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Problem statement
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A TEMPERATURSENSITIVEHERAPIESIKECGTHAVERIGOROUEOLDSTORAGETANDARDIO
PROTECEFFICACANDSHELHRIFE

A ACCORDINGLEELLULARHERAPIEAREMOSTLYSTOREBELOW-135AC

A Theglasstransition temperature of water (Tg), where enzymaticactivity is believedto cease

A Storagein liquid nitrogenvapourphase (LN2)

A ROUTINBHANDLINGIN AND OUTOF STORAGE.AN EXPOSESELLSTO TRANSIENWARMING
ANDEVENTOTEMPERATURESBOVHE G

A THEPOTENCWNDFUNCTIONALITOFTHECELLSPOSTTHAWCANBEIMPACTED

A PRECISESTORAGERND MAINTAININGTEMPERATURBELOWTG AND INTEGRITYOF CELLULAR

PRODUCTHURINGROUTINE

ANDLINGANDSTORAG

S PARAMOUNT

A ONLY WHEN UNDERSTANDINENVIRONMENTANARIABLESAND OTHERCONTRIBUTORSO
TRANSIENWARMINGEVENTSTGEPRECISANDREPRODUCIBLETORAGEANBEACHIEVED




Transient warming
reduces cell viability and recovery
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A VIABILITWNDRECOVER®FMESENCHYMASTEMCELLSPREFREEZEANDPOSTTHAW
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M Pre-Freeze m-120°C Control m-190°C Cycled

. Cellswere stored for 3 months at -190 AC with no exposureto warming events (control) or with 20 four-minute exposuresto -
110AC (cycled)






Sources of transient warming/temperature f\ AZENTA
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A SAMPLETRANSFERNTOTHESTORAGENVIRONMENT

A STORAGHEN THESTORAGENVIRONMENT

. Therisk of the innocentsample

A SAMPLE/MATERIARETRIEVADUTOFTHESTORAGENVIRONMENT

A STEPSANDTIMEREQUIREMENTSIIGHLYTRAINECSTAFFMANUALRETRIEVAEROMLN2 TANK

. 1. Openfreezerand pull rack. 30 sec

. 2. ldentifyand pull the box 30 sec

. 3. ldentifyand pull sample and transfer to transport device. 60 0 120 sec
. 4. Replaceboxinto rack and return rack to freezer. 30 45 sec

2.5 0 4 minin total

Timemay varydependingon

Cryobox Warming Vial Warming speedand accuracyof operator
Rack Warming (closed box)

A 2 ml vial cooled to180 AC will reach
TG €.35AC) within ~30 sec when fully
exposed to air.
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Transient warming of the innocents %i\ AZENTA

(2 ml vials, cryoboxin shared rack, manual retrieval from LN2 tank) | | MR SCIENCES

A INNOCENTNONTARGETEMAMPLESOFTENUNDERGORANSIENWARMINGEVENTSTWE)

2ml FluidX vial, 1ml water, 3 vials top shelf, no box below, vial in comer of box

-110- : : . ' ‘ .
-1 0 1 2 3 4 S [ 7§ 8
-135° C threshold

Sample Temperature in °C

Rackspulled, cryoboxstayed
In rack and vial in cryobox
Time of extraction until returned to LN2 tank..

Minutes

&,,/retumed at 30 seconds

A BEAWAREOFTHEELASTIGNARMINGANDRECOVERYIMEBACKTO-190AC

Vialscontinuedto be warmedby the heat from the surroundingrack and cryoboxafter replacementinto storageenvironment
Re-coolingof the vial did not beginuntil 2.5 -5 minutes after re-insertion into the LN2 cryogenicenvironment

If rack was pulled againl hour after being returned to the freezerthe sample may still be several degreeswarmer than initially
(data not shown} warmingdelta for innocentsto be consideredand compensatedfor when racks are pulled severaltimes over
day.
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Transient warming of the innocents

(250 ml cryopreservation bags and cassettes in shared rack, manual retrieval from LN2 tank)
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A 2 TRANSIENT®/ARMINGEVENTS$TWE)

Rackremovaland rack replacement

30 secat ambient to confirm that correctrack was pulled, +16,3AC

30 secat cryopreservationcart to identify and removetargeted sample from frame, +9,5AC
Elasticwarmingl,1ACA +29,9Atransient warmingin total

30 weg [argeted Sample
—a— Non-Targeted Samp
43 — bt} Qpeneo
s -y 2 t0 Ot
— T frame
R — L] Oosedc
2 15
10
Sealedcryopreservationbagfilled P —t% "1 | } : ., b ,, z
with 70 ml of liquid inside cassette Fima i
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A THEWARMINGRATEVARIESNITHVOLUMEDATANOTSHOWN)

A DEPENDINGDN VOLUMFEAND POSITIONN THECRYOBOX VIAL/SAMPLECOOLEDIO-190AC
WILL REACHTG(-135AC) AS FASTAS WITHIN~30 40 SEC(2ML VIAL)WHENFULLYEXPOSEOO
AlR

A ELASTIOGNARMING TRANSIENWARMINGEVENTSCONTINURFTERTHERACKIS REPLACED
INTOTHECRYOGENIENVIRONMENT

A CONVECTIONSTANDARDHEATINGAND COOLINGHVAC)HAVEA CONSIDERABLBVIPACTON
SAMPLENARMINGDATASHOWNN NEXTSECTION)

A TEMPERATUREECOVERYIME THERECOVERYIMEOFA VIAL/BAGBACKTO190AC CANTAKE
MORETHAN1 HR

. e.g. dependingon the position of the vial in the cryobox (center position); data not shown

A FAILURETOMONITORPLANAND COMPENSATEORTHESEVARIABLESAY RESULTN FAILURE
TOPROTECINNOCEN BAMPLESF-ROMCROSSING G EG. IN A SCENARIMWFSEVERALRACK
PULLSOVERA WORKIN@AY

A MANUALLN2 FREEZER\VAILABLETODAYHAVENO BUILTIN PROTECTIORR MONITORIN®F
INNOCENBAMPLES g







Excample BioStorelll Cryo
Storage System (B3Cryo)

A Samples protected from excessive warming during
retrieval

. Automatedcryoboxcassette deliveryA timed, recorded and
controlled

Insulating tower for temperature stabilityy slows warming by Insulating tower
blocking convection

. Sample integrity calculatopredicts warming ratesbased on
empirical data

. Minimized warming of innocent samples

- i A Integrated software controls

—— /;\ . Full vial or cassette level inventory tracking

| 19 readily available reports to track temperature data and LN
levels

Improved ergonomics over manual workflows

g WeSSSSNNEsEsNw
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Transient warming; manual compared to automate

I‘aCk pUII (2 ml vials, centered incryobox

A AV

ERAGINGLLSHELRNARMINGRATESTHE

BACRYCSAMPLES2 ML VIAL)WARM70%
SLOWERFORTHEFIRST30 SECONDS

A TH

DIFFERENC

EMANUALRACKHASSIGNIFICANTEMP
> TWEENDIFFERENBHELFS,

TH

EB3CRYCRELATIVELYINEARWARMING

RATESFORLOWERSHELFS

A WARMINGRATEOFEACHSHELAN A RACK
FROMEXTRACTIONO-120AC

Average Time to warm to -120C

Manual 184 seconds

B3Cryo 343 seconds
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°C / Minute

Rate of Warming - First 30 Seconds

25.00

s=sNanual

wB3Cryo

Shelf Position

°C / Minute

Rate of Warming from Pull (~-180°C) to -120°C

25.00

ass]Nlanual

20.00

\/\_EBCWO

Shelf Position




Transient warming; manual compared to
aUtOmated I‘aCk pU"(Z ml vials, centered incryoboX

A  TEMPERATURBFINNOCENT
SAMPLESN DIFFERENBHELFS
RELATEOOTIMEOFEXPOSURE

TRANSIENWARMINGMANUAL
COMPAREBAUTOMATEBACKPULL
(250 ML CRYOPRESERVATION
BAGIN CASSETTE)

IT TAKESA SAMPLEEXTRACTED
USINGAUTOMATIONIORETHAN
16 TIMESASLONGTOREACH
TGTHANA SAMPLBJSING
STANDARIMANUALMETHODS
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Temperature °C
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B3Cryo - Remove Box 7
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A  TEMPERATURBFINNOCENT
SAMPLESVHENRETRIEVING
CRYOBOXROMLOWESTSHELR13)

A  TEMPERATURBFINNOCENT
SAMPLESWHENRETRIEVING
CRYOBOXROMHIGHESBHELH1)

A LOWERSHELFSWVARMMUCH

LESSWHENNOTENTIRERACK
ISREMOVEBROMLN2 (AUTOMATED
RETRIEVAL)
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