

The LOVO Cell Processing System
uses spinning membrane filtration
to remove supernatant and cells or
particles <4 um in size from mixed
cell suspensions, such as leukapher-
esis products. This study evaluated
the LOVO for performing the wash
steps that occur prior to CD34"* cell
immunomagnetic selection of mPB
leukapheresis products from healthy
donors. After overnight shipment,
each product was processed using
the LOVO Wash 1 protocol to re-
move PLTs and suspend cells in
PBS/EDTA/HSA buffer at the ap-
propriate volume for labeling. The
washed product was removed from
the LOVO, incubated with an-
ti-CD34 paramagnetic beads, then
processed using the LOVO Wash 2
protocol to remove excess, unbound

beads and suspend cells in PBS/

DOI: 10.18609/cgti.2017.059

EDTA/HSA buffer at the appro-
priate volume for selection on the
CliniMACS Plus. The results are
summarized in Figure 2.

During each LOVO procedure
setup, the operator enters the de-
sired final product volume. The
total packed cell volume (PCV) of
each starting leukapheresis product,
calculated from the operator-en-
tered WBC, RBC, and PLT con-
centrations, determines the min-
imum final product volume that
can be produced. In Wash 1 Run
1, the actual minimum achievable
final product volume was 98 mL,
3 mL higher than the operator-en-
tered desired final product volume
of 95 mL. In all runs, RBC content
in the leukapheresis product was de-
termined by a hematology analyzer.
Due to the analyzer’s linear range
of hemoglobin (Hb) extending to
lower values than the linear range of
HCT %, HCT % was calculated as
“Hb x 3” [18] rather than using the
HCT % readout from the analyz-
er. However, hematology analyzers
can report falsely high hemoglo-
bin levels for samples with high (>
5 x 10*/pL) WBC concentrations
[20]. For comparison, in this study
the average WBC concentration
in the unmanipulated mPB leuka-
pheresis product was 14.1 + 0.5 x
10%/uL. Hematology analyzers also




overestimate HCT % in products
with high WBC concentrations,
particularly when the HCT % is
low (0.5-3%) [21]. When the RBC
content is inflated, the Packed Cell
Volume (PCV) calculated by the
LOVO is also inflated, meaning
that more wash buffer than neces-
sary will be used to dilute the cell
suspension prior to entering the
spinning membrane module (Au-
toDilution). This, in turn, increas-
es the minimum achievable final
product volume for the LOVO
procedure.

Since completing this study,
additional LOVO runs were per-
formed where the HCT % of the
leukapheresis was determined by
centrifuging a sample of the prod-
uct in a capillary tube, then reading
the HCT % with a microhemato-
crit reader disk [22]. The microhe-
matocrit method typically resulted
in a smaller HCT % compared to
a hematology analyzer measure-
ment for the same sample (data not
shown). LOVO runs performed
after entry of a microhemato-
crit-based HCT %, rather than a
hematology-analyzer based HCT
%, for RBC content have shown
similar WBC recovery and PLT
removal to that observed in this
study [Data not shown]. Use of the
HCT % from the microhematocrit
method decreases the calculated
PCV of the leukapheresis product,
which in turn decreases the calcu-
lated LOVO minimum achievable
final product volume. In addition,
the microhematocrit method avoids
processing an undiluted leukapher-
esis sample on a hematology analyz-
er, which may be required to ensure
that the RBC concentration will be
above the analyzer’s lower limit of
detection, but which can also clog
the analyzer’s aperture.
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FIGURE 2

Plus selection for CD34* cells.
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LOVO wash 1

Error bars show 1 SD.

LOVO wash 2

CliniMACS
Plus selection

The average automated process-
ing times for Wash 1 and 2 were
24.1 £ 1.9 and 17.6 + 0.9 minutes,
respectively. Four automated pauses
were built into each LOVO proto-
col to allow for mixing of bags to
enhance rinse steps or mix cells with
wash solution. Fach pause requires
<30 seconds of operator interac-
tion with the instrument, meaning
that the total processing time is in-
creased by -2 minutes when pauses
are accounted for. Before beginning
each procedure, the operator en-
ters information about the starting
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leukapheresis product (volume and
cell concentrations) as well as the
targeted final product volume. The
operator then modifies (if desired)
and installs the LOVO disposable
kit. The LOVO kit includes a stan-
dard, 800-mL final product bag, but
because reagent incubation is typi-
cally performed in a 600-mL trans-
fer pack, that bag was used to re-
place the standard final product bag
in this study. The LOVO captures
the empty weight of all installed
bags, meaning that the final prod-
uct volume displayed at the end of
the procedure is accurate, even if a
standard bag had been replaced. Fi-
nally, the wash solution and leuka-
pheresis are attached. Conservative
time estimates for these steps are
shown in Table 6. In total, including
a 45-minute estimate for reagent
addition and incubation, the pre-se-
lection process utilizing the LOVO
requires ~2 hours, which is 2 hours
less than the manual process [10,23].
The CliniMACS Plus operates for
~45 minutes to 1 hour [10,23], with
prior setup of tubing and priming
adding ~30 minutes [10]. If the
CliniMACS Plus setup begins after
the LOVO Wash 2 ends, the total
processing time through to the end
of CliniMACS plus selection is ~3.5
hours. If CliniMACS Plus setup can

be performed ahead of time, the
total processing time could be re-
duced to -3 hours. In comparison,
the Prodigy procedure for CD34
cell selection, including tubing set
installation, is ~5 hours [10,23].
Several studies have demonstrat-
ed that reduction of the PLT con-
tent in the leukapheresis product
during pre-processing steps results
in improved CD34" cell immuno-
magnetic selection. Stroncek ez al.
measured PLTs in the CliniMACS
Plus and Prodigy negative frac-
tions as a way to approximate the
PLT content prior to CD34" cell
election on each instrument. The
Prodigy had higher PLT content
(207.1 + 44.5 x 10°) and lower re-
covery (51.4 + 8.2%) compared to
the CliniMACS Plus (91.6 + 58.1
x 107, 65.1 + 15.7%). It is likely
that the PLT content at the time of
reagent addition was higher than
the amount measured in the neg-
ative fraction, for both selection
additional

wash steps were performed follow-

approaches,  because
ing reagent incubation. PLTs are
thought to interfere with binding
of the paramagnetic-bead-bound
antibody to target cells [11], in turn
reducing the affinity of target cells
The

LOVO’s 4-um pore membrane is

for the magnetized column.

—» TABLE 6
Estimated total processing time for pre-selection preparation using the LOVO for all washing steps.
Time (min)
LOVO wash 1 LOVO wash 2
Procedure setup (information entry) 3 3
Kit modification (optional) and installation 10 10
Wash solution and leukapheresis product attachment 5 5
Automated processing 24 18
Mid-procedure automated pauses 2 2
Total 44 38
Combined LOVO Wash 1 and Wash 2 Total 82
Combined LOVO total + 45 min for reagent addition and 127
incubation
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capable of removing PLTs (2-3 pm)
while retaining larger WBCs (>9
pum [24]). In this study, an average
0f 92 + 3.4 % of PLTs were removed
during LOVO Wash 1, resulting in
an average of 53 + 19 x 10° PLTs in
the product prior to reagent addi-
tion. This PLT content is less than
the negative fraction PLT content
for both the CliniMACS Plus and
Prodigy in the study by Stroncek
et al. It is also important to note
that the mPB leukapheresis prod-
ucts processed in this study were
shipped to the manufacturing site
at refrigerated temperatures. PLTs
stored cold have been observed

to spontancously aggregate upon
warming [25], but if this phenom-
enon occurred, it did not affect
the LOVO’s ability to filter out
platelets.

There are many published stud-
ies on CD34* cell immunomagnet-
ic selection of mPB leukapheresis
products from healthy donors. Var-
ious groups have investigated dif-
ferent methods for performing the
pre-processing wash steps prior to
selection on the CliniMACS. More
recently, groups have compared
manual pre-processing and Clini-
MACS selection with the Prodigy’s
combined, automated preparation

RESEARCH ARTICLE

FIGURE 3

Cumulative CD34" cell recovery after CD34* cell immunomagnetic selection of mPB leukapheresis prod-

ucts from healthy donors.
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2015
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2015

Scerpa
2012

Hummer

2016
61

Adair AntonenasSchlinker

2016
623 69

2017

2017
69 762

Percentage of total CD34* cells in the starting mPB leukapheresis that were recovered in the post-selection positive fraction. Letters
indicate type of pre-processing approach used. C: Centrifuge; CM: Cytomate; E: Elutra; L: LOVO; P: Prodigy; S: Sepax. Data is presented
as mean = 1 SD, except for Antonenas et al, which shows median values only. All selections were performed with the CliniMACS, unless
labeled as Prodigy. Zinno [11], Tran [13], Scerpa [12], Stroncek [15], Spohn [10], Hummer [26], Adair [27], Antonenas [23].
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FIGURE 4

CD34* cell fraction purity after CD34* cell immunomagnetic selection of mPB leukapheresis products
from healthy donors.

cM C E C S C P C P C P C P P C L

Zinno Tran Scerpa Stroncek Spohn Hummer Adair AntonenasSchlinker
2010 2012 2012 2015 2015 2016 2016 2017 2017
91.39 83.57 98.9 96.8 86.46 84.97 93.6 957 93.87 95.96 974 983 97.6 77 82 93.0

Percentage of CD34* cells in the post-selection positive fraction. Letters indicate type of pre-processing approach used. C: Centrifuge;
CM: Cytomate; E: Elutra; L: LOVO; P: Prodigy; S: Sepax. All selections were performed with the CliniMACS, unless labeled as Prodigy.
Data is presented as mean +1 SD, except for Spohn et al., which shows mean +SEM and Antonenas et al., which shows median values
only. Zinno [11], Tran [13], Scerpa [12], Stroncek [15], Spohn [10], Hummer [26], Adair [27], Antonenas [23].

634

and selection. Figures 3-5 show a
comparison of CD34" cell recov-
ery, CD34* cell fraction purity,
and CD3" log depletion for a sam-
ple of these studies, along with the
data from this study with LOVO
pre-processing and CliniMACS se-
lection. The Prodigy studies used
various versions of LP-34 software
(Stroncek et al.: earlier version than
1.1.4; Spohn et al.: 1.1.4; Hummer
et al.: 1.2.0; Adair et al.: unknown;
Antonenas et al.: 2.0).

For mPB leukapheresis products
containing < 0.6 x 10° CD34" cells
out of a total WBC population of <

DOI: 10.18609/cgti.2017.059

60 x 10° the manufacturer recom-
mends to use the CliniMACS TS tub-
ing set. The LS (large-scale) tubing set
is to be used with products contain-
ing >0.6 x 10” but < 1.2 x 10° CD34*
cells out of > 60 x 10” but < 120 x
10° WBCs. Schumm ez 4/. found that
the LS tubing set resulted in higher
CD34" cell recovery (median: 80%,
range: 45-120%), compared to the
TS tubing set (median: 72%, range:
27-130%)[19]. The LS tubing set
was used in this study, despite the fact
that each mPB leukapheresis product
contained <0.6 x 10° CD34* cells
and <60 x 10° WBCs. Cumulative
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FIGURE 5

Log T cell depletion after CD34* cell immunomagnetic selection of mPB leukapheresis products from

healthy donors.
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Adair AntonenasSchlinker
2016 2017 2017
44 48 472
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Stroncek Spohn

Log reduction of CD3" cells in the post-selection positive fraction compared to the starting mPB leukapheresis product. Letters
indicate type of pre-processing approach used. C: Centrifuge; CM: Cytomate; E: Elutra; L: LOVO; P: Prodigy; S: Sepax. All selections
were performed with the CliniMACS, unless labeled as Prodigy. Data with error bars is mean = 1 SD. For Zinno et al., Scerpa
et al., and Spohn et al., mean T cell depletion was calculated using available pre- and post-selection mean T cell counts. SD was
not determined. Antonenas et al. shows median values only. Tran et al. and Adair et al. did not provide data on T-cell depletion.
Zinno [11], Tran [13], Scerpa [12], Stroncek [15], Spohn [10], Hummer [26], Adair [27], Antonenas [23].

Hummer

481 4.25 4.89

CD34" cell recovery in the current
study with LOVO pre-processing
was the highest among the sample of
CliniMACS studies shown here (Fig-
ure 5), and may be partially due to
the use of the LS tubing set. Except
for Hummer et al, who used the TS
tubing set [26], the other studies in
the sample did not provide tubing set
information. Importantly, Schumm
et al. did not observe significant dif-
ferences in CD34" cell fraction purity
and cell recovery, nor T cell depletion,
between the TS and LS tubing sets.

CONCLUSION

Selection of CD34" cells may be
performed to avoid complications
with allogeneic stem cell transplants
in standard-of-care treatments, and
can also provide a starting popula-
tion for new HSPC-based cell ther-
apies. The CliniMACS Plus is often
used to perform immunomagnetic
selection of CD34" cells from mPB
leukapheresis products, which must
undergo several washing steps in
preparation for selection. These
steps are performed to achieve PLT

Cell & Gene Therapy Insights - ISSN: 2059-7800
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reduction, suspension in selection
buffer and reduction of excess, un-
bound beads following reagent in-
cubation. Several groups have eval-
uated options for automating these
steps, but some of these options are
no longer available or offer only
When

performed manually with a centri-

semi-automated solutions.

fuge, plasma extractor and weigh
scale, these pre-processing steps
may take 4 hours [10,23].

This study provides a prelimi-
nary, n = 3 investigation of the use
of the LOVO Cell Processing Sys-
tem for preparing mPB leukapher-
esis products from healthy donors
for CD34* cell immunomagnetic
selection using the CliniMACS
Plus. Priority was placed on pro-
cessing entire mPB leukapheresis
products, rather than splitting
the available products to perform
technical replicates, in order to
LOVO

ability to process relevant cell

assess the instrument’s
numbers and determine the total
time required. A larger study, ide-
ally one where mPB leukapheresis
products could be halved and pro-
cessed on either the LOVO, then
selected using the CliniMACS
Plus or processed entirely on
the CliniMACS Prodigy, would
provide a useful comparison of
the two available approaches for
pre-selection  preparation and
CD34* cell selection. However,
given the fairly consistent results,
this small study demonstrated ap-
plicability of the LOVO for this
process. Futhermore, the CD34"
cell recovery, CD34* purity, and
T-cell depletion from this study
were shown to be similar or better
than those reported by compara-
ble studies (Figures 3-5), including
those that evaluated other auto-
mated technologies.

DOI: 10.18609/cgti.2017.059

Use of the LOVO offers several
benefits for preparing leukaphere-
sis products for immunomagnetic
selection. Unlike manual centrifu-
gation, the LOVO process requires
lictle operator interaction beyond
setup and occasional bag manipula-
tion and reduces total pre-selection
processing time by several hours
over the manual centrifugation ap-
proach. The total setup and pro-
cessing time for the LOVO steps,
followed by CliniMACS Plus selec-
tion, is also estimated to be ~1.5-2
hours less than that required for the
Prodigy approach. With respect to
product quality, the LOVO efhi-
ciently removes PLTs, reducing the
total PLT content prior to reagent
incubation beyond the amount
that has been correlated with lower
post-selection CD34" recovery.

DISCLAIMER

The LOVO Cell Processing system is for
laboratory use only. Unless the user has
obtained advance clearance or approval
from the appropriate regulatory agency,
cells processed on this system are not
intended for diagnostic purposes, direct
transfusion, or for use in the production
of therapeutic products or vaccines for
clinical wuse. For applications requiring
regulatory clearance or approval, wusers
may request the required LOVO technical
documentation from Fresenius Kabi to

support their submissions.
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