jove

Evaluation of the Impact of a New Cooling Cell Processor
System on Islet Cell Isolation Facility

Naziha Menasria1’2, Marten Engelse3, Julien Thévenetz, Weam EI Roz1, Ayan Guled1, Abdul-Badi Abou-Samra1, Frangois
Pattou?, Julie Kerr -Conte?

1 Qatar Metabolic Institute, Hamad Medical Corporation 2 Univ-Lille, Inserm, CHU Lille, Institute Pasteur Lille, U1190 - EGID F-59000 Lille 3 Department of
Nephrology, Leiden University Medical Center (LUMC)

Julie Kerr -Conte

Jkerr-conte@univ-lille.fr Standard cell therapy equipment, including the gold standard cell processor to purify

Citati human islets for clinical transplantation, is rarely refrigerated, potentially exposing
itation

cells to elevated temperatures during the centrifugation step. Custom cooling systems
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have a direct benefit on human islet viability and function. The current study was
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Islet Cell Isolation Facility. J. Vis. £xp. (). human cell viability and the GMP cleanroom environment. The cooler system, a
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mechanically refrigerated heat exchanger set at -30 °C was used to deliver cooled

Date Published medical grade dry air to the cell processor bowl through a hole drilled in the centrifuge

August 10, 2023 cover. With the limited availability of pancreas donors in Qatar, system validation

was done with continuous density gradient purification of pooled human bone marrow

Dol buffy coat. Sterility, turbulence, and particle count were measured in class C and
10.3791/65321 class B clean room environments. No turbulence developed around the cooled cell
URL processor, and no excess 0.5 ym and 5 pym airborne particulates were generated as

per cleanroom GMP standards. During centrifugation and collection, the temperature
Jove.comtes3zt rose respectively to 21.50 °C + 0.34 °C and 21.93 °C + 0.20 °C in the non-cooled
cell processor and to only 10.9 °C + 0.17 °C and 11.16 °C £ 0.35 °C in the cooled-
cell processor (p <0.05). The cooled cell processor led to both improved recovery
(98%) of the mononuclear cell fraction and viability (100% + 2%) post-processing.
The new cooling system effectively reduces the heat produced by the cell processor
while having no particulate impact on the GMP clean room environment. The cooled
cell processor described here is an inexpensive ($16,000 without including taxes,
customs clearance, and transportation) and minimally invasive method to provide

robust cooling. Currently, the cell therapy lab -GMP is being applied to human islet

cell isolation and transplantation for the clinical program.
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Introduction

Islet transplantation for severe Type 1 diabetes can restore
endogenous insulin secretion and has become the standard
of care in a number of countries’. Islet isolation is a
multi-step procedure that includes warm enzymatic and
mechanical digestion of the pancreas, followed by cooled
phases for recovery of digested tissue and islet purification
with continuous or discontinuous density gradients on a
cell processor. Rapid cooling slows the enzymatic digestion
phase and protects islets from digestive enzymes liberated
by contaminating acinar cells. The cell processor was
originally designed to separate cellular blood components at
ambient temperaturez. It was repurposed to purify human
pancreatic islets of Langerhans in 19893 For three decades,
human islets have been purified for clinical trials and, more
recently, standard-of-care, either in a cell processor with
discontinuous gradients4 or continuous density gradients1
made with a gradient maker! or equivalent computer-

5,6,7

operated mixer Other groups have reported islet

purification from large mammals and humans using large

8,7,9

cylindrical plastic bottles , which substantially improved

the efficacy of purification and islet quality.

Indeed, considering the gold standard to purify human
islets for clinical transplantationm’”, the manufactured

cell processor was without refrigeration. As a direct
consequence of the lack of refrigeration, islets were exposed
to increasing temperatures during the purification step. During
centrifugation, an uncontrolled increase in temperature
occurs due to the mechanical friction of the rotor'2: 13, Cell
processors were adapted with a cooling system in islet
isolation centers that statistically increased glucose-induced

insulin secretion and cell viability, confirming the advantage

of keeping pancreatic islets at low temperatures during the

purification procedure14'15.

It should be noted that in the late 1980s, 10 refrigerated
prototypes were built to reduce islet damage during density
gradient purification but received no further attention. The
cell processor prototypes were based on spindle and
bowl cooling with chilled polyethylene glycol. In particular,
islet purification solutions, including organ preservation
solutions and polysaccharide density gradients, may be
deleterious for islet viability when used at or above room
temperature16'17'18. A comparison of different cooling
strategies of the cell processor for islet cell purification versus
the original non-refrigerated cell processor was evaluated
to combat the uncontrolled increase of temperature that
occurs due to the friction of the rotor. Several attempts
have been made to cool down the cell processor during
human islet purification. The cell processor can be temporarily
or permanently housed in a specially designed cold room
to maintain a temperature of 0-8 °c19 during the gradient
centrifugation system at the islet isolation centers at the
University of lllinois Chicago19, University of Miami'4,
University of Oxford facilities'®, and the University of
San Francisco (the custom cooling unit encases the cell
processor). Another modification includes core cooling of
the cell processor spindle with a cooling system using
electronically controlled liquid nitrogen cooling in Geneva,
Sweden, and the Czech Republic15'19. Another alternative
in the mid of 2000 was the core cooling of the cell processor

12

with an air-conditioning unit'< or by liquid cooling of the shaft

at the University of Lille.
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Cooling modifications of the cell processor are not readily
available and come with risks (humidity, condensation build-
up) inside GMP cleanroom environments, including loss
of warranty and refusal of the constructor to service the
machine. Consequently, some islet centers, including Milan,
Italy, Oslo, Norway, and Edinburgh, Scotland, do not use a
cooling system for cell processors during the islet purification

process1 5 .

The current study was designed to test the effectiveness of a
newly developed readily available cooler in conjunction with
a minimally modified cell processor system. Briefly, the air-
based cooler described here is a mechanically refrigerated
heat exchanger controlling the temperature of 1 standard
cubic foot per minute (SCFM) of dry gas between -40 °C
to -100 °C. This cooling system requires a dry medical air
supply. The air will flow through the line and heat exchanger
and out through the (7.9 mm) nozzle. A heater located within
the nozzle supplies heat to control the temperature of the air
stream. A spare solid plastic centrifuge cover was purchased,
and minimal modifications were made. A hole of 13.3 mm
diameter was drilled in the cover, and cooled air was delivered
from the cooler nozzle to the cell processor via the hole in the
centrifuge cover. The cooled medical air was injected inside
the centrifugation bowl of the cell processor with constant

control of the temperature of the liquids or density gradients.

We evaluated the technical performance of the cooled cell
processor and the impact of the cooling element on the
GMP cleanroom environment. The main focus was to achieve
a robustly low (<10 °C) temperature during human islet
purification to preserve viability. Using a buffy coat density
separation as a proxy for islet isolation, we determined the

efficacy of this cooling protocol on cell viability.

Protocol

This protocol used discarded whole blood not fit for use as
per institution discard guidelines. IRB approval and informed

consent are not applicable.

1. Cooled cell processor setup

NOTE: All procedures must be done in a clean room
environment, and staff must respect clean-room garment

procedures.

1. Purchasing of equipment

1. Purchase a spare plexiglass lid. Purchase the
cooling equipment system, cooler with mechanically
refrigerated gas stream temperature controller, air
dryer, pressure and flow regulator, and the warranty
(optional). See Table of Materials for references.
NOTE: The total cost is $16,133 without shipping or

customs fees.

2. Order medical dry air, a compressed medical
gas that complies with standard grade (European

pharmacopoeia reference 1238) from the local

medical gas supplier. Purchase 2 cylinders of 6.8 m?3

(47 L: 23 cm x 153 cm; diameter x length).
2. Set-up of the equipment (Figure 1 and Figure 2)

1. Enter the equipment in the GMP cleanroom
(disinfect before entering the cleanroom according

to GMP procedures.

2. For the medical grade compressed air, install a gas
line instead of placing the gas cylinder directly in the

cleanroom.

3. Maodification of the cell processor for cooling
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First, remove the plexiglass cover. Keep the original
plexiglass cover in case there is a problem with
the warranty. Drill a hole in the spare lid of the
cell processor with a diameter to match and fit
the outer diameter of the cooling device nozzle tip
to prevent cracking the centrifuge cover (13.3 mm

recommended).

Fix brackets together with a circular piece of foam.
This is done to prevent breakage and/or scratching
the lid, to hold the cooler nozzle in place above
the cell processor, to protect the lid from excessive
bending due to the high pressure of injected air, to
support the weight of the nozzle, and lastly to ensure
the maximum safety to the operator to have free and
safe access to all required cell processor functions

during the experimental procedure.

Connect the cooling system to the cell processor
by attaching the cooling nozzle to the hole in
the plexiglass. Secure it with brackets and foam

cushions.

Place the refrigeration housing up to 8 feet (2.44
m) away from the nozzle. House the temperature
controller in a separate cabinet and place it within 6

feet (1.83 m) of the refrigeration housing.

Set the cooler set point at -40 °C for cooling the
air stream on the cooler. The exit air temperature
is continuously indicated on the digital indicator to
a resolution of 0.1 °C. Set the outlet temperature

digitally to 0.1 °C with the temperature controller.

Control the pressure and the flow rate of the air
supply on the pressure and flow regulator module
(Figure 2) before feeding to the cooler. Set them to

55 psi and 4 SCFM flow rates, respectively, to reach

the optimum conditions on an air stream cooled at

-30°C+£2°C.

Verify that the medical gas supply is regulated at an
out pressure of 5 bar and can last at least 90 min,
as this is required for the compressed air to reach
-30 °C.

NOTE: Medical dry air is compressed medical gas,
and fully pressurized dry air complies with standard

grade.

Deliver 5 bar from a cooler nozzle connected to
the cell processor lid through a hole drilled in the
centrifuge cover. Inject the cooled medical air inside
the centrifugation bowl of the cell processor (Figure
2). Select the position of the air injection in a way
that the cooled air is directed perpendicularly to the

aluminum rim of the centrifuge rotor.

When preparing the cell processor, ensure the rotor
is at room temperature (18 °C). Set the automatic
thermo-regulator of the cooling system to -30 °C and
direct cool air injections to the rotor.

NOTE: Different trial conditions were tested to reach
an optimum temperature gradient of +4 °C, which
is necessary to overcome the thermo-resistance of
the cell processor cell separator system and heating
of the rotor during centrifugation. The programmed
thermo-regulator will maintain the optimum target
temperature inside the cell processing machine
during the procedure, particularly during the
centrifugation, at a clean room temperature of +18

°C.

1. Set up the cell processor with the first pre-
cooling phase to cool down the processor

(without the cell processor kit) at +3 °C for 30
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to 45 min, and the second pre-cooling phase of
running the cell processor should be with the kit

precooled at +4 °C at 134 x g, for 5 min.

2. Airborne particulate count

1.

Assess the compliance of the cooling device with
the GMP cleanroom environment as per 1ISO 14644-1
standard to evaluate the impact of heat devices during

the operation phase.

Use particle count monitoring to provide evidence that
the required level of cleanliness is achieved at critical

control points at rest and in operation.

1. The minimum number of sample locations depends
on the area measured. Calculate this using the

equation
N, =4
where A is the area of the cleanroom or clean air-

controlled space in m?, and NL is the number of

sample locations rounded up to a whole number.

2. Airborne sampling volume is the minimum volume
at each location. Ensure that the air volume is large
enough to count 20 particles of the largest particle
size specified. Calculate the airborne sampling
volume through the equation
V=20/C x 1000
where V is the minimum single sample volume per

location, expressed in L, and C is the class limit

(number of particles/m3).

3. For each location, depending on the area, use one
or more samples. Ensure the least volume sampled
at each location is 2 L and the minimum sample time

is at least 1 min.

3. Before sampling, purge the particle counter device with
a purging filter. Remove the filter and place it with the

isokinetic probe for sampling.

4. Place the particle counter instrument in the identified
sampling location. Initiate sample collection from the

main screen of the particle counter device.

5.  Once the sampling is over, then take the particle counter
device to the next location. When all locations for

sampling are finished, review the data, and print a report.

6. When the average particle concentration for all sampling
points in the area falls below the class limit stated
in Table 1, consider the room passed for having the

allowable particle concentration.

3. Gradient preparation and cell separation
processing

1. Prior to the experimentation, precool the light and heavy
density gradients and the cell processor kits overnight at

+4 °C in a refrigerator.

2. Precool the cell processor for 45 min at rest (i.e.,
switch on the cell processor prior to use). Maintain the
temperature between +2 °C and +5 °C. Insert the cell

processor kit pre-cooled at +4 °C.

3. Forthe standard ethanol cooled double jacketed gradient
maker (optional; Figure 3) connect the 2 glass chambers
and place them on a magnetic stirrer. Clamp the tubing
between the 2 chambers. Cool the gradient maker with

an ethanol-circulating cooling chiller at 0 °C.

4. First, prepare to load the heavy layer at the bottom of the
bag by filling the chamber with 130 mL of heavy density
gradient (HD;1.087 g/mL). Load at a pump speed of 150

mL/ min.
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Once the heavy gradient is in the bag, add 130 mL of
high density (HD) to the front beaker and 140 mL of low
density (LD; 1.063 g/mL) gradients to the back (clamp

closed).

De-clamp the hemostat/clamp between the 2 chambers
and create a continuous gradient at 50 mL/min pump

speed.

Prepare in advance human mononuclear buffy coat cells
for purification from multiple pooled anonymous buffy
coats collected from whole blood waste products (40 mL
to 60 mL of whole blood was added to 10 buffy coat bags)

depending on the availability from the blood bank.
1. MNC Separation

1. Use density gradient centrifugation for low-
density human mononuclear cell isolation. To

do this, follow the steps described below.

2. For cell preparation, calculate the volume
of blood (anticoagulated whole blood or
suspended buffy coat). Dilute the blood with
2x-4x buffer solution by inversion mixing. The
more diluted the blood, the better the purity of

the mononuclear cells.

3. Prepare buffer by mixing phosphate buffer with
an anticoagulant. Calculate the number of tubes
needed by dividing the volume of blood by 35
mL and pour 15 mL of 1.073 density gradient

solution in each tube.

4. Gradually layer 35 mL of the diluted blood
suspension over the density gradient by gently
running on the surface of the density gradient by
using a 60 mL syringe connected to a needle;

for small volumes, use a pipette. Try not to

disrupt the interface, as this will result in a poor

mononuclear layer.

Centrifuge at 400 x g for 20 min at 20 °C without
any breaks (accelerating 0, decelerating 0).
After centrifugation, gently harvest the interface
layer of mononuclear cells using a sterile
transfer pipette. Transfer the cells into another

new 50 mL conical tube.

Wash the cells 2x with buffer (PBS with added
anticoagulant). For the first wash, fill the tube
containing the cells with buffer till 50 mL.
Centrifuge at 300 x g for 10 min at 20 °C to pellet
cells (accelerating 9, decelerating 0). Gently

remove all supernatant carefully.

Perform the second wash for the removal of
platelets. Resuspend the pellet to a volume of
50 mL with buffer. Centrifuge at 200-300 x g for
10 min at 20 °C (accelerating 9, deaccelerating

0).

Reconstitute the cells to a final volume of 5
mL, these cells should have specific gravity
resembling low-density MNC <1.073. Measure
the specific density of the gradient with a

densiometer.

Resuspend the pellet to a final volume of 100
mL with 95 mL of high-density gradient medium
(1.083 g/mL) in a transfer bag. Use this product
for purification using a cell separator. The final
volume of 100 mL contains cells and 1.083 high-
density gradient medium.

NOTE: The buffy coat may be stored in the

refrigerator overnight in PBS containing 0.5%
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BSA or autologous plasma. The buffy coat can

also be washed.

8. Top load the preformed gradients with a maximum of 30
mL of MNC isolated from the buffy coat suspended in
100 mL of concentrated conservation medium using a
peristaltic pump at 25 mL/min. Keep the gradient at +4

°C.

9. Continuously measure the temperature inside the cell
processor with a pre-calibrated thermoprobe. Using a
digital thermocouple connected to a sterile thermoprobe,
monitor the temperature of gradients and cells during the

process.

4. Optimization of different steps of gradient
loading

1. Insert the cell processor kit pre-cooled at +4 °C. Load
the heavy gradient (130 mL) at + 4.5 °C. At the end of
gradient loading, set the centrifuge at a relatively low
speed (537 x g) in order to minimize the heat generated

by the rotor.

2. Turn off the cell processor to allow the hydraulic system

to go back to pre-run levels and release air.

3. Restart the cell processor at 537 x g and add the heavy
(130 mL) and low (140 mL) density gradients to create
a continuous density gradient at +4.3 °C and a flow rate

of 50 mL/min.

4. Load the buffy coat (30 mL) with 100 mL of cold storage
medium at +6 °C and a flow rate of 25 mL/min. Add 50

mL (25 mL x 2) of washing solution.

5. After 5 min at +5 °C, collect spun gradient in 12 bottles

at a flow rate of 100 mL/min.

6. Fill tubes with wash media (M199 + 20% human albumin

+ 10% Penicillin streptomycin). Fill tube 1 with 100 mL of

wash media and 150 mL of cells and tubes 2-12 with 225

mL of wash media and 25 mL of cells.

Representative Results

The impact of the cooled cell processor was first quantified.
Standardized methods used a particle counter measuring
the airborne particle contamination in a GMP grade class
C and class B clean room environment at critical points in
proximity to the cell processor and pressurized air cooler
system. Results demonstrated that no turbulence developed
around the equipment. Recorded data showed that there was
no excess of 0.5 ym and 5 um airborne particulate as per

cleanroom GMP grade C, grade B, and BSL Il standards

(Figure 4).
All  experiments were performed with continuous
polysaccharide density gradients. First, temperature

measurements of gradient solutions were tested without cells
at different time points in 6 runs in the cooled and non-cooled
cell processor. In subsequent studies, human cells were

purified on density gradients using the cooled cell processor.

All data were expressed as a mean of 3 independent trials
+ standard deviation (SD) and analyzed with commercial
analysis software. Statistical significance was set as p<0.05.
As shown in Figure 5, there was no significant difference in
the gradient temperatures measured in the cooled and non-
cooled cell processor during the first four steps; the recorded
temperature was approximately +4.5 °C. However, after the
5 min centrifugation period and during the collection steps,
the temperature rose at the beginning and the end of the
collection steps to 21.50 °C + 0.34 °C and 21.93 °C = 0.20
°C in the non-cooled cell processor, respectively, and to only
10.9 °C £ 0.17 °C and 11.6 °C + 0.35 °C in the cooled- cell

processor (p <0.05), respectively (Figure 5).
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Subsequent studies strove to determine the impact of
the cooled cell processor on the efficiency of human cell
purification and viability. Three concentrated human-pooled
buffy coats were used in this study. The rationale for using
a buffy coat rather than an islet preparation was due to the

limited availability of pancreas donors in Qatar.

The temperature in the clean room was at +16.5 °C + 1.5
°C, whereas the temperature inside the biosafety cabinet
was +18.8 °C + 0.47 °C. At the end of the gradient loading,
the cooled cell processor temperature dropped to +3.3 °C %
2.3 °C. Cells and cell processor temperature during loading,
centrifugation, and collection was +4 °C. After centrifugation,
the temperature of the collected cells (from tubes number 1

to 12) rose slightly to +8.5 °C + 3.5 °C (Figure 6).

Active air sampling was performed in grade A BSLIII using
calibrated air sampler to count the number of viable and
living organisms per cubic meter of air (blood agar/Sabouraud
dextrose agar plate). Sterility screening was tested on the

3 sample trials at the reception and post-processing in the

cooled cell processor system, using pediatric blood culture
bottles for aerobic and anaerobic organisms and fungi; 3 mL
of drawn samples from each buffy coat showed no growth

(Figure 7).

Finally, we evaluated the viability of the human cells after
density gradient purification in the new cooled cell processor
compared to the non-cooled processor. CD34+ viability was
investigated by 7-AAD staining and trypan blue exclusion
assay 24 as well as total nucleated cells were assessed before
and after the purification procedure on the concentrated
buffy coat cells (Table 1). Mononuclear cell MNC was the
fraction of interest being purified from starting material of
TNC, MNC% increased after purification. The CD34 cells
isolated from the TNC maintained their viability during the
process of purification in the cooled cell processor to a greater
extent than in the non-cooled processor (viability with 7-
AADc: cooled 100% + 0.58% versus non-cooled 76% + 7.8%
p=0.1, with trypan blue cooled 98% + 0.58% vs non-cooled
75% + 7.2% (p<0.05)).
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Figure 1. General presentation of the cooling system and the cooler. The figure shows the various equipment used in

this study. Please click here to view a larger version of this figure.

Copyright © 2023 JoVE Journal of Visualized Experiments

jove.com

August 2023 - €65321 - Page 8 of 16


https://www.jove.com
https://www.jove.com/fr/
https://www.jove.com/files/ftp_upload/65321/65321fig01large.jpg

jove

Air blown to the cell
processor centrifuge rotor
nnnnn through a hole in the

s Plexiglas acrylic lid

Aur flow at 5 bar, -30°C

Figure 2. Pre-cooling setup of the cell processor to cool down the centrifuge bowl. The figure shows how the setup

was done. Please click here to view a larger version of this figure.

Figure 3. Temperature monitoring of jacketed gradient to cool polysaccharide gradient. The figure shows the

temperature measured in the polysaccharide gradient. Please click here to view a larger version of this figure.
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Figure 4: Airborne particle assessment in clean room environment grade C and grade B. (A,B) The measurements of
the airborne particle contamination are performed before, during, and after processing. The data is from 2 different sampling
sites in a 33 m? room at 2 different time intervals (n=4). The GMP standards for 0.5 ym particulate in the clean room class
C at rest and in operation are 352,000 and 3,520,000, respectively. Those for 5 ym particulate are 2,900 and 29,000,
respectively. (C,D) The data is from 2 different sampling sites in a 30 m? room at 2 different time intervals (n=4). The GMP
standards for 0.5 uym particulate in the class B clean room at rest and in operation are 3,520 and 352,000, respectively, and

for 5 ym particulate, are 29 and 2,900, respectively. The data shows mean + SD. Please click here to view a larger version of

this figure.
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Figure 5: Temperature of density gradient media with and without cooled cell processor. Temperatures of
polysaccharide gradients were measured during the processing in the absence of human cells. Data is expressed as the
mean of 6 independent experiments + S.D. *p < 0.05; ***p<0,001 cooling versus non-cooling (2 Way ANOVA + Sidak post-

test). Please click here to view a larger version of this figure.
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Figure 6: Temperature of the cooled versus uncooled cell processor and further optimization. (A) Data are shown

as mean £ SD of 3 independent trials: environment: clean room; 18t phase precooling: 18t phase of cell processor pre-
cooling, 2nd phase precooling: 2nd phase of cell processor precooling; Abbreviations = HD-G: temperature of heavy density
gradient; Cell Processor-HD: temperature in the cell processor at the end of heavy density gradient loading; HD+LD loading:
heavy and light density gradient loading; End G-loading: Temperature of the gradient at the end of loading; Cell loading:
temperature of cells at loading; Cells-Cell processor: temperature of cell processor during cell loading; centrifugation:
temperature of cell processor during centrifugation; Tube number 1 to 12: temperature of cells.(B) Optimization of the
cooling system. Data are shown as mean + SD of 3 independent trials. Abbreviations = Environment: clean room; BSLIII:
biosafety cabinet level 3; 9st precooling: 98t phase of cell processor pre-cooling, 2nd precooling: 2nd phase of cell processor
precooling; HD-G: temperature of heavy density gradient; cell processor -HD: temperature in the cell processor at the end

of heavy density gradient loading; HD+LD loading: heavy and light density gradient loading; End G-loading: Temperature

of the gradient at the end of loading; Cell loading: temperature of cells at loading; Cells-cell processor: temperature of cell
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processor during cell loading; Centrifugation: temperature of cell processor during centrifugation; Collection: Temperature of

cell processor during collection; Tube number 1 to 12: temperature of cells. Custom conical cooling tray for collection, kept

at -20 °C overnight. Cell processor kit, kept at + 4 °C. Measured temperature of the cooled cell processor during the post-

processing phase remained low at +4 °C. (C) Effect of the non-cooled cell processor on cell temperature. Please click here to

view a larger version of this figure.

0.4 1

CFU/mm3

0.0~

Figure 7. Air sampling/sterility screening benchmark. Sterility screening was tested (n=3) during the process in grade A

room, at the time of sample receiving and at the end of the procedure. The benchmark value is 0 CFU/m3. Please click here

to view a larger version of this figure.

Table 1: Cell viability before and after purification in
the cooled cell processor. Abbreviations = 3TNC: Total
nucleated cells count; bMNC: mononuclear cells; ¢ 7-ADD:
7-aminoactinomycin D. Please click here to download this

Table.

Table 2: Average particle concentration. Please click here

to download this Table.

Discussion

Islet labs around the world have adopted for decades
human islet purification in a repurposed cell processor.

Although some islet production facilities continue to process

islets in an unrefrigerated cell processor, most centers
use a refrigerated version of the cell processor10’11'15.
Centers either place the cell processor in a cold room
which has the major disadvantage of exposure to humidity
and condensation, or technically make major modifications
to the cell processor itself, including the shaft, which has
immediate repercussions on the warranty of the machine
and its preventive maintenance. The presented new GMP
cell therapy compatible cell processor cooling system can

be beneficial to perform cell processing at a defined low

temperature (+ <10 °C), which cannot be achieved during
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centrifugation with the original cell processor cell-separator at

room temperature.

The air-cooling technology was first used by the group in
Brussels?® and implemented in Leiden?!. The new version
of the cooling system that requires compressed medical-
grade air, available in most hospital settings, was tested
for cooling the cell processor in a GMP cleanroom setting.
Indeed, compressed air is less of a risk in the confined space
of a clean room than nitrogen19. Based on the literature
and our own experience, the critical step, which was the
aim of this study, was to reduce the temperature to < +10
°C. This can be achieved with the cooled cell processor but
also requires the use of pre-cooled solutions and maintaining
the temperature of the gradients during the continuous or
discontinuous gradients by using a cooled ethanol jacketed
gradient maker or an automated gradient maker®:8:7 with
cooling packs around the gradient and on the tubing toward
the cell processor. Note that the near-zero temperatures
observed during the precooling were in the absence of cells:
zero or subzero-degree temperatures must be avoided once
cells are introduced into the system. One must also ensure
before starting that there is a sufficient supply of medical gas

for the entire procedure.

Temperature has been considered an important part of cell
processing and purification of the MNC fraction. Indeed,
intracellular organ preservation solutions have to be used
at hypothermic temperatures. The rather recent routine use
in islet isolation labs of gradient medium diluted to the
appropriate density with cold storage organ preservation
medium in human islet purification22 suggests that increases
in temperature above hypothermic temperatures may have

detrimental effects on cells.

Continuous measurement of the temperature identified
that increases in temperatures occurred at the end of
centrifugation and the start of collection (Figure 6A). These
changes appeared to be due to the intermittent cut-out of the
compressor. Temperature increased from +4 °C to +7.2 °C
during the last gradient density-phase HD-G (Figure 6B). To
avoid the increase in temperature during this critical period,
we further optimized cooling (Figure 6B) by using several
measures: extending the first pre-cooling phase from 30 to
45 min, pre-cooling the cell processor kit overnight in the +4
°C refrigerator, as well as using a conical cooling tray taken
from a -20 °C freezer. We document further improvement in
the collection temperature as well as the media. Caution must
be taken with the -20 °C racks used to pre-cool the system
prior to the addition of cells since the temperature drops to 0
°C and HDG from 0- 5.8 °C. Hence, we are currently using -5

°C racks to avoid the potential risk of freezing cells.

The data shown (Figure 4) demonstrated that no turbulence
developed around the equipment, and the newly developed
cooling system presented no contamination risk in a GMP
environment since we did not detect any excess of 0.5 ym
and 5 ym airborne particulate as per cleanroom GMP grade
C and BSL Il standards. Furthermore, the concentrated buffy
coat cells showed no contamination or growth during the
purification step (Figure 7) with the cooled cell processor

system.

Finally, we tested the impact of the cooled and non-
cooled cell processor on human cell viability and purification
efficiency after density gradient purification with a human cell
concentrated buffy coat. Quality controls for the MNC purified
fraction on pre- and post-processing confirmed excellent
cell viability measured with 7-aminoactinomycin D on flow

cytometer was (100% % 2%) or using trypan Blue (98%)
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and 98% purity of isolated MNC fraction (Table 1) which
was superior to the viability observed on a non-cooled cell

processor.

The described technology here requires drilling a small 13.3
mm hole in the plexiglass lid of the cell processor. To avoid
the risk of the constructor refusing to service the machine, a
discussion with the constructor must be engaged prior to the
modification. A spare plexiglass lid should be ordered, and if
necessary, the original lid (with no hole) can always be placed
back on the processor prior to maintenance. The authors have
not encountered such a problem. Note that the majority of
the cell separator processing machines used throughout the
world no longer have a warranty since they have been in
service for several decades. Further optimization may include
injecting cooled air elsewhere on the shaft. However, one
must avoid condensation around electrical circuits. Other
optimizations include encasing the cell therapy apparatus in
a cooled environment without modifying the structure (i.e., no
hole) and blowing air in the encasement (this was not tested

here).

Alternative methods, including bottle purifications'g, may

indeed be superior to purification in the cell processor-
separator. However, in a GMP environment, one strives to
eliminate open systems; this is the ultimate goal (patent

application 63/364,906)23.

In conclusion, the new pressurized cooling system efficiently
maintains a cooled temperature of the cell processor
during density gradient purification without any particle
impact on GMP clean room environment. The cooled cell
processor described here is a readily available, simple,
inexpensive ($16,000 without including taxes, customs
clearance, and transportation), minimally invasive method,

to provide robust cooling and maintenance of temperature

during cell processing. Currently, the cell therapy laboratory
at HMC/Qatar and CHU Lille will apply this cooling technology
for human islet cell isolation and purification. We foresee that
this technology of cooling may be extended to other non-
refrigerated devices in GMP cleanrooms (patent application

63/364,906)23 .
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