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Abstract

Although bone marrow-derived mononuclear cells (BMNC) have been extensively used in cell
therapy for cardiac diseases, little mechanistic information is available to support reports of their
efficacy. To address this shortcoming, we compared structural and functional recovery and
associated global gene expression profiles in post-ischaemic myocardium treated with BMNC
transplantation. BMNC suspensions were injected into cardiac scar tissue 10 days after
experimental myocardial infarction. Six weeks later, mice undergoing BMNC therapy were found
to have normalized antibody repertoire and improved cardiac performance measured by ECG,
treadmill exercise time and echocardiography. After functional testing, gene expression profiles in
cardiac tissue were evaluated using high-density oligonucleotide arrays. Expression of more than
18% of the 11981 quantified unigenes was significantly altered in the infarcted hearts. BMINC
therapy restored expression of 2099 (96.2%) of the genes that were altered by infarction but led to
altered expression of 286 other genes, considered to be a side effect of the treatment.
Transcriptional therapeutic efficacy, a metric calculated using a formula that incorporates both
recovery and side effect of treatment, was 73%. In conclusion, our results confirm a beneficial role
for bone marrow-derived cell therapy and provide new information on molecular mechanisms
operating after BMNC transplantation on post ischemic heart failure in mice.
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Introduction

Ischaemic heart disease is a leading cause of morbidity and mortality worldwide. In the
United States, the estimated incidence of myocardial infarction is approximately 600 000
new attacks and ~300 000 recurrent attacks each year [1]. Currently, survival rates are
dismal and treatment options limited. The ability to heal diseased heart tissue by cell therapy
is therefore a tantalizing prospect. Bone marrow-derived stem cell (BMSC) therapy has been
under investigation for treatment of myocardial infarction and heart failure for almost a
decade. Early studies in animal models provided striking evidence that BMSC
transplantation has the potential to improve cardiac function and survival through repair and
regeneration of infarcted myocardium [2, 3]. Clinical studies using BMSCs for the treatment
of myocardial infarction showed similar beneficial results [4, 5]. Recent meta-analyses of
human trials suggest that BMSC transplantation is associated with modest, but significant,
levels of cardiac rehabilitation following acute myocardial infarction and chronic ischaemic
heart disease [6, 7]. While this notion is not without controversy [8-10], the potential
efficacy of BMSC therapy cannot be ignored.
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At present, however, mechanistic understanding of stem cell treatment and cardiac repair
and regeneration is poor. A fundamental point of conflict is the disproportionate
improvement in heart function given an almost negligible degree of BMSC engraftment.
Typically, human imaging studies document that fewer than ~5% of transplanted BMSCs
are detectable in infarcted myocardium after 24 h. Thus, in addition to conventional roles in
tissue regeneration through direct BMSC differentiation [2, 3, 11] attention is now also
focused on their potential function in rescue and repair of damaged tissue through alternative
mechanisms [2, 11-17]. These include, among other possibilities, the secretion of paracrine
factors that mobilize endogenous stem cell populations and ameliorate deleterious
remodeling processes while enhancing beneficial mechanisms.

In a previous study, we characterized the systemic immune-inflammatory response in
chronically ischaemic myocardium following acute myocardial infarction, and profiled
associated transcriptomic changes [18]. We discovered significant alterations to the anti-
heart reactive antibody repertoire and to levels of circulating inflammatory cytokines.
Concordant with these findings, genes involved in complement activation and immune-
inflammatory response were significantly upregulated amidst widespread transcriptomic
changes. Together, these data indicated that post-ischaemic heart remodeling is
accompanied by immune-mediated mechanisms that act both systemically and locally. The
goals of the present study were to evaluate the therapeutic potency of bone marrow
mononuclear cell (BMNC) transplantation, and assess the extent to which therapy augments
pathophysiological remodeling in the post-ischaemic heart with regards to cardiac gene
expression and the immune-inflammatory response. BMNC contain small numbers of
hematopoietic stem cells, endothelial cell precursors and mesenchymal stem cells, and are
the most common cell population used in clinical studies [7, 19]. Our findings demonstrate
that BMNC therapy completely reversed the majority of infarction-related changes to gene
expression with little cell engraftment, thereby supporting a paracrine role for BMNC in the
prevention of disease-associated remodeling of gene expression.

Materials and Methods

Animals

Male and female C57BL/6 mice, aged from 8-10 weeks (20.5-25.5 g) were obtained from
the Animal Facility of the Federal University of Rio de Janeiro. Mice were housed at
controlled temperature (23°C) with a 12:12 h light—dark cycle and received standard mouse
chow and water ad libitum. This investigation conformed to the Guide for the Care and Use
of Laboratory Animals (Institute of Laboratory Animal Research, Commission on Life
Science, National Research Council, USA) and was approved by the Institutional Animal
Committee at the Federal University of Rio de Janeiro.

Post-ischaemic Heart Failure

Mice underwent infarction by surgical ligation of the descending branch of the left coronary
artery as described previously [20-22]. Post-surgical procedures to assess myocardial
damage were performed as described previously [18]. To ascertain that myocardial
infarction was properly induced, electrocardiograms (ECG) were recorded 24 h after Ml in
conscious mice with a subcutaneous electrode implanted 1 day before surgery. In addition,
blood samples obtained from caudal vein 3 days after M1 were used to determine levels of
the myocardial damage marker cardiac troponin | (cTnl). Only animals demonstrating
pathological Q waves in ECG and elevation of cTnl levels above 0.3 ug/dl were included in
the infarcted group.
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Functional Assessment

Electrical function was evaluated by electrocardiogram 24 h after MlI, 25 and 45 days after
cell injection. Echocardiograms were obtained before, 22 and 37 days after Ml in
anesthetized mice. Treadmill exercise testing [23] was performed just before (day 0) and 7,
23, 44 and 54 days post Ml, in all groups. The last three time points correspond to 13, 34
and 44 days after cell therapy or placebo, which was applied at 10 days post MI. All
anatomical and functional parameters were calculated using standard methods [24] as
described previously [18].

Bone Marrow Mononuclear Cell Transplantation

Mononuclear bone marrow cell isolation was performed as described by Barbash et al. [25].
Briefly, femurs and tibia of 2 month old wild-type or GFP mice were excised under sterile
conditions, with special care to remove all connective tissue attached to the bones. Bone
marrow was extracted by flushing the cavity with sterile phosphate-buffered saline (PBS).
Bone marrow aspirates were subject to Ficoll density gradient centrifugation to eliminate
unwanted cell types and to select the mononuclear bone marrow cell fraction. Cells were
collected by centrifugation (1500 rpm for 5 min) and re-suspended in Dulbecco’s modified
Eagle’s medium (DMEM; Gibco, Grand Island, New York, USA) supplemented with 10%
Fetal Bovine Serum, 100 U/ml penicillin and 100 mg/ml streptomycin. Matrigel (BD
Biosciences) diluted 1:2 with medium or with medium containing 1.5x106 BMNC was
directly injected using a 10 pl syringe into 3 different regions (30 pl total) at the borders of
cardiac scar tissue 10 days after experimental infarction.

Fluorescence Imaging

GFP-expressing BMNC were injected as described above and the animals were sacrificed 1,
2 and 7 weeks after cell injection. The hearts were excised, fixed with formaldehyde (4%
[w/v] prepared fresh from paraformaldehyde powder) overnight at 4° C and embedded in
OCT (Tissue Tek), before sectioning (5 um) under freezing conditions. Sections were
inspected by epifluorescence microscopy (Axiovert 100, Carl Zeiss, Germany) to evaluate
the presence of GFP-expressing cells.

Microarray Analysis

Whole heart RNA samples were profiled and compared using AECOM mouse 32 K
microarrays spotted with Operon version 3.0 70-mer oligonucleotides (description of this
platform may be found at http://www.ncbi.nIm.nih.gov/geo/query/acc.cgi?acc=GPL5371).
Samples were extracted from M1 animals treated with BMNC or vehicle for comparison
with samples extracted from control animals (4 replicas were prepared for each experimental
and control group). The hybridization protocol, slide type and scanner settings were uniform
throughout the entire experiment to minimize technical noise [18, 26, 27]. All target genes
with statistically significant changes (p<0.05) of at least 1.5-fold were considered to be
differentially expressed. GenMapp [28] and MappFinder (www.genmapp.org) software and
associated databases were used to identify the most affected GO (Gene Ontology)
categories. Experiments were performed according to MIAME standards [29] and all results
deposited at http://www.ncbhi.nIm.nih.gov/sites/entrez?db=geo as series GSE 29769. In order
to determine whether genes differentially expressed in untreated and treated infarcted hearts
with respect to control hearts were disproportionately affected in specific pathways, we used
GenMAPP and MappFinder software (Gladstone Institute; San Fransciso:
www.genmapp.org) to provide the statistics of affected GO categories. GO sets with fewer
than 10 analyzed members were excluded from this analysis. The transcriptomic recovery
efficacy (TRE) was computed as:
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DX+UX - XD - XU
TRE= x 100%
DX+UX+XD+DD+DU+UD+UU

where: D, U, X indicate whether the gene was down-, up- or not-regulated in the untreated
(first position) or treated (second position) infarcted hearts.

Reactive Antibody Repertoire

Serum IgM and IgG concentrations were determined by ELISA, using anti-mouse isotype
specific reagents (Southern Biotechnology Associates, Birmingham, AL). A
semiquantitative immunoblot analysis of cardiac antibody reactive repertoire was performed
49 days after treatment as previously described [30].

Cytokine Analysis

Plasma levels of cytokines and chemokines, including IL-1p, IL-4, IL-6, KC (IL-8), IL-10,
IL-12 (p40), IFN-y, TNF-a and monocyte chemoattractant protein (MCP-1) were measured
before, 1 day after MI and 49 days after cell treatment using an immunofluorescence assay
(Luminex Inc. Austin, TX, USA) with multiplex cytokine reagents supplied by Biosource
International, (Camarillo, CA, USA) as previously described [31].

Statistical Analysis

Results

All values are expressed as mean + SD. Differences between groups were evaluated by two-
way ANOVA for treadmill exercise test, and unpaired t-test for other variables. Statistical
significance was defined by p<0.05.

BMNC Transplantation Prevents Functional Remodeling of the Post-ischaemic Heart

To evaluate the therapeutic potential of BMNC therapy in chronic ischaemic heart disease,
acute myocardial infarction was induced in mice prior to intramyocardial injection with
BMNC or control vehicle. Surgical mortality was 22% (11/50 mice). Non-infarcted mice
were separated and ischemic injury animals were stratified by cTnl levels into BMNC and
vehicle-treated groups. Following injection, immediate mortality was 41% (16/39 mice).
Remodeling of heart function was assessed using electrocardiograms and echocardiography.
Quantification of electrocardiogram and echocardiograph parameters obtained in BMNC
and vehicle-treated groups 45 days after treatment are provided in Tables 1 and 2
respectively. Infarcted mice treated with BMNC demonstrated electrocardiographic
improvement 25 days after cell therapy, evidenced by the absence of pathological Q wave.
In contrast, the vehicle-injected group displayed a persistent pathological Q wave
throughout the study. Moreover, cell therapy improved systolic performance and prevented
ventricular dilation. However, both groups displayed equal thinning of the anterior wall,
compared to the posterior wall. Together these data indicate that BMNC therapy prevents
the electrical and anatomical remodeling normally associated with chronic ischaemic heart
disease following acute myocardial infarction.

Heart function was further assessed by treadmill exercise test and oxygen consumption (Fig.
1). One week after MI surgery, both experimental groups displayed similar decrease in
oxygen consumption during exercise test. However, while the vehicle-treated group showed
a subsequent, progressive drop in oxygen consumption, treatment with BMNC arrested this
change and prevented further decrease in oxygen consumption until the end of the study.
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Although this difference between infracted hearts with and without BMNC treatment was
significant, therapy did not completely restore the parameters to pre-infarction levels.

Functional Improvement Disproportionately Exceeds Numbers of Transplanted BMNC
Retained in Damaged Myocardium

To investigate the extent of cell engraftment after intramyocardial injection, GFP-expressing
BMNC were injected into infarcted hearts (Fig. 2). One week after injection, large numbers
of GFP-positive cells were identified at the injection site, near the healed infarct border zone
(Fig. 2a). Two weeks after injection only a few cells with an elongated morphology could be
identified at the injection site (Fig. 2b), none being detected at remote areas. After 7 weeks
no GFP-positive cells were detected at the site of injection (results not shown).

Stem Cell Therapy Reverses Disease-Associated Alterations to Cardiac Gene Expression

Whole heart tissues from mice were profiled by microarray analyses to examine changes in
gene expression associated with ischaemic heart disease and response to reparative cell
therapy. As shown in Fig. 3, ischaemic heart disease following acute myocardial infarction
is characterized by extensive remodeling of cardiac gene expression. 11981 distinct genes
were probed in all samples. Of these, a total of 2181 genes were significantly regulated;
2080 (17.4%) were upregulated and 101 (0.8%) were downregulated in post-ischemic hearts
treated with vehicle alone (A). In striking contrast, however, few of these changes were
observed in post-ischaemic hearts treated with BMNC injection. BMNC therapy normalized
the expression of 2099 (96.2%) of these genes altered by disease (B). Interestingly, the
recovery was so strong for 23 genes that their expression changed from upregulated in the
untreated infarcted heart to downregulated after BMNC therapy (Table 3). In addition, a
further 286 genes had their expression modified by the cell injection as shown in Fig. 3b.
Overall, cell therapy with MNC resulted in the remarkable reestablishment of expression of
genes altered in infarction to control levels, so that transcriptomic modification after
myocardial infarction and BMNC injection was only 3.4%, compared to 18.2% in Ml alone.
Therapeutic efficacy, a novel metric that quantifies transcriptomic recovery by taking into
account both restorative and side effects of treatment was calculated as 73,4%. When
BMNC therapy was applied to a normal non-infarcted heart gene expression was also
altered. Over 500 genes were down-regulated while 136 were up-regulated as shown in Fig.
3c. Growth factors, cell adhesion, signal transduction and G protein coupled receptors were
the main up-regulated categories, while cell cycle was the main down-regulated process.

Using GenMapp software to categorize Gene Ontology (GO) terms, we examined whether
certain cellular pathways encoded by altered genes were prominently affected in the
infarcted vehicle and BMNC treated groups. In the infarcted and vehicle treated group
prominently upregulated pathways were those involved in regulation of programmed cell
death and apoptosis including DNA fragmentation, mitochondrial cytochrome c release, and
activation of protein kinase C and RAS components. Angiogenesis and vessel
morphogenesis components were similarly upregulated (Angpt1, Bmp4, Clgaltl, Casp8,
Fofrl, Hifla, Nargl, Pnpla6, Pten, Rbpj, Rtin4, Tnfrsfl2al, Vegfa, Vegfc, Gnal3, Sema5a,
Tgfbr2, Htatip2, Rnhl, Serpin\el, Tek, Nfq, Stabl and Sphk1), as were immune system
process/acute phase response/complement activation (Bnip3, EgIn2, Ep300, Hifla, Nf1,
Rnase4 and Sod3), regulation of striated muscle development (Bmp4, Hdac9, Luc71 and
MkI2), and cation channel activity (Snc7a, Trpm7, Cnga3, Kcnc4, Itpr2, Pkd2 and Tpcnl).
In addition, a disproportionate number of genes involved in circadian rhythm were up-
regulated (Arntl, Clock, Perl, Per3, Timeless and Npas2).

As shown in the Supplementary Table, genes encoding a number of pathways were primary
targets of cell therapy after myocardial infarction. Following treatment with mononuclear

Stem Cell Rev. Author manuscript; available in PMC 2012 December 1.
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cells, upregulated categories included processes related to angiogenesis and blood vessel
development and particularly genes related to embryonic epithelium morphogenesis and
keratinocyte differentiation (e.g., Apafl, Aldhlal, and Psen2), and negative regulation of the
acute inflammatory response. Interestingly, different apoptotic genes were more highly
expressed with than without BMNC treatment (Aldhlal, Erecb and Spn),. Because such a
small number of genes were downregulated as compared with upregulation, the GenMapp
analysis consists of too few genes to provide reliable Z-scores. However, it is worth noting
that many of the downregulated genes represented mitochondrion function and respiratory
chain function, including glucose metabolism and acetyl-coA biosynthesis; additionally,
neuron regeneration and dendritic spine formation genes were decreased.

BMNC Transplantation Diminishes the Immune-Inflammatory Response to Chronic
Ischaemic Heart Disease

In order to assess the impact of cell therapy on the inflammatory response to ischaemia we
compared the reactive antibody repertoires and circulating cytokine profiles of both
experimental groups. Sera of post-ischaemic mice treated with BMNC or vehicle were
analyzed for total IgM and IgG levels by quantitative ELISA tests. An increase in both
immunoglobulin isotypes was identified in the sera of all vehicle treated mice 49 days post-
ischaemia (control levels are represented by the dotted line in Fig. 4). Levels of IgM did not
reach significant differences between vehicle and cell treated groups (A) but 1gG levels
decreased in the cell treated group (B). To evaluate further the impact of chronic ischemic
myocardial injury on the serum levels of anti-heart reactive antibodies we performed semi-
quantitative immunoblot analyses. Both BMNC and vehicle treated mouse groups exhibited
comparable anti-heart serum IgM and 1gG repertoires, characterized by natural antibody
repertoire reactive to heart antigens with no significant difference between groups (data not
shown).

The two groups exhibited persistently elevated circulating levels of IL-1B,IL-12 andTNF-a
that were not altered by cell therapy. Moreover, cell therapy did not increase the levels of
anti-inflammatory cytokines (IL4, IL6and IL10)orswitchimmune responsetoa Th2 type (data
not shown). Infarction induced persistent increase of INF-y, a typical T helper Th1 response
mediator, and treatment with BMNC attenuated it (Fig. 5). Additionally, the use of MNC did
not affect circulating levels of KC or MCP-1 (Fig. 5).

Discussion

Despite the proven efficacy of bone marrow-derived stem cell transplantation in the
treatment of ischaemic heart disease [7, 8], the underlying mechanisms are poorly
understood. Original reports hinted that transplanted cell populations regenerated damaged
tissue directly through differentiation and formation of de novo myocardium and blood
vessels [2, 3]. However, current thinking favors the hypothesis that exogenous stem cell
therapy promotes and propagates endogenous repair and regeneration mechanisms [10], (1)
e.g. the recruitment of existing, autologous stem cell pools and other beneficial paracrine
effects [13, 32]. Therefore, in order to evaluate the potential paracrine influence of stem cell
therapy on the overall health of post-ischaemic myocardium, we investigated the functional
and transcriptomic consequences of intramyocardial injection with bone marrow
mononuclear cells in a setting of chronic ischaemic heart disease following acute myocardial
infarction.

We found that BMINC therapy either arrested or completely prevented remodeling of cardiac
function. Electrocardiograms revealed normal physiological parameters. Evidence from
echocardiography demonstrated that therapy prevented left ventricular dilatation. Together,
these findings suggest that cell therapy preserved the excitatory and contractile properties of
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ventricular myocardium. However, comparable anterior wall thinning was detected in both
experimental groups, suggesting that injected BMNC were unable to regenerate damaged
tissue. This loss of muscle mass is a likely reason for the decreased cardiac output recorded
in vehicle and BMNC treated animals, as evidenced by the results of the treadmill exercise
test. Both groups suffered a precipitous drop in oxygen consumption following myocardial
infarction. In vehicle treated animals, a subsequent, progressive decline was also observed
throughout the remainder of the study. This was not the case for BMNC treated animals.
While the performance of BMNC-treated animals did not recover to pre-infarction levels,
neither did it decline further in the same manner observed in vehicle-treated animals. Thus,
the emergent picture is that while injected BMNC are not able to regenerate tissue damaged
by the initial ischaemic insult, it appears possible to prevent further disease-related structural
and functional remodeling in the post-ischaemic heart.

These findings accord well with current thinking that the underlying mechanism is based on
paracrine influence of transplanted BMNC on surrounding tissue. This hypothesis is
supported by our observations that very few transplanted cells were retained within infarcted
myocardium in the short-term, and their long-term presence was undetectable, a common
finding in such studies [8]. The paracrine influence may manifest in a number of ways,
including mobilization of resident progenitor cells, promoting secretion of multiple factors
favorable to repair, or likely, a combination of both [12-14, 16, 17, 33]. In the present study
we did not examine the potential recruitment, differentiation and proliferation of
endogenous stem cell pools. Instead, we focused on the downstream consequences of
BMNC therapy to the overall homeostatic health of ventricular myocardium by examining
global gene expression profiles of treated hearts. Recent work by Richard Lee’s group, using
a double transgenic mouse model, shows that endogenous repair of the heart is attained
when c-kit positive bone marrow-derived cells are injected immediately after the infarction.
Injected cells do not differentiate or fuse with resident cardiomyocytes and cannot be found
4 weeks after cell therapy, supporting a paracrine mechanism of action [32].

Gene expression profiles were determined 59 days after induction of myocardial infarction
and 49 days after cell therapy of the infarcted hearts. Although no cells could be found in the
injected hearts, gene expression was significantly altered in the cell treated group. This
finding indicates that BMNC treatment produces a change in gene expression that long
outlasts their presence in the tissue. The analysis showed that a vast number of genes that
were upregulated by myocardial infarction were restored to normal by cell therapy, 23 of
them being even downregulated. Among these last genes we found some intimately related
to important processes involved in the remodeling of the infarcted heart, such as cell cycle
regulation (Ankrd1l), cell adhesion (tetraspanin 7), matrix degradation (Mmp23) and
inflammatory response (Ifnarl). We also found genes that were not altered by myocardial
infarction and that were up and downregulated by cell therapy in the infarcted hearts. These
included genes related to cell cycle and energy metabolism, respectively.

The significant number of up and mainly down-regulated genes after BMNC injection into
normal hearts may reflect just the presence of a new cell population in the organ, since we
could not detect alterations in organ physiology, by electro and echocardiogram.
Nonetheless, a detrimental effect of cell therapy cannot be discarded, since cell cycle
processes were strongly down-regulated by cell injection. Furthermore, apoptosis related
genes were up-regulated in the infarct and cell treated hearts. The apoptosis related genes
that were up-regulated after cell therapy in the infarcted hearts were distinct and in smaller
number than the ones up-regulated by infarction alone, and we speculate that they could be
related to inflammatory cell apoptosis, as observed during BMNC therapy in the chagasic
mouse model [34], where we have also observed substantial transcriptomic recovery [35].
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In that regard, a notable finding of our previous gene expression studies was that
approximately 40% of all sampled genes related to immune-inflammatory-defense response
e.g. chemokines, interferon receptors, interleukin receptors and tumor necrosis factor
receptors, were significantly upregulated in post-ischaemic heart. These elevations indicate
pro-inflammatory properties within chronically injured myocardial tissue [18]. The
expression of almost all of these genes was also normalized by BMNC therapy, suggesting a
deactivation of a pro-inflammatory environment, and a return to an almost normal,
physiological homeostatic environment.

Although cell therapy did not increase serum anti-inflammatory cytokines levels (IL4, IL6
and IL10) or switch immune response to a Th2 type, it was able to attenuate the infarction-
induced increase in INF-y, a typical T helper type 1 (Th1) response mediator (Fig. 5). These
results indicate that systemic inflammatory responses are not significantly altered, but
downregulation of immune-inflammatory cardiac receptor genes in the arrays suggest that
local cardiac inflammatory responses may in fact be modulated by cell therapy.

BMNC are an attractive cell source for Ml therapy because they induce significant
improvement in cardiac function, they are able to modulate gene reprogramming in an
infarcted model, they are easily isolated from the bone marrow and they require minimal
manipulation. Moreover, BMNC induced an astonishing reprogramming of ~95% of the
genes altered by infarction even 7 weeks after cell engraftment, a time at which BMNC were
no longer detectable.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1.

Functional evaluation of post-ischaemic heart failure. Treadmill exercise test on myocardial
infarction mice treated with mononuclear cells (BMNC) or vehicle (VEH). Data are reported
as means + SD. Arrow indicates treatment day with vehicle or bone marrow-derived
mononuclear stem cells (10 days post myocardial infarction). p<0.05 (*) vs VEH (two-way

ANOVA)
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Fig. 2.

Histological assessment of GPF/BMNC engraftment. (a and b) 7 days and (c and d) 14 days
after GFP-BMNC injection into the hearts of post-infarction mice fluorescent cells were still
detectable. (a and c) fluorescence and (b and d) bright field
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Fig. 3.

BMNC therapy reverses disease-associated changes to cardiac gene expression profiles.
Significantly regulated genes in untreated (a) and treated (b) infarcted hearts with respect to
controls. Note the substantial reduction of the number of regulated genes in treated hearts. In
normal hearts treated with BMNC the majority of genes is down-regulated (c). Genes on the
diagonal were not significantly regulated
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Fig. 4.

Immunoglobulin detection. Increased levels of serum IgM and 1gG in mice with post-
ischemic heart failure reverted by MNC therapy. Serum IgM (left) and IgG (right)
concentrations in post-ischemic heart failure treated with mononuclear cells (black column)
or with vehicle (white column) were tested by ELISA 7 weeks after myocardial infarction.
Solid line represents data for non-manipulated age-matched control C57BL/10 mice. Data
are reported as means = SD for at least 5 mice per group. *P=0.0183 vs MI (unpaired
Student’sT test)
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Fig. 5.

Serum cytokines in mice with post-ischemic heart failure treated with vehicle (MI) or
mononuclear (MNC). Real-time multiplex of Thl-related cytokines IL-1p (a), IFN-y (b),
TNF-a (c) and I1L-12 (d) in circulating plasma from heart failure mice treated with
mononuclear cells (MNC) or vehicle (MI) 7 weeks after surgery. Solid line represents
normal plasma measurement. Data are reported as means + SD of least 5 mice per group.
*P<0.05 vs MI (unpaired Student’sT test)
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Table 2

Echocardiographic analysis 37 days post-myocardial infarction in mice treated with vehicle or BMNC

Myocardial Infarction+ Myocardial Infarction+

Vehicle (n=11) BMNC (n=12)

Hea”(&)ar;e) 249241 311286
Diameters

Awthd (cm) 0.06+0.01 0.06+0.01

Pwthd (cm) 0.08+0.04 0.08+0.03

LVDd (cm) 0.40+0.05 0.32+0.12*

LVDs (cm) 0.32£0.05 0.22+0.12*

Fractional 22+7 34+14*

Shortening (%)

Abbreviations: BMNC, Bone Marrow Mononuclear Cells; Awthd, diastolic Anterior wall thickness; Pwthd, diastolic Posterior wall thickness;
LVDd, diastolic Left Ventricular Dimension; LVDs, systolic Left Ventricular Dimension. Data are reported as mean + SD. Statistical significance
was determined at p<0.05 (*) by Student’st-test.

1duasnuey Joyiny vd-HIN

wduosnue Joyiny vd-HIN

Stem Cell Rev. Author manuscript; available in PMC 2012 December 1.



Page 19

Lachtermacher et al.

'(DNWNG) s[ewiue pareass DNING pue (HIA) S[ewiue pajeals 8]91ysA usamiaq patedwod ase (uoirejnfial-umop 10} aA1rebau) uoissaldxa Ul 93uaIayIp plo4

3[01UaA 10 DNIAIG YNIM paleal) a1l d1wseydsi-1sod ul pauafe sausb Jo susayed uoissaldxe JO [esianal Juediyiubls

NIH-PA Author Manuscript

2L- wLT 996.9 0794297 0T Buureyuod urewop JHOD ‘Jabuly ouiz
96 1— €L'T €111S VAP ¥ urewop yeadas M
VAR o 9T 8G099 e9/TWwsw] 9/ T uigloid suelquiawisuel |
99'1- 1IGT G8I8Z  ep/Wwo] (1seaA) v Bojowoy 0/ sueIGLISW [E1PUOYIOIW JBINO JO 3SLI0|SUBRI |
¥9¢2—  9G9T 02729 $TO1L #T urewop yeada. spndadooriens |
19'9— 29T Z16T¢ Jueds] / Uluedsens]
G6'l—  ¥8'T 1v2.9 9aWs 9 SALIOSOWO.YD JO ddURUBIUBW [BIMINAIS
08— 06T 8.169 GXus G uixau Bunuos
ey e— 96'T CEVOL 2finy ¢ Buiurejuoo-urewop IAAL pue NNY
96" 1- ¢St 18T¢S pbery a Buipuiq 419 paiejai-sey
€Le— VST €/€e.  zoydsoyd 2 ueydio ‘asereydsoyd
99'1- 16'T €€68T TXdd T X0goawoy pare|ai pailed
96" 1- 29'T 66¢.LT TSN T 1] aseJajsuen|AyIBIN
IST—  UST 72595 oddiN (9 Jequusu Ajiuesqns G5d MNOVIAY 9 pareAonwied ‘utalold aueiquisiN
96 T £€8'T T9592 czdwin ¢z asepndadojelaw XL
¢S 89T 9991 BTN VT Jaquuisw Ajiwey uissury
9G'€— 15T G/6ST Tdeuy| T J01dadau (e1aq pue eydfe) uolapaiu]
ol¢— 197 §8199 Tiureo T I|-urewop dyouey/dey Buneainoe ased19
96'2— T2 8G8€T GTsd3 GT areasgns Aemuyred 101dadal 101oe) Ymolh [ewapid3
65 T- 19T  Z8S0€T 145040 aY1]-95e39NPaJ G WOIYI0IAD
L T- 6G'T LT9CT Todusd TO uisloud aiswonus)
09'1— SL'T 11921 6dgad ewiweb ‘{(dg3/0) uteroid Buipuiq 18oueyus/1 vvdD
6¢'¢— 60°C §9/.0T TPMUY (3j9snwi oeipJed) T urewop eadas ULAYUY
ONWNG H3IA  dlsuso 10quiAs aweN

€9lgel

NIH-PA Author Manuscript

NIH-PA Author Manuscript

Stem Cell Rev. Author manuscript; available in PMC 2012 December 1.



