
Stemcell cultureanddifferentiation protocolsarechallengingandgenerallyrequirea significantamountof time andreagents. Oneof the main issuesis
instability and the relatively short half-lives of growth factors (GF),which limit their use both in the lab and for transitioning into the clinic. In
collaborationwith KyotoInstitute of Technology,we developeda novelsustainedreleasegrowth factor technologywhichencapsulatesgrowth factorsin
a protein shell,protecting and preservingtheir function. PODS®(POlyhedrin DeliverySystem)crystalsare producedin insectcellsby co-expressionof
polyhedrinprotein and a cargoprotein. Highlystable,PODS®crystalsdegradeslowly,resultingin a steadyreleaseof cargoprotein over severalweeks.
Here,we outline how PODS®crystalscanbeappliedto improve3Dorganoiddifferentiationprotocol.

A novel sustainedreleasegrowth factor technology
for stemcelldifferentiationandorganoidculture

Abstract

Introduction

Release from PODS®GM-CSF crystals and GM-CSF stability,
quantified by ELISA. ATDC5 cells in DMEM + 10% FBSwere
incubatedat 37°Cfor 7 dayswith either PODS®GM-CSF(bluetrace)
or standardsolubleGM-CSF(greentrace). Media was removedat
indicatedtime points. Errorbarsrepresent3 technicalrepeats.

Improved 3D retinal ganglion cell (RGC) organoids using PODS® crystals 

Methods

Fororganoidformation,mouseembryonicstemcells(mESCs) were first cultured
in optic vesiclemedium and from day 9 transitionedto optic cup medium. On
day 20, PODS®growth factors were introduced to the culture system for a
further 10days. Duringthe 10-dayperiod of PODS®GFtreatment, only a single
half-mediachangewasperformedwithout anyaddition of PODS®crystals.

3D-retinal organoidswere cultured in 3 different conditions: No GF,standard
recombinantGFor with PODS®BDNFandPODS®GDNFcrystals. Subsequently,3
fluorescence-activated cell sorting (FACS)was used to quantify the RGCsub-
typesproducedusing3 commonly-usecellmarkers.

Results

FACS analysis shows 46%
increase RPMS + RGCs with
PODS®crystals compare to no
GF. Furthermore, RGCyields of
each RGC subtype were
increasedby asmuch as2.3-fold
by the addition of PODS®growth
factors.

Conclusions

¶An RGCincrease,approachingthat achievedwith PODS®,couldonly be attained by supplementingwith 250ng eachof standardBDNF/GDNF,which
wasaddedeverytwo daysover the 10dayculture period. Additionally, a healthier phenotypeof organoidswasachieved,most likely due to reduced
handlingdisturbanceandthe consistentgrowth factor levelsachievedby the sustainedreleasefrom PODS®crystals.

¶PODS®crystalsadhereefficiently to plasticsurfaces,idealfor coatingof tissueculturedishes.

¶Forlongcultureperiods,a singleapplicationof PODS®crystalsiseffective,significantlyreducingboth hands-on time andcostof materials.

¶Comparedto standardsolubleGFs,usingPODS®crystalsresultsin similarRGCyieldsbut a healthierphenotypeof RGCorganoids.

PODS®crystalsencaseand protect the protein of interest within a polyhedrin
protein shell. PODS®crystalscontainintact, nativeandfunctionalcargoprotein.
They are extremely stable in storage, highly durable in most experimental
conditions,and steadilyreleaseactivecargoprotein by slowly degradingover
severalweeks. Thissustainedreleasemechanismof PODS®growth factorscan
be used in many ways, e.g. to cultivate organoid cultures, which we
demonstratein this poster.

Sustained release of growth factor from PODS®
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Quantification of total differentiated RGCs with 
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