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Abstract — We have recently reported the development of a high efficiency expression vector, pCK,
which can drive a high level of gene expression in mouse skeletal muscle. In this study, we tested the ther-
apeutic potential of pCK expressing human VEGF165, pCK-VEGE in the rabbit ischemic hind limb model.
To determine the optimal dose of plasmid DNA, various concentrations of pCK-CAT, were injected into the
muscle of a rabbit hind limb and the levels of CAT activity were determined. It was found that the expres-
sion level of the exogenously added gene became stable between 250 and 1,000 ug. Based on this result,
we tested whether intramuscular transfer of 500 pg of pPCK-VEGF could actually modulate collateral vessel
development in a rabbit ischemic hind limb model. It was found that relative to the control group injected
with the pCK lacking the VEGF sequence, single intramuscular doses (500 ug) of pCK-VEGF produced
statistically significant augmentation of collateral vessels as determined by the angiographic vessel count,
maximal blood flow by Doppler flowmeter, and the number of capillaries by histology. These results suggest
that a single 500 ug-delivery of pCK-VEGF is potent enough to induce sufficient angiogenic activity and
achieve therapeutic benefit on this rabbit model.
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Fig. 1 — Structure of pCK expressing CAT (pCK-CAT) and
human VEGF165 (pCK-VEGF). pCMV, HCMV
major immediate-early (IE) promoter; pA, poly A
signal; Kan, Kanamycin resistance gene; ColEI,
E. coli origin of replication; I and II indicate
untranslated exons from the IE region of HCMV.
A wavy line indicates intron. pCK contains not
only the full length IE promoter of HCMV but
also its entire 5' untranslated region consisting of
the entire exon 1 and intron A, and a part of exon
2. pCK was designed in such a way that the start
codon of the inserted gene coincides with the
ATG codon of the original IE gene of HCMV?
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Fig. 2 - Effect of plasmid concentration on the level of
gene expression in the rabbit hind limb muscle.
Tibialis anterior muscles were injected with
various concentrations of pCK-CAT and two
days later, muscles around the injected area were
excised and CAT activity was determined (n=8
per dose). :

Vol. 45. No. 1, 2001

pCK HE7} ulg-A0) Z8ofMel FUsH E7]9 &
ST FUAT RS agHo® Al Qs
< BojFoh? &, 250 ugs Y ol HlE 1,000
ugs s TollA Kz Bl A5rt SV A
g2 ot g zlolE HolA] ¢omT HEA
ARA Bdlojrle] 7% A¥erE 500 ug8=2) pCK
DNAE FUsh= Ao FAsicta wdsisich

£ 58N 51X 2HoiMel pCK-VEGF|
A w27 Ago= pCK HE7t E7)9)
JME FHAE FEdo7 BHFS B o
£02 pCKVEGF ZgtAn=2 384y sk 2d
E719] T80 A Fdstsle o, SFgue] A4
Hol X8 AAF E F UsAE AR ol
Al g Wel MEHo] Sle vkeh o] E7)elA
A A 2EE wEL 500 ug®) pCKVEGF
Zeian|= DNAZ g2 4590 vyl 598

i

'y

adductor _— -

X __.-- vastus medialis
semimembranosuse ---— \

Fig. 3 — Rabbit hind limb ischemia model. The femoral
artery of male New Zealand White rabbits
weighing 3.8~4.2 kg was excised from its origin
as a branch of the external iliac artery, to the
point distally where it bifurcates into the
saphenous and popliteal arteries. After performing
a baseline angiogram at day 10 postoperatively,
pCK or pCK-VEGF was injected into 4 different
areas of the femoral muscle (2 different points in
the abductor, 1 in semi-membraneous and 1 in
vastus medialis).
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Fig. 4 — Selective internal iliac angiography of rabbits
injected with pCK, the control plasmid lacking
the VEGF coding sequence (A), and pCK-VEGF
(B). Angiography was performed at day 10 prior
to DNA injection and also at day 40, which was
30 days after gene delivery. In VEGF-treated
animals, collateral artery development in the
medial thigh was more evident compared with
controls.
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Fig. 5 — Effect of intramuscular transfer of pCK and pCK-
VEGF on angiographic vessel count at day 10
‘(prior to gene delivery) and day 40 (30 days after
DNA injection).
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A =22 ZYS S8 oFHAI} Hcf HRE
HIE - A3 1088 533 P12l EHFFL pCKT
oA 27.13%7.35 ml/min, pCK-VEGFE F3 7|
A 22412530 mi/minEA] T T zle)7 Gk
(P=NS). 28 10272 Ho FF I pCKolA
53.65+13.15 mi/min, pCK-VEGFio]* 46.44+8.98
m/min2A] F 7kl Zfol7h ¢Ach(p=NS)(Table
D. A3 4034 EFFS 4F 10849 vwsws
ergAle]l FRHEL pCKT oA 29.48%5.18 mi/min,
pCKVEGFE %413 FollA 33.48%8.19 ml/minZ
F T EF #98 F7HE BolX| adgithp=NS). 1
#u}, Fo IFFE pCKTo] 62.46111.39% #-J%H

Table I—Serial intraarterial Doppler measurements of
resting and maximal blood flow in the ischemic

limb

pCK pCK-VEGF
Resting
Day 10 2713 £ 735 22.41 £ 5.30
Day 40 29.48 + 5,18 33.48 + 8.19
Maximal
Day 10 53.65 £ 13.15 46.44 = 8.98
Day 40 62.46 = 11.38 87.08 = 27.09*

(Unit : mi/min) (*p<0.05)

J. Pharm. Soc. Korea



VEGF ' Naked DNA HEZ} 589 34l vxie 9% 113

i N gt

Fig. 6 — Photomicrograph of alkaline phosphatase staining
of ischemic hind limb muscle harvested at day 40
from adductor muscle injected with pCK and
pCK-VEGE Dark blue dots indicate capillaries.
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Fig. 7 — Effect of VEGF gene transfer on capillary density
of ischemic muscle tissue at day 40.
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(Table D).
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1,016.90+188.58/1,000 myocytesZA] 657.111150.78/
1,000 myocytesS LFERH 349 ozl vlsl %
Z71E B p<0.0001)(Fig 6, 7).
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