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Problem statement 

Å TEMPERATURESENSITIVETHERAPIESLIKECGTHAVERIGOROUSCOLDSTORAGESTANDARDSTO

PROTECTEFFICACYANDSHELFLIFE

ÅACCORDINGLYCELLULARTHERAPIESAREMOSTLYSTOREDBELOW-135ÁC

Å Theglasstransition temperatureof water (Tg), whereenzymaticactivity is believedto cease

Å Storagein liquid nitrogenvapourphase(LN2)

ÅROUTINEHANDLINGIN AND OUTOF STORAGECANEXPOSESCELLSTO TRANSIENTWARMING

ANDEVENTOTEMPERATURESABOVETG

Å THEPOTENCYANDFUNCTIONALITYOFTHECELLSPOSTTHAWCANBEIMPACTED

ÅPRECISESTORAGEAND MAINTAININGTEMPERATUREBELOWTGAND INTEGRITYOF CELLULAR

PRODUCTSDURINGROUTINEHANDLINGANDSTORAGEIS PARAMOUNT

ÅONLY WHEN UNDERSTANDINGENVIRONMENTALVARIABLESAND OTHERCONTRIBUTORSTO

TRANSIENTWARMINGEVENTS(TGE)PRECISEANDREPRODUCIBLESTORAGECANBEACHIEVED
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Transient warming 
reduces cell viability and recovery 

ÅVIABILITYANDRECOVERYOFMESENCHYMALSTEMCELLSPRE-FREEZEANDPOST-THAW

˖Cells were stored for 3 months at -190ÁC with no exposureto warming events (control) or with 20 four-minute exposuresto -

110ÁC(cycled).
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Understanding the variables and 
contributors of transient warming
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Sources of transient warming/temperature 
variation

ÅSAMPLETRANSFERINTOTHESTORAGEENVIRONMENT

ÅSTORAGEIN THESTORAGEENVIRONMENT

˖ Therisk of the innocent sample

ÅSAMPLE/MATERIALRETRIEVALOUTOFTHESTORAGEENVIRONMENT

ÅSTEPSANDTIMEREQUIREMENTS(HIGHLYTRAINEDSTAFF,MANUALRETRIEVALFROMLN2 TANK)

˖ 1. Openfreezerand pull rack. 30 sec

˖ 2. Identifyand pull the box. 30 sec

˖ 3. Identifyand pull sampleand transfer to transport device. 60 ð120 sec

˖ 4. Replacebox into rack and return rack to freezer. 30 -45 sec

2.5ð4 min in total

Timemayvarydependingon

speedand accuracyof operator

A 2 ml vial cooled to -180ÁC will reach

TG (-135ÁC) within ~30 sec when fully

exposed to air.
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Transient warming of the innocents 
(2 ml vials, cryoboxin shared rack, manual retrieval from LN2 tank)

Å INNOCENT(NON-TARGETED)SAMPLESOFTENUNDERGOTRANSIENTWARMINGEVENTS(TWE)

ÅBEAWAREOFTHEELASTICWARMINGANDRECOVERYTIMEBACKTO-190ÁC

˖ Vialscontinued to 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 again1 hour after being returned to the freezer the sample may still be severaldegreeswarmer than initially

(data not shown); warmingdelta for innocents to be consideredand compensatedfor when racks are pulled several times over

day.
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Racks pulled, cryoboxstayed

in rack and vial in cryobox

until returned to LN2 tank..



Å 2 TRANSIENTSWARMINGEVENTS(TWE)

˖Rackremovaland rack replacement

˖ 30 sec at ambient to confirm that correct rack waspulled,+16,3ÁC

˖ 30 sec at cryopreservationcart to identify and removetargetedsamplefrom frame, +9,5ÁC

˖ Elasticwarming1,1ÁCĄ +29,9Átransient warmingin total
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Transient warming of the innocents 
(250 ml cryopreservation bags and cassettes in shared rack, manual retrieval from LN2 tank)

Manual sample frame

Sealedcryopreservationbag filled

with 70 ml of liquid inside cassette



Key observations  

Å THEWARMINGRATEVARIESWITHVOLUME(DATANOTSHOWN)

ÅDEPENDINGON VOLUMEAND POSITIONIN THECRYOBOXA VIAL/SAMPLECOOLEDTO -190ÁC
WILLREACHTG(-135ÁC)AS FASTAS WITHIN~30 40 SEC(2ML VIAL)WHENFULLYEXPOSEDTO

AIR.

ÅELASTICWARMING: TRANSIENTWARMINGEVENTSCONTINUEAFTERTHERACKIS RE-PLACED

INTOTHECRYOGENICENVIRONMENT

ÅCONVECTION: STANDARDHEATINGAND COOLING(HVAC)HAVEA CONSIDERABLEIMPACTON

SAMPLEWARMING(DATASHOWNIN NEXTSECTION)

Å TEMPERATURERECOVERYTIME: THERECOVERYTIMEOFA VIAL/BAGBACKTO190ÁC CANTAKE

MORETHAN1 HR.

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

Å FAILURETOMONITOR,PLANANDCOMPENSATEFORTHESEVARIABLESMAYRESULTIN FAILURE

TOPROTECTINNOCENTSAMPLESFROMCROSSINGTG, E.G. IN A SCENARIOOFSEVERALRACK

PULLSOVERA WORKINGDAY

ÅMANUALLN2 FREEZERAVAILABLETODAYHAVENO BUILTIN PROTECTIONOR MONITORINGOF

INNOCENTSAMPLES
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Does automation make a 
difference? 
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Excample: BioStoreIII Cryo
Storage System (B3Cryo)
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SAFER STORAGE WITH INVENTORY CONTROL

ÅSamples protected from excessive warming during 

retrieval

˖Automated cryobox/cassette delivery Ą timed, recorded and 

controlled

˖Insulating tower for temperature stability Ą slows warming by 

blocking convection

˖Sample integrity calculator predicts warming rates based on 

empirical data

˖Minimized warming of innocent samples 

ÅIntegrated software controls 

˖Full vial or cassette level inventory tracking

˖19 readily available reports to track temperature data and LN2
levels

˖Improved ergonomics over manual workflows

Insulating tower



ÅAVERAGINGALLSHELFWARMINGRATESTHE

B3CRYOSAMPLES(2 ML VIAL)WARM70%

SLOWERFORTHEFIRST30 SECONDS

Å THEMANUALRACKHASSIGNIFICANTTEMP

DIFFERENCESBETWEENDIFFERENTSHELFS,

THEB3CRYORELATIVELYLINEARWARMING

RATESFORLOWERSHELFS

ÅWARMINGRATEOFEACHSHELFIN A RACK

FROMEXTRACTIONTO-120ÁC
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Transient warming; manual compared to automated 

rack pull (2 ml vials, centered in cryobox)
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Transient warming; manual compared to 
automated rack pull (2 ml vials, centered in cryobox)

.

Å TEMPERATUREOFINNOCENT

SAMPLESIN DIFFERENTSHELFS

RELATEDTOTIMEOFEXPOSURE

Å TEMPERATUREOFINNOCENT

SAMPLESWHENRETRIEVINGA

CRYOBOXFROMLOWESTSHELF(13)

Å LOWERSHELFSWARMMUCH

LESSWHENNOTENTIRERACK

ISREMOVEDFROMLN2 (AUTOMATED

RETRIEVAL)

Å TEMPERATUREOFINNOCENT

SAMPLESWHENRETRIEVINGA

CRYOBOXFROMHIGHESTSHELF(1)

TRANSIENTWARMING: MANUAL

COMPAREDAUTOMATEDRACKPULL

(250 ML CRYOPRESERVATION

BAGIN CASSETTE)

ITTAKESA SAMPLEEXTRACTED

USINGAUTOMATIONMORETHAN

16 TIMESASLONGTOREACH

TGTHANA SAMPLEUSING

STANDARDMANUALMETHODS


