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Background—Although several preclinical studies have shown that bone marrow cell (BMC)
transplantation promotes cardiac recovery after myocardial infarction (MI), clinical trials with
unfractionated bone marrow have shown variable improvements in cardiac function.

Methods—To determine whether in a population of post-MI patients, functional recovery after
BM transplant is associated with specific BMC subpopulation, we examined the association
between BMCs with left ventricular (LV) function in the LateTIME-CCTRN trial.

Results—In this population, we found that older individuals had higher numbers of BM CD133*
and CD3" cells. BM from individuals with high body mass index had lower CD45%M/CD11bdim
levels, while those with hypertension and higher C-reactive protein levels had higher numbers of
CD133* cells. Smoking was associated with higher levels of CD133*/CD34*/VEGFR2* cells and
lower levels of CD3* cells. Adjusted multivariate analysis indicated that CD11bdiI™ cells were
negatively associated with changes in LV ejection fraction (LVEF) and wall motion in both the
infarct and border zones. Change in LVEF was positively associated with CD133*, CD34* and
CD45*/CXCR44IM cells as well as faster BMC growth rates in endothelial colony forming assays.

Conclusions—In the LateTIME population, BM composition varied with patient characteristics
and treatment. Irrespective of cell therapy, recovery of LV function was greater in patients with
greater BM abundance of CD133* and CD34* cells and worse in those with higher levels of
CD11bdim cells. BM phenotype might predict clinical response prior to BMC therapy and
administration of selected BM constituents could potentially improve outcomes of other future
clinical trials.

Trial Registration—Clinical Trial Registration: clinicaltrials.gov Identifier NCT 00684060
Graphical Abstract
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Introduction

Although studies in animal models show that treatment of acute myocardial infarction
(AMI) with bone marrow cells (BMCs) promotes tissue recovery 12, the clinical benefits of
BMC therapy have been modest and inconsistent amongst studies. While some studies have
shown improvements in cardiac function after BM transplant, others have failed to
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demonstrate significant benefits of cell therapy. 3-5. In the LateTIME-CCTRN trial, for
example, there was no overall improvement in global or regional cardiac function, 6 months
after intracoronary infusion of autologous BMC in the patient cohort as a whole 7. However
because some individuals showed improvements while others did not it remained unclear
whether improvements in left ventricular (LV) function in some individuals, but not others,
may be related, at least in part, to differences in endogenous BMC phenotypes and patient
demographics.. The BM is not a homogenous cell population. It contains a variety of stem
and progenitor cells as well as hematopoietic cells that, in principle, could variably affect
clinical outcomes. Because, BM characteristics vary as a function of age, treatment, disease,
acute clinical events, and probably other as yet unrecognized factors 8, it is conceivable that
the potency of autologous BM products varies depending upon the characteristics of the
product aspirated from individual patients. Nevertheless, the effects of patient characteristics
on BMC are unclear, and the influence of BM composition on outcome of BMC therapy
remains unknown.

The goal of this study was to examine potential associations between patient demographics
and BMC constituents in the LateTIME trial, and to determine whether specific BMC
subpopulations and characteristics measured at baseline could predict improvements in
cardiac function.

To determine whether variations in BMC composition due to different patient characteristics
could affect outcomes, we examined the association between patient and cell characteristics
at baseline. We then assessed the relationship between the cell characteristics and cardiac
function. Our results show that cardiovascular disease (CVD) risk factors significantly affect
the composition and characteristics of the BM, and that the levels of endothelial precursors
and inflammatory cells within the BM are associated with myocardial recovery following
cell therapy.

The LateTIME prospective cohort study comprised of patients consecutively enrolled in the
clinical trial who participated in the 6-month follow-up and provided written consent to have
their excess BMCs stored for further analyses at the CCTRN Biorepository. These analyses
were pre-specified in the ancillary functional studies section of the CCTRN LateTIME
protocol. The primary outcome comprised of changes in global (LVEF) and regional LV
function (infarct zone (WM,z) and border zone (WMpgz)) between baseline and 6 months as
measured by cardiac magnetic resonance (CMR) imaging. As reported previously, the infarct
zone was defined as the segments with the largest two signal intensity enhancement
measures with gadolinium (using a 17 segment model). The border zone was defined as the
region adjacent to the infarct zone in which the signal intensity enhancement was between
10% and 75%. Secondary endpoints included changes in CMR LV end systolic (LVESVI)
and end diastolic volume indices (LVEDVI) and infarct size . To improve quantification of
infarct size, the data were reanalyzed using a CMR algorithm to correct for LV mass 9. Cell
populations in the BM were characterized by flow cytometry as previously described 919,
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Functional Analysis

Trypan blue exclusion was used to assess viability of the cells that underwent functional
analysis. BMC function was evaluated with 3 separate assays, such as (1) the colony-
forming unit Hill (CFU-Hill), (2) the endothelial-colony forming cell (ECFC), and (3) the
colony-forming unit fibroblast (CFU-F) assays.? The number of colony forming units, type
of colonies, and percent confluency were recorded on days 7, 14, 21, and 28 for the ECFC
and CFU-F assays and on days 4 through 9 for the CFU-Hill assay. Results from all 3 assays
were assessed with the following 3 metrics, such as (1) slope of the best-fit linear curve for
the percent confluency over time, (2) exponential constant of the best-fit exponential curve
for the number of colonies over time, and (3) maximum number of colonies present during
the entire culture period.

Statistical Analysis

To examine the relationship between the frequency and growth characteristics of different
BMC populations, the levels of different cell types in the BM were divided into two strata
representing low (below median) and high (above median) levels. Because similar results
were obtained with arithmetic and natural logarithms, the values of the parameters were not
log-transformed. In the first set of analyses, we assessed the relationship between cell and
patient characteristics, using standard regression analyses.

Composite Cardiac Impairment Score (CCIS)—To identify the specific BMC
characteristics associated with cardiac functional outcomes, we analyzed whether baseline
BMC characteristics of patients predict functional recovery. Given that there were over 40
phenotypes and six measures of LV function, a complete evaluation of the outcome
relationships would be challenging and potentially redundant, therefore to examine whether
there was high correlation between the variables (indicating that multiple variables may be
measuring the same structure) we evaluated the correlation between: 1) different cell
phenotypes and function; and 2) individual indices of cardiac performance. We conducted a
principal components analysis (PCA) to take advantage of this correlation structure 1 and
produce a composite cardiac function score. Principal component analysis (PCA) was used
to: 1) identify and encapsulate what the original variables measured in common; and 2) are
not correlated with one another 1112, CCIS was calculated as:

CCIS=-0.4766+LVEF +-0.4353«LVEDVI+0.5080«LVESVI—0.36 79+ WM, —0.1087+ WM, +0.4119%Infarct Size

The units of the constants are such that the resulting score is unit-less. The mean value of
CCIS at baseline was 50.5 with a SD of 30.7. Its median value was 46.6 (21.1 to 133). The
CCIS was higher when the values of LVEDVI, LVESVI, and infarct size were large and
when the values of LVEF, WM,z and WMpz were low. It explains 56.2% of the total
variability in the system, i.e., one variable explains over half of the variability that the
original 6 variables explained. The relationship between each of the traditional indices of LV
function (LVEF, LVESVI, LVEDVI, WMz, WMgz, and infarct size) and baseline cell
characteristics was examined using regression analysis. In addition to these variables,
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ACCIS was computed from the change in CCIS from baseline to 6 months follow-up. The
values of ACCIS were further characterized as a dichotomous variable, and then stratified by
patient characteristics. All models were adjusted for age, diabetes, hypertension, and
smoking.

To ensure that there was sufficient variability in ACCIS values, we conducted a case-
controlled backward analysis. For this, the subjects were dichotomized into those who had a
decrease or no change in CCIS over time (ACCIS < 0); these were classified as “controls”;
whereas those individuals in whom CCIS remained unchanged or increased (ACCIS > 0)
were included in “cases”. Associations with continuous variables were determined by using
unpaired #testing and the results of both the forward (predictive) and backward
(retrospective) analyses were then compared to identify common cell characteristics
associated with improved outcomes.

All statistical analyses were conducted using the SAS 9.3 software (Cary, North Carolina).
Because we prioritized knowledge discovery, no statistical techniques were employed to
reduce the familywise error rate (e.g., Bonferroni correction). Thus, any results from these
evaluations will need to be confirmed before they can be generalized to the larger subject
population from which the sample was obtained.

Funding was provided by the National Heart, Lung, and Blood Institute (NHLBI) in
conjunction with the CCTRN. The authors are solely responsible for the design and conduct
of this study, all study analyses, the drafting and editing of the paper and its final contents.

In LateTIME, 87 patients were randomized to active treatment (58 subjects) or placebo (29
subjects). Three patients were excluded from the primary analysis in both the treatment (one
did not receive cells, one was lost to follow-up, and one was without CMR data) and placebo
(one death and two contraindications to CMR at follow-up) groups. The analyses reported
below comprise all Late TIME subjects who had demographic and biorepository data;
irrespective of whether they were treated with BMCs. The CCIS analysis is based on 73
patients who had both biorepository and LV function data.

Predictive Analysis

Cell and Patient Characteristics—To examine variability in the BM product at
baseline, we assessed the association of patient characteristics with the abundance of
specific cell populations in their BM. The association of patient characteristics with each of
the 40 cell characteristics encompassing phenotypes and functional outgrowth assays was
examined; however, Table 1 lists only cell populations exhibiting statistically significant
associations with specific patient characteristics. As shown, older individuals were found to
have higher levels and smokers were found to have lower levels of CD45*/CD3* in their BM
(Table 1). Smoking was associated with higher levels of CD34*/VEGFR2*/CD133*
(CD133" includes CD45%MSSCloWCD34+CD133%) cells, which are early, immature
endothelial and hematopoietic progenitors. Subjects with high BMI had lower number of
CD45%M/CD11bh%M cells of hematopoietic origin. Older subjects and those with
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hypertension or elevated hs-CRP were found to have higher levels of CD45*/CD133* cells.
Subjects with low levels of hemoglobin also had lower levels of CD45*/CD34* cells of
hematopoietic origin in their BM.

To determine which patient characteristics are associated with functional properties of
BMCs, we examined the association between patient characteristics with the colony-forming
capacity of BMCs in CFU-Hill and ECFC-CFU assays. Among the patient characteristics
examined, diabetes, hypertension, diuretic use, and hs-CRP levels were positively associated
with the maximum number of MSC colonies present (Table 2). Smoking was negatively
associated with MSC colony formation and diuretic use was significantly associated with
lower number of maximal colonies formed in the CFU-EC assay. High hs-CRP levels were
associated with higher number of total CD133 cells (%) in the product. These observations
suggest that patient characteristics are related to not only the cell composition of the BM, but
also its functional capacity in colony forming assays.

Retrospective Analysis

Relationship between Cell Characteristics and Outcome—To determine whether
BM phenotypes were associated with clinical outcomes, we examined the relationship
between BMC populations and indices of cardiac function. Higher levels of CD454im/
CD11bdim cells were inversely related to LVEF and WMg, and positively associated with
LVESVI (Table 3). BMC growth characteristics measured in outgrowth assays also were
predictive of functional outcomes. Specifically, a higher ECFC colony forming capacity was
associated with increased WMpgz and decreased LVESVI. Collectively, these observations
suggest that characteristics of the BM, 2 to 3 weeks after STEMI, affect functional recovery
of the heart. Specifically improvement may be compromised by BM comprised of higher
levels of CD11b%iM cells in the BM and reduced ECFC colony-forming capacity.

Association of LV function parameters with cell characteristics—We examined
whether improvements in measures of cardiac function were associated with cell
characteristics. We found that after adjusting for age, hypertension, diabetes, smoking,
creatine kinase-MB (CKMB), and angiotensin-converting enzyme (ACE) inhibitor use and
baseline LVEF, CD45%M/CD11bdim cells were negatively associated with global LVEF (P
<0.02), as well as both WM,z (P <0.001), and WMpgz (P <0.01), 6 months after infusion. In
addition, global LVEF was positively associated with MSC colony formation (P <0.02) and
WMpgz with percent cell viability (P <0.03) (Table 3). When only the patients receiving cell
therapy were examined, we found negative associations between CD454M/CD11bd%iM cells
and LVEF (P<0.02), LVESV (P<0.002) and WMpgz (P<0.03) after adjusting for age,
diabetes, hypertension and smoking. Negative associations were also observed between
CD459im/CcD11Pright cells and LVEF (P<0.002), WM,z (P<0.007) and WMg (P< 0.02),
indicating that specific CD11b* cell populations are associated with poor outcomes in
patient irrespective of cell therapy.

Association of CCIS with Patient Characteristics and Comorbidity—To assess
the relationship of CCIS to cardiac performance, baseline characteristics of patients stratified
by CCIS are presented in Table 4. Of 73 individuals, 37 had CCIS values below the median
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and 36 had CCIS values above the median. Patients with CCIS values above the median
tended to have on lower screening LVEF by echocardiography in comparison with those
with values below the median (33.5 + 6.3, vs. 37.8 £ 6.4, P = 0.005), higher peak CKMB
(363.2 + 265.4 vs. 189.5 + 156.1, p = 0.005), and higher troponin levels (for troponin T, 11.4
+6.5vs. 5.3+4.8,P=0.011). They were also more likely to be on diuretics at baseline
(33.3% vs 3%, P = 0.01).

Association of CCIS with Cell Characteristics—Of the 73 subjects, 40 improved
their CCIS score over 6 months and 33 experienced a worsening of the score. To examine
which cell populations were associated with CCIS, adjusted multivariate analyses were
performed to assess the relationship between the cell phenotype or the functional assay and
changes over 6 months both the traditional outcome variables and the CCIS.

Association of CCIS with Clinical Outcomes—Multivariable analysis of those with
high CCIS (cases) compared with those with low CCIS (controls) revealed a significant
association of several cell phenotypes with a change in CCIS (Table 5). Specifically, BM
levels of CD133*, CD31*/CD34*, CD45%9™/CD34* and CD45*/CXCR44M cells were
higher in individuals who showed an improvement in the CCIS score. The levels of
CD45%M/CD11b%M cells were higher in the BM of individuals that showed worsened CCIS
6 months after study product delivery. Individuals showing an improvement in their CCIS
also had higher levels of ECFC colonies in the outgrowth assay. Collectively, these data
suggest that individuals with higher levels of CD34* and CD133* cells in their BM are
likely to show more LV functional improvement after STEMI, whereas those with higher
levels of CD11bdim cells show poorer outcomes.

Discussion

The major findings of this study are that in the LateTIME trial, the composition of the BM
varied with the characteristics of STEMI patients and that the improvements in cardiac
performance after BM infusion were associated with the frequency of CD133* and CD34*
cell populations within the BM at baseline, independent of cell therapy. In addition, both
predictive and dichotomous analyses indicate that high levels of CD11b%M cells in the BM
were associated with an inferior clinical outcome and the levels of these cells were
negatively associated with conventional indices of cardiac function (LVEF, WMz, and
WMgy). These findings from the LateTIME trial support the novel concept that the efficacy
of stem cell therapy is significantly modified by both stem cells and non-stem cells present
in the BM. Further elucidation of the role individual BM cell populations in cell therapy in
other trials could significantly advance our understanding of the basic biology of this
therapeutic intervention and provide new approaches for improving its efficacy.

Previous work has shown that the levels of circulating stem/progenitor cells are associated
with CVD risk factors 13, and predict the occurrence of cardiovascular events and death from
cardiovascular causes 14, however, the association between cardiovascular disease risk and
BM characteristics has been seldom studied. In most cell therapy studies BM is aspirated
after MI, which acutely increases the levels of specific stem/progenitor cells in the
peripheral blood 1517, Because these cells arise from the BM, injury-dependent recruitment
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could significantly alter BMC as well as their functional characteristics. Indeed our recent
analysis shows that STEMI is associated with a decrease in the endothelial colony-forming
capacity of BMCs and the levels 18 of CD34+ cells (including CD45%imssclow, cp34+
cells) reach a nadir in the BM 7 days after STEMI 18, In the LateTIME trial, in which BM
was aspirated 2—3 weeks after STEMI, BM characteristics could be evaluated, without
confounding by acute inflammatory events post-MI. Hence, the association between BMC
constituents and patient demographic features such as age, hypertension, obesity, and
smoking observed in our study reflects the effects of cardiovascular disease risk factors on
BMC constituents independent of acute changes post-MI. Moreover, by identifying an
association between positive functional outcomes and the BM abundance of CD133*,
CD34", and negative outcomes with high levels of CD11bdiM cells, these results extend our
previously reported observation that BMC characteristics at baseline are associated with
better clinical outcomes of BMC therapy °.

The CD11b* cells in the BM represent a collection of inflammatory cells. CD11b is the a-
subunit of the CD11b/CD18 heterodimer involved in the adhesion of monocytes,
granulocytes, and natural killer cells 1°. In animal studies, acute myocardial injury and
ischemia recruit BM-derived CD11b* cells through a VEGF/SDF-1 signaling, a mechanism
important for tissue angiogenesis and increased perfusion in response to injury 2. In chronic
heart failure, inhibition of the recruitment of CD11b* cells from the spleen to the heart
prevents pathological remodeling and inflammation 21, furthermore, sustained infiltration of
CD11b™ in the heart is associated with chronic inflammation, fibrosis, and myocyte

atrophy 22, In our analysis, CD11bdi™ cells were associated with less favorable outcomes.
These results are in accordance with the animal data and suggest that BM CD11b* cells may
be important in supporting tissue repair and play diverse roles in the injury response,
depending upon the severity of the injury. However, additional studies will be required to
fully understand the role of BM-derived CD11b* cells and to delineate their contribution to
myocardial recovery and stem cell therapy.

We found a positive association between the levels of CD133* and CD34*/CD31* cell
populations and improved clinical outcomes. CD133™ is a well-conserved glycoprotein
antigen that has been used to identify early immature endothelial and hematopoietic
progenitors 2324, [n vitro, CD133* cells differentiate into mature endothelial cells 2324, and
they secrete a variety of trophic growth factors (FGF, VEGF, 1L-10, IGF) and matrix-
remodeling factors, such as metalloproteinases and their inhibitors that can reduce tissue
damage and promote tissue healing 226, In animal models of AMI, transplantation with
CD133" cells has been found to reduce fibrosis and myocyte apoptosis and to improve
cardiac function 2327, Multiple clinical trials testing the efficacy of CD133" cells in
restoring cardiac function after STEMI 28 or in patients with refractory angina 2° and
ischemic cardiomyopathy 39 have been reported. These trials, most of which are small, have
shown variable results, with some 2829 showing significant and sustained improvement in
cardiac function, while others 3! report marginal or no improvement. Our observation that
the frequency of CD133* cells in the BM is associated with improved CCIS supports the
view that these cells are important constituents of the BM that could favorably affect
myocardial recovery after STEMI. However, we also observed that the levels of CD133*
varied in accordance with age, hypertension, smoking, screening LVEF, hemoglobin, and hs-
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CRP levels (Table 1). Hence, the benefits cell therapy may be confounded by the variable
levels of CD133™ cells in the patient BM product. Careful patient selection may be required
to identify those with high levels of CD133* in the BM.

In previous studies, decreased circulating levels of CD133* have been associated with
several CVD risk factors. In particular, it has been shown that individuals with high values of
composite Framingham risk score 13, or CVD risk factors, such as obesity 32, diabetes 33,
pulmonary hypertension 34, and endothelial dysfunction 3°, have lower levels of circulating
CD133* cells. In contrast, we found that in the BM, age, hypertension, smoking, and hs-
CRP levels were all positively associated with CD133* cells. These observations suggest
that while CVD risk factors are associated with a decrease in the levels of these cells in the
blood, there is an increase in the levels of these cells in the BM. This differential effect may
be due to a defect in the mobilization of these cells from the BM to the peripheral blood due
to age- or disease-dependent resistance to mobilization signaling triggered by VEGF or
SDF-1 or may reflect an increased production commensurate with increased trafficking of
the cells. In future studies it would be of interest to determine which specific recruitment
signals are attenuated and whether the mobilization and recruitment of these cells improve
myocardial recovery after injury, independent of exogenous cell therapy.

Most clinical trials to date have used either unfractionated BM or BM preparations
positively selected for CD34* or CD133* cells; but negative selection of the BM to deplete
specific cell populations may provide a new strategy for improving potential outcomes.
Preclinical studies in mice have shown that injection of CD34™ cells alone after Ml results in
better functional recovery and decreased fibrosis than unfractionated mononuclear cells
containing similar number of CD34" cells 36, suggesting that the unfractionated
mononuclear cell population may contain a “negative effector” cell population that
attenuates the beneficial effects of CD34* cells. Our studies suggest that the CD11bdIM cells
may be one potential candidate for a “negative effector cell” that could be selectively
removed from the cell product before therapy to enhance functional outcomes.

The present results also provide additional criteria for post-manufacturing validation of cell
potency data. As indicated by our analysis of CCIS, higher levels of ECFC colonies in the
outgrowth assays were associated with better clinical outcomes in patients after STEMI;
therefore, selection of patients with higher ECFC colony yields may be useful in optimizing
BM therapy and targeting recruitment of specific patient populations. Similarly, additional
patient selection criteria could be developed for selection or exclusion of patients with
comorbidities such as diabetes, smoking, or diuretic use in order to fully redeem the promise
of cell therapy, albeit in a more restricted patient population.

Limitations of the analysis of the associations between BM product characteristics and
functional outcomes have been noted previously for the TIME-CCTRN trial © and are
applicable here. In addition, while we prospectively stated that an evaluation of the
relationship between BM phenotypes and LV function would be carried out, we had
considerable freedom in determining the analysis strategy. Therefore, two assessments were
made. The first was a predictive analysis that looked forward from baseline phenotypes to
changes in CCIS. The advantage of this analysis is that it addresses the most clinically
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relevant question of whether baseline phenotypes can predict improvement in CCIS. The
disadvantage of this approach is that in a trial that did not meet its primary objective, there
may not be enough variability in CCIS to uncover a relationship between baseline
phenotypes and outcomes. For this reason, we augmented our assessments with a backward
analysis, which enabled us to segregate patients by the extent of change of CCIS. When we
compared the baseline phenotype characteristics of the two cohorts, we identified several
phenotypes whose values were different between these two groups. Finally, the large number
of P values with no attendant correction for multiplicity admits a high probability of at least
one relationship being attributable to sample error. While we cannot completely rule out this
possibility, the concordance between our retrospective and prospective analyses, similarity
of results in patient who did or did not receive cell therapy, and the agreement of our
findings with previous reports, particularly in regard to the role of CD34* and CD133* cells
suggests that these and other findings of the study cannot be regarded as being solely due to
multiple testing. Nevertheless, these results must be confirmed by similar analyses of other
datasets before they can be generalized

Conclusions

Our analysis of subjects from the LateTIME-CCTRN cohort has disclosed new associations
between BMC characteristics and patient characteristics and between CD11bdIM cells, while
confirming established relationships involving CD133* and CD34* phenotypes. If confirmed
in other studies, these results would provide a potential rationale for modifying the
composition of BM products to maximize its therapeutic efficacy. Results indicating that the
composition of the BM varied with CVD risk factors and suggest that mobilization of stem/
progenitor cell population may be impaired in high-risk patients. These results are likely to
inform the design of future clinical trials to optimize cell therapy and target cell therapy to
specific patient populations.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Statistically significant patient characteristics above and below median cell phenotype values

Table 1

Patient Characteristics | ess than Median™  Greater than Median™  P-value
CD45*/CD3* cells

Age Years (range) 53.5+11.9 [40] 58.4 + 9.7 [40] 0.048
Smoking 75.0% [30] 37.5% [15] 0.001
CD45*/CD133* cells

Age Years (range) 52.8 +10.9 [40] 59.2 £ 10.5 [39] 0.010
Hypertension 40.0% [16] 64.1% [25] 0.043
HeB1/ 13.8 £ 1.4 [40] 12.9 £ 1.8 [39] 0.017
hs-CRP¥ 6.0 + 7.6 [35] 20.0 + 34.8 [35] 0.023
CD45*/CD34* cells

HeB1/ 13.8 £ 1.5 [40] 12.9 £ 1.7 [39] 0.009
CD34*/VEGFR2*/CD133*

Smoking 40.5% [15] 70.0% [28] 0.012
CD454m/CD11pdim

Obesity (BMI§) 29.6 5.0 [39] 26.5+5.0 [39] 0.008

Page 13

Values represent mean + SD. The number of individuals in each category is indicated in square parenthesis [n]. The gating strategy used for the

identification of the indicated cell populations in the BM is shown in Supplemental Figure 1.

fHGBl, Hemoglobin;

’ths-CRP, High sensitivity C-reactive protein;

§BMI, Body-mass index
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Table 2

Statistically significant patient characteristics below or above the median outgrowth assays

Functional Analysis  ggjow the Median™  Above the Median™  P-value

MSC 7(maximum colony #)

Diabetes 15.0% [6] 36.6% [11] 0.050
Hypertension 37.5% [15] 70.0% [21] 0.009
Diuretic use 17.5% [7] 43.33 % [13] 0.031
hs-CRP¥ 6.8 £7.6 [34] 22.8£38.5[28] 0.021
msc’ colony

Smoking 81.25% [13] 37.5% [6] 0.029

CFU—EC§coIony max

Diuretic use 41.3% [16] 16.13% [5] 0.035

Total CD133 cell %

hs-CRP# 6.3+ 7.6 [39] 22.2+ 35.7 [37] 0.008

Values represent mean + SD or number (%). The number of individual in each category is indicated in square parenthesis [n].

fMSC, Mesenchymal stromal cell;

’ths-CRP, High sensitivity C-reactive protein;

§CFU—EC, Colony-forming unit endothelial cell
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Table 3

Change in left ventricular functional outcomes for unit difference in phenotype

Variable™ Regression Coefficient =+ SE  Confidence Interval for the Regression Coefficient  P-value
Lower boundary Upper boundary

Change in ejection fraction

CD459m/CD11b%™  _q 46+ 0567 -2.55 -0.36 0.012

CD454m/CD11bdim  -0.58 +0.21 -1.0 -0.16 0.010

Change in end systolic volume index

CD45dim/CD11bdim  2.69 +0.92 0.89 45 0.005

ECFCI colony -11.36 +4.9 -20.95 -1.76 0.046

Change in border zone wall motion

CD454m/CD11bdm  -0.43 £ 0.20 -0.82 -0.04 0.037

ECFC? colony 0.89£0.33 0.24 1.53 0.022

*
Variable is either cell phenotype or cell functional analysis as indicated. The gating strategy used for the identification of the indicated cell

populations in the BM is provided in Supplemental Figure 2.

fPatients whose CD451/CD11b is one unit greater than others will have on average a 1.46 decrease in ejection fraction;

1rECFC, Endothelial colony-forming cell
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Table 4

Baseline Characteristics of Median Baseline Cardiac Composite Impairment Score (CCIS)

Low CCIS* (n=37) High CCIS* (n=36) P-value

Age 58.4+11.4 53.7 £11.7 0.080
Male 31 (83.78%) 31 (86.11%) 1.000
Race (white) 32(86.49%) 32(88.89%) 1.000
Diabetes 5(13.51%) 8(22.22%) 0.374
Hypertension 17(45.95%) 21(58.33%) 0.352
Hyperlipidemia 26(70.27%) 25(69.44%) 1.000
Angina 10(27.03%) 5(13.89%) 0.247
Smoking 19(51.35%) 23(63.89%) 0.346
Pre-infarction Angina 11(30.56%) 9(25.00%) 0.793
Bmi’? 27.8+4.6 271.04.4 0.467
Peak CKMB? 189.5 £156.1 363.2 £265.4 0.005
Peak Troponin T1 53+438 114 +6.5 0.011
Peak Troponin 11 71.4 +58.6 233.4 +215.6 0.025
Door to Balloon Time 4.0+6.8) 9.4+26.9 0.245
ACES inhibition 28(75.68%) 26(72.22%) 0.794
Anti-angina therapy 5(13.51%) 3(8.33%) 0.711
Anticoagulants 8(21.62%) 12(33.33%) 0.302
Non Aspirin Antiplatelet 29(78.38%) 34(94.44%) 0.085
Aspirin 36(97.30%) 34(94.44%) 0.615
Beta blockers 30(81.08%) 34(94.44%) 0.152
Calcium Channel Blockers  0(0.0%) 1(2.78%) 0.493
Cholesterol Lowering 35(94.59%) 35(97.22%) 1.000
Diuretic use 3(8.11%) 12(33.33%) 0.010
Insulin 2(5.41%) 2(5.56%) 1.000
Nitrates 12(32.43%) 14(38.89%) 0.630
Oral hypoglycemics 3(8.11%) 3(8.33%) 1.000

*
CCIS, Composite Cardiac Impairment Score; A low CCIS corresponds to less LV dysfunction at baseline (i.e., better LV function), while the
converse is true for a high CCIS.

7LBMI, Body-mass index;

ICKMB, creatine kinase-MB;

§ACE, Angiotensin-converting enzyme
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