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Human embryonic stem cell transplantation to repair the
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Objective: To test the hypothesis that human embryonic stem cells (hESCs) can be guided to form new
myocardium by transplantation into the normal or infarcted heart, and to assess the influence of hESC-derived
cardiomyocytes (hESCMs) on cardiac function in a rat model of myocardial infarction (MI).

Methods: Undifferentiated hESCs (0.5-1x10°), human embryoid bodies (hEBs) (4-8 days; 0.5-1x10%),
0.1 mm pieces of embryonic stem-derived beating myocardial tissue, and phosphate-buffered saline (control)
were injected into the normal or infarcted myocardium of athymic nude rats (n=58) by direct injection into
the muscle or into preimplanted three-dimensional alginate scaffold. By 2-4 weeks after transplantation,
heart sections were examined to detect the human cells and differentiation with fluorescent in situ
hybridisation, using DNA probes specific for human sex chromosomes and HLA-DR or HLA-ABC
immunostaining.

Results: Microscopic examination showed transplanted human cells in the normal, and to a lesser extent in the
infarcted myocardium (7/7 vs 2/6; p<<0.05). The transplanted hESCs and hEBs rarely created new vessels
and did not form new myocardium. Transplantation of hRESCM tissue into normal heart produced islands of
disorganised myofibres, fibrosis and, in a single case, a teratoma. However, transplantation of hRESCMs into
the infarcted myocardium did prevent post-MI dysfunction and scar thinning.

Conclusions: Undifferentiated hESCs and hEBs are not directed to form new myocardium after transplantation
into normal or infarcted heart and may create teratoma. Nevertheless, this study shows that hESC-derived

source of cardiomyocytes for myocardial tissue repair.

They are indefinitely expandable, pluripotent and capable
of spontanecous differentiation into fetal cardiomyocytes.'”
However, in vitro spontaneous differentiation of hESCs yields
a relatively small number of cardiomyocytes.> An alternative
therapeutic approach is transplantation of undifferentiated
hESCs into the heart. The rationale for this approach is the
concept that the maintenance and differentiation of stem cells
is controlled by their particular microenvironments, which are
thought of as clusters of environmental cues affecting the state
and behaviour of the cell.*” Hence, the heart might provide
“guidance cues” that promote tissue-specific differentiation of
hESCs into cardiomyocytes, creating a new myocardium.
Several studies have reported that mouse ESCs can develop
into functional cardiomyocytes and improve cardiac function
after transplantation into the infarcted myocardium of a
mouse, rat or sheep.®'> However, because mouse ESCs are
more diverse in their myogenic differentiation tendency than
hESCs,” '* we sought to investigate whether hESCs could
survive in normal and infarcted myocardium, and whether the
heart environment would direct differentiation into mature
cardiomyocytes. In addition, we investigated the fate and
outcome of hESC-derived cardiomyocytes (hESCMs) in the
normal and infarcted heart, and assessed the influence on post-
myocardial infarction (MI) heart function.

I Iuman embryonic stem cells (hESCs) are a promising

METHODS

Culture of human ESCs

We used hESC lines H9.2 and I6 (NIH approved lines). The
culture of undifferentiated hESCs (passages 36-60) and the
generation of human embryoid bodies (hEBs) were performed
as previously described.” * Old hEBs (6-8 days) were plated on
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cardiomyocyte transplantation can attenuate post-MI scar thinning and left ventricular dysfunction.

gelatin-coated (0.1%; Sigma-Aldrich, St. Louis, USA) 24-well
plates (Nunc, Roskilde, Denmark), 1-3 hEB per well. Daily
microscopy observations were conducted to detect hEBs with
spontaneous beating areas.

For cell transplantation, 0.5-1x10° cells/animal of the
following cultures were used: (a) undifferentiated hESCs; (b)
4-8-day-old hEBs in suspension, disassociated with 0.5 mM
EDTA supplemented with 1% fetal bovine serum; (c) 10-20-
day-old beating myocardial tissue, dissected mechanically
under inverted microscope imaging.

Rat model of MI, scaffold transplantation and cell
transfer
Animal studies adhered to Tel-Aviv University Guiding
Principles in the Care and Use of Animals. Female athymic
nude rats (HSD: RH-Foxn1™", Harlen, Israel) were subjected to
MI, sham operation or implantation of alginate scaffold on the
ischaemic or intact myocardium as previously described.'® "’

Cylindrical alginate scaffolds (5 mm diameter x 1.0 mm height),
with an average pore diameter of 100 um, were prepared
from sodium alginate (MVG; NovaMatrix, FMC BioPolymer,
Drammen, Norway) and calcium gluconate as the cross-linker
according to a freeze-dry technique.'” '* Scaffold transplantation
was performed immediately after MI."” One or two scaffolds were
attached, each by one myocardial stitch to the heart.

Overall, 58 athymic nude rats were included in the survival,
differentiation and functional experiments. Twelve rats died

Abbreviations: ES, embryonic stem; FISH, fluorescent in situ hybridisation;
hEBs, human embryoid bodies; hESCs, human embryonic stem cells;
hESCMs, hESC-derived cardiomyocytes; LV, left ventricular; MI,
m)l'ocurdiq| infarction; MHC, myosin heavy chain; PBS, phosphate-buffered
saline
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Table 1 Treatment subgroups and models in the
experiments
Transplantation
Normal Infarcted
heart heart
Experiment and cell type (n=19) (n=27)

A: Histology: Differentiation of transplanted cells

Cells: hESCs (n=4), hEBs (n=6) 5 5
Scaffold + cells: hESCs (n=3), hEBs (n=4) 4 3
Control: PBS (n=4), PBS + scaffold (n=2) 3 3

B: Histology: Fate and outcome of transplanted hESCMs into intact rat heart
hESCMs 7

C: Functional study: Transplantation of hESCMs after MI
hESCMs (n=8), PBS (n=8) 16

hEBs, human embryoid bodies; hESC, human embryonic stem cells; hRESCM,
human embryonic stem cell-derived cardiomyocytes; MI, myocardial
infarction; PBS, phosphate-buffered saline.

HLA-DR

Figure 1 Cultured human embryonic stem cells (hESCs) and their
derivatives. (A) Fluorescence in situ hybridisation staining identified X
(green signal) and Y (red signal) chromosomes in an hESC from line H9.2
embryonic stem (ES) nuclei stained with diamidinophenylindole. Original
magnification x1000; scale bar 10 um. (B) Cultured ES-derived
cardiomyocytes stained positive for HLA-DR. Original magnification x400;
scale bar 10 um. (C) Cultured ES-derived cardiomyocytes stained positive
for smooth muscle actin. Original magnification x1000; scale bar 10 um.
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after the surgical procedure to induce MI. Thus, the final
analysis was performed on 46 rats. At 7-10 days after MI, sham
operation or alginate scaffold implantation, rats were treated
with injections of cells or phosphate-buffered saline (PBS) into
the normal, infarcted or preimplanted alginate scaffold, in the
following modes (table 1):

The histology study (table 1, experiment A) included 23 rats
treated with undifferentiated hESCs, hEBs and PBS:

® hESCs (0.5-1x10°) were injected into normal (n=2) or
infarcted (n =2) myocardium, onto implanted scaffolds on
normal (n=2) or infarcted myocardium (n=1), overall
seven hearts.

® hEBs (4-8 days; 0.5-1x10°) were injected into normal
(n=3) or infarcted (n=3) myocardium, onto implanted
scaffolds on normal (n=2) or infarcted myocardium
(n=2), overall 10 hearts.

® PBS (control) was injected into normal (n=2) or infarcted
(n=2) myocardium, onto implanted scaffolds on normal
(n=1) or infarcted myocardium (n = 1), overall six hearts.

In addition, seven athymic nude rats were included in the
experiment designed to test the survival, differentiation, and
integration of hESCMs in the heart (table 1, experiment B).
Beating hESC-derived outgrowth of 0.1 mm? chunks were
injected into normal rat heart.

Another group of 16 animals was included in an experiment
aimed at exploring the effect of injected beating hESCMs on
remodelling and function of the infarcted heart (table I,
experiment C).

Histology, fluorescent in situ hybridisation and
immunohistochemistry

hESCs were deposited onto positively charged glass slides
by centrifugation (Cytospin 3; Shandon, Manchester, UK).
Cytospin slides were processed for two-colour fluorescent in
situ hybridisation (FISH) and subsequent nuclear staining with
diamidinophenylindole. By 3-4 weeks after transplantation,
the hearts were removed and representative sections were
embedded in optimal cutting temperature embedding com-
pound fixative and snap frozen. Frozen sections (5 um) were
used for FISH and HLA-ABC (DakoCytomation, Glostrup,
Denmark) immunostaining, which reacts against mature
human but not rat cells. The remaining sections were fixed in
formalin and embedded in paraffin.

For FISH, sections on slides were fixed in methanol:acetic
acid (3:1), washed in PBS and dehydrated in 70%, 90% and
100% ethanol. Sections were denatured in 70% deionised
formamide (Sigma), dehydrated. Denatured human XY-chro-
mosome probe mixture labelled with green and orange
fluorescent dye, respectively, was added (Vysis, Downers
Grove, Illinois, USA). After hybridisation at 42°C, sections were
mounted in Vectashield anti-fade with diamidinophenylindole
(Vector Laboratories, Burlingame, California, USA).

Representative paraffin-embedded sections (5 um) were
immunostained with anti-HLA-DR, which reacts against
mature human but not rat cells; anti-slow myosin heavy chain
(MHC) (Sigma); anti-fast MHC (Zymed-Invitrogen, Invitrogen
Corporation, Carlsbad, California, USA), anti-actinin (Sigma),
anti-troponin T (Sigma) and anti-a-smooth muscle actin
(Sigma) antibodies.

Echocardiography to evaluate remodelling and
contractility

Transthoracic echocardiography was performed on all animals
(n=16) within 24 hours after MI (baseline echocardiogram)
and 1 month later."* Echocardiograms were performed with a
commercially available echocardiography system equipped with
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Figure 2 (A) At 3 weeks dfter injection, human embryoid bodies (hEBs) in the scar tissue are identified by positive FISH green signals for the X chromosome
probes (arrows). The hEBs were injected 7 days after myocardial infarction. Original magnification x1000; scale bar 10 um. (B) Microscopic examination
of normal heart treated with hEBs. Immunostaining for HLA-ABC identified positive staining at the vessel walls (arrows), suggesting that the donor cells gave
rise to new endothelial and smooth muscle cells (x400). Scale bar 20 um. (C) Photogra E of heart at week 3 after implantation of alginate scaffold (S) on
infarcted heart and 2 weeks affer human embryonic stem cell transfer. Immunostaining E’)r HLA-ABC identified viable graft that stained positive brown for
the human cells (arrow), whereas rat myocardium (H) was stained negative. Scale bar =500 um. (D) Higher magnification of the biograft immunostained
with anti-actinin antibodies. The engrafted hEBs within scaffold remnant on infarcted heart stained positively (brown colour) for the myogenic protein, but

appeared immature. Scale bar 20 um.

12 MHz phased-array transducer (Hewlett Packard, Andover,
Massachusetts, USA). We measured left ventricular (LV)
anterior wall thickness; maximal LV end-diastolic dimension;
minimal LV end-systolic dimension in two-dimensional ima-
ging; and fractional shortening as a measure of systolic
function, which was calculated as
FS (%) = ((LVIDd—LVIDs)/LVIDd) x 100

where LVID indicates LV internal dimension, s is systole, and d
is diastole. All measurements were averaged for three con-
secutive cardiac cycles and were performed by an experienced
technician who was unaware of the treatment group.

Statistical analysis

Results are reported as mean (SEM). Differences between
groups were compared with the Student ¢ test for unpaired
data. The Wilcoxon signed-rank test was used to compare the
animals’ follow-up changes from their baseline values. The
difference in cell survival between normal and infarcted heart
was assessed by the Fisher exact test (GraphPad Prism version
4.00 for Windows (GraphPad Software, San Diego California,
USA). Probability values were two sided and considered
significant when p<<0.05.

RESULTS

Overall, 58 athymic nude rats were included in the analysis.
Table 1 describes the subgroups included in the experiments
aimed at evaluating survival and differentiation of hESCs after
transplantation into normal and infarcted hearts. Seven
athymic nude rats were included in the experiment designed
to test survival and integration of hESCMs into normal rat
heart. Another group comprised 16 animals included in a
preliminary experiment designed to explore the effect of the
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hESC-derived cardiomyocytes on remodelling and function of
the infarcted heart. Four animals, previously treated with
hESCMs, were later diagnosed as infected by mycoplasma and
were therefore excluded from the final analysis. Thus, the final
functional analysis was carried out in 12 animals (four cell-
treated and eight controls).

Fate and outcome of transplanted embryonic cells in the
heart

The presence of human cells was confirmed using DNA probes
specific for human X or Y chromosomes and immunostaining
for HLA-DR or HLA-ABC. FISH staining identified X (green
signal) and Y (red signal) chromosomes in cultured undiffer-
entiated hESCs (fig 1A). The human X and Y chromosome
probes did not hybridise to the rat cells. Immunostaining
showed that undifferentiated hESCs expressed neither HLA-DR
nor HLA-ABC. However, the EB cells that contained beating
cardiomyocytes were positive for HLA staining (fig 1B) and o-
smooth muscle actin (fig 1C).

FISH staining was carried out in a subgroup of 10 hearts,
from experiment A (table 1), treated with either direct injection
of hESCs (n=4), hEBs (n=4) or PBS (n = 2) into the normal
(n = 5) or infarcted heart (n = 5). Only four hearts, two treated
with an hEB injection into infarcted heart (fig 2A) and two
with an hESC injection into normal heart, exhibited XX-
positive signals. To track the implanted human cells, immuno-
staining with HLA-DR or HLA-ABC antibodies was carried out
in 22 of 23 hearts included in experiment A (table 1).
Microscopic examination showed that 13 of the 16 hearts
treated with hESCs or hEBs were colonised by donor cells that
stained positive (brown colour), suggesting partial differentia-
tion into adult phenotype (fig 2). Because of the small number
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Figure 3 Transplantation of beating ES-derived cqrdiomyo?'tes into the normal heart. Normal heart section at week 4 after injection of human embryonic

stem cell (hESC)-derived beating tissue. (A) Immunostaining fo

r human cardiac troponin T identified islands of disorganised myofibres composed of hESC-

erived cardiomyocytes with early sarcomeric formation (arrows) at the site of injection. The cells were isolated from the host myocardium by scar (S) tissue.
Original ma?nificaﬁon x400; scale bar 10 um. (B) Haematoxylin and eosin staining showed an area of left ventricular (LV) free wall deformation (arrow)

ibrosis an

arge vascular cysts (C) at the site of injection. The rectangle designates an island of ectopic tissue. Scale bar 500 um. (C) Higher magpnification

of the rectangle in (B) showed an island of cartilage near the site of injection (arrows; x200). Scale bar=100 pm. (D) Higher magnification showed another
area of respiratory epithelium with ciliated columnar and mucin-proJucing goblet cells (m), non-ciliated columnar gland (g), stratified squamous epithelium,
and distinct focus of cartilage (c), near the site of hESC-derived cardiomyocyte injection (x200). Scale bar 100 pm. (E) Positive immunostaining with anti-
S-100 protein (brown colour) confirms cartilage formation at the cell transplantation site (x200). Scale bar 100 um.

of animals in each group, we were unable to determine the
superiority of hESCs over hEBs or vice versa for cell survival,
differentiation or integration. Analysis of 13 representative
mid-sections from hearts treated with either hESCs or hEBs
and immunostained for HLA-ABC, indicated better survival of
hESCs and EBs in normal hearts than in infarcted hearts: (7/7
vs 2/6; p=0.02). Only hEBs survived in the infarcted
myocardium (without scaffold).

In two cases, HLA-DR immunostaining showed that hESCs
injected into normal heart were incorporated into vessel
walls (fig 2B). We found neither well-differentiated human

cardiomyocytes nor endothelial cells in the scar. Colocalisation
of HLA-DR and slow MHC was examined in serial micrograph
sections. None of the hearts, either normal or infarcted, in
cither the hESC- or hEB-treated groups, exhibited the presence
of cardiomyocytes expressing HLA-DR. This indicates that the
cardiomyocytes in the treated hearts did not originate from a
human source.

The use of alginate scaffold did not promote myogenic
differentiation or organisation of the implanted cells. The
scaffold did not evoke inflammatory response in the normal
heart and was well integrated within the infarcted heart.

www_heartjnl.com
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Figure 4 Transplantation of beating human embryonic stem cell (hESC)-
erived cardiomyocytes (hRESCMs) attenuated the classic course of left

ventricular systolic cf;/sfuncﬁon complicating extensive anterior myocardial
infarction. During 1 month of follow-up, fractional shortening was
increased by 4 (12)% in cell-treated animals and decreased by 39 (10%) in
controls (A). In addition, hESCMs attenuated scar thinning as scar thickness
was decreased by 3 (8)% in cell-treated animals and by 12 (4)% in controls
(p=0.2; B).

Examination of hearts at 3 weeks after scaffold implantation
on normal and infarcted heart, and 2 weeks after hESC
transfer, identified viable cell graft within scaffold remnants
that were stained positive for HLA-ABC and HLA-DR (fig 2C).
The host myocardium was not stained with anti-HLA. Some
seeded EBs within the scaffold, albeit morphologically imma-
ture and disorganised, were stained positive with anti-actinin
antibody (fig 2D).

hES-Derived cardiomyocyte transplantation

In vitro, hESCMs exhibited typical morphology of embryonic
cardiomyocytes with myofibrils and expression of fetal protein
smooth muscle actin and were HLA-DR (fig 1). Implantation of
beating hESCMs into the normal myocardium of seven rats
produced islands of cells that were stained positive for o-
smooth muscle actin, human troponin T and HLA-DR and
exhibited typical striation, but were isolated from the host heart
by scar tissue (fig 3A).

In one case, we observed an area of fibrosis, giant cysts filled
with red blood cells, areas of respiratory epithelium with
ciliated columnar and mucin-producing goblet cells, non-
ciliated columnar gland, stratified squamous epithelium, and
distinct focus of cartilage, stained positive for F100 protein near
the site of hESCM injection (fig 3).

Echocardiography functional study

Transplantation of beating hESCMs attenuated the classic
course of LV systolic dysfunction complicating extensive
anterior MI. During 1 month of follow-up, fractional short-
ening was relatively increased by 4 (12)% (from 34 (9)% to 37
(13)%) in cell-treated animals and decreased by 39 (10)% (38
(4)% to 23 (5)%) in controls (p=0.02; fig 4). In addition,
hESCMs attenuated scar thinning as scar thickness was
decreased by 3 (8)% in cell-treated animals and by 12 (4)% in
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controls (p=0.2; Figure 4). However, both hESC-treated
animals and controls developed significant LV dilatation: from
0.61 (0.02) to 0.76 (0.04) cm and 0.61 (0.02) to 0.76 (0.03) cm,
respectively (p<<0.05). The hearts were processed for histologi-
cal analysis; the engrafted hESCMs were not detected in the
scar tissue by HLA immunostaining 3 weeks after injection.

DISCUSSION

The major new findings of this study suggest that hESCs at
various levels of differentiation can survive transplantation in
the normal, and to a lesser extent the infarcted, myocardium.
The cells are developed into confluent connective tissue when
seeded in three-dimensional alginate scaffold. However, by
using human sex chromosome probes and HLA as a marker for
human cells, we found that hESCs did not give rise to new
myocardium. The experiments designed to test the safety and
efficacy of hESCM transplantation showed grafts composed of
disorganised myocardial fibres and in one case a teratoma.
Nevertheless, this study shows, for the first time, that injection
of hESCMs into the infarcted myocardium does preserve LV
function.

Previous reports on ES transplantation into the heart
Mouse undifferentiated ES cells can develop into functional
cardiomyocytes and improve cardiac function after transplan-
tation into the infarcted myocardium of mouse, rat or sheep.*"
Data on the outcome of an hESC graft in normal and infarcted
hearts are sporadic. Several studies have been reported in which
hESC-derived cardiomyocytes were injected into animal models
of human disease of slow heart rate.” ** In animal models of
atrioventricular block, for example, the implanted hESCs
became “pacemakers” and accelerated heart rate.

Most recently Laflamme et al’' reported on injection of
hESCMs into the intact LV free wall of athymic rats. Although
initial grafts were predominantly epithelial, non-cardiac ele-
ments were lost over time, and grafts consisted predominantly
of cardiomyocytes by 4 weeks. In that study, no teratomatous
elements were seen. The cardiac implants exhibited substantial
angiogenesis, both recipient and graft derived. Importantly,
there was greater proliferation in human cardiomyocytes than
previously seen in rodent-derived cardiomyocytes: 14.4% of
graft cardiomyocytes expressed the proliferation marker Ki-67
at 4 weeks after transplantation. This proliferation was
associated with a sevenfold increase in graft size over a 4-week
interval. The authors concluded that hESCs can form human
myocardium in the rat heart.”

Our findings, even though less favourable, extend those
findings and suggest that although the hESCMs do not create
“new myocardium’”, hESCM transplantation does prevent
functional deterioration of the injured heart. In our study,
however, the implanted hESCMs did not integrate and were
isolated from the host myocardium by reactive fibrosis and
appeared immature and disorganised (fig 3), as we previously
found with rat and human fetal cardiomyocytes.'** This
finding is in agreement with a previous report,' and suggests
that the engrafted cells may have some non-specific paracrine,
passive physical effect that increases scar thickening and which
might prevent the typical course of LV dysfunction.”

Surprisingly, the only case of teratoma formation was seen
when we attempted to transplant beating embryonic cardio-
myocytes into normal heart. The most likely explanation is that
in the present experiment, the beating tissue included either
undifferentiated ES or precursor cells that were differentiated
into ectopic tissues such as cartilage and respiratory glands.
This finding of teratoma raises concern about the safety of
current approach of hESCM selection.
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We chose to deliver the cells 7 days after MI to avoid cell loss
due to intense inflammation and washout at the infarct zone.”**’
The time of cell delivery in the present study might be more
relevant to cell therapy for patients with MI and allow baseline
evaluation of myocardial damage and viability as well as donor
and recipient HLA matching.

The mechanism by which the implanted hESCMs prevent
functional deterioration of the infarcted heart needs to be
established. Most of the implanted cells do not survive or
differentiate into mature cardiomyocytes that integrate with
the host myocardium. Stem cells can improve functional
recovery of infarcted or failing myocardium by various potential
mechanisms, including indirect improvement by paracrine
factors released by the cells that may inhibit cardiac apoptosis,
affect remodelling, or enhance endogenous repair by tissue-
resident progenitor cells or enhancement of neovascularisa-
tion.*® Several recent works support the concept that stem cells
may protect the myocardium without directly participating in
myocardial regeneration.*” ** Other reports have suggested that
the therapeutic effects of cells on LV remodelling and function
might be independent of implanted cell survival,* *° transdif-
ferentiation,'® ** *° or scar vessel density." **

The implanted cells prevent LV deterioration but not LV
remodelling. A similar discrepancy was seen in previous animal
works,** and preliminary clinical trials.”' Possibly, prevention of
scar thinning, as seen in the present study, is the mechanism.
By thickening the scar, wall stress is reduced (Laplace law) and
the degree of outward motion of the infarct that occurs during
systole (paradoxical systolic bulging) is reduced. As a result,
although the cells do not prevent LV diastolic dilatation, there is
a lower end-systolic dimension in the treated group that is
translated to better LV fractional shortening. This is a
significant effect since one of the most important predictors
of mortality in patients with MI is the degree of LV systolic
dilatation.”

Limitations

We are aware of several limitations in our study. First, we
investigated human ES transplantation into the heart of
immunocompromised athymic rats. The results obtained in
this xenotransplantation model might be less favourable than
transplantation of ES cells from the same species (syngeneic
animals). However, previous reports using an athymic rat or
mouse model for human disease, demonstrated the potential of
human progenitor cells to differentiate into mature human cells
after transplantation.” ** Second, the experiments included
several subgroups with a relatively small number of animals
that did not allow for in-depth comparison among groups.
However, no new myocardium was created in any of the 17
normal or infarcted hearts treated with undifferentiated hESCs
or hEBs.

Implications and future research

The major findings of the present study suggest that
undifferentiated hESCs or hEB cells are not directed to form
new myocardium when injected into both normal and infarcted
heart with or without scaffold. Injection of hESCMs into LV
free wall created islands of myofibres in normal heart and
prevented LV dysfunction of infarcted heart. The present study
highlights two of the major concerns about the application of
hESCs for myocardial repair: (a) a low level of differentiation
into relevant cells and (/) the risk of teratoma. Our study
suggests that careful selection of cardiomyocytes from hESCs
before transplantation is mandatory for the safety and success
of hESC-based therapy for myocardial repair. Future advanced
methods for cardiomyocyte selection, guided differentiation,
and immune tolerance would promote the potential application
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of hESCs as a viable source of cells for myocardial repair. The
advantage of this approach compared with other most recently
discovered adult cardiac progenitors, needs further research.
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Hyperpotassaemia masquerading acute myocardial infarction

ﬁ 59-year-old woman, admitted for A

hypotension. She had a previous history

of

failure. The 12-lead electrocardiogram
showed wide bizarre QRS, with elevation

of

elective substitution of a hip pros- |

thesis, developed dyspnoea and

diabetes and slight chronic renal

the ST-segment in leads D3, aVF and

V1 (panel A). The cardiologist was called m

with the initial diagnosis of inferior acute
myocardial infarction. The analysis of
blood showed pH 6.91, and potassium

9.4 mEq/l. The ECG 24 hours later, with I

normal potassium and normal pH, did
not

(p
in
ca

show any significant anomalies
anel B). Cardiac serum markers,
cluding cardiac troponin I, and echo-
rdiographic segmental wall motion,

were normal.

Current guidelines of the acute coron-

ary syndromes highlight the need for an B
ECG in 5-10 minutes, in order to identify

th

ose patients with ST-segment eleva-

tion. However, there are cases in which

th
th

e ECG is difficult to understand, as in
e case that we present here. Ahead of Il

an electrocardiogram with very aberrant

m

severe electrolyte disturbances. That can
be achieved quickly with any portable
blood gas and electrolyte analyser, so it
will not add more than a few minutes to

th

dial infarction.

orphology, it is imperative to search for

e management of a suspected myocar-
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aVR

25 mm/s 10 mm/mv [F~0.15 Hz-40 Hz| 03423

aVR C3 C4

aVL C2 C5 |
|
I

aVF C3 Cé

25 mm/scg 10 mm/mV [~ 0.1 5 Hz-40 Hz| HP789 16015



