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Introduction

Cancer is agenetic disease. Its uncontrolled growth is driven by
underlying genetic mutations that prevent differentiation and cause
relentless cell divisions and apoptotic death. The genetic basis for
leukaemogenesis is well elucidated and specific mutations can be
found in up to 50% of patients.

As drivers of leukaemogenesis, oncogene fusions are the most
accurate diagnostic markers and predictors of treatment outcome. It
is, hence, crucial in modern leukaemiatherapy to detect thesefusion
transcripts so that the correct treatment intensity can be applied to
improve outcome and decrease side effects. Conventional
cytogenetics, the gold standard, is |aborious, |aboratory-dependent
and completely misses submicroscopic translocationslike t(12;21)/
TEL-AML1.!

Reverse-transcription polymerase chain reaction (RT-PCR) can
detect these oncogene fusions but is also time-consuming and
requires post-PCR handling, greatly increasing the risk of PCR-
product contamination.? Moreover, it is a qualitative assay and
cannot quantify transcripts for monitoring disease post-therapy.

Early response to therapy as determined by Ig/TCR
rearrangements, is one of the most important prognostic markers of
ALL therapy.*>¢Unfortunately, they requirehighlevelsof diagnostic
blaststo identify aleukaemia-associated marker and are susceptible
to clonal evolution. We postulate that fusion transcripts are not
constrained by these parameters and can complement Ig/TCR for
disease stratification.”

Real -timequantitative PCR (RQ-PCR) isanew molecul ar platform
that allows specific quantitation of gene copy numbers. It is rapid,
has high-throughput and does not require post-PCR handling.”®

Here, we studied the feasibility of using RQ-PCR to detect and
quantify fusiontranscriptsin childhood leukaemiafor diagnosisand
prognostication.

Materialsand Methods
RNA extraction and Reverse Transcription

Bonemarrow (BM) aspirateswerecollectedinEDTA, isolated by
density gradient centrifugationandtotal RNA extractedusing TRI zol
reagent. cDNA was synthesized with random hexamersusing the
Omniscript Reverse Transcriptase kit. Primers and probes were
obtained from published data.®*°

Qualitative Detection of Fusion Transcripts
Multiplex RT-PCR setup. Thiswas designed to screen patientsfor
the commonly reported splice variants of TEL-AML1, E2A-PBX1,

MLL-AF4 and BCR-ABL p210 transcripts. RQ-PCR was performed
on aLightCycler Instrument using Tagman probes.

Positive, negative and no-template controlswereincluded in each
run by replacing the template DNA with positive cell lines for the
specific fusion transcripts, total RNA from HL60 cell line or PCR-
gradewater, respectively. Positivemultiplex panel sunderwent split-
out PCR with individual primers to confirm the specific splice
variant.

Quantitative Monitoring of Fusion Transcripts

Standard curveswere prepared using 10-fold dilutionsof plasmids
containing the specific fusion transcripts cloned into pCR® |1-TOPO
vector. GUS was selected as the housekeeping gene to compensate
forvariationsinsamplevolume, target recovery during RNA extraction
and inhibitors.

Results
Qualitative Screening

A total of 107 diagnostic or relapse BMs were screened for the
common fusion transcripts in childhood leukaemia. Twenty-eight
(26%) patients tested positive for fusion transcripts (Table I). RQ-
PCR results correlated perfectly with conventional RT-PCR and
even detected a case originally missed by the latter.

Quantitative Sudies
Quantitative assays were performed on 41 BM samples from 12
patients(Tablell), including 10 diagnostic, 2 relapse and 29 follow-

TABLEI: RESULTSOF QUALITATIVE SCREEN FOR ONCOGENE FUSIONS

Diagnosis  Fusion Positivecases  Percentage Published
transcript n=28 affected datat (%)

ALL TEL-AML1 12 14 25

n=286 MLL-AF4 3 4 2
BCR-ABLp190 5 6 5
BCR-ABLp210 * 1 0.5
E2A-PBX1 0 0 5
Tota 21 24 25-50

AML CBFf-MYH11 1 6 10

n=18 AMLI1-ETO 3 17 14
Tota 4 22 20-40

CML BCR-ABLp210 3 100 >05

n=3

Overal 28 26

n =107

*biphenotypicleukaemia
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Fig. 1. Representative graphs showing increase in flourescence during amplification of sequences form 10%-107 copy numbers of (a) GUSand (b) t(4;11) plasmid DNA.
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Fig. 2. Representative graph showing linear relationships between crossing point and
starting copy number of cDNA standards. 10107 copies of GUS plasmid cDNA were
amplified for 40 cycles. The slopes were -3.424 cycles/log decade. The slope of the
standard curvewas conver ted to amplifi cation efficiency E by thefollowing alogorithm:
E=10"Ys°r (E should not defer by more than 1-5-2.2). The regression coefficients were
-1.00 for all runs.

up samples. The median duration of follow-up was65 days(range 1-
12 months).
Sandard Curves’

Regression coefficients were -1.00 (ideal -1.00) for all runs. The
mean + SD slope was -3.41 + 0.15 (ideal -3.3) with mean + SD
intercept of 36.01 + 2.15. For the GUS standard curves, slopewas -
3.44 + 0.02 and intercept 35.64 + 0.27 (Figs. 1 & 2).

Sensitivity

The detection limit of each assay was 10-50 fusion

transcript copies.
Reliability of Assay
Intra-assay variability analysis was determined using ten-fold

seria dilutions of a positive control sample (cell line cDNA) in
triplicates from 100% to 0.01% of template concentration. Inter-
assay variability was studied by repeating the analysis of the same
samples in 3 consecutive assays. The inter- and intra-assay
comparisons, expressed as crossing thresholds (CTs), showed good
reproducibility with less than 0.93 cycle difference, reflecting a
coefficient of variation of less than 3%.

Fusion Transcript Quantitation in ALL (Table I11)

Four (67%) of six TEL-AML1 patients showed compl etetranscript
clearanceby day 33while2(33%) hadlow-level disease(normalised
ratio8x 10°%).** ¥ Thesecorrel ated perfectly withthel g/TCR method
of minimal residual disease (MRD) detection:'* the 2 patients with
low-level disease had MRD of 2 x 10“4and 7 x 10%, respectively.

Similarly, both patients with MLL-AF4 transcripts demonstrated
clearance by day 33, athough 1 had intermediate-level disease
(3x10°®) by Ig/TCR MRD levels.

For the patient with BCR-ABLp190-positive ALL, this transcript
persisted at day 33 and even 6 months |ater. There was, however, a
2-log reduction of MRD from 63,510 to 636.8 copies/uL cDNA
(normalisedratio 6.57t00.04) by day 33. Using |g/TCR markers, she
had intermediate MRD at day 33 and clearance of disease at 5
months. This suggests that fusion transcripts are potentially more
sensitive than 1g/TCR rearrangements for MRD detection.

Fusion Transcript Quantitation in AML

Neither AML patient showed transcript clearance after the first
courseof chemotherapy. TheCBFa-MYH 11 transcriptsdemonstrated
a4-log reduction between diagnosis and treatment cessation®®. The
AML1-ETO transcripts showed a 3-log reduction after 2 courses of
chemotherapy.®

TABLEII: QUANTITATION STUDIES COMPARING ONCOGENE FUSION TRANSCRIPTSAND IG/TCR MARKERS

Patient Diagnosis Fusiontranscript FT/Gus FT/ Gus MRD level (Ig/TCR) Clinical progress No.
(FT) at diagnosis afterinductiontx  afterinductiontx
1 B-ALL TEL-AML1 153 0.00000 Not done CR* at 7.5 months
2 B-ALL TEL-AML1 212 0.00000 <5x10° CR at 5.83 month
3 B-ALL TEL-AML1 1.26 0.00000 <1x10* CR at 3.77 months
4 B-ALL TEL-AML1 2.78 0.00008 2x10* CR at 3.27 month
5 B-ALL TEL-AML1 6.91 0.00008 7x10* CR at 7 months
6 B-ALL TEL-AML1 155 0.00000 <2x10° CR at 2.1 months
7 B-ALL MLL-AF4 4.12 0.00000 3x10° CR at 6.43 months
8 B-ALL MLL-AF4 116 0.00000 <5x10° CR at 4.07 months
9 B-ALL BCR/ABLp190 6.57 0.25763 8x10* CR at 8.03 months
10 AML-M4 CBFfS-MYH11 213 0.00177 Not done CR at 8.47 months
11 AML-M2 AML1-ETO 3.34 0.00076 Not done CR at 3.73 months
12 CML BCR/ABLp210 NA** NA** NA** Deceased

*  CRclinical remission
** The CML patient’sBM samples were timed differently. Please refer to Figure 3.
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TABLEIIl: SUMMARY OF SENSITIVITY OF VARIOUS FUSION TRANSCRIPTS USED FOR MRD QUANTITATION

Fusion No. of Atdiagnosis/relapse At Day 33 (end of induction remission treatment)*
transcript patients - - - - - - - -
Transcript Copies/ Normalised with GUS Transcript copies/ Normalised with GUS
uL cDNA Median (range) uL cDNA Median (range)
Median (range) Median (range)
TEL-AML1 6 91225 1.84 0.60 0.00004
(38720-217100) (1.26 - 6.91) (0.00 - 3.96) (0.00000-0.00012)
MLL-AF4 2 42255 2.64
(40690-43820) (1.12- 4.12) 0.00 0.00000
BCR-ABLp190 1 63510 6.57 4153.00 0.25763
CBFS-MYH11 1 34710 213 67.43 0.00177
AML1-ETO 1 366300 3.34 105.30 0.00076

* In AML patients, arepeat BM was performed before commencing on the second course of chemotherapy rather than on day 33.

T Datafor the CML patient is presented separately.
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Fig. 3.

BCR-ABL Levelsand Clinical Progression®

Transcript levels of the CML patient correlated well with his
clinical course. There was complete clearance after hisfirst BMT,
low transcripts (7 x 10°%) after his second transplant which increased
to 3.57 at relapse (Fig. 3).

Correlation with Cytogenetics

Our results correlated with conventional karyotyping where
available. TEL-AML1 was missed entirely by the latter.
Discussion

Asthelocal cure rates for childhood ALL and AML improve to
75% and 50%, respectively, it is clear that leukaemia is a highly
heterogeneous disease. Fusion transcripts are extremely useful for
diseasestratification asthey accurately identify different risk groups.
For example, TEL-AML1 patients have 90% EFS, while BCR-ABL
and MLL-AF4 patientshavelessthan 20% EFS. Similarly, for AML,
AML1-ETO and CBF&-MYH11 have excellent outcome (70% EFS)
on our therapy. It is, hence, crucial to incorporate the detection of
oncogene fusion screening for modern management of leukaemia.

We have demonstrated that RQ-PCR is superior to conventional
karyotyping and RT-PCR asascreening tool for fusiontranscriptsin
childhoodleukaemia.*®? Conventional karyotyping, only successful
in60%t080% of cases, ishighly |aboratory-dependent and compl etely
mi sses submicroscopic fusions like the common TEL-AML1 fusion
gene (14% of ALL cases here).

RQ-PCR hasamuch faster turnaround time (7h versus 13h versus
1 week) and a higher maximal throughput (29 versus 6 versus 4
screens per technician day) compared to RT-PCR and cytogenetics,
respectively. This is crucial for large studies like our Maaysia
Singapore ALL 2003 study, wheretimely delivery of resultsisvital.

RQ-PCR permits accurate quantitation of PCR products during
theexponential phaseof theamplification process, in contrast toend-
point quantitation in classica PCR, making it a highly valuable
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quantitativetool.” Theintra- andinter-assay reproducibility isexcellent
in our study.

Conventional microscopy isvery insensitive: <5x 102 (5blastsin
100 nucleated cells) is considered complete remission. We have
previously demonstrated that IgH MRD markersincrease sensitivity
of detectionto5x 10°, a3-logimprovement compared to conventional
microscopy. Moreover, |gH-based MRD levelsat 1 month of therapy
was highly correlated with outcome.?

To determine if fusion transcripts have comparable MRD
quantitative capabilities as IgH/TCR markers, we compared MRD
determination using both techniques for 8 patients with oncogene
fusion transcripts. Both methods have comparabl e sensitivitieswith
complete concordance in 6 cases. In one case of MLL-AF4, fusion
transcripts were undetectable despite intermediate-level disease by
IgH, while the reverse was true for a case of BCR-ABL-positive
ALL,wherefusiontranscriptsshowed persistent disease”whilstIgH
was negative.

In this study, 24% of ALL cases carried fusion transcripts while
97% carried IgH/TCR gene rearrangements. In AML and CML, it
wasinformativein 22% and 100% of cases, respectively, compared
to 0% in IgH/TCR. Fusion transcripts, thus, play abigger roleinthe
monitoring of these conditions as Ig/TCR is not useful. BCR/
ABLp210 has been used to monitor response to BMT. Patients who
arepersistently PCR-negativehaveal ow risk of relapse. Conversely,
return of PCR positivity often heralds relapse.r’

IgH/TCR methodol ogy requires high blast counts at diagnosisto
identify amarker, makingit unsuitablefor previously treated patients.
Fusiontranscriptsarepresent inlargenumbersat diagnosisand have
high sensitivities of 10-50 copies. They should, thus, be detectable
1-2 weeksafter commencing therapy. Itisarobust marker asit does
not undergo evolution with treatment, in contrast to Ig/TCR gene
rearrangements. Fusion transcript quantitation is, thus, highly
complementary to IgH/TCR MRD risk stratification. This will be
explored in our current Malaysia-Singapore ALL 2003 trial.

Conclusion

We conclude that RQ-PCR detection and quantitation of fusion
transcriptsisanew and important tool in the armamentarium of the
paediatric oncologist. It supersedes conventional RT-PCR and
karyotyping in qualitative assaysand complements current methods
of MRD detectionusing |g/TCR generearrangements. InAML and
CML, fusion transcript quantitationisthe M RD marker of choice. In
addition, it isahighly efficient tool with afast turnaround time and
increased throughpuit.
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Introduction

Therapeuticangiogenesisusing vascul ar endothelia growthfactor
(VEGF) for thetreatment of i schaemic heart di seasehasbeen studied
inanimal modelsand clinical trials.>2 Thecommon modesof VEGF
deliveryincludedirectintroduction of angiogenicproteinandinjection
of plasmid or recombinant viral vectors.® Recent studies have
suggested therapeutic angiogenesis through cell-mediated gene
transfer.* The transplantation of genetically modified cellsservesas
a reservoir to produce biologically active angiogenic factorsin a
localised and sustained pattern.

Skeletal myoblast, the precursors of skeletal musclefibres, can be
inducedto proliferate, propagateand differentiatein vitro. Recently,
the promising results for improved heart function using myoblast
transplantation have generated considerable interest amongst
researchers.® Myoblast transplantation improves both in vivo and ex
vivoindicesof global ventricular dysfunctionand preventsdel eterious
remodelling to achieve global myocardial function after myocardial
infarction. Considering skeletal myoblast isagood carrier for gene
therapy, thegenetically engineered skel etal myobl ast hasbeen studied
for cardiac repair.*
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In the present study, we assessed the efficacy of genetically
engineered humanskeletal myoblast carryinghumanVEGF, . (HSM-
VEGF,,) inarodent heart model of cryo-injury. We hypothesised
that this combined strategy could achieve concurrent angiogenesis

and myogenesis.

Materialsand Methods
Cell Culture

The purity of myoblast was assessed by desmin immunostaining.
Human umbilical vein endothelial cell line (HUVEC), HEK-293
cells and FLYA-4 cell lines were cultured in respective basal
medium supplemented 10% FBS.

Propagation of Adenovirus Vector Carrying hVEGF, . and Trans-
duction of Myaoblast

Adenovirus vector carrying hVEGF, . (Ad-hVEGF,) was
propagated using HEK -293 cells. At 70% confluence, the cellswere
infected with adenoviral vector carrying VEGF, . (Ad-VEGF ). At
thestipulatedtime, thesupernatant from HEK -293 cel swasremoved,
centrifuged and used for transduction of myoblast.

Myoblastswerepropagatedinlaminin coatedtissuecultureflasks.
The cells were exposed to virus medium for 8 hours followed by
refresh Super medium. The transduction procedure was repeated
thrice with 24 hours' interval each time.

Characterisation of Ad-VEGF . Transduced Myoblast In vitro
Immunohistochemical Staining of Myoblast

Myoblasts transduced with Ad-hVEGF . (HSM-VEGF ) were
grown on glass slides and fixed with -20°C cold methanol. After
blocking with 1% BSA and incubating with 3% H,O,, cells were
washed with PBSand incubated with 1:500 dilution of anti-VEGF
overnight followed by 1: 200 goat anti-rabbit IgG conjugated with
HRP. The VEGF-positive cells were observed and visualised with

DAB visualisation system.

Enzyme-linked Immunosorbent Assay for hVEGF,

The detection of hVEGF , secreted from myoblast transduced
with Ad-VEGF, (M-VEGF ) was carried out using hVEGF
Sandwich ELISA kit (Chemicon Inter., USA) according to the

manufacturer’ sinstructions.

RT-PCR Analysis for hVEGF,, Gene Expression in Transduced
Human Skeletal Myoblast

The total RNA was isolated by using Total RNA Isolation Kit
(PURESCRIPT USA). TheRT-PCR analysisof isolated mMRNA was
done using QIAGEN One-step RT-PCR Kit (QIAGEN). The RT-
PCR primers of hVEGF 5 -3 (5 ATGAACTTTCTG
CTGTCTTGGGTG 3') and 3 -5 (5 TCACCGCCTCGGCTTG
TCACA 3') and human GAPDH were5' 3" (5 GTGGAGGAGT
GGG TGTCGCTG 3') and 3 -5 (5 CGGATTTGGTCGTATT
GGGCG 3') were used for amplification.
Thymidine [H®] Incorporation Assay

HUVEC (1x10° cell / well) were seeded in 6-well plates in
triplicate for each sample. After 12 hours' culture with DMEM
containing 2% FBS, thecell swerecultured with conditioned medium
from various samples. Each well was supplemented with 2 uCi/ ml
Thymidine[H?] (ICN Biomedical Inc.,USA). Thecellswereharvested
after 96 hours for radioactivity count.

Rat Heart Model of Cryo-injury

After anaesthesia and intubation, rat heart was exposed through
a 1.5-cm left lateral thoracotomy. Cryo-injury was induced on the
freewall of the left ventricular wall using a liquid nitrogen cooled
8-mm diameter stainless probe. Cryo-injury was induced by 3
freezing cycles of 10 sec each. All animalsreceived humane carein
compliance with the institutional guidelines for animal research at
NUS. A total of 21 rats were randomised into basal medium group
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(n=7), HSM group (n = 7) and HSM-VEGF . group (n = 7).
Myoblast Transplantation

The cells were labelled with retroviral lac-z reporter gene. Eight
days after cryo-injury, 0.25 mL of medium containing 3 x 10°
myoblast or without cellswastransplanted intorat cryo-injured heart
using 27G needles. Three days before cell transplantation and until
6weekspost-transplantation, adaily doseof 5mg/kg/day cyclosporine
was administered.
Rat Heart Function

Echocardiographic assessment of rat heart was carried out using
12 mHz probe positioned on the left anterior side of the chest. The
heart wasimaged in 2D mode at minimum depth settingsto measure
gjection factor (EF) and fractional shortening (FS).
Tissue RT-PCR Analysis of Rat Heart Post-myoblast Transplanta-
tion

Rat heart tissuewas collected for RT-PCR analysis. Theisolation
of total RNA and RT-PCR analysis was performed as described
earlier. The same primerswere used for hVEGF .. The primers for
rat GAPDH were (forward) 5-TTCTTGTGCAGTGCCAGCCT
CGTC-3, (reverse) 5-TAGGAACACGGAAGGCCATGCCAG-3.
Thecomparisonof signal swasperformedusingMicroimageAnalysis
Software (Olympus, Japan).
Immunostaining of Rat Tissue for von Willebrand Factor VIII
Expression

Tissue sections of rat heart were fixed in 100% acetone for 30
seconds. After blocking with 1% BSA, 1:2000 dilutions of rabbit
anti-von Willebrand Factor V111 antibody was added. After 24 hours
incubation at room temperature, the antigen was visualised using
goat anti-mouse 1gG conjugated with HRP and developed by DAB
system.
Satistical Analysis

Statistical analysiswasperformed using SPSS (version 11.0). All
data were presented as mean + standard error mean (SEM) and
analysed by analysisof variance(ANOVA). P<0.05wasconsidered
statistically significant.
Results

Thepurity of myobl ast was>98% asassessed by desminexpression
(Fig. 1a). The transduction efficiency of retroviral vector carrying
lac-z reporter gene with myoblast was 75-80% (Fig. 1b). A high
transduction efficiency (>98%) wasachieved for VEGF, by atriple
transduction procedure at a ratio of 1:1000PFU myoblast to Ad-
VEGF, . vector (Fig. 2a). ELISA revealed that the HSM-VEGF

secretelésv EGF,, upto 30 daysinvitrowith peak level at day 7 posl?f
transduction. Thepeak expressionlevel was37 + 3ng/mL whichwas
significantly higher than non-transduced myoblast (0.2+ 0.04 ng/ml,
p=0.000). RT-PCR analysis of HSM-VEGF, , was consistent with
ELISA dataandfurther confirmedhighexpressionlevel of \WEGF,
(Fig. 2b) Thymidine incorporation assay revealed that HUVEC
culturedwith conditioned mediumfromHSM-VEGF, incorporated
significantly high level of Thymidine than any other group (p =

0.000).

[B-gal staining revealed that myoblast successfully survivedin rat
heart (Fig. 3). Immunostaining for von Willebrand Factor VIII
expression revealed that blood vessel density in HSM-VEGF,
group at low power field (x200) was 17.5+ 1.05. It wassignificantly
higher than DMEM group 3.6 + 0.7 (p= 0.000), and myoblast group
5.44 + 0.82 (p = 0.000) (Fig. 4).

Echocardiograph demonstrated that EF and FSin myoblast group
(93.6 £ 1.52%; p = 0.019, 76.0 + 4.95%; p = 0.032) and HSM-
VEGF,, group (94.4 £ 2.22%; p = 0.012, 77.26 + 3.25; p = 0.021)
wassignificantly higher than DMEM injected group (82.7 £ 5.43%;
54.8 + 6.44%) (Fig. 5).
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Fig. 1b.

Fig.2b.

Fig. 3. Lac-z staining of myoblast Fig. 4a.
transplantedrat heart (a) Myoblast located
in cardiomyocytes. (magnification 200x)
(Black arrow shows the presence of lac-z
carrying myoblast)

p1=0.012 p2-0.019

p1=0.021
p2=0.032

B HSM-VEGF Group
B Myoblast Group

ODMEM Group

EF (%)

FS (%)

Fig. 5. Rat heart function post-myoblast transplantation. Ejection fraction (EF) in
myoblast and HSM-VEGF, ., groups was significantly higher than DMEM-injected
control group animals. Fractional shortening (FS) of myoblast and HSM-VEGF
transplanted animals was significantly higher than DMEM-injected control group (pl:
HSM-VEGF, . group vs DMEM group, p2: myoblast group vs DMEM group).

Discussion

The present study demonstrated that transplantation of human
skeletal myoblastscarryinghumanVEGF, geneefficientlyimproved
heart function in a rat heart model of myocardial infarction. The
genetically engineered myoblast efficiently achieved therapeutic
angiogenesis.

Theefficiency of therapeutic angiogenesisusing VEGF isrelated
toitsdoseand delivery strategy. It has been shown that low dose for
longer term admini strati on has shown better prognosiswith lessside
effects as compared to higher dose administration.®” Apart from the
dose, route of administration significantly influences the result of
angiogenesis.® Thus, aregiona and sustained level for a sustained
term delivery of VEGF is necessary to achieve therapeutic
angiogenesis. In the present study, we choose myoblast asa carrier
of hVEGF, for therapeutic angiogenesis in cardiac repair. HSM-
VEGF  efficiently secreted hVEGF,  upto 30 daysinvitroandin
vivo. Thetransplanted HSM-VEGF _ served asareservoir to secrete
biologically active \WEGF  in alocalised pattern.

Myoblast was transplanted into centre and peri-infarction as a
localised therapy. No angioma formation was observed at 6 weeks
post transplantation. Tissue RT-PCR analysis revealed that HSM-

September 2003, Vol. 32 (Suppl) No. 5

Angiomyogenesis Using Human Myoblast Carrying Human VEGF . —L Yeet al

Fig. 1. Characterisation of myoblast in vitro. (a) Myoblast immunostained for desmin
expression. (magnification 100x) (b) Myoblast transducedwithretroviral vector carrying
lac-z reporter gene. (magnification 400x)

Fig. 2. Invitrocharacterisation of human skeletal myoblast carrying
human VEGF .. () Immunostaining of HSM-VEGF _for VEGF
expression. (magnification 400x) (b) RT-PCR analysis of HSM-
VEGF,, (samples 1 and 2 = myoblast, samples 3 and 4 = null-ad
transduced myoblast, samples5-12 = VEGF, ; transduced myobl ast
at 1, 8, 18 and 30 days post transduction).

Fig. 4b.

Fig. 4c.

Fig. 4. Rat cardiac tissue immunostaining VWF-VI11 expression. The number of the blood vessels in HSM-VEGF,
transplanted rat heart (c) was significantly higher than DMEM injected rat hearts (a) and myoblats transplanted rat
hearts (b). (magnification 200x) (Black arrow shows the blood vessel)

VEGF, worked as an expression vehicle and expressed hVEGF

inaregul ated manner. Wehypothesi sed that thisnovel strategy could
deliver VEGF, . in asite specific and sustained pattern.
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We concluded that transplantation of human skeletal myoblast

carrying human VEGF _ gene resulted in aregional, sustained and

transient expression of VEGF, . for myocardial repair. Thisstrategy

leadstoincreased vascular density andimproved heart function. This

clinical related strategy is promising for patients suffering from
myocardial infarction.
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