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Therapeutic Angiogenesis by Intramyocardial Injection of pCK-VEGF165 in Pigs

Jae-Sung Choi, M.D.*, Ki-Bong Kim, M.D.*, Woong Han**, Dong Sik Kim**
Jin Sik Park, M.D.***, Jong Jin Lee, M.D.**** Dong Soo Lee, M.D.****

Background: Gene therapy is a new and promising option for the treatment of severe myocardial ischemia by
therapeutic angiogenesis. The goal of this study was to elucidate the efficacy of therapeutic angiogenesis by using
VEGF165 in large animals. Material and Method: Twenty-one pigs that underwent ligation of the distal left anterior
descending coronary artery were randomly allocated to one of two treatments: intramyocardial injection of
pCK-VEGF (VEGF) or intramyocardial injection of pCK-Null (Control). Injections were administered 30 days after
ligation. Seven pigs died during the trial, but eight pigs from VEGF and six from Control survived. Echo-
cardiography was performed on day O (preoperative} and on days 30 and 60 following coronary ligation. Gated
myocardial single photon emission computed tomography imaging (SPECT) with %mTcdabeled sestamibi was per-
formed on days 30 and 60. Myocardial perfusion was assessed from the uptake of %mTc-labeled sestamibi at rest.
Global and regional myocardial function as well as post-infarction left ventricular remodeling were assessed from
segmental wall thickening; left ventricular ejection fraction (EF); end systolic volume (ESV);, and end diastolic
volume (EDV) using gated SPECT and echocardiography. Myocardium of the ischemic border zone into which pCK
plasmid vector had been injected was also sampled to assess micro-capillary density. Result: Micro-capillary
density was significantly higher in the VEGF than in Control (386 110/mm’ vs. 291+ 127/mm?% p<0.001). Seg-
mental perfusion increased significantly from day 30 to day 60 after intramyocardial injection of plasmid vector in
VEGF (484+152% vs. 53.8£19.6%; p<0.001), while no significant change was observed in the Control (45.1 +
17.0% vs. 43.4+17.7%; p=0.186). This resulted in a significant difference in the percentage changes between the
two groups (11.4+27.0% increase vs. 2.7+19.0% decrease; p=0.003). Segmental wall thickening increased sig-
nificantly from day 30 to day 60 in both groups; the increments did not differ between groups. ESV measured us-
ing echocardiography increased significantly from day O to day 30 in VEGF (229+99 mL vs. 323+9.1 mlL;
p=0.006) and in Control (26.3-12.0 mL vs. 36.8+9.7 mL; p=0.046). EF decreased significantly in VEGF (52.0+
7.7% vs. 46.5+7.4%; p=0.004) and in Control (48.2+9.2% vs. 41.6+10.0%; p=0.028). There was no significant
change in EDV. The interval changes (days 30—~60) of EF, ESV, and EDV did not differ significantly between
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groups both by gated SPECT and by echocardiography. Conclusion: Intramyocardial injection of pCK-VEGF165 in-
duced therapeutic angiogenesis and improved myocardial perfusion. However, post-infarction remodeling and global

myocardial function were not improved.

(Korean J Thorac Cardiovasc Surg 2005;38:323-334)
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Fig. 1. Sturcture of pCK expressing human VEGF165 (pCK-
VEGF). pCMV, HCMV major immediate-early (IE) promoter;
pA, poly A signal; K, Kanamycin resistance gene; ColE1, E.
coli origin of replication, 1 and 1l indicate untranslated exons
from the IE region of HCMV. A wavy line indicates intron.
pCK contains not only the full length [E promoter of HCMV
but also its entire 5’ untranslated region consisting of the en-
tire exon 1 and intron A, and a part of exon 2 (From Chae
JK, Jeon HS, Park EJ, Kim JM, Kim DK, Kim S. Direct
intframuscular gene transfer of naked DNA expressing human
vascular endothelial growth factor (pCK-VEGF) enhances col-
lateral growth in a rabbit ischemic hind limb model. J Pharm
Soc Korea 2001;45:108-115.).
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2Z A7l & lidocaine (1 mg/kg)S AFsla, 2433l
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pCK-VEGF % tzE3Q pCK AAE Eepim=
DNA &e|2 1 mL (1000 ) ¥H& ¥, SQHH o2 ATH
o] gFolAIa AF3lElo] Kol AR} P4z A
ole] A& S|P, stz uzt FuiA] A4ARA
o] FY& vt 1.5 cm HH 0 27 AlojA] J&d FA
7IE o] F 57dlddl L EF Hée 50
polypropylene F3ALE o]-g3l0] Alejntel] FAJslo] Foict.

49 ZEF H¥zSh HA

AAutz AelolA HAE 542 Fsln 2.520-
MHz transducerZ o]83}od %23} o4 9 T=Z2(S0
NOACES8800, Medison, Korea) ZAAE s}glel. A& Ao
AR 2SR RARE Agstel Az} #=t A 5
o] FHtEo] YAY, AH ol AW Fol A
v AT AFA wiAE At A2 AAE FAA
s 2% 3093 609 Foll Al AjeEgirt. M-mode
Aol o] A AAFAHAVST) ¥ FHAAFH 57
(LVPWT), HAA4%7027(LVESD), #AAe|shr] %
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(ESV=[7.0/(2.4+LVESD)] X LVESD3, EDV=[7.0/2.4+
LVE DD)] XLVEDD3, EF=(EDV —ESV)/EDV x 100)

5) &l SPECT

FAsYA T AR 3097 60Y ol] P Te-methoxyi-
sobutylisonitrile (MIBI) Ate] & SPECT (Vertex EPIC, ADAC
Labs, CA, USA)E Alefslgich AAE AlOlEE F3)
235 JASL A=A 23l =2 7 (AuoQUANT, ADAC
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Fig. 2. Diagram of 20 segments model used in SPECT an-
alysis.
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Fig. 3. Serial changes of echocardiographic parameters
60 before, 30 days and 60 days after coronary figation. No
significant changes in IVST, LVPWT, and EDV were
50 noted in both groups. ESV increased and EF decreased
e significantly from day 0 to day 30 in both groups. The
° interval changes (days 30~60) of EF, ESV, and EDV
407 did not differ significantly between groups. Solid circles:
values in VEGF ftreated subjects; open circles: values in
30 control subjects. *: p<0.05. IVST=Interventricular septal
thickness; LVPWT=Left ventricular posterior wall thick-
20 ness; ESV=End-systolic volume; EDV=End-diastolic volu-
Day0 Day30 Day60 ' me; EF=Ejection fraction.
ESVE of F o4 g Ad vle) F45w A% & o4 EF, ESV, EDV Zke] #3}eko)] g-213F Xpo|7} gigich
$roelAl Z74el (VEGEE, 22.9+9.9 mL vs 32.349.1 (Table 1)(Fig. 3).
mL, p=0.006; quiL, 263+12.0 mL vs 36.8+9.7 mL, p= (2) AIZ SPECT: #As13x dAS= A 3023} 60
0.046), EF 2|8} A] 7h4std o.v (VEGFE, 52.0+7.9% Y %9 AF SPECT o34 H| o)A VEGFT-o| thzoll

vs 46.5i7.4%, p=0.004; W=7, 482+92% vs 41.6+ 10.0%, Bl P Te-MIBI®] 4127} o] o] Zr}s}sdvhFig. 4). A

p=0.028), EDV& < #
6\}%’

Bl GoIF W) glateh  $HY BAGNAE 3 960 oY 24 %, VEGF 1%
golar= £9 A3t F2 vadAs o F 2F

odld es7e] EAol, a4 46709 Ao ARFH
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Table 1. Comparison of data from transthoracic echocardiogram

Control (n=6)

VEGF (n=8) Comparison of

% changes
Day0 Day30 Day60 p* pJr Day0 Day30 Day60 p* r biw.2
groups (p)
IVST
(mm) 79+1.6 4.8+22 63123 0.116 0246 74%+12 67+x08 6.6+24 0.101 0674 0.093
mm
LVPWT
(m) 72+14 7117 7.5*%1.0 0.893 0600 69+10 67108 69+1.1 0.844 0528 0.747
ESV
(L) 2631120 368+97 354+158 0.046 0917 229+99 323+9.1 317125 0.006 0779 0.796
m
EDV
(mL) 579+20.1 623+145 63.7+179 0917 0500 553+165 69.0=15.1 719+224 0.152 0.674 0.796
m
EF
%) 482+9.2 4163100 44.8x17.5 0028 0.600 52.0%x7.7 465+t74 48.8+144 0.004 0484 0.699
(7]

p*=Day0 versus Day30; pT=Day30 versus Day60; % changes=[(Day60— Day30)/Day30] x 100
IVST=Interventricular septal thickness; LVPWT=Left ventricle posterior wall thickness; ESV=Left ventricle end systolic volume; EDV=

Left ventricle end diastolic volume; EF=Ejection fraction.
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Fig. 4. Serial SPECT myocardial perfusion imaging 30 and 60 days after coronary ligation. Perfusion defect in apical and ante-
roseptal wall territories and perfusion decrease in lateral wall territory on Day30 SPECT image (A) improved substantially on

Day60 SPECT image (B).
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Fig. 5. Comparison of perfusion changes between right before (Day30) and 30 days after intramyocardial injection (Day60) of
pCK vector. (A) The segmental perfusion increased significantly in VEGF and the perfusion amount checked on Day60 was high-
er in VEGF than in Control. (B) In comparison of the amounts of the perfusion changes, 11.4+27.0% increase was noted in

VEGF, while 2.7+19.0% decrease in Control.

@ Group VEGF-predominant segment
(O Group Control-predominant segment

Predominant segment (%)

100+
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60 -
50 1
40
30
20
10

p=0.01

Control VEGF

Fig. 6. Comparison of perfusion-predominant segments. Comparing the perfusion increments in each segment between the two

groups, VEGF was a predominant group in 6 out of 8 segments.
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Table 2. Comparison of data from gated myocardial SPECT

Control (n=6) VEGF (n= 8) Comparison of
% changes btitw.
Day30 Day60 P Day30 Day60 P 2 groups (p)

Perfusion (%) 45.1+17.0 434+177 0.186 484+15.2 53.8+19.6 <0.001 0.003
Wall thickening (%) 24.0t13.2 29.2+17.6 0.008 23.8+16.1 28.31+16.6 0.021 0.264
ESV (mL) 333+13.8 34.0%15.1 0.833 333118 309+12.2 0.496 0.245
EDV (mL) 62.3+13.6 68.2+15.6 0.172 65.3+123 64.71+19.1 0.734 0.121
EF (%) 49.0+11.7 51.7+10.2 0.528 50.1+7.5 53.6=+75 0.173 0.897

% changes=[(Day60 —Day30)/Day30] X 100; SPECT=Single photon emission computed tomography; ESV=Left ventricle end systolic
volume; EDV=Left ventricle end diastolic volume; EF=Ejection fraction.

Fig. 7. Gross specimen showed postinfarction fibrosis in the
apex, anteroseptal and anterolateral wall. Septal and antero-
septal wall thinning with relative hypertophic changes in late-
ral and posterior walls were also shown.

Hz73 vlzslglon, SPECT B 2283 £4 Ang
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BE slol wlAEd A4 8 A2 FFE Hds F
MRS Pl e 2 VEGF §47E o] 43 X2y ¥
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A A2l A Fste A el glet ol Ao

386+110

p<0.001

2914127
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(per mmz)
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(=]
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Fig. 8. Micro-capillary density. (A) Larger number of micro-
vessels stained by alkaline phosphatase were observed in
VEGF than in Control (x200). (B) Comparison of the count-
ed numbers of micro-vessels between the two groups.
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