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A review ofthe state ofthe ⅡeId
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Abstract over200humans havc bccn trcated、 v"h myoblast transplantation for hcart muscle repair since Junc2000,Biohcart

sponsored pcrcutancOus dcⅡ vcry studies bcgan in May2001 in Europc,Approximatcly onc third of the patients have exhibitcd

substant1alimprovcmcntin leR ventr忆 Lllar句 e⒍ion fract⒗n(LVEF)ofovCr3o%and№ Q hcart failure class improvemcnts Ovcr80%
of the paticnts have exhibited one heart faⅡ ure class improvement、 Vith moderatc improvement of LVEF,Clinical trials sccnn to

dcmonstratc a marked reduCtion in cmcrgcncy hospitaⅡ zations in myoblasttrcatcd paticnts Many ycars ofcarc血 l studics havc lcad to

randon1izcd controlled studics that arc cnrolling patients now at numerous ccntcrs、 Vorld、vidc,A flrn1conclusion on thc safcty and

cfRcacy of myoblast transplantation cannot bc dctcrn1incd until thcsc rando∏ lizcd studics arc complctcd Final results

from randomized∞ ntrollcd smdics should bc avai1ablc soon('‘ 忉,讠曰rr‘而
'叼

″o`2006;3:165-7。)
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Autologous inⅡnature myoblasts are obtained fron1a

biopsy ofthigh muscle.These cells are cu1tured to a thera-

peutic dosagc at a central Good Manufacture Practice

(cGMP)facnity.The ceⅡs are suspended in a special solu-

tion w"ch preservcs thc“ shclf life。 Whcn i刂 cctCd into a

damagcd area ofthe myocardiu∏ △thc cc11s convcrt from

fast-tw⒒ ch to slow-tw⒒ ch musdc and do whatthcy do natu-

rally-becomc muscle flbers thus they are able to augment

cardiac function, The cells form new muscle within scar

tissuc、vhich is able to contraCt in synchrony with thc surˉ

rounding undamaged heart,

over200humans have been treated with myoblast

transplantation for heart muscle repair since June2000

Bioheart sponsored pcrcutancOus dclivery studies began

in May2001 in Europc。 This Phasc I pⅡ ot study was com-

pleted in2002,1A Bioheart sponsored Phasc I/II study with

onc ycar fo11ow-up、 〃as completed in2004,A ncw Phasc II/

III randoΠ1ized study was launched in2005,Thc SEIsMIC

Trial sponsored by Bioheart,Inc.has enrolled38of46

patients,2/3treated,1/3controls,as ofJu1y2006,Dosing in

this study is up to800n1illion cells In the1Js,Bioheart

has bccn sponsoring a dose escalation study since AprⅡ

2003,Dose has increased in5paticnt intervals from25million

to75to225to675n1illion Thc20th patient in this study

was enrolled in July2006,Many indcpcndcnt physician-

sponsored studies supplement the corporate sponsored

trials in the fleld.Genzyme and Genvec are both sponsoring
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additional trials invo1ving the surgical de1ivery of rnyoblasts

over2000ani1nal studies have been complctcd

since Racc Kao,PhD,Georgc Magovcrn,MD,and Peter

Law,PhD bcgan myoblast transplantation studies in the

1980’ s,2,3Dr RaCc Kao,a Bioheart research team member,

initiated and publishcd the first heart repair studies uti-

lizing myoblasts in dogs in 1989and has recently co-

sponsored human trials since2001 in China。 4Dr Doris

Taylor,Dr Chades Murry,Dr Ray Chiu,Dr Juan
Chachqucs,Dr Fehpe Prospcr,Dr Pctcr McrriJf∶ 1cld,Dr

Nic Chronos,Dr Nabil Dib,Dr Edward Dicthrich,Dr

Tomasz siminiak,Dr stuart WⅡ hams,Dr Rcn-Kc Li,Dr
Richard Han1,Dr Miranda Grounds and othcrs contrib冖

utcd substantially to thc prcˉ olinical prcparations that

led to cⅡ nical trials.Dr Doris Taylor’ s1andmark Nature

Medicine paper in19981aunched thc丘 nal push to move

myoblast transp1antation to the clinical arena,5Profes-

sor Philippc Menasche’ s independent team in Paris,

Francc,not associated with Bioheart,was credited with

thc nrst ever human casc in Junc2000aftcr substantial

pre-clinical preparations over1uany years.6Professor

Patrick serruys and Dr Picter Sn1its ofthc Thorax Ccntre

in Rotterdan1,Thc Netherlands、 vere credited、vith the

first ever non-surgical percutaneous case of1nyob1ast

transplantation in May 2001 utilizing Bioheart’ s

MyoCel1TM in a Phase I cⅡ nical trial(Fig, 1)/Most ex~

pcrts agree that over900/o of the future pool of paticnts

、vill be trcated with a percutaneous method7Bioheart

has sponsored numerous pre-clinical studies including

a32-dog study with Dr Dan Burkhoff of Columbia which
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demonstrated that percutaneous dclivery with Bioheart’ s

MyoCath⑧ is equally effcctive and safer than opcn chest
surgical delivery of cells(Fig 2)。

ofthe220human patients trcated,64havc been trcatcd

with percutaneous catheter dclivery of thc cells and 166

with open chest surgical dehvery.AⅡ  butt、vo ofthe patients

treated have becn autologous derivcd cclls,Approxiinately

1/3of the patients have exhibited substantial improvement

in left ventricular句 ecuon fracti。 n(LVEF)of over3o%and
t、vo heart faⅡ ure class improvement ovcr80%ofthc pa-

tients have exhibited onc heart failure class improvement

、vith moderate improvement of L、 ′EF,Clinical trials scem to

demonstrate a marked reduction in emergency hospitaliza-

tions in myoblast treated patients。 Dr Felipe Prosper’ s

independent study in spain included12myob1ast trcatcd

paticnts and 16control patients.The 12myoblast trcated

paticnts cxhibited improvement of LVEF fron137o/O to55%

on average. The 16 control patients had virtually no

improvcment Dr Prosper is now working with Biohcart,Inc.
’
s MyoCath返》cathetcr delivcry1nethod to study thc cffect

of repcat i刂 Cctions of myoblasts

Conccrns with myoblast transplantation inoludc lack

of consistent bioretcntion and cngraftrnent and aⅡ hythn1ias,

The primary causc of lack of bioretention is loss of cc11s

fron△ the vacuun1cffect of channels conHnunicating with

vcins、vhich causcs cells to cxit the heart The use of conˉ

trast visuahzation agents introduccd in Bioheart’ s chnica1

trials this year to test thc s⒒ e ofi句 Cction beforc full cell

delivcry has rcduced this sourcc of cell loss and is eXpectcd

to improvc results The conoem ovcr arrhythΠ 1ias has been
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Fig。 I。 sVOO MyoCathTM-PercutaⅡ eo"s Catheter DeⅡ ve△ system
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rcduccd ovcr the past year with、 veⅡ controⅡ cd clectrophysi-

ology/ECG studics,In Bioheart’ s study PVC’ s,an indicator

ofarhythnia risk,in15patients were reduoed佥 om⒈89%at
baseline to0.04%at12months A s1ight increase in PVC’ s

was observed in the nrst3 weeks following myoblast

transplantation,Less than 100/。 of thc paticnts in the ear1y

myoblast transplantation studies had cxhibited serious

arrhythmias This percentage has been rcduccd substan-

tially with the usc of anti-aⅡ hythmic drug Omiodaronc)for

only30days pre-and post-myoblast transplantation Thc

ratc of aⅡhythΠ1ias in myoblast trcatcd patients is less than

that in untrcatcd hcart faⅡ ure patients,

Biohcart has sponsored over$54Π 1i11ion in research

related to myoblast transplantation fron1Junc 1999to May

2005.This research included studics comparing myoblasts

with raw pluripotent bone marow dcrived stem cells.A study

series with Dr Ray Chiu at McGi11Univcrsity in large ani-

mals focused on this comparison These studics as weⅡ  as

othcrs have dcmonstrated the superiority of rnyoblasts ovcr

stem cc11s in repairing largc arcas of sCarred myocardial

tissue,Raw pluⅡ potent stem ce11s illjcctCd into scar tissue

bccome flbroblasts which have lilmited uscfulness:Myo-

blasts can forn1contractnc musc1e within prcvious scar tis-

sue which can more consistcntly improve systohc function

compared to ra、 v sten1ce11s,

Bioheart’ s second generation myoblast composition

includes stromal derived factor-1(sDF△ )protein,a con-
trast visua1ization agent and a nutrient fllled hydrogel。 Our

processes havc bccn modined t。 select out and favor a

more speciflc sub-population of rnyoblasts which arc more

readⅡy ablc to conVcrtto a Cardiac wOrkload handhng phc¨

notype without1osing their properties of ischemia resistance,

The sDF-1 protein promotes stem cell recruitment to

increase muscle formation volume and also promotes

angiogenesis and increascd cell survival with AKT release.

The nutrient-fl11ed hydrogel improves24-hour bioretention

and survival of cells in the1nyocardium from150/o to over

40%,

Condusion
Many ycars of careful studies have led to rando∏ lized

controllcd studies that are enro11ing patients nOw at numer-

ous Ccnters、vorldwide.A flm conclusion on the safety and

efⅡ cacy of myoblast transplantation cannot be determined

until these rando∏1izcd studics、 vith statistical signiflcance

are completed Early uncontro11cd studies havc demon-

strated that approxilnately30o/。 of treated patients improvc

two heart failure classes A substantial reduction in un-

planned hospitalizations has been observed,Final resu1ts

fron1controlled randoΠ 1ized studies should be availablc in

the early part of ncxt year,
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