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Following encouraging preclinical 
animal data, stem cell therapy has 

been tested in a variety of clinical trials 
in patients with both acute and chronic 
ischemic myocardial injury with the goal 
of repairing damaged myocardium and/or 
inducing the growth of new blood vessels so 
as to improve cardiac function and symp-
toms. Many cell types have been studied, 
but most clinical trials to date have utilized 
autologous bone marrow mononuclear 
cells (or cellular fractions thereof) with 
good safety data but heterogeneous results 
in terms of efficacy.1 Two new studies us-
ing this cell type were recently completed 
by the Cardiac Cell Therapy Research Net-
work established by the National Heart, 
Lung, and Blood Institute to accelerate 
the development of cell-based therapies in 
the USA. Both failed to demonstrate any 

beneficial effects on cardiac function.2,3 By 
contrast, two recently published trials us-
ing stem cells derived from the heart itself 
have reported positive results.4,5 In this 
Commentary, we describe these trials in 
detail and provide possible explanations 
for their differing results.

Acute myocardial infarctions (AMIs), 
or heart attacks, are caused by interrup-
tion of blood supply to a part of the heart, 
leading to death of heart tissue, most often 
due to rupture of an atherosclerotic plaque 
and blockage of a coronary artery. In most 
heart attack patients, the blocked coronary 
artery can be reopened using either throm-
bolytic drugs or percutaneous coronary 
intervention (PCI) employing balloon 
angioplasty and stents. However, depend-
ing mainly on the time delay between the 
attack and therapeutic intervention, many 
patients fail to achieve complete recovery 
of the damaged heart tissue and sustain 
substantial injury, leading to impaired car-
diac function and heart failure. Several ev-
idence-based drug therapies can improve 
the symptoms and cardiac dysfunction 
associated with the resulting ischemic car-
diomyopathy, but there remains a need for 
new therapies to treat patients whose clini-
cal condition fails to improve or continues 
to deteriorate. It is now recognized that 
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both extracardiac (e.g., bone marrow) and 
intracardiac progenitor cells are mobilized 
and home to the site of the myocardial 
injury to participate in the compensatory 
healing response. There is also growing 
evidence that such cells participate in the 
maturation and induction of collateral 
vascular growth and neovasculogenesis 
and may acquire phenotypic properties of 
neighboring cardiac myocytes.6 However, 
these natural self-renewing processes, 
while sufficient to sustain normal ho-
meostasis, are insufficient to salvage heart 
muscle following massive injury. This 
situation has prompted efforts to isolate, 
propagate, and reintroduce into the body 
various types of progenitor cells associated 
with the healing response.

LateTIME
The LateTIME study is a randomized, 
double-blind, placebo-controlled trial of 
150 million autologous nucleated bone 
marrow mononuclear cells administered 
by intracoronary injection to patients 
with AMI and a left ventricular ejection 
fraction (LVEF) below 45% (Table 1). 
Patients were recruited 2–3 weeks after 
their initial event, a time window chosen 
to determine whether patients who pres-
ent to centers that lack expertise in cell 
therapy or who are initially too unstable 
to be treated could still benefit from 
the therapy. The same investigators are 
conducting a parallel study with a recruit-
ment window of 3–7 days after the initial 
AMI (the TIME study). Patients random-
ized to placebo received 5% (v/v) human 
serum albumin–saline solution to which 
100 ml of autologous blood was added 
to ensure that the color and consistency 
of the solution matched those of the 

experimental therapy. After 6 months’ 
follow-up, the cardiac magnetic resonance 
imaging (MRI) data showed no effect of 
the treatment on either overall or regional 
cardiac function or infarct size2 (Table 
2). These data contrast with those from 
the previously published double-blinded, 
placebo-controlled Repair-AMI trial, 
which reported a significant benefit on 
ejection fraction following intracoronary 
administration of bone marrow mononu-
clear cells at a median of 4 days after the 
clinical event.7 Taken together, these two 
studies suggest that bone marrow mono-
nuclear cell therapy may be efficacious 
only if administered early after AMI.

FOCUS-CCTRN
In the FOCUS-CCTRN trial, patients 
with chronic ischemic left ventricular dys-
function with heart failure and/or angina 
were entered into a randomized, double-
blinded, controlled trial comparing 100 
million autologous nucleated bone mar-
row cells or placebo administered by cath-
eter-mediated intramyocardial injection 
using an existing electromechanical map-
ping system to identify appropriate sites 
for injection (Table 1). This trial had three 
co-primary end points: the change in left 
ventricular end-systolic volume assessed 
by echocardiography, maximal oxygen 
consumption, and reversal of myocardial 
perfusion abnormalities identified using 
single-photon emission tomography. Af-
ter 6 months’ follow-up, there were no sta-
tistically significant differences between 
the groups for any of the primary end 
points and no differences in patient symp-
toms3 (Table 2). Regression analysis sug-
gested a positive relationship between the 
CD34+ and CD133+ cell count in the cell 

population and absolute change in ejec-
tion fraction. In this regard, it should be 
noted that injection of purified CD34 cells 
previously yielded therapeutic benefit in a 
population of patients with chronic myo-
cardial ischemia.8 In addition, it has been 
recognized that the functional properties 
of stem cells are impaired in older patients 
and in those with advanced ischemic heart 
disease and heart failure. In FOCUS-CC-
TRN, a prespecified subgroup analysis 
showed a statistically significant treat-
ment effect on LVEF of patients younger 
than 62 years (the median age of the study 
population), with no benefit in those older 
than 62 years, suggesting that age is an 
important consideration for inclusion in 
such trials.

Cardiac stem cells (CSCs) were first 
identified in the murine heart in 1999 and 
isolated and characterized in human myo-
cardium by Messina et al. in 2004 (refs. 9, 
10). The cardiac source of these cells may 
more readily ensure a therapeutic ben-
efit as compared with naive bone mar-
row mononuclear cells. In animal models, 
CSCs injected into the heart have been 
shown to differentiate into all three major 
cardiac cell types—cardiomyocytes, endo-
thelial cells, and vascular smooth muscle 
cells—and this led to improved cardiac 
function, suggesting that the delivered 
cells directly contributed to generation of 
new myocardial tissue. The results of two 
small prospective randomized first-in-
human studies of stem cells derived from 
cardiac tissue and delivered back to the 
heart were recently reported. These studies 
employed two distinct CSC populations, 
but both purport to show, for the first 
time, evidence of myocardial regeneration 
within previously infarcted areas.

Table 1  Summary of design and methodology

Name of study 
and reference Design

Control 
(n)

Treated 
(n)

LVEF  
(%)

Cell source  
(all autologous)

Dose (millions 
of cells) Setting Timing

Route of 
administration

LateTIME2 Double-blind 26 55 <45 Bone marrow  
mononuclear cells

150 PCI for 
 acute MI

2–3 weeks 
after MI

Intracoronary

FOCUS-
CCTRN3

Double-blind 31 61 <45 Bone marrow  
mononuclear cells

100 Heart failure ± 
angina

Chronic Endocardial 
injection

CADUCEUS4 Open-label 8 17 (15)a 25–45 CDCs cultured from 
endomyocardial biopsies

25 PCI for acute MI ~100 days
post MI

Intracoronary

SCIPIO5 Open-label 7 16 (14)a <40 c-kit + cells cultured from 
right atrial appendage

1 Elective CABG 
after MI

~100 days  
after CABG

Intracoronary

Abbreviations: CABG, coronary artery bypass graft; CDC, cardiosphere-derived cell; LVEF, left ventricular ejection fraction; MI, myocardial infarction; PCI, percutaneous 
coronary intervention.
aFigures in parentheses are numbers for whom imaging data were available.
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CADUCEUS
In the CADUCEUS (Cardiosphere-Derived 
Autologous Stem Cells to Reverse Ventricu-
lar Dysfunction) study, 31 patients with 
AMI who had undergone successful PCI 
with stent implantation but were left with 
reduced cardiac function were randomized 
in a ratio of 2:1 to receive usual care or 12.5–
25 million autologous cardiosphere-derived 
cells (CDCs) cultured from percutaneous 
endomyocardial biopsy tissues obtained 
approximately 2–4 weeks after the AMI4 
(Table 1). Cell preparation required an av-
erage of 36 days, and most patients were 
treated 6–12 weeks after the MI (average 65 
days). The cells were administered by intra-
coronary injection into the infarct-affected 
artery using a balloon catheter inflated at 
the site of the previously implanted stent. As 
might be expected in such a small trial, there 
were differences in the patient characteris-
tics between the two groups, including racial 
origin, history of prior MI, and location of 
the damage within the heart. Although car-
diac function was impaired in both groups, 
there was no description of the standard 
drug therapies used in such patients. Only 
25 patients completed the study because of 
various modes of failure of the cell culture4, 

presence of an occluded artery at the time of 
planned cell therapy preventing delivery of 
the cell therapy1, or withdrawal of consent1.

Importantly, the investigators report 
that the US Food and Drug Administration 
would not allow the use of a sham proce-
dure, so this trial was not blinded. How-
ever, the MRI scans used to evaluate left 
ventricular function, volumes, and infarct 
size were analyzed in a blinded fashion by 
an independent “core” lab. The primary end 
point of the trial was a combination of safety 
outcomes, and in this respect the trial was 
positive with no reported adverse events at 
the time of cell infusion and no incidence 
of ventricular arrhythmias, sudden death, 

or the development of cardiac tumors dur-
ing 6 months of follow-up. There was one 
new MI between 6 and 12 months in the 
cell-treated group but no other major ad-
verse cardiac events. Serious adverse events 
were three times more common in the cell 
therapy group (36% vs. 13%), but this dif-
ference was not significant, clearly because 
of the small numbers involved. The efficacy 
outcomes are summarized in Table 2. No 
improvements in symptoms or quality of 
life were reported by the patients. The ex-
citement generated by this study relates to 
the cardiac MRI results, which showed a 
marked reduction in the volume of myocar-
dial scar assessed using the well-validated 
technique of late gadolinium enhancement. 
At 6 months, between-group differences in 
function in the infarct zones also favored the 
CDC-treated patients, although the within-
subject changes in these parameters were 
not reported and overall left ventricular vol-
umes and function were similar.

SCIPIO
In the SCIPIO (Stem Cell Infusion in Pa-
tients With Ischemic Cardiomyopathy) tri-
al, the published work represents an interim 
report of 23 randomized patients from a 
study described as “ongoing”5 (Table 1). 
These patients all had remote MI an aver-
age of 3.7 years before recruitment and were 
scheduled to undergo elective coronary ar-
tery bypass graft surgery (CABG). During 
this surgery, the right atrial appendage is 
routinely removed and can be used to ini-
tiate cell culture. In each patient studied, it 
was possible to generate approximately 2 
million c-Kit-positive CSCs over a period 
of several weeks. Patients randomized to 
cell therapy received 0.5–1 million cells by 
intracoronary injection via a native coro-
nary artery or bypass graft approximately 
4 months after surgery. Clearly, blinding 
would have been feasible in SCIPIO because 

the cardiac tissue was harvested under 
general anesthesia during cardiac surgery 
rather than percutaneously under local an-
esthesia as a separate procedure. However, 
the investigators indicated that they did not 
wish to undertake any additional invasive 
procedures in the control group, and so this 
trial was also not blinded. Cardiac function 
was assessed using three-dimensional echo-
cardiography with only a subgroup under-
going cardiac MRI. Hence, there are only 
limited data on infarct size. Cell culture was 
successful in 80 of 81 patients screened for 
entry into the trial, although many subjects 
were excluded in the period between CABG 
and planned cell administration, mainly 
because of withdrawal of consent or an im-
provement in LVEF post CABG to >40%.

Again, the primary end point was a 
combination of safety outcomes, and, like 
CADUCEUS, the trial was positive in this 
respect, with no reported incidence of ven-
tricular arrhythmias, sudden death, or the 
development of cardiac tumors during up 
to 12 months of follow-up. There was one 
periprocedural adverse event due to cath-
eter-related damage to a bypass graft that 
was being used as the conduit artery for 
cell administration to the heart. As a result, 
this bypass graft required treatment by ad-
ditional coronary intervention. Other seri-
ous adverse events occurred with similar 
frequency in the two groups. The efficacy 
outcomes are summarized in Table 2. In 
contrast to CADUCEUS, cell-treated pa-
tients in SCIPIO demonstrated significant 
improvements in symptoms, quality of life, 
and LVEF at 4 months’ follow-up. The seven 
treated patients who participated in the car-
diac magnetic resonance (CMR) substudy 
showed a statistically significant reduction 
in myocardial scar mass from baseline to 
4 months, which was further reduced in 
the six patients who underwent a second 
cardiac MRI at 12 months.

Table 2  Summary of effects of cell therapy

Name of study and reference NYHA
Myocardial scar mass  
by CMR Regional wall motion LVEF

LateTIME2 Not assessed No difference No difference No difference

FOCUS-CCTRN3 No difference Not assessed No difference No difference

CADUCEUS4 No difference 28% ↓ at 6 months Significant improvement No difference (CMR)

SCIPIO5 Significant improvement 24% ↓ at 4 monthsa Significant improvement Significant increase (echo)

Abbreviations: CMR, cardiac magnetic resonance; LVEF, left ventricular ejection fraction; NYHA, New York Heart Association heart failure classification.
an = 7 treated patients in CMR substudy.
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Therefore, CADUCEUS and SCIPIO 
achieved their goal of demonstrating the 
feasibility and medium-term safety of cul-
turing therapeutic doses of autologous 
CSCs from myocardial biopsy tissues and 
subsequently administering these cells by 
intracoronary injection to patients with pri-
or MI. Although not powered for efficacy, 
both studies demonstrated a reduction in 
the volume/mass of scar on cardiac MRI, 
and this has been interpreted as showing 
replacement of the scar tissue with new 
viable heart muscle. If functionally impor-
tant myocardial regeneration had taken 
place, an improvement in cardiac function 
and symptoms would have been expected. 
Despite similar reductions in scar volume 
(see Table 2), only the patients in SCIPIO 
showed improvements in quality of life 
and overall cardiac function. These find-
ings may reflect differential efficacy of the 
two cell types.11 In addition, the patients in 
CADUCEUS were treated 2–3 months af-
ter their original MIs as compared with 3–4 
years in SCIPIO.

Conclusions
In terms of translation and wider applica-
bility, the intracoronary route of adminis-
tration is obviously most attractive because 
it is easier and safer than direct injection 
of therapeutics into the heart muscle. In 
autologous CSC–derived therapy, the time 
taken for cell culture could mean that the 
window for optimal benefit may be missed 
in patients with recent AMI. If the efficacy 
of CSCs is confirmed in larger phase II 
studies, this would represent a paradigm 
shift in the management of patients with 
cardiac dysfunction due to prior MI. How-
ever, the results of LateTIME and FOCUS-
CCTRN highlight the critical importance 
of study design. No matter how logistically 
difficult, future trials with CSCs should 
have a double-blind design with matched 
study procedures because proof of clinically 
meaningful efficacy will be required before 
wider adoption can be recommended.
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Advances in Foamy Virus  
Vector Technology and Disease 
Correction Could Speed the Path  
to Clinical Application
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Foamy viruses (FVs) belong to the 
Retroviridae family, which includes 

the g-retrovirus murine leukemia virus 
(MLV) and lentiviruses (LVs) such as HIV. 
Whereas vectors derived from HIV and 
MLV have shown success in the clinic, 
vectors derived from FVs have yet to be 
tested clinically. Three articles in this is-
sue of Molecular Therapy clear a path to 
greater flexibility in the engineering of this 
promising new class of vectors and bring 
clinical application of FV vectors a step 
closer to reality. Nasimuzzaman and Per-
sons1 reveal a long-kept secret of FVs with 
the identification of an FV receptor that 
at least partly explains the broad tropism 
of these viruses and vectors derived from 

them. Ho et al.2 present a strategy to allow 
the nearly ubiquitous FV vector tropism to 
be flexibly modified and restricted. Both 
studies represent important steps toward 
facilitating gene therapy applications of 
FV-based vectors, and in this light Uchi-
yama et al.3 demonstrate the correction 
of a preclinical mouse model of Wiskott–
Aldrich syndrome (WAS) with a first-
generation vector based on FV. The more 
neutral integration pattern of FV vectors is 
of particular interest with respect to gene 
therapy of WAS because the interim analy-
sis of the first two WAS patients treated 
with conventional g-retroviral vectors has 
revealed an accumulation of problematic 
common vector insertion sites that have 
led to serious adverse events.4

FV vectors have several attributes that 
could make them valuable alternatives 
to retroviral vectors currently in use, in-
cluding their broad tropism and possibly 
enhanced safety profile, as noted above. 
A hallmark of FVs is that they are not 
pathogenic for their natural hosts (non-
human primates, cats, cattle, and horses), 
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