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ABSTRACT

Background and Objectives : This study was designed to examine whether mesenchymal stem cells (MSCs) trans-
duced with Akt are more resistant to apoptosis, and enhance cardiac repair, following the transplantation into
infarcted porcine myocardium. Materials and Methods : The MSCs were separated and genetically engineered
using ex-vivo myr-Akt-adenoviral gene transfer. The MSCs were delivered by intracoronary injection into infarcted
porcine myocardium [group I (control: n=8), media only; group II (n=8), MSCs only; group III (n=8), MSCs
modified with Akt]. Myocardial SPECT was performed before and 4 weeks after the MSC transplantation, with the
pigs sacrificed for immunocytochemical staining and histological analyses for apoptosis and fibrosis. Results : The
left ventricular ejection fractions (LVEF) were 44.7 =16.6, 35.91+10.0 and 41.1£7.9% at first (each n=8),
which changed to 29.7%£8.5, 39.09.5 and 60.4 £ 16.6% at 4 weeks after the MSC implantation in groups I, II
and 111, respectively. The myocardial infarction (MI) area changed from 17.6%9.2, 35.0+ 11.8 and 24.3+11.2%
to 19.610.1, 27.2+13.9 and 7.4 +5.3% in groups I, IT and III, respectively. Transplantation of 1< 10 cells into
group Il increased the A/LVEF (-15.0%15.3 vs. 3.0224.3%, n=8 in each, p=0.016) and decreased the /MI area
(2.1£0.9 vs. 5.6£3.1%, n=8 in each, p=0.04) compared to those of the control group, and these changes were
more significant in the 4LVEF (19.3£15.7%, p=0.006) and ZMI area (-16.4+6.1%, p=0.037) of group IIL
Conclusion : MSCs transduced with Akt enhance the repair of the injured area, prevent remodeling and restore
systolic performance in infarcted porcine myocardium. (Korean Circulation J 2005;35:734—741)
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Fig. 1. Result of flow cytomery. The characteristics of mesenchymal stem cells (MSCs) are demonstrated as red colors. Cultured MSCs expressed
MSC-related antigens such as CD13, CD29 (I-integrin), CD44, CD49e (5-integrin), CD54 (ICAM-1), CD90 (Thy-1), @-smooth muscle actin
(ASMA), SH2, SH3 (CD73), and HLA-ABC. In contrast, they expressed neither hematopoietic lineage markers such as CD14, CD34, and CD45,
nor endothelial markers such as CD31 and CD106 (VCAM). And the cells were negative for HLA-DR. HLA: human leukocyte antigen, ICAM:

inter cellulor adhesion molecule, VCAM: vascular cell adhesion molecule.
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Fig. 2. In situ hybridization using porcine Y chromosome specific gene, SRY. Positive signal was observed in the mesenchymal stem cells (MSCs)
delivered group only and almost limited to the peri-infarct area (left column: control group, right column: MSCs delivered group). SRY: sex-
determining region Y.
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Fig. 3. Left ventricular ejection fraction and myocardial infarction area were determined by gated myocardial perfusion SPECT. Left ventricular vo-
lume (mL), end-diastolic volume (EDV, mL), end-systolic volume (ESV, mL), left ventricular ejection fraction (EF) and left ventricular area (area,
cm?) were measured at the first and follow-up experiments. SPECT: single photon emission computed tomography.
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Fig. 4. Findings of immunohistochemistry. Left side (A, C, E, G, ], K) are control group and right side (B, D, F, H, ], L) are mesenchymal stem cells
(MSC:s) group. The characteristic cells are arrowed. Vimentin was negative in control group (A) and cardiomyocyte-like cells were observed in MSCs
group (B). Alpha-sarcomeric actin showed more positive staining in MSCs group (D) than in control group (C). Control group was negative for
c-kit (E), CD71 (G), and CD90 (I). Staining for c-kit, CD71, and CD90 was positive in only MSCs group (F, H, ], respectively). Masson’s trichrome
stain revealed control group to be more developed fibrosis (K) than in MSCs group (L). The images were photographed at 200 X magnification.
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Table 1. Intial myocardial SPECT findings

Group [ Group II Group 111
(control group, n=8) (MSCs group, n=9) (MSCs modified with Akt group, n=9) P
Ejection fraction (%) 44.7116.6 35.9+10.0 41179 0.531
End diastolic volume (mL) 43.8+15.8 58.7%£173 34.0%+13.2 0.077
End systolic volume (mL) 26.0t16.1 36.7E£17.5 19.6£6.6 0.082
MI extent (%) 17.5+9.2 32.8+10.9 23.6E11.1 0.105
Total area (cm?) 82.6+22.8 85.619.4 81.61+16.7 0.930
Infarcted area (cm?) 14.8+10.5 28.0t£9.0 19.6+13.9 0.217
Viable myocardium (cm?) 67.8+t19.4 57.6t11.1 62.0t7.1 0.508

MSCs: mesenchymal stem cells, MI: myocardial infarction, SPECT: single photon emission computed tomography

Table 2. Follow-up myocardial SPECT findings

Group I Group II Group 111
(control group, n=8) (MSCs group, n=8) (MSCs modified with Akt group, n=8) P
Ejection fraction (%) 29.7£8.5 39.0£9.5 60.4+16.6 0.005
End diastolic volume (mL) 67.41t9.3 46.6110.9 474%18.0 0.049
End systolic volume (mL) 47.8*11.2 28.4%17.6 18.2+8.3 0.001
MI extent (%) 19.6+10.1 27.2£13.9 7.2£5.0 0.030
Total area (cm?) 98.41t4.7 80.8t10.5 87.41t22.5 0.057
Infarcted area (cm?) 19.6+10.1 27.2+13.9 48+3.6 0.050
Viable myocardium (cm?) 78.6+10.2 60.5t5.3 82.6t21.1 0.008

MSCs: mesenchymal stem cells, MI: myocardial infarction, SPECT: single photon emission computed tomography

Table 3. Differences of left ventricular function, area of myocardial infarction and viable myocardium between initial and follow-up myocardial

SPECT findings
Group | Group II Group III
(control group, n=8) (MSCs group, n=8) (MSCs modified with Akt group, n=8) P
A Ejection fraction (%) -15.0£15.3 3.0%+4.3 19.3+15.7 0.013
4 Area of MI (%) 2.1+0.9 -5.6£3.1 -16.4*6.1 0.037
A Viable myocardium (%) -2.3%+3.5 40+4.2 17.2£13.9 0.058

MSCs: mesenchymal stem cells, MI: myocardial infarction, SPECT: single photon emission computed tomography
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