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IntroductionIntroduction Aim and StrategyAim and StrategyIntroductionIntroduction Aim and StrategyAim and Strategygygy
Clinical and commercial availability of cell-based products for tissue engineering and regenerative medicineClinical and commercial availability of cell based products for tissue engineering and regenerative medicine
require effective methods for their long term storage in cryobanks which are not yet established for complex Develop optimized methodologies for therequire effective methods for their long-term storage in cryobanks, which are not yet established for complex

t h ll l ti bi th ti t t [1] - Improve cell viabilityDevelop optimized methodologies for the 
ti f f ti l ll

systems such as cell monolayers, tissues or biosynthetic constructs [1]. Improve cell viability
I ll ifi f ticryopreservation of functional cell Cell entrapment in a gel is a promising cryopreservation strategy to improve post-thaw viability and function of cell - Improve cell-specific function 

monolayers for cell-based therapies and in-
Cell entrapment in a gel is a promising cryopreservation strategy to improve post thaw viability and function of cell
types which were shown to poorly survive the cryopreservation process [2,3] Avoid monolayer’s detachmentmonolayers for cell-based therapies and in-

it h l i l t di
types which were shown to poorly survive the cryopreservation process [ , ].
I thi k bi d t t i f th ti f dh t ll i ti t d b d ll

- Avoid monolayer s detachment
vitro pharmacological studiesIn this work, combined strategies for the cryopreservation of adherent cells were investigated based on cell - Avoid lost of cell-cell contactp g

entrapment in clinical-grade, highly purified alginate of extremely high viscosity (0.1% w/v viscosity in distilled
Avoid lost of cell cell contact

p g , g y p g y g y ( y
water > 30 mPa s) uniformly cross-linked with Ba2+ [4]

STRATEGY
water > 30 mPa.s) uniformly cross linked with Ba .
As model systems Neuroblastoma N2a and Caco 2 C ll M d lC ll M d l STRATEGYAs model systems, Neuroblastoma N2a and Caco-2
C l Ad i ll li d d t

Cell ModelsCell Models:: STRATEGY
C lt di

Colon Adenocarcinoma cell lines were used due to
CacoCaco 22 N2aN2a Culture mediumtheir specific characteristics, which makes them CacoCaco--22 N2aN2a

Monolayer’s entrapment beneath
their specific characteristics, which makes them
interesting lines for studying the cryopreservation of Monolayer’s entrapment beneath Alginate gel layer
interesting lines for studying the cryopreservation of
diff ti t d ll [5] A th ti a layer of ultra-high viscous Cells cultured on the

g ate ge ayedifferentiated cells [5]. As the cryopreservation a layer of  ultra high viscous 
(UHV) l i t

Cells cultured on the 
plate’s wellsmedium, serum-free CryoStorTM (Biolife Solutions®) (UHV) alginate plate s wells, y ( )

solution was compared with culture medium ( ) gsolution was compared with culture medium
supplemented with bovine serum both containing Differentiated (5 d)Undifferentiatedsupplemented with bovine serum, both containing
10% M SO

Differentiated (21 d)Undifferentiated

10% Me2SO.2

MethodsMethodsMethodsMethods
C ltC lt C 2 d N2 ll lt d 4 ll l t i ith diff ti t d f ll diff ti t d t t C 2 ll t diff ti ti i t E l t d tE l t d tCultureCulture:: Caco-2 and N2a cells were cultured on 4-well plates in either a non-differentiated or fully differentiated state. Caco-2 cells spontaneous differentiation into Evaluated parameters:Evaluated parameters:
enterocyte-like cells was achieved through long-time culture. Neuronal differentiation of N2a cells was induced through retinoic acid addition to low-serum content

Diff ti tiDiff ti ti
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medium. After 1 or 4 days post-inoculation, a thin layer of UHV alginate cross-linked by Ba2+ ions was added over the cells on the plates. Undifferentiated DifferentiatedVersusDifferentiation Differentiation 
t tt tmedium. After 1 or 4 days post inoculation, a thin layer of UHV alginate cross linked by Ba ions was added over the cells on the plates.

CryopreservationCryopreservation:: After 5 days of culture (or 21 days for differentiated Caco 2 cells) cells were frozen at 1°C/min to 80°C inside the plates with either serum
statestate

CryopreservationCryopreservation:: After 5 days of culture (or 21 days for differentiated Caco-2 cells), cells were frozen at 1 C/min to -80 C inside the plates with either serum-
l t d lt di C St TM CS10 (Bi Lif S l ti B th ll WA USA) b th t i i 10% M SO d t d t 80ºC d i t l t 1 k Time of alginateTime of alginatesupplemented culture medium or CryoStorTM-CS10 (BioLife Solutions, Bothell, WA, USA), both containing 10% Me2SO, and stored at -80ºC during at least 1 week. 4 days post-inoculation1 day post-inoculation VersusTime of alginate Time of alginate 

addition over the cellsaddition over the cellsPostPost--thawingthawing characterizationcharacterization:: Cell viability was assessed through a membrane integrity assay and the metabolic assay alamarBlueTM. The structural integrity and addition over the cellsaddition over the cellsgg y g g y y y g y
differentiation state of the cells was evaluated through scanning electron microscopy Maintenance of cell differentiated state after thawing was assessed through C tiC ti Serum free preservationdifferentiation state of the cells was evaluated through scanning electron microscopy. Maintenance of cell differentiated state after thawing was assessed through
biochemical and immunohistochemical assays respectively

Cryopreservation Cryopreservation 
didi

Culture medium containing 
10% M SO

Serum-free preservation 
solution CryoStorTM CS10Versusbiochemical and immunohistochemical assays, respectively. mediummedium serum + 10% Me2SO solution CryoStorTM-CS10

ResultsResultsResultsResults

Effect of alginate entrapment on cell growth and differentiationEffect of alginate entrapment on cell growth and differentiationCell seeding on the surface of 4-Day 0 Effect of alginate entrapment on cell growth and differentiationEffect of alginate entrapment on cell growth and differentiationg
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postpost inoculationinoculation::Metabolic Activity (alamarBlue assay) ( y )(5 days)(5 days) ( y ) postpost--inoculationinoculation::y ( y)
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PostPost thaw viability and differentiation state ofthaw viability and differentiation state ofP tP t th fth f diff ti t ddiff ti t d PostPost--thaw viability and differentiation state of thaw viability and differentiation state of PostPost--thaw recovery of nonthaw recovery of non--differentiateddifferentiated yy
differentiated monolayersdifferentiated monolayers

PostPost thaw recovery of nonthaw recovery of non differentiated differentiated 
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CryoStorTM CS10 • Monolayer entrapment beneath an alginate layer improves cell recovery by avoiding detachment from theCryoStorTM-CS10
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l i t d th f C Stl i t d th f C St TMTM l til tialginate and the use of CryoStoralginate and the use of CryoStorTMTM solutionsolution
Alginate entrapment improves recovery of culture medium cryopreserved
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Alginate entrapment improves recovery of culture medium cryopreserved

S t th i l t ti f ti ti ti f i d llcells by minimizing membrane damage and cell detachment after thawing. Supports the implementation of routine cryopreservation practices for engineered cellsy g g g y g
and tissues and their immediate availability for cell-based therapies

N th l U t 50% d th ithi 24 h ft th i !
and tissues and their immediate availability for cell-based therapies.

Nevertheless…Up to 50% death within 24 hours after thawing!
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