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Acute MIAcute MI

•• Of 300,000 STEMI patients* surviving to present Of 300,000 STEMI patients* surviving to present 
to hospital annually in USto hospital annually in US

30 day 30 day 
PercentPercent MortalityMortality

KillipKillip IIII 88--1010 1515
KillipKillip IIIIII 66--88 3030
KillipKillip IVIV 44--55 5050

~ 60,000 patients at high risk/yr~ 60,000 patients at high risk/yr

CHF and CHF and CardiogenicCardiogenic ShockShock--Declining but Still ImportantDeclining but Still Important

GISSI I, Lancet 2:397 GISSI I, Lancet 2:397 ‘‘8686 GUSTO 2B, NEJM 336:1621 GUSTO 2B, NEJM 336:1621 ‘‘9797
ASSENT 2, Lancet 354:716 ASSENT 2, Lancet 354:716 ‘‘9999 SHOCK SHOCK RegReg, JACC 36:1063 , JACC 36:1063 ’’0000
AHA Heart Disease and Stroke Statistics, 2005AHA Heart Disease and Stroke Statistics, 2005

SGE; 0802-1, 2
* 1,000,000 15 years ago* 1,000,000 15 years ago



Cardiac RegenerationCardiac Regeneration

•• Stem cell populationStem cell population
(CD 117+ CD 34(CD 117+ CD 34--))
from Rosa 26 from Rosa 26 
mice injected IV into mice injected IV into 
radiatedradiated--induced marrowinduced marrow--
ablated miceablated mice

•• LAD occlusionLAD occlusion
10 wks later10 wks later

•• Post mortem Post mortem 
3 wks later3 wks later

•• 3% endothelial3% endothelial
cell and 0.02%cell and 0.02%
myocytesmyocytes LacZLacZ 

Jackson and Jackson and GoodellGoodell, JCI , JCI ‘‘0101
SGE; 0202-2, 27a

Homing After MIHoming After MI

dd



Homing / BM Cells Injected IV Decrease Infarct SizeHoming / BM Cells Injected IV Decrease Infarct Size

Stem Cell Therapy and Stem Cell Therapy and MyogenesisMyogenesis

•• AthymicAthymic nude rat nude rat 
infarct modelinfarct model

•• GCSF mobilized GCSF mobilized 
human CD34+ cells human CD34+ cells 

•• Injection into tail vein   Injection into tail vein   
2x 102x 1066 cells 48 hrs cells 48 hrs 
post MIpost MI

•• Sacrifice at 2 wksSacrifice at 2 wks

Kocher, Nat Med 7:429,2000Kocher, Nat Med 7:429,2000CD45CD45--hematopoietic lineagehematopoietic lineage
CD117CD117--undifferentiated BMSC markerundifferentiated BMSC marker
CD14CD14--monocyte/macrophage markermonocyte/macrophage marker

H and E

Smaller InfantsSmaller InfantsNeoangiogenosisNeoangiogenosis

P<0.01

SGE; 0202-2, 31

5050

4040

3030

2020

1010

00

Scar Tissue (%) in LV wallScar Tissue (%) in LV wall

SalineSaline CD34+CD34+ CD34CD34--
AntidesminAntidesmin and TUNEL assayand TUNEL assay

Protection Against ApoptosisProtection Against Apoptosis



Cellular Cardiac RepairCellular Cardiac Repair
Doubts about Meaningful Doubts about Meaningful TransdifferentiationTransdifferentiation

SGE; 0404-1, 1

Murray, Nature 428: 664 Murray, Nature 428: 664 ‘‘0404
LinLin__

cc--kitkit++ XX--gal or GFP gal or GFP 
cells injected into cells injected into periperi--
infarct zone or via bone infarct zone or via bone 
marrow marrow txtx 5 hrs after LAD 5 hrs after LAD 
ligation in a mouse modelligation in a mouse model

Balsam, Nature 428: 668 Balsam, Nature 428: 668 ‘‘0404
LinLin__

cc--kitkit++ or or LinLin__
cc--kitkit++ Thy Thy 

1.11.11o1o ScaSca--11+ + GFP labeled cells GFP labeled cells 
injected into border zone or injected into border zone or 
IV (IV (parabioticparabiotic vasculature) 3vasculature) 3--
5 hrs post MI5 hrs post MI

No labeled cardioNo labeled cardio--
myocytesmyocytes seen seen 
after myocardial after myocardial 
injection (7injection (7--36d)36d)

No GFP No GFP  cardiocardio--
myocytesmyocytes, but , but 
GFP CD45, B220 GFP CD45, B220 
and Grand Gr--1 1  ((hemahema--
topoietictopoietic) cells) cells

NoNo  MI size or MI size or 
 survivalsurvival

Bone marrow transplantBone marrow transplant
(2(2--4 cells/heart)4 cells/heart)

GFP/B220 mergeGFP/B220 merge



Cellular Cardiac RepairCellular Cardiac Repair

•• SyngeneicSyngeneic Fischer Fischer 
344 rats344 rats

•• 0.50.5--4x104x1066 cells cells 
injected into center injected into center 
of of cryoinfarctcryoinfarct

•• Adult cells do not surviveAdult cells do not survive

•• Only 25% of animals with Only 25% of animals with 
neonatal cells neonatal cells 
have hosthave host--transplant transplant 
connection by 8 weeks connection by 8 weeks vsvs
60% early60% early

Cell Death After TransplantationCell Death After Transplantation

ReineckeReinecke Circ. 100:193 Circ. 100:193 ‘‘9999
SGE; 0802-1, 13

GrGr=Grafted cell=Grafted cell



Cellular Cardiac RepairCellular Cardiac Repair

•• Rat infarct modelRat infarct model
(LAO ligation)(LAO ligation)

•• MSC retrovirusMSC retrovirus--
transfectedtransfected ((pMSCVpMSCV) ) 
with either with either AktAkt or or 
GFP/GFP/LacZLacZ

•• MSC injected 1 hour MSC injected 1 hour 
later into border zonelater into border zone

MangiMangi and and DzauDzau, Nat Med 9:1195, 2003, Nat Med 9:1195, 2003

Enhancing Stem Cell SurvivalEnhancing Stem Cell Survival

SGE; 1003-1, 3

P < .01
P < .01

P < .01 P < .01



Cellular Cardiac RepairCellular Cardiac Repair
Possible Mechanisms of ActionPossible Mechanisms of Action

SGE; 0207-2, 35

Improved LV FunctionImproved LV Function

ParacrineParacrine EffectEffect
(( apoptosis; apoptosis;  CSC )CSC )

Direct Cellular BenefitDirect Cellular Benefit
•• TransdifferentionTransdifferention

•• FusionFusion
AngiogenesisAngiogenesis

Mechanical AdvantageMechanical Advantage
from  from   LV wallLV wall

thicknessthickness



Cellular Cardiac RepairCellular Cardiac Repair
Possible Mechanisms of ActionPossible Mechanisms of Action

SGE; 0207-2, 36

Improved LV FunctionImproved LV Function

ParacrineParacrine EffectEffect
(( apoptosis; apoptosis;  CSC)CSC)

Direct Cellular BenefitDirect Cellular Benefit
•• TransdifferentionTransdifferention

•• FusionFusion
AngiogenesisAngiogenesis

Mechanical AdvantageMechanical Advantage
from  from   LV wallLV wall

thicknessthickness

Acute Injury Acute Injury –– shortshort--livedlived
inflammation and healinginflammation and healing





Stem Cell Rx for AMI or CHFStem Cell Rx for AMI or CHF

•• IntracoronaryIntracoronary
•• Intravenous/homing dependent Intravenous/homing dependent 
•• TransvenousTransvenous (coronary sinus)(coronary sinus)
•• Direct Direct intramyocardialintramyocardial injection: OHS or catheter injection: OHS or catheter 

basedbased

Delivery OptionsDelivery Options

SGE; 0204



Improvement in LVEF with Primary PCIImprovement in LVEF with Primary PCI

LyticsLytics PCIPCI No Pts.No Pts.

PAMI (NEJM PAMI (NEJM ’’93)93) 5656 5656 395395

Zwolle (JACC Zwolle (JACC ’’94)94) 4444 5050 301301

Mayo Clinic Mayo Clinic 
(NEJM (NEJM ’’93)93)

5050 5353 108108

Weighted AveWeighted Ave 50.750.7 53.353.3
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PostPost--Infarction Inflammatory MilieuInfarction Inflammatory Milieu
Rapidly Changing/Potentially Hazardous to Introduced Cells

ArbitraryArbitrary
UnitsUnits

MCPMCP--11 MMPMMP--11

*permanent 
LAD ligation
in rat, imaging 
at 7 days

Matrix
support
collagen

Adhesion
Stem cell
mobilization
Migration

Inflammatory
cytokines
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SDFSDF--1 Mediates Stem Cell Homing following1 Mediates Stem Cell Homing following MIMI

Limited Temporal Upregulation After Infarction

Askari et al. Lancet. 362:697, 2003

RT-PCR of 500 ng of total RNA for 40 cycles

SDF-1 
GAPDH

Hours Days
Time after MI: 0 1 24 7 30 30

Transplantation: - - - - + -



Cell Retention After IC Injection for Acute MICell Retention After IC Injection for Acute MI

Limited Retention Limited Retention 

•• BMC or CD34+ enriched BMC or CD34+ enriched 
(CliniMACSplus/CD34+ (CliniMACSplus/CD34+ 
AbAb from from MiltenyiMiltenyi
Biotech) cells 18FBiotech) cells 18F--FDG FDG 
labeled) labeled) 

•• Cell transfer 5Cell transfer 5--10 days 10 days 
after PPCI (n=3pts/grp)after PPCI (n=3pts/grp)

•• 3D PET scanning 503D PET scanning 50--75 75 
min after IC cell transfermin after IC cell transfer

BMCBMC CD34+CD34+
00

1010

2020

3030

4040
% Uptake% Uptake

2.12.1±±0.50.5

25.725.7±±8.38.3

P=0.004P=0.004

Hofmann and Drexler, Circ 111:2198 Hofmann and Drexler, Circ 111:2198 ‘‘0505
SGE; 1206-3, 2



Stem Cells for AMIStem Cells for AMI--MetaanalysisMetaanalysis

Abdel-Latif, Arch Intern Med. 2007;167:989-997
0111-1, 27



Mean  SDMean  SD
NN

Improvement of MRI Improvement of MRI -- Determined LVEF is Determined LVEF is 
Sustained 5 Years After Progenitor Cell TherapySustained 5 Years After Progenitor Cell Therapy

46  1046  10
N=31N=31

52  1152  11
N=30N=30

57  1357  13
N=30N=30

62  1162  11
N=28N=28

59   859   8
N=31N=31

P=0.03P=0.03P=0.04P=0.04P=0.008P=0.008P<0.001P<0.001

P<0.001P<0.001

SGE; 1009-1, 6
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TOPTOP--CARE AMI, unpublished dataCARE AMI, unpublished data



*after hospital discharge*after hospital discharge

Death, ReDeath, Re--MI, Heart Failure at 4MI, Heart Failure at 4--6 Months in 6 Months in 
Randomized, (Placebo)Randomized, (Placebo)--Controlled BMC TrialsControlled BMC Trials

8

6

4

2

0 REPAIR Janssens FINNCELL REGENT Total

Death, re-MI Hospitalization for Heart Failure* (%)
8

6

4

2

0

Death, re-MI Hospitalization for Heart Failure* (%)

REPAIR

Placebo
BMC

Janssens FINNCELL REGENT Total
N=204N=204 N=67N=67 N=80N=80 N=120N=120 N=471N=471

13/21713/217

3/2543/254

P<0.005P<0.005

SGE; 1009-1, 4



SGE; 1008-1, 03

Stem Cell TherapyStem Cell Therapy

Event-free survival (%)
(death, myocardial infarction, revascularization)

Event-free survival (%)
(death, myocardial infarction, rehospitalization for heart fa ilure)

100

90

80

70

60

0
0 100 200 300 360 days

Number
exposed
to risk

P lacebo 103 91 68 63 55
BMC 101 97 80 77 66

100

90

80
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60

0
0 100 200 300 360 days
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BMC 101 99 99 98 85

100
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BMC

PlaceboP = 0.010
(log ran k)

0
0 100 200 300 360 days

Number
exposed
to risk

P lacebo 103 91 68 63 55
BMC 101 97 80 77 66
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BMC

Placebo

P = 0.006
(log rank)

0
0 100 200 300 360 days

P lacebo 103 93 89 85 79
BMC 101 99 99 98 85

Event-free survival (%)
(death, myocardial infarction, revascularization)

Event-free surv iva l (%)
(death, myocardial infarction, rehospitalization for heart fa ilure)

V. Schachinger et al., European Heart Journal (2006) 27, 2775–2783

RepairRepair--AMIAMI

Figure 1 
Study flow 
diagram



Cellular Cardiac RepairCellular Cardiac Repair
IC Progenitor Cells for Acute MI-Impact of Infusion Timing

REPAIR-AMI, NEJM 335:1210, ‘06

20

10

-10

-20

0

29 31 22 25 23 27 18 12
Š 3 Days 4 Days 5 Days � 6 Days

No. of patients

Time to Infusion of BMC or Placebo

Absolute Change in Global LVEF (%)

20

10

-10

-20

0

29 31 22 25 23 27 18 12
<< 3 Days 4 Days 5 Days > 6 Days

Time to Infusion of BMC or Placebo

P for interaction = 0.01

No. of patients

Absolute Change in Global LVEF (%) Placebo
BMC

P for interaction = 0.01

<<

0111-1, 29



Cellular Cardiac RepairCellular Cardiac Repair
TIME TrialTIME Trial

NHLBI CV Cell Therapy Network: Cleveland Clinic, Minneapolis HeaNHLBI CV Cell Therapy Network: Cleveland Clinic, Minneapolis Heart Institute, Texas rt Institute, Texas Heart Heart 
InstituteInstitute, U. Florida, Vanderbilt, U. Florida, Vanderbilt SGE; 0207-2, 3

Patients: Patients: 

Anterior MI <48 hrs with EF<45% and no prior MI or CABGAnterior MI <48 hrs with EF<45% and no prior MI or CABG

Randomized Treatments:Randomized Treatments:

IC BMMNC (150 million cells) vs placebo (2:1), and IC BMMNC (150 million cells) vs placebo (2:1), and 
Treatment at 3 vs 7 days (1:1)Treatment at 3 vs 7 days (1:1)
(factorial design, n=120)(factorial design, n=120)

Primary and Key Secondary Endpoints:Primary and Key Secondary Endpoints:

1) Change in global and infarct area function by MRI, baseline t1) Change in global and infarct area function by MRI, baseline to 6 monthso 6 months



Cellular Cardiac RepairCellular Cardiac Repair

LATE TIME Trial

NHLBI CV Cell Therapy Network: Cleveland Clinic, Minneapolis Heart Institute, Texas Heart Institute,
U. Florida, Vanderbilt

SGE; 0207-2, 3

Patients:

Anterior MI <48 hrs with EF<45% and no prior MI or CABG

Randomized Treatments:

IC BMMNC (150 million cells) vs placebo (2:1) 
(n=87)

Primary and Key Secondary Endpoints:

1) Change in global and infarct area function by MRI, baseline to 6 months



SWISSSWISS--AMIAMI
Study Design

Multicenter, 
Randomized, 

Controlled 
Study

SSCB (GMP-clean room 
Stem cell labor Lugano) 
Giuseppe Astori
MRI Core Lab Jurg Schwitter, MD

STEMI

Acute-PCI or Rescue PCI after Lysis

Patient Screening
Inclusion/exclusion criteria evaluate

Patient information/Informed consent

Randomization

MRI (Baseline)

Control
N = 67

BMC ic infusion
3-4 weeks post AMI

N = 67

BMC ic infusion
5-7 days post AMI

N = 67

Day 1

Day 2-4

Day 5-7

Primary endpt: EF Change by MRI at 4 months (50 pts ea group) 

Bone marrow aspiration
(<24h before I.c. BMC-infusion)

0111-1, 36



Phase III REPAIRPhase III REPAIR--AMI2AMI2--EU EU (n=1450)(n=1450)

DoubleDouble--blind, placebo (sham)blind, placebo (sham)--controlled, randomized (2:1), multicenter trial; central cell controlled, randomized (2:1), multicenter trial; central cell 
processing facility; Primary endpoint: composite death, reMI, orprocessing facility; Primary endpoint: composite death, reMI, or hospitalization for heart hospitalization for heart 
failure at 2 years; PI Andreas Zeiherfailure at 2 years; PI Andreas Zeiher

Acute ST elevation MIAcute ST elevation MI
(successful acute reperfusion therapy)(successful acute reperfusion therapy)

SGE; 1208-1, 09

Local ScreeningLocal Screening

Central Echo Core Lab (LVEF <45%)Central Echo Core Lab (LVEF <45%)

RR
2:12:1

Bone marrow aspirationBone marrow aspiration

Active treatmentActive treatment
i.c. infusion of t2c001i.c. infusion of t2c001

55--8 8 
daysdays

Day Day --5 to 5 to --33

Day 1Day 1

Day 2 to 5Day 2 to 5

Day 2 to 6Day 2 to 6

Max. Day 30Max. Day 30

Mo 4, 8, 12, 24Mo 4, 8, 12, 24

ShamSham--controlcontrol
i.c. infusion of placeboi.c. infusion of placebo

Hospital dischargeHospital discharge

Outpatient clinical follow upOutpatient clinical follow up



Stem Cells Stem Cells –– Ideal CharacteristicsIdeal Characteristics

•• Large numbers easily accessibleLarge numbers easily accessible

•• Autologous or immune privilegedAutologous or immune privileged

•• PleuripotentPleuripotent

•• Relevant cytokine producingRelevant cytokine producing

•• Ischemic resistantIschemic resistant

SGE; 0208-7, 03



Cell Source OptionsCell Source Options

AutologousAutologous AllogenicAllogenic

Enriched Enriched NonNon--EnrichedEnriched AdultAdult EmbryonicEmbryonic

Resident Cardiac Progenitor     Unselected BMMNCResident Cardiac Progenitor     Unselected BMMNC Mesenchymal     Embry SCMesenchymal     Embry SC
Skeletal SatelliteSkeletal Satellite CordCord--derivedderived
Selected MMNC (CD34, CD133,Selected MMNC (CD34, CD133, Amniotic fluidAmniotic fluid--

MAPCs, MIAMIs)MAPCs, MIAMIs) derivedderived
Peripheral EPCsPeripheral EPCs
AdiposeAdipose--derived EPCsderived EPCs

••Even fibroblasts improve passive mechanicsEven fibroblasts improve passive mechanics
••For abbreviations, see Science 315:760, 2007For abbreviations, see Science 315:760, 2007



Cardiac Stem Cell TherapyCardiac Stem Cell Therapy

Arminan, JACC 2010;55:2244Arminan, JACC 2010;55:2244 SGE; 0610-3, 2~~ 

Which Cells are Best?Which Cells are Best?

Athymic nude rat Athymic nude rat 
CAD occlusion CAD occlusion 
model randomized model randomized 
at 7 days to MSC at 7 days to MSC 
(1.2 x 10(1.2 x 1066 cells) cells) 
CO34CO34++ (6x10(6x1055 cells) cells) 
intracardial intracardial 
injectioninjection



Cardiac Stem Cell TherapyCardiac Stem Cell Therapy

Dubois, JACC 2010;55:2232Dubois, JACC 2010;55:2232

Vascular DensityVascular Density

SGE; 0610-3, 1

Which Cells are Best?Which Cells are Best?

Porcine LCX occl modelPorcine LCX occl model
Randomized at 7 daysRandomized at 7 days
To: EPC (3 x 10To: EPC (3 x 1077 cells), cells), 
MSC (2 x 10MSC (2 x 1066 cells) or cells) or 
control IC injectioncontrol IC injection

LVEF at 7 weeksLVEF at 7 weeks
p=nsp=ns

Infarct Infarct 
Border Border 
ZoneZone

Infarct Infarct 
CoreCore

RemoteRemote
MyocardiumMyocardium

Vessels/mmVessels/mm22

20002000

00

400400

800800

12001200

16001600

CONCON
EPCEPC
MSCMSC

P=0.01P=0.01

P=0.42P=0.42

P=0.45P=0.45

4949±±88
4545±±77

4848±±77

EPCEPC MSCMSC CC



Cellular Cardiac RepairCellular Cardiac Repair
Stem Cell Numbers and Function are Diminished in Target PopulatiStem Cell Numbers and Function are Diminished in Target Populationsons

Heeschen, Circ 109:1615,Heeschen, Circ 109:1615,’’0404 SGE; 0207-2, 4

Ischemic Heart DiseaseIschemic Heart Disease
CHFCHF

Valgimigli, Circ 110:1209,Valgimigli, Circ 110:1209,’’0404

0.0

5.0

2.5

7.5

Controls Class I Class IIAll Class III Class IV

CD34+ Cells, (cells/ul)

Controls Class I
0.0

5.0

2.5

CD34+ Cells, (cells/ul)

Class II

7.5

All Class III Class IV

N: 45 91 26 28 22 15N: 45 91 26 28 22 15

CD34+ CD45+ CD34+ CD133+ Lin-CD34+

Percentage of BM-MNCs

0.00.0

1.01.0

1.51.5

0.50.5

CD34+ CD45+ CD34+ CD133+ Lin-CD34+

Percentage of BM-MNCs

Healthy Controls
Ischemic Cardiomyopathy

All  p = NSAll  p = NS

Migrated cells (x 1000)

00

100100

150150

5050

SDF-1-induced
migration

VEGF-induced
migration

SDF-1-induced
migration

VEGF-induced
migration

Migrated cells (x 1000)
Healthy Controls
Ischemic Cardiomyopathy

p < 0.01p < 0.01 p < 0.01p < 0.01

**
****

******

*p < 0.05 vs. class I*p < 0.05 vs. class I
**p<o.05 vs. class II**p<o.05 vs. class II
***p<0.005 vs. class II***p<0.005 vs. class II



REGENTREGENT

Tendera, EHJ 30:1313 Tendera, EHJ 30:1313 ‘‘0909 SGE; 1009-1, 11

200 consenting STEMI pts age 18200 consenting STEMI pts age 18--75 75 
Reperfused with PCI < 12 hr from onsetReperfused with PCI < 12 hr from onset
LVEF < 40%LVEF < 40%
BMMNC obtained using Ficoll gradient from BMMNC obtained using Ficoll gradient from 
5050--70 ml marrow cells (1.8x1070 ml marrow cells (1.8x1088) cells)) cells)
CD34CD34++ CXCR4CXCR4++ cells selected using cells selected using 

immunomagnetic separation immunomagnetic separation 
(MidiMACS, milteny:Biotec GmloH)(MidiMACS, milteny:Biotec GmloH)
After Ficoll, from 100After Ficoll, from 100--120 ml marrow cells120 ml marrow cells

Randomized to selected, nonRandomized to selected, non--selected cells or selected cells or 
placebo given ic 3placebo given ic 3--12 days post MI12 days post MI

Primary endpoint: Primary endpoint: ∆∆ EF baselineEF baseline6 months6 months

AgeAge 5757±±12 yrs12 yrs
DiabetesDiabetes 21%21%
LAD infarctLAD infarct 100%100%
Hrs to reperfusion Hrs to reperfusion 5 5 ±± 12 hrs12 hrs

Study Design and Patient CharacteristicsStudy Design and Patient Characteristics



REGENTREGENT

SGE; 1009-1, 12Tendera, EHJ 30:1313 Tendera, EHJ 30:1313 ‘‘0909
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Induction of Pluripotent Stem Cells (iPSC) from Mouse Induction of Pluripotent Stem Cells (iPSC) from Mouse 
Embryonic and Adult Fibroblast Cultures by Defined FactorsEmbryonic and Adult Fibroblast Cultures by Defined Factors

•• 24 candidate genes 24 candidate genes 
transfected alone or in transfected alone or in 
groups to mouse groups to mouse 
embryonic fibroblastsembryonic fibroblasts

•• Pluripotent state Pluripotent state 
detected by resistance detected by resistance 
to G418to G418

•• Sequential withdrawal Sequential withdrawal 
of identified genesof identified genes

•• Oct 3/4, Sox 2, Oct 3/4, Sox 2, 
c Myc, KIf4 together c Myc, KIf4 together 
required.required.

Takahashi et al. Cell 126;663 Takahashi et al. Cell 126;663 ‘‘0606 SGE; 1006-1, 2



Induced Pluripotent Stem CellsInduced Pluripotent Stem Cells

SGE; 0408-2, 4Bang, Science 2008Bang, Science 2008



Stem Cell TherapyStem Cell Therapy
miR miR –– 499 Drives CSC Differentiation499 Drives CSC Differentiation

Hosoda and Anversa, Circulation 2011;123:1287Hosoda and Anversa, Circulation 2011;123:1287--9696 SGE; 0311-7, 31



Cellular Cardiac RepairCellular Cardiac Repair

SGE; 0808-2, 01

Flk-day 4 day 5 day 6

Beating colony #/well
25

20

15
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5

0 Flk-day 4 day 5 day 6

Beating colony #/well
25

20

15

10
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0

EB5 ES Cels
38D2 iPS cells (n=7)
20D17 iPS cells
39C2 iPS cells
D3 ES cells

Circulation 118:498,’08



Issues with iPSCIssues with iPSC

•• Multiple protocols (Adv, plasmids, transposonsMultiple protocols (Adv, plasmids, transposons……))
•• CC--Myc appears to be oncogenic Myc appears to be oncogenic --> 2 or 3F iPS lines (Oct 3/4, > 2 or 3F iPS lines (Oct 3/4, 

Sox2, Klf4 [Oct4 reqSox2, Klf4 [Oct4 req’’d],) or with proteins aloned],) or with proteins alone
•• Reprogramming activates p53 Reprogramming activates p53 --> apoptosis/senescence> apoptosis/senescence
•• Generally low efficiencyGenerally low efficiency
•• Many intermediately reprogrammed states often d/t Many intermediately reprogrammed states often d/t 

epigenetic memory, different methylation patternsepigenetic memory, different methylation patterns
•• Need to remove viral transgenes to decrease risk of Need to remove viral transgenes to decrease risk of 

teratoma formationteratoma formation
•• Efficiency     cardiomyocytes (eg sequentially BMP4    bFGF, Efficiency     cardiomyocytes (eg sequentially BMP4    bFGF, 

Activin A    VEGF, DKKI    bFGF) also lowActivin A    VEGF, DKKI    bFGF) also low
Shi, Cell Stem Cell 3:568 Shi, Cell Stem Cell 3:568 ’’08, Zhou Cell Stem Cell 4:381 08, Zhou Cell Stem Cell 4:381 ’’09, Kamp Circ Res 105:617 09, Kamp Circ Res 105:617 ‘‘0909



iPSC for Limb IschemiaiPSC for Limb Ischemia
• iPSC generated from human 

fibroblasts by lentivirus 
transduction of Oct 4, Sox 2, 
Nanog and Lin 28

• iPSC MSC with protocol 
including bFGF, PDGF, EGF

• Sorted for CD24- CD105+, cloned 
and expanded

• IM injection into SCID mouse FA 
excision model 

• Designed to overcome limitations 
of nMSCs - limited proliferation, 
differentiation, cytokine exp (esp 
with aging) and of undifferentiated 
iPSC - teratomas 
 > 45 passages: random chromosomal aberrations first > 45 passages: random chromosomal aberrations first 
notednoted Lian, Circ 121:1113 Lian, Circ 121:1113 ‘‘1010 SGE; 0410-7, 03



Interim Lessons Learned:

• Non-selected BMMN cells given ic 3-10 days after moderate-large 
MI appear safe and improve measures of LV function to about the 
same degree as does reperfusion therapy

• The optimal timing of cell administration (and possible benefit of 
late administration) remain unknown

• We have little insight as to the optimal cell or cells for treatment 
in this setting

• However, method of SC preparation and storage affects results

Acute MIAcute MI



Cellular Cardiac RepairCellular Cardiac Repair
The Way ForwardThe Way Forward--
An IterativeAn Iterative
ApproachApproach

SGE; 0207-2, 38

Basic Science/RelevantBasic Science/Relevant
Animal Models*Animal Models*

Refinement ofRefinement of
knowledgeknowledge

Large Scale Large Scale 
Clinical TrialsClinical Trials

Initial Initial 
TherapeuticTherapeutic
ImpressionImpression

Careful TestingCareful Testing
In Phase I/II StudiesIn Phase I/II Studies

ReflectionReflection
Upon ResultsUpon Results

* Limited by impact on stem cells* Limited by impact on stem cells
by human coby human co--morbidities: age, morbidities: age, 
Diabetes, hyperlipidemia, etc.Diabetes, hyperlipidemia, etc.


