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NV1FGF is an expression plasmid encoding sp.FGF-121–154 
currently under investigation for therapeutic angiogenesis 
in clinical trials. NV1FGF plasmid distribution and trans-
gene expression following intramuscular (IM) injection in 
patients is unknown. The study involved six patients with 
chronic critical limb ischemia (CLI) planned to undergo 
amputation. A total dose of 0.5, 2, or 4 mg NV1FGF was 
administered as eight IM injections (0.006, 0.25, or 0.5 mg 
per injection) 3–5 days before amputation. Injected sites 
(30 cm3) were divided into equally sized smaller pieces to 
assess spatial distribution of NV1FGF sequences (PCR), 
NV1FGF mRNA (reverse transcriptase-PCR), and fibroblast 
growth factor-1 (FGF-1)-expressing cells (immunohis-
tochemistry). Data indicated gene expression at all doses. 
The distribution area was within 5–12 cm for NV1FGF 
sequences containing the expression cassette, up to 5 cm 
for NV1FGF mRNA, and up to 3 cm for FGF-1-expressing 
myofibers. All FGF receptors were detected indicating 
robust potential for bioactivity after NV1FGF gene trans-
fer. Circulating levels of NV1FGF sequences were shown 
to decrease within days after injection. Data support dem-
onstration of plasmid-mediated gene transfer and expres-
sion in muscles from patients with CLI. FGF-1 expression 
was shown to be limited to injection sites, which supports 
the concept of multiple-site injection for therapeutic use.

Received 24 September 2008; accepted 21 January 2009; published online 
24 February 2009. doi:10.1038/mt.2009.24

Introduction
NV1FGF is an expression plasmid encoding sp.FGF-121–154 
currently in clinical phase III for treatment of patients with criti-
cal limb ischemia (CLI).1 Intramuscular (IM) administration of 
NV1FGF has been shown to express fibroblast growth factor-1 
(FGF-1) and promote collateral vessel growth in a rabbit isch-
emic hindlimb model2 and in a hypercholesterolemic hamster 
displaying impaired neovascularization after experimental isch-
emia.3 In a phase I clinical trial, IM administration of NV1FGF 

to limbs of patients with CLI was shown to be well tolerated.4 In 
a double blind, randomized, placebo-controlled phase II trial in 
125 patients with CLI unsuitable for revasuclarization, NV1FGF 
significantly reduced by twofold the risk of major amputations.5 
Patients received four administrations, at 2-week interval, of eight 
IM injections of placebo or 0.5 mg NV1FGF per injection.

Clinical trials have sought to establish the “proof of concept” 
for therapeutic angiogenesis using IM gene transfer mediated by 
plasmids or viral vectors in patients with peripheral arterial disease, 
though results have been inconsistent.4–12 Possible reasons include 
efficiency of gene transfer and/or distribution of the therapeutic 
angiogenic growth factor, which may not have been optimal to 
generate neovascularization in large ischemic areas of an affected 
limb.13 Due to the difficulty to collect tissue samples from trans-
fected muscle parts in patients, clinical trials were initiated without 
precise knowledge of transfection efficiency and related protein pro-
duction required to result in clinically relevant improvement of vas-
cularization.14 In addition, it is not known whether skeletal muscles 
from patients with CLI still display the receptors that mediate the 
cellular response after being activated by their respective ligand.

This study was conducted in patients with advanced chronic 
limb ischemia who underwent major limb amputation within 
5 days of IM injection of NV1FGF. As a result of precise identi-
fication of injection sites and intraoperative harvesting of the 
injected tissue, the goals of this study were made possible. The 
specific goals were to: (i) document muscle NV1FGF gene transfer; 
(ii)  document the spatial distribution of plasmid sequences and 
mRNA; (iii)  document the distribution of NV1FGF-expressing 
cells; and (iv) examine whether severely ischemic muscle cells still 
express FGF receptors. An additional goal was to analyze the short-
term kinetics of NV1FGF sequences by the appropriate collection 
of blood samples.

Results
NV1FGF gene transfer was well tolerated by all patients. No 
serious adverse event was related to the study treatment. Neither 
systemic complication nor abnormal laboratory values were obser
ved after dosing.
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Detection of NV1FGF DNA in muscle tissue
NV1FGF sequences were detected in all injection sites and over 
the entire volume of the muscle samples. Levels of NV1FGF 69-bp 
and 825-bp sequences were found above the limit of quantification 
(LOQ) in all 135 pieces and in 134/135 pieces, respectively. 
Maximum levels of NV1FGF 69-bp sequences per injected site 
ranged between 109 and 1010 copies/µg DNA. Maximum levels 
of the NV1FGF 825-bp sequences were roughly one order of 
magnitude below. Figure  1 illustrates the levels of NV1FGF 
825-bp sequences assessed in each piece of the injection site 
investigated per patient. There was no obvious relation between 
levels of NV1FGF sequences and the three doses of NV1FGF 
(0.06, 0.25, and 0.5 mg/site) in the six patients. For a few samples, 
the distribution map pictured a bell-shaped profile around the 
peak level at the injection point (Figure 2a,b).

The samples from noninjected sites were collected at a 
distance  of 2–12 cm from the nearest injected site (data not 
shown). Levels of NV1FGF 69-bp sequences were found above the 
LOQ in all pieces from all samples. NV1FGF 825-bp sequences 
were detected in one-third of the pieces from all samples.

Detection of NV1FGF mRNA expression  
in muscle tissue samples
NV1FGF transcription was demonstrated in five of six patients 
treated and for each dose group.

Figure  1 illustrates individual data obtained in each piece 
of the injection site investigated per patient. Despite prompt 

intraoperative sample collection and freezing process, many pieces 
contained degraded RNA that did not allow reliable quantification. 
Although there was no apparent correlation between the number 
of poorly preserved samples and the time delay of tissue retrieval 
that ranged between 10 and 26 minutes, a shorter interval of muscle 
retrieval in the operative theatre could have partially influenced 
the yield of nondegraded mRNA. Quantitative analysis conducted 
in two samples (from patients 1 and 5) with less degraded RNA 
showed maximum levels up to ~107 in vitro transcript equivalent 
copies/6 µg total RNA. In patient 1 (0.06 mg/injection), 10/15 pieces 
tested positive for NV1FGF mRNA. In patients 1 and 5 showing 
numerous pieces displaying well preserved RNA, NV1FGF mRNA 
distributed by a maximum of 5 and 4 cm, respectively (Figures 1 
and 2c). The injected sites that scored positive for NV1FGF mRNA 
originated from different muscles, namely peroneus brevis and lon-
gus, extensor digitorum longus, medial-head and lateral-head of 
gastrocnemius, extensor digitorum longus, and soleus. The injected 
sample that did not test positive for NV1FGF mRNA was collected 
from flexor hallucis longus (patient 3): out of the 30 pieces, only 
three were interpretable and truly negative; the other pieces were 
not exploitable due to RNA degradation (Figure 1).

NV1FGF mRNA was not detected in noninjected sites: 
testing outcomes were negative (7/27) or not exploitable (20/27) 
due to RNA degradation. In patient 5, a noninjected site and an 
injected site were collected in the same muscle (m. soleus). The 
injected site was tested positive for NV1FGF mRNA whereas 
the noninjected site, collected at 3 cm from the injected site and 
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displaying well preserved RNA, was tested negative for NV1FGF 
mRNA (data not shown).

FGF-1 expression in muscle tissue
As the immunohistochemical assay cannot differentiate exog-
enous FGF-1 (related to NV1FGF expression) from endogenous 
FGF-1, muscles biopsies from patients with CLI not treated with 
NV1FGF were investigated for FGF-1 immunoreactivity. Data 
demonstrated FGF-1 immunostaining in satellites cells spared 
through the muscle mass, which indicated expression of endog-
enous FGF-1 in satellite cells within the muscles from patients 
with CLI. FGF-1 immunoreactivity was not observed in other cell 
types, including myofibers (data not shown).

In the samples from the patients treated with NV1FGF, FGF-1 
immunostaining was shown in two cell types: myofibers and 
satellite cells (Figure 3a,b).

FGF-1 immunoreactive myofibers (Figure 3a) were detected 
only within the samples from the injected sites. In one case 
(patient  3), FGF-1 immunoreactivity was not observed in the 
sections from an injected site (Figure  1). A maximum of 24 
FGF-1 immunoreactive myofibers observed in one histological 
section was found in the injected site from patient 6. All pieces 
with FGF-1 immunoreactive myofibers were located at or close to 
center of the sample, expected as the injection point. The FGF-1- 
expressing myofibers were distributed by a maximum of 3 cm 
(Figure 1). Figure 2d illustrates the spatial distribution of positive 
myofibers in an injected site of patient 5.

FGF receptors expression in ischemic muscle
Immunohistochemistry analysis demonstrated the presence of all 
four FGF receptors (R1, R2, R3, R4) in the microvasculature of both 

injected and noninjected sites in five patients tested (Figure 3c–f), 
with the exception of one patient, for whom FGFR3 was not 
detected in the noninjected site. FGFR1 and FGFR4 were detected 
in myofibers from all injected and noninjected sites. FGFR2 and 
FGFR3 were detected in myofibers from some samples in injected 
sites (two patients) and noninjected sites (three patients).

Levels of NV1FGF 69-bp and 825-bp sequences  
in plasma
Circulating NV1FGF levels were noticed within a narrow time 
window following administration (Figure  4). Both NV1FGF 
69-bp and 825-bp sequences were detected at 15 minutes. Their 
levels decreased rapidly over time. NV1FGF 825-bp sequences 
were one to three orders of magnitude lower than that of the 
NV1FGF 69-bp sequences even at the earliest time point assessed. 
At the time of amputation (i.e., 3–5 days after administration), 
NV1FGF 825-bp sequences were no longer detectable in three 
of four patients tested. The fourth patient tested positive at the 
time of amputation showed circulating levels of NV1FGF 825-bp 
sequences at a level equal or below LOQ at the time of amputation 
(day 4). Samples from four patients were tested at day 30 and 60 
after administration. All values were negative at day 60 except in 
patient 2 displaying levels of NV1FGF 69-bp sequences close to 
LOQ (Figure 4).
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Figure 2 N V1FGF plasmid distribution and transgene expression 
following intramuscular injection. Spatial distribution of levels of 
(a) NV1FGF 69-bp sequences, (b) NV1FGF 825-bp sequences, (c) NV1FGF 
mRNA, and (d) number of FGF-1-expressing myofibers in a representa-
tive patient (250 µg/injection site, patient 5). Levels are given as number 
of NV1FGF DNA copies/µg of DNA and as number of NV1FGF mRNA 
copies/6 µg of RNA for each piece. NV1FGF sequences and NV1FGF mRNA 
were assessed in 15 pieces from the same injected muscle samples. FGF-
1-expressing myofibers were assessed in 30 pieces from another injected 
site. Values are given as number per section for one histological section 
per piece. FGF-1, fibroblast growth factor-1; LOQ, limit of quantification.
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Figure 3  Histological sections taken from muscle tissue of a rep-
resentative patient injected with NV1FGF. Anti-FGF-1 immunohis-
tochemistry demonstrated (a) FGF-1 labeling of myofibers (asterisks) 
only in injected sites. It showed FGF-1 labeling of (b) some skeletal 
muscle satellite cells (arrow heads) both in injected and distant nonin-
jected sites. (c–f) Presence of FGF receptors (R1, R2, R3, R4) was shown 
in the microvasculature. FGF-1, fibroblast growth factor-1.
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Discussion
This study protocol was developed for patients with CLI requir-
ing amputation to objectively establish transgene expression and 
plasmid distribution within 3–5 days in patients treated for gene 
transfer–mediated therapeutic angiogenesis. The procedure iden-
tified the injection sites and intraoperatively harvested them at 
the time of amputation. This enabled the investigation of NV1FGF 
gene transfer and expression in muscles from patients with severe 
limb ischemia.

Efficiency of plasmid-mediated gene transfer has been well 
documented in skeletal muscle from various animal models.3,15,16 
Following injection of angiogenic growth factors, development 
of collateral vessels and improved blood flow was observed in 
experimental ischemia.17,18 Two clinical studies have shown that 
direct IM administration of a plasmid DNA can lead to trans-
gene expression in humans. Transient increase in serum levels of 
vascular endothelial growth factor was reported after IM plasmid-
mediated gene transfer of vascular endothelial growth factor165 
in patients with CLI.6 Dystrophin was shown to be expressed in 
muscle from six of nine patients treated with plasmid DNA for 
Duchenne/Becker muscular dystrophy.19 In another clinical study, 
eight patients were treated with catheter-mediated adenoviral 
gene transfer in peripheral arteries with success reported in six of 
the eight patients in this study.20 We have demonstrated successful 
NV1FGF transgene delivery and expression in ischemic muscle 
from patients with severe CLI. A single IM NV1FGF administra-
tion (0.06, 0.25, and 0.5 mg NV1FGF per site) resulted in local 
FGF-1 transgene expression. NV1FGF-related FGF-1 expression 
was detected only in the myofibers of the injected sites. On the 
contrary, FGF-1 expression was also detected in satellite cells 
located in both injected and noninjected muscles from NV1FGF-
treated patients. This FGF-1 expression in satellite cells was likely 

due to expression of endogenous FGF-1 because similar FGF-1 
immunoreactivity had been observed, using the same immu-
nohistochemical assay, in satellite cells in muscle biopsies from 
nontreated patients with CLI (data not shown).

In addition, our data demonstrate that the four FGF recep-
tors are present on microvasculature cells within ischemic muscle 
tissue and on myofibers in patients with severe limb ischemia 
suggesting potential for biological activity of FGF-1 protein. 
Indeed, FGFs mediate their cellular responses by binding to and 
activating a family of four receptor tyrosine kinases designated the 
high-affinity FGF receptors FGFR1-FGFR4.21

Three NV1FGF doses were tested for gene expression at 
injection site: 0.06, 0.25, and 0.5 mg per site, the highest dose per 
injection being that injected in patients with CLI in the phase II 
trial.5 All dose resulted in NV1FGF gene expression. However, 
a clear dose effect could not be evidenced due to the restricted 
group size and the large variability of NV1FGF gene transfer. 
The numbers of FGF-1-expressing myofibers per sample may 
appear low, and were lower than that observed in ischemic animal 
models.3 It has to be noted that the FGF-1 immunohistochemis-
try assay was not used to provide a semiquantitative assessment. 
It was used to identify the NV1FGF-expressing cells and localize 
them in one section for each of the 30 pieces per injection site. 
In addition, muscles were collected at the time of amputation, 
which was 3–5 days after IM injection. This postinjection time 
might have been too short to achieve maximal levels of protein 
expression in transfected myofibers.22,23 In animal models, peak 
gene expression is reached within 1–2 weeks after a single IM 
administration.24 This may represent the best-case scenario and 
might be substantially longer in humans with advanced chronic 
limb ischemia, as were the subjects in this study. Therefore, the 
number of FGF-1-expressing myofibers reported in this study 
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may be significantly underestimated and does not reflect the level 
of protein expression.

There is an ongoing debate as to whether production of stable 
mature collateral vessels can be induced by a short burst of high 
doses as observed using adenovirus or whether moderate, but 
more sustained levels, as observed by plasmid delivery with the 
potential of repeated administrations might serve as the better 
option to induce therapeutic angiogenesis.25,26 Negative results 
from RAVE and DELTA-1 trials have dampened enthusiasm for 
therapeutic angiogenesis.8,11,27 However, interest in vascular gene 
therapy has returned, and in a large placebo-controlled phase II 
gene therapy trial it was shown that the level of transgene FGF-1 
expression obtained following four repeated IM administrations 
of NV1FGF in patients with CLI is sufficient to establish func-
tional arterial collateral networks and restore tissue oxygenation 
to prevent major amputation. NV1FGF was injected at a dose of 
0.5 mg per site in four sites above the knee and four sites below 
the knee.5 The presented pharmacokinetic information substanti-
ate the evidence that IM injection of NV1FGF plasmid DNA in 
patients with severe limb ischemia results in clinically relevant 
transfection of striated muscle fibers and measurable NV1FGF 
transgene expression.

NV1FGF is a new generation plasmid vector with improved 
properties in terms of biosafety while achieving more efficient gene 
expression in vivo.2 Longer time points would be desirable to study 
both long-term expression levels as well as local biological effects of 
FGF-1 gene transfer in the ischemic limb of patients, but such a study 
is difficult, if not impossible, to achieve in humans with the same 
vigor as the present study. In our animal studies, FGF-1-expressing 
myofibers have been detected within weeks after a single IM admin-
istration of NV1FGF in rats.28 IM administration of NV1FGF in 
two animal models of hindlimb ischemia have demonstrated the 
statistical improvement of formation of new blood vessels as well as 
the improvement of reperfusion in the NV1FGF-treated ischemic 
hindlimb when compared to vehicle or plasmid controls.2,3 FGF-1 
activates proliferation, migration, and differentiation of endothelial 
cells required for sprouting of pre-existing vessels and formation 
of new capillaries, but FGF-1 also induces migration and prolifera-
tion of smooth muscle cells, mural cells, and pericytes required for 
arterioles maturation and vessel remodeling.29

Our data of NV1FGF gene transfer to ischemic muscle in 
patients with CLI demonstrate for the first time a spatial distri-
bution of plasmid DNA and its transgenic protein. The NV1FGF 
825 bp sequences that contain the minimal transcription sequence 
able to drive FGF-1 expression was distributed over the entire 
volume (30 cm3) of all the injected muscle samples. In some cases, 
quantitative data indicated a bell-shaped spatial distribution of 
NV1FGF plasmid sequences with decreasing gradient in sequence 
levels from the piece at the injection site to more distal pieces. 
Despite prompt intraoperative sample collection and freezing pro-
cess, many pieces contained degraded RNA. This technical issue 
may mitigate the findings regarding NV1FGF mRNA expression. 
Nevertheless, it appears clear from the data collected in well-
preserved samples that NV1FGF mRNA could be distributed 
to 5 cm in 20/30 cm3 and was detected only at the injected sites. 
NV1FGF mRNA was not detected in the muscle areas distant by 
a few centimeters from the injection sites. Expression of FGF-1 

showed a more restricted spatial distribution. FGF-1-expressing 
myofibers were observed only in the injected sites and were located 
in the center of the assessed surface area, expected to be the injec-
tion point. The gene transfer restricted to the injection site has to 
be related to the restricted diffusion of plasmid solution within the 
muscle tissue. Using ultrasound imaging in patients with periph-
eral arterial disease, IM injection of 2.5 ml plasmid solution has 
been demonstrated to be distributed by a maximum of 6 cm in 
calf muscle.30 New formation of capillaries and arterioles was not 
recognized within 3–5 days after NV1FGF injection.

Although it remains speculative, needle injury might have 
played a role. Including a control group would have answered this 
question, however, this also would have meant that these patients 
were forced to undergo a rather strenuous screening process and 
delay their amputation. Due to ethical consideration, the steering 
committee decided not to include a control group in this pharma-
cokinetic phase I trial.

Following IM injection of plasmid, DNA sequences appear 
to enter the blood stream at early-time points, with levels declin-
ing over time. Lew et al. reported that intact plasmid DNA com-
plexed with cationic lipids has a half-life in blood of <5 minutes 
when assessed by Southern blot and has become undetectable at 
1 hour after intravenous injection in mice.31 Plasmid distribution 
and degradation have not been systematically documented 
in blood samples from patients after IM administration. We 
thus developed two PCR assays, one amplifying a short 69-bp 
sequence, the other amplifying an 825-bp sequence correspond-
ing to the minimal expression cassette. We have used these 
assays to discriminate between plasmid sequences retaining the 
potential to drive sp.FGF-121–154 expression from small plasmid 
degradation products. Our results indicate that NV1FGF plasmid 
present in the circulation undergoes progressive degradation. 
The 825-bp sequence corresponding to the minimal expression 
cassette was detected up to 2 hours in all and up to day 30 in one 
patient in this study. Animal studies have shown that systemic 
and transient tissue distribution of NV1FGF sequences was not 
associated with NV1FGF expression in organs other than the 
injected muscles.28 Verification of this finding in patients was 
not feasible in this trial.

In conclusion, successful NV1FGF gene transfer and expres-
sion were demonstrated in skeletal muscles from patients with 
CLI planned to be amputated. Together with the detection of the 
four FGF receptors, these data indicate that even severely ischemic 
muscles display the potential for response to NV1FGF-mediated 
therapeutic angiogenesis. The spatial distribution of NV1FGF 
expression was shown to be restricted to the injection site sup-
porting the NV1FGF being a local treatment. We concluded that 
IM administration of NV1FGF in patients with CLI translated 
into localized expression and transient systemic distribution 
of the plasmid support the use of repeated, multiple injections 
performed at different sites of the limb, which is safe, to achieve a 
broad distribution of FGF-1 transgene protein.

Materials And Methods
Patients. Patients with CLI scheduled for major lower limb amputation 
were screened for enrollment into this study according to criteria previ-
ously described.4,5 Patients with active proliferative retinopathy, history 
or evidence of cancer, or serum creatinine >2.0 mg/dl (176 μmol/l) were 
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not eligible. Qualified subjects were randomized to one of the three tested 
doses (0.5, 2, or 4 mg NV1FGF). Study design allowed administration of 
the study drug in a time period of 3–5 days before amputation. Table 1 
summarizes patient demographics and baseline characteristics. The study 
was approved by the Institutional Review Board of each study center, by 
the Swiss Agency for the Environment, Forests and Landscape, by the 
Swiss Federal Office of Public Health, the Recombinant DNA Advisory 
Committee of the National Institutes of Health, and the Food and Drug 
Administration. All patients gave written informed consent. Study proce-
dures were conducted according to guidelines of Good Clinical Practices.

Plasmid. NV1FGF (Figure 5) is a 2.4 kb plasmid consisting of an expres-
sion cassette for sp.FGF-121–154 inserted in a plasmid backbone displaying a 
conditional origin of replication and no antibiotic resistance marker.1 The 
sequence encoding FGF-121–154 is a fusion between the sequences encoding 
the secretion signal peptide (sp) from human fibroblast interferon and the 
human FGF-1 from amino acids 21 to 154. Expression of sp.FGF-121–154 is 
driven by the human cytomegalovirus immediate early enhancer/promoter 
(from nucleotide −522 to +72). The late polyadenylation signal from 
simian virus 40 (nucleotides 2,538–2,759 from SV40 genome, Genbank 

locus SV4CG) is inserted downstream of the sp.FGF-121–154 fusion to 
ensure proper and efficient transcription termination and subsequent 
polyadenylation of the transcript.

Treatment and specimen collection schedule. Six patients were randomi
zed to receive 0.5, 2, or 4 mg of NV1FGF administered as eight IM injections 
of 2.5 ml each: four injections above the knee and four below the knee of 
the leg planned to be amputated (Table 2). Injection sites were arbitrarily 
selected by the clinical operator outside of areas of damaged tissue according 
to available muscle mass (at least 2 cm thick, except for anterior muscles). 
Injections in the nonamputated part of the limb were performed to enable 
potential therapeutic benefit to the nonamputated limb. All patients were 
planned for a major amputation; however, only the four injection sites 
below the knee were marked with a tattoo pen to accurately retrieve the 
injected tissue at the time of amputation (Figure 6). NV1FGF was injected 

NV1FGF plasmid
2,420 bp

Sv40 late polyA signal
sup Phe cer R6K ori γsp-FGF-1 human

69 bp

825 bp

CMV E/P(−500/+72)

Figure 5 E xpression cassette. The plasmid contains an expression 
cassette inserted into an original backbone creating a closed circular 
plasmid of 2.4 kb. The sequence encoding sp.FGF-1 is a fusion between 
the sequences encoding the secretion signal peptide (sp) from human 
fibroblast interferon and the human FGF-1 from amino acids 21 to 154. 
Expression of sp.FGF-1 is driven by the human cytomegalovirus (CMV) 
immediate early enhancer/promoter. The late polyadenylation signal 
from simian virus 40 is inserted downstream of the sp.FGF-1 fusion. 
Amplicon 69 bp. A short sequence of 69 bp spanning the junction 
between immediate early CMV 5′-UTR and the first nucleotides of the 
transgenic sp.FGF-1-coding sequence. Amplicon 825 bp. A long ampli-
con of 825 bp encompassing the minimal sp.FGF-1 expression cassette.

Table 2 S ubjects enrollment by dose of NV1FGF

Total NV1FGF 
dose (mg)

Number of subjects

Total number  
of injection sites

NV1FGF  
dose (mg)/

injection site
Single  
dose

Repeat  
dose

Talisman 105

  0.5 2 — 8 0.0625

  2 2 — 8 0.25

  4 2 — 8 0.5

Identification of injection site

Injection point

Surgical hook-
needle/wire

Skin

5 cm

2 
cm

3 
cm

5 cm

2 
cm

3 
cm

Tattoo

Muscle

5 cm
Identification of injection sites

Immunohistochemistry PCR

15 smaller sized
pieces:

NV1FGF DNA
and NV1FGF

mRNA

30 smaller sized
pieces:

FGF-1 protein
FGF receptors

(R1–4)

Sampling processes for

Figure 6  Method of tissue sampling for the assessment of NV1FGF 
sequences and NV1FGF-derived mRNA using real-time PCR assays 
as well as FGF-1 protein and FGF receptors (FGF-R1, -R2, -R3, -R4) 
using immunohistochemistry. Before NV1FGF administration, injec-
tion sites from the part of the limb to be amputated were marked using 
a tattoo pen. After anesthesia before major amputation, marking hook 
needles or suture stitches were positioned at least 2-cm deep through 
each of the four rectangle tattoos to secure the correlation between skin 
and injected muscle tissue by avoiding differential tissue retraction after 
amputation. Muscle tissue was collected from injected sites for PCR and 
for immunohistochemistry. The muscle samples were divided into 15 
equally sized pieces for PCR analyses and in 30 equally sized pieces for 
immunhistochemistry. FGF-1, fibroblast growth factor-1.

Table 1 S ubjects demographics and baseline characteristics

 Talisman 105 (N = 6)

Age (mean ± SD), years 64 ± 16

Body weight (mean ± SD), kg 58 ± 12

Male 3 (50%)

Race

  Caucasian 5 (83%)

  African American 1 (17%)

  Hispanic —

Rutherford classification

  Grade II, category 4 —

  Grade III, category 5 —

  Grade III, category 6 6 (100%)

Smoking status

  Never 1 (17%)

  Current 4 (67%)

  Previous 1 (17%)

Diabetes 2 (29%)

Hyperlipidemia 2 (29%)

Hypertension 3 (50%)

Prior vascular procedures

  Major contralateral amputation 1 (17%)

  Skin graft —

  Angioplasty 4 (67%)

  Bypass surgery 5 (83%)
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in various calf muscles: peroneus brevis and longus, extensor digitorum 
longus, gastrocnemius, tibialis anterior, flexor hallucis longus, flexor digi-
torum longus, and soleus.4,5 Muscle samples were collected intraoperatively 
from injected and noninjected sites of the amputated limb according to a 
carefully defined procedure. After anesthesia before amputation, marking 
hook needles or suture stitches were positioned at least 2-cm deep through 
each of the four rectangle tattoos to secure the correlation between skin and 
injected muscle tissue thereby avoiding differential tissue retraction which 
occurs at the time of amputation. Biopsies were intraoperatively collected 
as rapidly as possible to best preserve the quality of nucleic acids. The 24 
samples (four per patient) that corresponded to injected sites comprised 
blocks of 5 cm long, 3 cm wide, and 2 cm deep (30 cm3), centered on the 
injection point, i.e., the needle track. Twenty-four small muscles samples 
(four per patient) were collected from a location as far as possible from 
any injection site. Half of the collected samples were processed for further 
analysis. The remaining samples were backup in case of technical issues.

For analysis of NV1FGF DNA sequences and NV1FGF-mRNA, 
the samples (30 cm3) from injected sites (two per patients) were further 
divided into 15 equal pieces. Samples (6 cm3) from noninjected sites 
(two per patients) were subdivided in three equal pieces. Muscles 
samples were collected by the surgeon in a time frame ranging from 10 
to 30 minutes after amputation. They were immediately snap frozen and 
stored at −80 °C.

Samples (30 cm3) from other injected sites (two per patient) were  
collected to be processed for histological investigation using immuno
histochemistry for expression of FGF-1 and FGF receptors (R1, R2, 
R3, R4). They were divided into 30 equal pieces. Samples (18 cm3) from 
noninjected sites (two per patient) were subdivided into 18 equal pieces. 
Muscles samples were collected by the surgeon in a time frame ranging 
from 2 to 47 minutes. Samples were immediately fixed in a formaldehyde 
fixative solution.

Blood samples were collected at baseline, 15 minutes, 2 hours, 4 hours, 
and day of amputation, 30 and 60 days after NV1FGF administration. 
Blood samples were stored at −80 °C.

NV1FGF DNA and NV1FGF mRNA levels in plasma and muscle tissue 
samples. Real-Time (TaqMan; Life Technology, Foster City, CA) PCR 
assays were used for quantitative assessment of NV1FGF DNA levels in 
plasma and muscle tissue samples. Frozen muscle samples were processed 
for combined RNA and DNA extraction using the Trizol method to com-
pare levels of NV1FGF mRNA and NV1FGF DNA from the same samples. 
Genomic DNA was quantified using ultraviolet spectrophotometry and 
mRNA was purified using oligo-dt columns. Two PCR assays were used to 
amplify NV1FGF sequences of different length (Figure 5). A short 69-bp 
sequence spanning the junction between the immediate early cytomegalo-
virus 5′-untranslated region and the first nucleotides of the signal peptide 
(sp.) sequence. A long 825-bp sequence encompassing the minimal expres-
sion cassette displaying the potential to express FGF-1 transgene. The LOQ 
of the 69-bp PCR assay was 10 copies/10 µl plasma, and 10 copies/µg of 
genomic DNA from muscle tissue. The LOQ for the 825-bp PCR assay was 
100 copies/10 µl plasma and 100 copies/µg of genomic DNA from muscle 
tissue. A sample was considered positive and reproducibly quantifiable for 
values greater than or equal to the LOQ.

Reverse transcribed mRNA were submitted to the 69-bp PCR assay. 
The standard curve was obtained from sp.FGF-121–154 transcripts obtained 
by in  vitro transcription from a suitable plasmid. Limit of detection and 
LOQ were 10 and 6,000 copies of in vitro transcripts/6 µg of total RNA, 
respectively. Quantitative analysis of NV1FGF mRNA was carried out for 
samples displaying an electrophoretic profile (obtained either by 1% agarose 
gel electrophoresis or using the Agilent 2100 Bioanalyser; Agilent Technology, 
Foster City, CA) showing no degradation of total RNA preparation.

PCR amplification and fluorescence detection were performed 
using an  ABI Prism 7700 sequence detection system (Life Technology, 
Foster City, CA). Analysis was conducted by Althea Technologies 

(San Diego, CA) for plasma samples, and Centelion SAS (Vitry sur Seine, 
France) for muscle samples. Nested PCR analysis was not performed.

FGF-1-expressing myofibers and FGF receptors in muscle tissue. For
maldehyde-fixed tissue samples were processed for immunohisto
chemistry. Each piece was oriented to reconstitute the original muscle 
samples. For each oriented piece, only the five first sections were pro-
cessed for FGF-1 protein and the four FGF receptors (R1, R2, R3, and R4) 
immunohistostaining. FGF-1 and its receptors were detected using rabbit 
polyclonal antibodies (anti-FGF-1: R&D Systems, Minneapolis, MN; 
anti-FGF receptors: Santa Cruz, Santa Cruz, CA) in a standard strepta-
vidin-biotin assay. The number of FGF-1-expressing myofibers and the 
presence of FGF receptors were assessed in 30 sections (1 section/piece/
assay) per injected site and 18 sections per noninjected site (Figure 6). 
Analysis was conducted by Centelion SAS.
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