
ƴ IPSC-DERIVED OSTEO/CHONDROGENIC PROGENITOR CELLS (iPSC-OCP cells) SHOW ENHANCED 

OSTEOGENIC DIFFERENTION OVER ADULT BONE MARROW-DERIVED MESENCHYMAL STEM CELLS in 

in vitropreliminary studies.

ƴ iPSC-OCP cells mimic umbilical cord MSC rather than bone marrow MSC in their lineage 

potential,  demonstrating a greater capacity for osteogenicdifferentiation and lack of adipogenesis.  

ƴ iPSCderived progenitors resemble hESC-derived 

mesenchymalprogenitor cells (ArunABiomedicalõs

STEMEZÊ hMProÊ Human MesenchymalProgenitor Cells) 

in morphology, stable proliferation over multiple passages 

and  growth as adherent monolayers.  

ƴ Morphology, time frame for differentiation and marker 

expression of iPSC-OCP cells is similar to hMProÊfor  

mesenchymalcharacterization and  trilineage

differentiation in vitro.

ƴ ArunABiomedicalõsculture system enables the large-scale 

production of an osteo/chondrogeniclineage-restricted cell line derived from iPSCs, capable 

of being maintained as robust, adherent monolayer cultures for multiple passages, with distinctive utility for 

future orthopedic regenerative medicine applications.  

Introduction

iPSCGeneration and Characterization

Figure2. IMR-90derivediPSCcloselyresemble
humanembryonicstemcells(hESC).

(A) IMR-90 humanlung fibroblastsbeforetransductionwith viPSÊ

lentiviralvectorsencoding6pluripotencyfactors(100X).

(B) Transduced IMR-90 cells cultured on mouse embryonic

fibroblasts(MEFs)formcolony-likestructures(200X).

(C-D) iPSC colonies closely resemblehESCin morphologyand

nuclearto cytoplasmicratio(200X). iPSCcoloniesalsosuccessfully

growin feeder-freeconditions.

Figure3. iPSCgeneratedwiththeviPSÊVectorKit demonstratepluripotentproperties.

(A)PluripotentiPSCcoloniesculturedonMEFsstainpositivefor alkalinephosphataseactivity(100X).

(B)Real-timePCRdemonstratedthatNANOG,OCT4andREX1werehighlyup-regulatedin iPSCfollowinglentiviraltransduction. mRNAlevelsweresignificantly

higherin iPSCthanin nontransducedIMR-90cells(p<0.05),asindicatedwithanasterisk(*).

(C)iPSCstainpositivefor SSEA4, Tra-1-60andTra-1-81surfacemarkerexpression(200X).

(D)iPSCformteratomasin vivo.

Osteo/ChondrogenicProgenitor Generation

Figure5. Differentiationof iPSCculturesto generateadherentmonolayersof osteo/chondrogenicprogenitorcells

(iPSC-OCPcells).

iPSCcells culturedin a feeder-freesystem(A)will initiateepithelialmorphology(B) that overtakethe cultureuponexposureto ArunAõsDerivationMedium.

Whencells arepassagedonto plastictissueculturedishesin ArunAõsPropagationMedium,the epithelialcells transitionto a mesenchymalphenotype(C)

(200X). iPSC-OCPcellsresemblehumanembryonicstemcell (hESC) culturesdifferentiatedusingthesameprotocol(ArunABiomedicalõsSTEMEZÊhMProÊ

HumanMesenchymalProgenitorCellsin bothmorphologyandtimeto differentiate.

A B C
0.0

2.0

4.0

6.0

8.0

10.0

12.0

C
al

ci
um

 C
on

ce
nt

ra
tio

n 
(m

g/
dL

)

Control Growth Media

Osteogenic Media

iPSC

Line 3

iPSC

Line 5

hMProÊBM-MSC

F

C
a

lc
iu

m
 C

o
n

c
. 

(m
g

/
d

L)

OsteogenicDifferentiation

ChondrogenicDifferentiation
Figure 9.  iPSC-derived osteo/chondrogenic

progenitor cells (iPSC-OCP cells) demonstrate 

chondrogenicdifferentiation.

Exposureto ArunABiomedicalõsDifferentiationMediumfor 28

daysresultedin formationof sphericalmasseswithdistinctAlcian

Bluestainingof acid mucopolysaccharidesin both iPSC-derived

osteo/chondrogenicprogenitorcells(iPSC-OCPcells)andArunAõs

STEMEZÊhMProÊHumanMesenchymalProgenitorCells, similar

to adultbonemarrow-derivedmesenchymalstemcells(BM-MSC).

Figure8. iPSC-derivedosteo/chondrogenicprogenitorcells (iPSC-OCPcells)demonstrateenhancedosteogenic

differentiation.

(A-D) iPSC-OCPcellsweredifferentiatedtowardan osteogenicphenotypefor 28daysin ArunABiomedicalõsDifferentiationMedium. AlizarinRedS staining

showed(A, B) iPSC-OCPcells and (C) hESC-derivedmesenchymalprogenitorcells (ArunAõsSTEMEZÊhMProÊ HumanMesenchymalProgenitorCells)

demonstratedmorerobustcalciumdepositionin comparisonto (D)bonemarrow-derivedmesenchymalstemcells(BM-MSC).

(E)negativestainingcontrol.

(F)AlizarinRedSstainingresultsweresupportedbyquantificationof Day28calciumdepositionwithStanbioTotalCalciumLiquiColor®kit.

(G)UsingArunABiomedicalõsculturesystem,stemcell-derivedprogenitorsshowsimilarosteogenicgeneexpressionpatterns(real-timePCR)asadultBM-MSC

during28daysof osteogenicdifferentiationcultureconditions.
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Multipotenthumanmesenchymalstemcells (MSC)havebeenidentifiedas promisingcandidatesfor advancing

drug discoveryand cellulartherapystrategies,especiallyfor the correctionof disordersof orthopedicorigins.

Characterizedby fibroblast-like morphologyand isolatedfrom multiplesourceslike adult bonemarrow,adipose

tissue and umbilicalcord blood, humanMSCare typically distinguishedby their ability to differentiatealong

multiplepathwaysincludingosteogenic, chondrogenicandadipogeniclineages.

Despitetheirbroadpotential,MSCposesignificantproblemsfor theresearcher,including:

1) surgicalprocedurerequiredfor initialpatientharvest; 2) variabilityin startingpopulation;

3) lossof multilineagecapacitysoonaftercontinuedpropagation; 4) limitedlifespanin vitro; and

5) heterogeneousmultilineagedifferentiationpotentialdependingontissueanddonorsource.

Developinghomogeneousculturesof mesenchymal-like cells derivedfrom inducedpluripotentstemcells (iPSC)

will potentiallycircumventthe drawbacksof adult MSCand offer a theoreticallylimitlesssupply of genetically

identicalandpatient-specificstemcells.

Weinvestigated:

1) the adaptationof ArunABiomedicalõsunique culture systemto inducedpluripotentstem cells (iPSC) to

generatemesenchymal-likeprogenitorcellsin vitro.

2) thesimialritybetweeniPSC-derivedprogenitorsandhumanembryonicstemcell(hESC)ðderivedprogenitors.

3) the capacityof iPSCfor mesenchymaltrilineagedifferentiationin comparisonto hESCðderivedmesenchymal

cellsandadultsourcesof mesenchymalstemcells,withparticularinterestin osteogenicdifferentiation..
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Figure 6. iPSC-derived osteo/chondrogenicprogenitor cells (iPSC-OCP cells) display mesenchymalcell
characteristics.

(A) iPSC-OCPcells generatedwith ArunABiomedicalõsculture systemdisplay fibroblast-like morphologytypical of mesenchymalcells. iPSC-OCPcells

resemblehESC-derivedmesenchymalprogenitorcells(ArunAõsSTEMEZÊhMProÊHumanMesenchymalProgenitorCells) andadult sourcesof mesenchymal

stemcellsðWhartonõsJellyumbilicalcord-derivedandbonemarrow-derivedmesenchymalstemcells(UC-MSCandBM-MSC).

(B)iPSC-OCPcellsdemonstrateasimilargrowthratetohMProÊandcanbepropagatedovermultiplepassages(>10passages)asadherentmonolayers.

(C)FlowcytometryresultsdemonstrateiPSC-OCPcellsare>90% positivefor CD73, CD90andCD105, indicativeof a MSCmarkersignature; iPSC-OCPcells

showsimilarmarkerexpressionto hMProÊ.

(D) iPSC-OCPcellscaneasilybesortedfor CD73viaFACS.
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Figure 7.  iPSC-derived 

osteo/chondrogenicprogenitor cells 

(iPSC-OCP cells) display unique lineage 

restriction, lacking the capacity for 

adipogenicdifferentiation.  

iPSC-derivedosteo/chondrogenicprogenitorcells (iPSC-

OCP cells) were differentiatedtoward an adipogenic

phenotype for 2-3 weeks in ArunA Biomedicalõs

DifferentiationMedium.

(A-D) Oil Red-O stainingshowed(A, B) iPSC-OCPcells

and (C) hESC-derived mesenchymalprogenitor cells

(ArunAõsSTEMEZÊhMProÊHuman Mesenchymal

ProgenitorCells) resemble(D)WhartonõsJelly umbilical

cord mesenchymalstem cells (UC-MSC)in their lack of

adipogenicdifferentiation.

(E) In contrast,adult bone marrowmesenchymalstem

cellsrapidlyformedpocketsof lipidvesicles.

(F)negativestainingcontrol.

We hypothesize that iPSC-derived osteo/chondrogenicprogenitor cells 

(iPSC-OCP cells) generated with ArunAõ Biomedicalõsculture system 

represent an ontologically naïve cell line much like umbilical cord 

mesenchymalstem cells, which may explain their lack of adipogenesis

and enhanced osteogenicproperties.  
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Figure 1.  Schematic diagram of generation of induced pluripotentstem cells (iPSC) using the viPSÊ Vector Kit.
IMR-90 human lung fibroblasts were transducedwith lentiviralvectors encoding 6 pluripotencyfactors, OCT3/4, NANOG, SOX2, KLF4, LIN28, and c-MYC.
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Figure 4.  Schematic diagram of generation of iPSC-derived osteo/chondrogenicprogenitor cells (iPSC-OCP cells) 
using ArunABiomedicalõsunique culture system.
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