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ABSTRACT

Background: Stem cell implantation has become a prom-
ising therapy for heart failure due to coronary heart disease
(CHD). CD133+ stem cell therapy, together with increases of
vascular endothelial growth factor (VEGF) and other growth
hormones, can induce myocardial repair.

Objective: To prove that VEGF plays a role in cardiac
regeneration.

Methods: Twenty-six patients with CHD and ejection
fractions <35% from Harapan Kita Heart and Vascular
Center, Jakarta, Indonesia, from 2016 to 2018 were random-
ized into 2 groups. The treatment group underwent coro-
nary artery bypass graft (CABG) + CD133+ implantation,
and the control group underwent CABG only. Six months
later, perfusion and myocardial function were assessed by
ejection fraction, wall motion score index (WMSI), ventricu-
lar dimensions, and scar size using cardiovascular magnetic
resonance imaging. VEGF was assessed with enzyme-linked
immunosorbent assay.

Results: There was significant improvement in ejection
fraction (8.69% = 9.49% versus 1.43% = 7.87%, P = .04),
WMSI (0.51 + 0.48 versus —=0.01 = 0.21, P = .003), and scar
size (25.46 = 12.91 versus 27.32 + 12.92 mm, P = .047) and
a significant increase in blood VEGF levels (61.05 = 63.01
versus 19.88 + 33.78 pg/mL, P = .01). Improvements in per-
fusion defects (13.69 + 5.03 versus 11.53 = 5.81 P = .32) and
ventricular dimensions (-27.59 + 84.48 versus —19.08 = 36.79
mm, P = .06) were not statistically significant.

Conclusion: CD133+ stem cell implantation improves
myocardial function. The increase in VEGF levels is expected
to continue improving restoration of myocardial function
when myocardial perfusion improvement is still not optimal.
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INTRODUCTION

In recent years, coronary artery bypass graft (CABG)
accompanied by CD133+ stem cell implantation has become a
promising therapy for treating ischemic heart failure [Ahmadi
2007]. When myocardial infarction occurs, the existing resi-
dent stem cells are insufficient to repair myocardial and vas-
cular cells because the endogenous regenerative capacity of
the heart muscle and the resident stem cells cannot compen-
sate for myocardial damage. Implanted stem cell therapy,
with its paracrine and autocrine effects, contributes to heart
muscle repair and regeneration [Haxhibeqiri-Karabdic 2014].
CD133+ is a subtype of multipotent bone marrow mono-
nuclear cells that have strong angiogenesis capability, high
transplantation success rate, and high homing ability and
secrete vascular endothelial growth factor (VEGF) [Dawn
2009; Goldstein 1992; Haxhibeqiri-Karabdic 2014].

Lazar et al [2018] suggested that VEGF released in isch-
emic conditions begins with the process of releasing exosomes
by ischemic cells [Shibuya 2011]. Exosomes are vehicles that
carry genetic material (messenger RNA, microRNA, DNA,
and small proteins) to induce the release of VEGF and other
growth hormones, which enhances myocardial repair through
angiogenesis, activation of hibernating myocardium, preven-
tion of apoptosis, matrix formation, and cardiomyogenesis.
This study aims to prove that VEGF plays a role in cardiac
regeneration [Dimmeler 2005; Strauer 2002; Steinhoff 2017;
Urbich 2004].

Patient Selection

In this study, 26 patients were divided into 2 groups. The
first group (treatment) of 13 patients underwent CABG with
CD133+ implantation, and the second group (control) of 13
patients had CABG only. Table 1 shows the characteristics
of the study subjects, with both groups representing similar
characteristics of age, sex, kidney function, and other comor-
bidities, except for left ventricle ejection fraction (LVEF),
which was lower in the control group. Most of the patients
had both modifiable and irreversible risk factors.
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Study Protocol

This experimental study was conducted using a parallel,
open-label, single-blinded design at National Cardiovas-
cular Center Harapan Kita from March 2016 to June 2018.
This study received approval from the Health Research
Ethics Standing Committee of Harapan Kita National Car-
diovascular Center and the Faculty of Medicine, University
of Indonesia. This study is registered at ClinicalTrial.gov
(NCT028709330). All patients gave written informed con-
sent. The 26 patients selected, who met the criteria for select-
ing research subjects, had a low LVEF and underwent CABG
surgery in the Adult Cardiac Surgery Division at National
Cardiac Center Harapan Kita.

Bone Marrow Aspiration

Patient received local anesthetic, and 190 to 210 mL bone
marrow was aspirated from the posterior iliac crest. The sample
was diluted with 25 mL normal saline containing 40,000 U
heparin. The aspirate was then transferred to a container.

CD133+ Separation Process

Phosphate-buffered saline was added to a total aspirate
volume of 450 mL and centrifuged to remove platelets.
A total of 1.5 mL Magnetic MicroBeads and ant-CD133
label (Miltenyi Biotec, Bergisch Gladbach, Germany) were
added, and the mixture was incubated at room temperature
for 30 minutes. CD133+ separation was performed using the

Table 1. Subject Characteristics

CliniMACS Magnetic Separation Tool (Miltenyi Biotec).
The final product was stored at 4° to 8°C. The final aspiration
volume for implantation is 20 mL, with CD133+ counts rang-
ing from 5 to 10 million cells. Cell count, evidence of sterility,
purity, and viability of CD133+ were assessed in 10-mL sam-
ples using flow cytomery (Aria III; BD Biosciences, Frank-
lin Lakes, NJ). The purity of the final CD133+ product was
84.4% to 90.1%), with a viability of 95.2% to 94.4%.

Surgery

Anesthesia and on-pump CABG were performed accord-
ing to usual surgical protocols. All 26 patients received cold
blood cardioplegia with 3 to 4 grafts to achieve complete
revascularization with the most common left internal mam-
mary artery to left anterior descending artery (LADA), saphe-
nous vein graft (SVG) to left circumflex artery, and of SVG
to right circumflex artery or SVG to intermediate coronary
artery [Ahmadi 2007; Dawn 2009; Haxhibegiri-Karabdic
2014]. CD133+ cells were prepared in 20 1-mL syringes with
25G (0.5 x25-mm) needles. CD133+ transseptal and transepi-
cardial implantation were performed by tracing the LADA,
and correct needle placement in the interventricular septum
was assessed by transesophageal echocardiographic guidance.
Each 0.5-mL injection of CD133+ was given at a distance of
~1.0 cm. Ten injections were distributed in the transseptum
area, and 30 total injections were injected along the border
area of the hypokinetic/perfusion segment identified by

Characteristic Treatment Group (n = 13) Control Group (n = 13) P Value
Age (y) 54.61 + 8.07 57.46 + 6.33 .32
Male sex 12 12 1
Systolic blood pressure (mmHg) 121.92 + 14.37 126.53 + 19.60 5
Diastolic blood pressure (mmHg) 78.00 + 12.03 72.46 + 15.36 2
Risk factor
Smoking " 9 .65
Dyslipidemia 6 M .09
Hypertension 9 7 .68
Family history of CHD 7 8 .69
Menopause 1 1 1
Diabetes mellitus 5 9 .23
Previous infarction " il 1
Blood glucose (mg/dL) 123.38 £ 35.74 129.00 + 35.21 .69
NYHA grade Ill or IV 4 4 1
CCS grade Il or lll 1 2 .53
LVEF (%) 25.88 + 5.66 30.18 +3.85 .04
Scar size (% change from baseline) 27.76 £ 15.76 24.45 + 13.73 A7
Wall motion score index 2.32+£0.17 2.07 +0.31 .08

Data are mean + SD or n. NYHA indicates New York Heart Association.
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cardiac magnetic resonance imaging (MRI) or visible scarring
and discoloration of the epicardial muscles [Ahmadi 2007;

Dawn 2009; Haxhibeqiri-Karabdic 2014; Li 2016].

Follow-Up

Patients were assessed at the same imaging facility in our
hospital before surgery and 6 months after the procedure.
VEGEF levels in the blood were measured in our laboratory
using enzyme-linked immunosorbent assay (ELISA). Our
imaging facilities are equipped with a Philips Achieva 1.5T
MRI. All subjects underwent rest and stress (adenosine 140
pg/kg/min) MRI with a dimeglumine gadopentate contrast
agent (0.05 mmol/kg). LVEF, scar size, and wall motion score
index (WMSI) were analyzed using cvi42 software.

Statistical Analysis

All statistical data were analyzed using IBM SPSS Statis-
tics, version 21.0 (SPSS, Chicago, IL). Continuous data are
presented as means = standard deviation (SD) or median and
interquartile range; Categorical data are presented as num-
bers and percentages. The Shapiro-Wilk test was used to
assess normality. We calculated the sample size by Mann—
Whitney test with power of 80%, resulting in minimum
samples of 13 subjects. Data were analyzed by independent
t test or Mann—Whitney test. Measurement of the scar size
proportion is presented as improved and nonimproved cat-
egorical data compared by ¥ test. In all cases, a P value <.05
was considered statistically significant.

RESULTS

Selection Process and Patient Characteristics

"Twenty-six patients were recruited for this study and ran-
domly assigned to 1 of 2 groups to be evaluated. Both groups
demonstrated similar characteristics of sex, age, and comor-
bidities, except LVEF, which was lower in the treatment
group than in the control group. The selection of subjects
was randomized and in concurrence with the inclusion crite-
ria. Hemodynamic parameters were similar between groups.
"The subjects in this study were all >50 years old, mostly male
(92.13%) and active smokers (76.92%), and had hypertension

Table 2. VEGF Increments in the 2 Groups

and diabetes (61.54%) (Table 1). In sum, most patients in this
study had both modifiable and unmodifiable risk factors for

coronary artery disease.

Cardiac Function

In this study, the primary end point to prove cardiac func-
tion improvement was VEGF measured by ELISA and LVEE,
WMSI and scar size assessed by cardiac MRI. We found a sig-
nificant difference in change in LVEF (8.69% + 9.49% versus
1.43% = 7.87%, P=.04) (Figure 2), WMSI (0.51 + 0.48 versus
-0.01 = 0.21, P = .003) (Figure 3), and scar size regression
(25.46 £ 12.91 versus 27.32 =+ 12.92, P = .047) (Figure 4) and
a significant increase in VEGF levels (61.05 = 63.01 versus
19.88 + 33.78, P = .01) in the treatment group (Table 2). Cat-
egorical analysis using the y? test showed greater improve-
ments in scar size proportion in the treatment group than the
control group. However, improvement in perfusion defects
(13.69 + 5.03 versus 11.53 + 5.81, P = .32) and ventricular
dimensions (left ventricular end systolic volume, 126.91 =
86.03 versus 149.33 = 44.96 mm, P = .07; left ventricular end
diastolic volume, —27.59 + 84.48 versus —19.08 + 36.79 mm, P
=.06) were not statistically significant. There was a significant
increase in VEGF levels (61.05 + 63.01 versus 19.88 + 33.78
pg/mL, P = .01) in the treatment group compared with the
control group.

Adverse Events

Four patients (2 from each group) were not evaluable at
study end. In the treatment group, 1 patient died of sepsis,
and 1 patient died from hemodynamic instability after fasci-
otomy for compartment syndrome. In the control group, 1
patient died of sepsis, and 1 patient decided to withdraw from
the study.

Discussion

Neovascularization is an ischemic cell defense mecha-
nism to survive within the ischemic period, proven by the
formation of new blood vessels that supply nutrients to the
cells [Fomina 2006; Gheorghiade 2006]. Angiogenesis and
arteriogenesis involve some soluble factor (mediator) such as
nitric oxide, VEGE, basic fibroblast growth factor (BFGF),
human growth factor (HGF), or angiopoietin. These

VEGF (pg/mL)
Measure CD133+ CABG Only P Value
Preoperative 46.86 + 141.20 40.46 + 40.08 NS
Postoperative 49.46 (11.98 - 90.92) 19.88 + 33.78 31
Change in VEGF 14.19 + 98.58* -20.58 + 31.50t .01

NS indicates not significant.
*P =.203 versus baseline.

1P = .063 versus baseline.
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mediators cause migration of endothelial cells and vascular
smooth muscle cells; proliferation, enlargement, and matura-
tion of blood vessels; and synthesis of the extracellular matrix
[Gnecchi 2008].

In humans, VEGF has several types including VEGF-A,
-B, -C, -D, and placental growth factor (PIGF). Every VEGF
receptor (VEGFR) can bind to several VEGF molecules; for
example, VEGFR-1 can bind to VEGF-A, VEGF-B, and
PIGF; VEGFR-2 can bind to VEGF-A, -C, and -D; and
VEGFR-3 can bind to VEGF-C and -D [Goldstein 1992].
VEGF-A works directly and indirectly through angiogenesis
and mobilization of stem cells in infarcted hearts through
stromal cell-derived factor 1o (SDF-1a). VEGE-B increases
the number of stem cell-resident c-kit receptors while induc-
ing the expression of SDF-1o and HGE, triggering stem cell
mobilization and inducing angiogenesis and vasculogenesis.
VEGF-C and -D induce lymphangiogenesis [Haxhibeqiri-
Karabdic 2014].

According to the research of Nasseri et al [2014] and
Lazar et al [2018], VEGF has an important role in the pro-
cess of myocardial regeneration. First, exosomes are released
from ischemic cell, and the production of VEGF is induced
by resident cells and stem cells, which then, through the
paracrine effect, lead the process of neovascularization, car-
diomyogenesis, and extracellular matrix improvement [Dim-
meler 2005; Fomina 2006]. Neovascularization improves the
perfusion of myocardium through vasculogenesis, angio-
genesis, and arteriogenesis. Adult stem cells can also induce
cardiomyogenesis through different mechanisms including
trans-differentiation and merging (cell fusion), although the
paracrine effect produces new cardiomyocytes by the activa-
tion of cardiac stem cells and the proliferation of resident
cardiomyocytes. The paracrine effect also improves extracel-
lular matrix through inhibition of cell apoptosis and fibrosis
[Gnecchi 2008].

VEGEF is produced by stem cells and resident cells that are
previously mediated by the release of exosomes from stem cells.
Because of the addition and implantation of stem cells, which
also produce exosomes that activate VEGE, VEGF levels in
the treatment group are higher than in the control group. The
significantly higher levels of VEGF in the treatment group
lead to myocardial regeneration, resulting in improvement of
ejection fraction, scar size, and WMSI by cardiac MRI exami-
nation [Haxhibeqiri-Karabdic 2014]. Although the improve-
ment of myocardial perfusion and ventricular dimensions
was not significant in the treatment group, VEGF levels are
expected to continue the improvement of perfusion, cardio-
myogenesis, and extracellular matrix, leading to improvement
of cardiac function. These factors increase the quality of life of
the patients [Nesteruk 2016].

Conclusions

When the cell is in ischemic conditions, it produces exo-
somes, which activate several dissolved factors through para-
crine mechanisms, such as nitric oxide, VEGEF, BFGF, HGE,
and angiopoietin. These factors play a role in the mechanism
of myocardial regeneration to repair infarcted tissue through
angiogenesis, cardiomyogenesis, apoptosis inhibition, and
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Figure 1. Boxplot (median and minimum/maximum) comparing LVEF
changes of treatment (CD133+) and control (CABG only) groups. LVEF
improvement in the treatment group was significantly higher than in the
control group (P =.04).
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Figure 2. Boxplot (median and minimum/maximum) comparing WMSI
changes of treatment (CD133+) and control (CABG only) groups. The
decrease of the WMSI score (A) in the treatment group was significantly
lower than in the control group (P =.01). A is presented as mean + SD.

extracellular matrix formation. In this study, we investigated
VEGEF levels with ELISA. CD133+ stem cell implantation
improves myocardial function as shown by cardiac MRI and
increased VEGF levels in the blood. The increase in VEGF
levels is expected to continue the restoration process of myo-
cardial function when the perfusion improvement of myocar-
dium is still not optimal.
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Figure 3. Boxplot (median and minimum,/maximum) comparing scar
size proportion improvement (A) between the treatment (CD133+)
and control (CABG only) groups. Scar size proportion decreased in
the treatment group but increased in the control group. A is presented
as mean + SD.
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