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We here report the results of a Phase I/IIa open-label 
four dose-escalation clinical study assessing the safety, 
tolerability, and possible therapeutic efficacy of a single 
intramuscular administration of DVC1-0101, a new gene 
transfer vector based on a nontransmissible recombi-
nant Sendai virus (rSeV) expressing the human fibro-
blast growth factor-2 (FGF-2) gene (rSeV/dF-hFGF2), 
in patients with peripheral arterial disease (PAD). Gene 
transfer was done in 12 limbs of 12 patients with rest 
pain, and three of them had ischemic ulcer(s). No car-
diovascular or other serious adverse events (SAEs) caused 
by gene transfer were detected in the patients over a 
6-month follow-up. No infectious viral particles, as 
assessed by hemagglutination activity, were detected in 
any patient during the study. No representative elevation 
of proinflammatory cytokines or plasma FGF-2 was seen. 
Significant and continuous improvements in Rutherford 
category, absolute claudication distance (ACD), and rest 
pain were observed (P < 0.05 to 0.01). To the best of 
our knowledge, this is the first clinical trial of the use of 
a gene transfer vector based on rSeV. The single intra-
muscular administration of DVC1-0101 to PAD patients 
was safe and well tolerated, and resulted in significant 
improvements of limb function. Larger pivotal studies 
are warranted as a next step.

Received 3 September 2012; accepted 5 December 2012; advance online 
publication 15 January 2013. doi:10.1038/mt.2012.279

IntroductIon
Peripheral arterial disease (PAD) is a typical phenotype of pro-
gressive and systemic atherosclerosis, and causes disability of limb 
function (intermittent claudication (IC)) as well as serious pain or 
limb loss (critical limb ischemia (CLI)). PAD is estimated to affect 
more than 8.4 million individuals in the United States,1 and its 

prevalence is increasing in Asian countries, including Japan. Even 
with the current standard therapies, subjects with severe PAD are 
left with immobility, intractable ischemia, ulceration, impaired 
wound healing, or the necessity of amputation. Therefore, the 
development of new therapeutics to rescue the limbs from critical 
ischemia, normalize limb function, and prevent the progression of 
PAD is urgently needed.

In contrast to interventional revascularization and bypasses 
that target the large- and medium-sized arteries, therapeutic 
angiogenesis modalities target the microvessels.2 Soon after the 
discovery of angiogenic growth factors, investigators began to test 
proteins3,4 and genes5–8 for their ability to stimulate neovessels in 
subjects with PAD. However, the majority of the results of clini-
cal trials of therapeutic angiogenesis have been disappointing, and 
importantly, the positive findings obtained in the small early tri-
als were not confirmed in the larger, well-controlled multicenter 
trials. Nonetheless, since a number of preclinical evaluations in 
animal studies support the concept of therapeutic angiogenesis, 
the critical factors that affect its efficacy in clinical settings should 
be reconsidered in order to more fully investigate and test this 
intriguing therapy.

Among the published angiogenic trials for IC, only the 
TRAFFIC study—a well-controlled clinical trial for intraarterial 
injection of human recombinant basic fibroblast growth factor 
(bFGF/FGF-2)—could provide proof of concept; namely, a single-
dose injection of bFGF/FGF-2 significantly improved the peak 
walking time of IC patients at day 90.4 However, the TRAFFIC trial 
was terminated, because of the relatively limited clinical outcome 
as well as the mild-to-moderate adverse events (AEs), including 
hypotension and proteinuria, which may have been due to the 
systemic leakage of FGF-2. Therefore, a higher and sustained pro-
tein concentration of FGF-2 in local target muscles might be more 
effective and may have fewer side effects in clinical settings.

Recombinant Sendai virus (rSeV) vector is a powerful gene 
transfer agent9 for the cytoplasmic transcription of therapeutic 
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genes. We previously showed that, in the ischemic muscles of mice, 
rSeV administration led to high-level expression of an angiogenic 
factor, FGF-2, with the levels being as much as 300-fold higher 
than at baseline.10 At a higher dose, the ischemic murine muscles 
underwent severe congestion associated with markedly dilated 
postcapillary veins (Y. Yonemitsu et al., unpublished observation), 
providing the first potential evidence of a toxic dose among the 
preclinical evaluations of angiogenic gene therapies. Using this 
system, we demonstrated that: (i) rSeV-mediated overexpression 
of FGF-2 showed better efficacy for limb salvage in mouse models 
with surgically induced severe limb ischemia than did administra-
tion of vascular endothelial growth factor (VEGF);10 (ii) the bio-
logical and therapeutic effects of FGF-2 were dependent on the 
inducible expression of endogenous VEGF and hepatocyte growth 
factor (HGF) at an early phase during the angiogenic cascade11 
via a platelet-derived growth factor receptor-α/p70S6-mediated 
mechanism;12 (iii) FGF-2 gene transfer induced not only angio-
genesis but also lymphangiogenesis via the VEGF-C/VEGFR3 
system;13,14 and (iv) FGF-2 also stimulates transient inflammatory/
arteriogenic responses via a monocyte/macrophage chemoat-
tractant protein-1–mediated mechanism.15 These results and the 
clinical information obtained by the TRAFFIC study strongly 
suggested that intramuscular injection of rSeV expressing FGF-2 
could be an effective method for treating PAD patients.

Our new gene drug product, DVC1-0101, was designed as 
a RNA drug to induce cytoplasmic expression of native human 
FGF-2 in vivo to improve the walking performance of PAD 
patients. DVC1-0101 was based on a first-generation vector 
established by deleting the fusion (F)-gene (rSeV/dF) to render it 
nontransmissible.16 We here report the results of the first-in-man, 
Phase I and IIa, open-labeled, single-center, dose-escalation clini-
cal study of DVC1-0101 to treat PAD patients. This clinical study 
was designed to evaluate the safety and determine an effective 

dose of DVC1-0101 in PAD patients in whom revascularization 
was not considered a suitable option.

results
Baseline patient characteristics
The Japanese Guidelines for Clinical Trials of Gene Therapy issued 
by the Ministry of Health, Labor, and Welfare (MHLW) stipulate 
that only “no-option” patients should be enrolled as subjects in 
first-in-man gene therapy studies. Therefore, the Governmental 
Review Board recommended that this trial target cases of CLI 
without indications for any standard vascular interventions. In 
addition, because DVC1-0101 was designed to improve the walk-
ing performance of PAD patients, we made an effort to recruit 
subjects who could be tested on a treadmill.

A total of 18 patients with PAD who met the inclusion criteria 
were screened, and among them, 12 patients who did not meet 
the exclusion criteria were enrolled (Table 1). A total of 12 limbs, 
one limb per patient, were treated once with DVC1-0101 in a four 
dose-escalation fashion (Supplementary Table S1).

As shown in Table 1, the cohort consisted of 10 males and 2 
females (mean age, 65 years; range, 48–82), including 10 cases of 
arteriosclerosis obliterans and 2 of thromboangitis obliterans (TAO, 
Buerger’s disease; both cases were in Stage 4). Three patients had 
single (cases 103 and 403) or multiple (case 105) ischemic ulcers, 
and eight patients had relatively mild-to-moderate rest pain that did 
not prevent their taking a treadmill test. Nine patients had a smok-
ing history, and enrollment was restricted to the patients who had 
ceased smoking at least 1 month before screening.

Primary end point: safety
Survival. Although one patient (case 105, Stage 1) was lost due 
to acute-on-chronic progression of preexisting interstitial pneu-
monitis ~2 years after treatment, no other death occurred over a 

table 1 Patients’ baseline characteristics (n = 12)

cohort
case  

number Age Gender
smoking 
history

clinical characteristics

target  
limb diagnosisa

rest pain 
gradeb

ulcer  
diameter (mm)

Available for 
treadmill

Fontaine/
rutherford

Stage 1 102 59 M + Right ASO 2 — Yes III/II-4

103 74 M + Left ASO 4 23.1 (5th toe),  
11.3 (ankle),  
9.5 (foot sole)

No IV/III-5

105 66 M − Left ASO 4 8.4 (5th toe) No IV/III-5

Stage 2 201 65 F − Right ASO 2 — Yes III/II-4

203 58 M + Left ASO 2 — Yes III/II-4

204 76 F − Right ASO 2 — Noc III/II-4

Stage 3 303 82 M + Right ASO 2 — Yes III/II-4

304 58 M + Right ASOd 3 — Yes III/II-4

305 83 M + Left ASO 2 — Yese III/II-4

Stage 4 401 48 M + Right TAO 2 — Yes III/II-4

403 54 M + Right TAO 3 8.0 (4th toe) Yes IV/III-5

405 57 M + Right ASO 4 — Nof III/II-4
aDiagnosis: ASO, arteriosclerosis obliterans; TAO, thromboangitis obliterans. b1: no pain without analgesic, 2: tolerable pain without analgesic, 3: tolerable with a 
few doses of analgesic(s), 4: multiple doses of analgesic(s), and 5: insufficient pain control with constant use of analgesic(s). cAvailable for treadmill after DVC1-0101 
treatment. dA case of high aortic occlusion just below renal arteries. eNot available due to breathlessness 2 months after DVC1-0101 treatment. fPreexisting hemiplasia 
due to old cerebral infarction.
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1-year period (the observation period ranged from 1 year and 1 
month to 4 years and 8 months).

AEs. In the clinical protocol used, serious AEs (SAEs) are reported 
and reviewed by the Data Safety and Monitoring Board and fol-
lowed by the Health Sciences Council of the Japan MHLW for 5 
years after the protocol, and other AEs are carefully followed for 
6 months after the gene transfer date. Nine SAEs occurred in six 
patients during the observation period (Table 2). No cardiovas-
cular events or other SAEs that could be definitively attributed to 
gene transfer were observed.

A total of 136 AEs were observed (pretreatment = 16 events; 
post-treatment = 120 events) over the 6 months after the gene 
transfer. Among these, as shown in Table 3, there was no AE cat-
egorized as grade 4, and seven of eight AEs related to amputation 
in Stage 1 were grade 3 according to the Common Terminology 
Criteria for Adverse Events (CTCAE version 4.03, published by the 
U.S. National Cancer Institute, 14 June 2010: http://evs.nci.nih.gov/
ftp1/CTCAE/CTCAE_4.03_2010-06-14_QuickReference_8.5x11.
pdf). Another AE at Stage 4 was due to alcoholic liver damage. No 
dose-response relationship was observed.

Virus shedding. Urine and whole blood samples were collected 
from all of the patients and used to monitor the virus shedding in 
individuals by measuring the levels of genome copies using nested 
real-time reverse transcription-PCR as well as hemagglutination 
activity suggesting infectious activity of DVC1-0101 (assessed 
by the hemagglutination activity of chicken RBCs). As shown 
in Supplementary Table S2, neither the viral RNA genome nor 
infectious activity of DVC1-0101 was detected in urine samples. 
Three patients (cases 303, 401, and 405) exhibited transient per-
sistence of the viral genome; however, no infectious activity was 
found in any samples, including those that tested positive for the 
RNA genome.

Proinflammatory reactions. All 12 patients were administered 
methylprednisolone hemisuccinate (Solu-medrol; 125 mg/day) 
via intravenous drip on day −1, day 0 (just before the vector 
injection), and day 1 in order to avoid an unexpected evoca-
tion of the innate immune response and allergic reactions to 
vectors. Administration of this cortisone has been shown to 
suppress the innate immune response but not antigen-specific 
acquired immune responses against the rSeV under experimen-
tal conditions.17 The patients’ laboratory parameters of systemic 
inflammatory reaction related to the vector injection and treat-
ment are provided in Supplementary Figure S1a. In most of 
the patients, the WBC count increased transiently soon after 

table 2 serious adverse events (sAes) reviewed by the data safety and Monitoring Board and Health sciences council of the Japan Ministry of 
Health, labor, and Welfare

case number sAe onset after treatment Prognosis of event review result

102 Major amputation of treated limb (below knee) 3 years and 11 months Healed stump Not related, probablya

103 Major amputation of treated limb (below knee) 15 days Healed stump Cannot be denied

105 Minor amputation of treated limb (3–5 toes) + salvaging bypass 3 months Healed stump Not related, probablya

Myelodysplastic syndrome 1 year and 8 months No change Not related, probablyb

Acute-on-chronic progression of preexisting interstitial 
pneumonitis

2 years and 1 month Dead Not related, probablyb

201 Compression fracture of lumbar bone 3 years Recovered Not related (incidental)

204 Coronary bypass for preexisting coronary aneurysm 2 years and 10 months Recovered Not related (incidental)

403 Bleeding of gastric ulcer 1 year and 1 month Recovered Not related, probablyb

Minor amputation of treated limb (1st toe) 1 year and 4 months Healed stump Not related, probablyc

Abbreviation: SAE, serious adverse event.
aProbably due to the natural course of the disease. bProbably incidental disease. cProbably due to the occlusion of a preexisting upstream bypass graft.

table 3 Adverse events (Aes) categorized as grade 3 or 4 within 6 
months of gene transfer

 Ae

cohort, cases (events)
committee 
review result1 2 3 4

Grade 4 No AE —

Grade 3 Anemia 
(postoperative)

1 (1) 0 0 0 Not related

γ-GTP ↑ 1 (1) 0 0 1 (1) Not related

Hypoalbuminemia 1 (1) 0 0 0 Not related

Decubitus ulcer 1 (1) 0 0 0 Not related

Major amputation 1 (1) 0 0 0 Cannot be denied

Minor amputation 1 (1) 0 0 0 Not related

Limb-salvaging 
bypass

1 (1) 0 0 0 Not related

Total, cases (events) 3 (7) 0 (0) 0 (0) 1 (1)

Abbreviations: AE, adverse event; GTP, glutamyl transpeptidase.

table 4 changes of rutherford categories at 6 months after gene 
transfer

  overall (n = 12) stages 2–4 (n = 9)

Improved Marked (+3) 1 1

Moderate (+2) 2 2

Modest (+1) 4 4

No change 2 1

Worsened Modest (−1) 1 1

Moderate (−2) 1 0

Marked (−3) 1 0

%Improvement 58.3% (7/12) 77.8% (7/9)

P value 0.7744 0.1797

http://evs.nci.nih.gov/ftp1/CTCAE/CTCAE_4.03_2010-06-14_QuickReference_8.5x11.pdf
http://evs.nci.nih.gov/ftp1/CTCAE/CTCAE_4.03_2010-06-14_QuickReference_8.5x11.pdf
http://evs.nci.nih.gov/ftp1/CTCAE/CTCAE_4.03_2010-06-14_QuickReference_8.5x11.pdf
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the gene transfer, and recovered to baseline by day 3. Since no 
corresponding increase of C-reactive protein or other proin-
flammatory cytokines was found, the increase of WBC counts 
was thought to be a result of the methylprednisolone treatment. 
In contrast, the levels of C-reactive protein and interleukin-6 
were increased on days 7–14 on average; this finding was at-
tributed largely to the marked elevation of these parameters 
in case 103, who underwent a major amputation after show-
ing a septic reaction to a methicillin-resistant Staphylococcus 
aureus infection. Other proinflammatory cytokines, including 
interleukin-1β and tumor necrosis factor-α, did not show sig-
nificant change during the trial.

Circulating angiogenic factors. To monitor the possible leakage 
into the blood circulation of exogenously expressed FGF-2 and 
its inducible and endogenous downstream angiogenic factors, 
VEGF and HGF,12 we subjected the plasma and serum to analysis 
with specific ELISA systems. We used samples within 7 days of 
their collection, because our previous studies demonstrated that 
the expression of exogenous gene products peaked at 2 days and 
declined at around 7–14 days after gene transfer using multiple 
genes and vector constructs.10,18

As shown in Supplementary Figure S1b, there was no signifi-
cant elevation in any angiogenic factors during the trial.

Other examinations related to safety. All patients underwent 
a retinal examination by independent ophthalmologists, cancer 
screening for tumor markers, and computed tomography scans 
of the brain and whole body as part of a follow-up examination 
6 months after the gene transfer. No newly developed lesion was 
detected in any examination.

secondary end point: efficacy-related parameters
Since CLI patients without indications for standard vascular 
interventions were eligible for this trial, we monitored the time 
course of clinical symptoms (Rutherford classification, rest pain, 
and ulcer healing) and other surrogates possibly related to the 
hemodynamics, including ankle-brachial pressure index and toe 
pressure index, laser Doppler perfusion images (LDPIs), foot-pad 
temperature assessed by thermography, and pulse-volume record-
ing (PVR), at each patient visit for 6 months after the gene trans-
fer. In addition, a flat treadmill test at 2.4 km/hour, terminated at 
300 m to minimize the risk for cardiovascular complications, was 
added for the eight patients who were able to take the test (n = 6 
for arteriosclerosis obliterans and n = 2 for TAO, Table 1).

Improvement of clinical staging (Rutherford classification). All 
CLI patients enrolled in this trial were categorized as Rutherford 
grade19 II-4 or III-5. At the visit 6 months after the gene transfer, 
each patient’s Rutherford category was re-evaluated and scored as 
+/−1 (improved/worsened one category), +/−2 (improved/wors-
ened two categories), and +/−3 (improved/worsened more than 
three categories). The overall improvement rate was 58.3% (n = 
7/12, P = 0.7744), and the improvement for Stages 2–4 was 77.8% 
(n = 7/9, P = 0.1797), as shown in Table 4.

Rest pain. Rest pain was scored based on the frequency of intake 
of analgesics, in most cases nonsteroidal anti-inflammatory drugs, 
within 24 hours of the interview, and was categorized as follows: 
1, completely pain-free without analgesic; 2, feel pain but no need 
for analgesic; 3, feel pain and sometimes need analgesic(s); 4, use 
analgesic(s) constantly to control the pain; and 5, uncontrollable 
pain despite continuous use of analgesic(s). Two patients (cases 
103 and 105) were excluded because of major and minor amputa-
tion, respectively.

Overall (n = 10), significant pain reduction was seen and con-
tinued for over 6 months (P < 0.01 or P < 0.05, Wilcoxon’s signed-
rank test), and six patients were completely pain-free during our 
observation (Supplementary Figure S2a).

Ischemic ulcers. The time course of a preexisting ischemic ulcer 
was recorded in three patients (cases 103 and 105 at Stage 1, and 
case 403 at Stage 4). No improvement in the size of the referenced 
ulcers was observed in the two Stage 1 patients, and complete 
healing was observed in the Stage 4 patient.

Ankle-brachial pressure index and toe pressure index. To avoid 
examiner-dependent biases, ankle-brachial pressure index and toe 
pressure index were measured by an automatic oscillometric sys-
tem (VS-1500A; Fukuda Denshi, Tokyo, Japan). When the blood 
pressure of the target limb was too low to be detected, the theoret-
ical lower limit, 10 mmHg, was used for calculation. As shown in 
Supplementary Figure S2b, no significant change was observed 
at any time point up to 6 months after the gene transfer.

LDPI and foot-pad temperature. We measured the blood flow 
ratio of both legs of each patient using a LDPI analyzer (Moor 
Instruments, Devon, UK). To minimize data variables due to 
ambient light and temperature, the LDPI index was expressed 
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Figure 1 time course of walking activity examined by treadmill. 
(a) Time course of absolute claudication distance (ACD; m, n = 6). 
(b) Change of ACD (ΔACD; %, n = 5). *P < 0.05, #P < 0.01. The data for 
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as the ratio of the blood flow in the treated limb to that in the 
contralateral limb. As shown in Supplementary Figure S2c (left 
graph), no significant change was observed as of 1 month after 
gene transfer.

The foot skin temperature of both limbs was measured by 
independent and blinded physicians (dermatologists in the hospi-
tal). The measurements were performed at constant room temper-
ature (25 °C), and a 60-minute interval was allocated for patient 
acclimatization after the removal of his or her socks and shoes. As 
shown in Supplementary Figure S2c (right graph), a significant 

decrease in the differences of foot-pad temperature (°C = treated 
limb − untreated limb) was observed at 1 month after the gene 
transfer (P < 0.05, paired t-test).

PVR. As shown in Supplementary Table S3, 10 patients (exclud-
ing the two amputated cases) underwent constant PVR measure-
ments. Seven of the 10 patients (cases 102, 201, 204, 304, 305, 403, 
and 405) showed negative PVR values at pretreatment, and six 
subjects (excluding case 102) occasionally exhibited significant 
appearance of PVR values after the gene transfer.
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Figure 2 the case of a 65-year-old Japanese woman (case no. 201 at stage 2). Both limbs were affected, with ~200 m of intermittent claudica-
tion since 1993 due to PAD. Her symptoms had been stable for 14 years, and then she developed rest pain in the right foot, which was treated by 
NSAIDs. (a) Her angiogram (left panel) demonstrated complete obstruction of the whole superficial femoral to popliteal arteries and all main arteries 
at the ankle level in both limbs. Severe calcification was seen throughout the superficial femoral to popliteal arteries on soft X-ray (right panel, white 
arrows). (b) A thermographic examination. A right limb-specific increase of foot temperature (white arrows) is apparent at 3 months after the gene 
transfer. (c) A pulse-volume recording (PVR). Right first toe-specific pulsation was seen. (d) Clinical course. Her rest pain completely disappeared 
within 1 week after the gene transfer, and her treadmill examination demonstrated the linear increase of absolute claudication distance (ACD) and 
claudication onset distance (COD) at 4 months after the gene transfer. These improvements of clinical symptoms have been maintained at 5 years 
post-gene transfer. IA-DSA, intraarterial-digital subtraction angiography; Mo, month; NSAID, nonsteroidal anti-inflammatory drug; PAD, peripheral 
arterial disease.
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Walking ability assessed by treadmill. Eight patients (n = 6 for 
arteriosclerosis obliterans and n = 2 for TAO) were eligible for 
the flat treadmill test; the test was performed at 2.4 km/hour and 
terminated at 300 m to minimize the risk of cardiovascular com-
plications. Regarding the absolute claudication distance (ACD)-
based walking performance, all six of the patients who did not 
have TAO demonstrated steady and significant improvement 
(Figure 1a). Changes of ACD (ΔACD) were also observed in five 
of these patients (one patient was excluded due to a lack of pre-
treatment data because of very severe rest pain), and showed simi-
lar results (Figure 1b). Even when the data included the two cases 
of Buerger’s disease (TAO), the trends of ACD and ΔACD were 
not influenced (Supplementary Figure S3a,b), suggesting that 
intramuscular injections of DVC1-0101 may be contributed to 
the improvement of walking performance in patients with PAD.

case report
Figure 2 presents the findings for case 201, a 65-year-old Japanese 
woman at Stage 2 with both legs affected and with ~200 m of 
IC since 1993 due to PAD. Her symptoms had been stable with 
beraprost and cilostazol treatment for the past 14 years, and then 
she developed rest pain in the right foot, which was treated with 
nonsteroidal anti-inflammatory drugs. Her angiogram demon-
strated complete obstruction of the whole superficial femoral to 
popliteal arteries and all main arteries at the ankle level in both 
limbs (Figure 2a, left panel, arrow). Severe calcification through-
out the superficial femoral to popliteal arteries on soft X-ray 
(Figure 2a, right panel, white arrows) and insufficient size of both 
saphenous veins suggested the difficulty of surgical management; 
therefore, she was enrolled in the present trial on 22 October 
2007.

She received DVC1-0101 at 30 sites of the right leg (10 sites 
at the upper and lower thigh and calf, respectively, for a total of 
1.63 × 108 cell infection units (ciu)). Her experimental course 
was uneventful. A thermographic examination demonstrated a 
right leg-specific increase of foot temperature (Figure 2b, white 
arrows), and a PVR showed right first toe-specific pulsation as 
well (Figure 2c). Her rest pain completely disappeared within 1 
week after the gene transfer, and her treadmill examination dem-
onstrated a linear increase of ACD and claudication onset distance 
within 4 months after the gene transfer. These improvements of 
clinical symptoms have been maintained nearly 5 years later.

dIscussIon
We here report the first-in-human Phase I/IIa dose-escalating 
clinical study of a new hFGF-2 gene expressing rSeV-based RNA 
gene drug, DVC1-0101, to treat PAD patients. The key findings of 
this study were: (i) the intramuscular administration of DVC1-
0101, up to 5 × 109 ciu/60 kg, to an ischemic limb of CLI patients 
was feasible and well tolerated, and demonstrated no drug-related 
SAE within the 6-month study period; (ii) even though three 
patients transiently exhibited a significant amount of viral genome 
in whole blood, significant hemagglutinating activity was shown 
in neither urine nor whole blood; (iii) neither a serious inflam-
matory reaction nor significant leakage of angiogenic factors to 
the circulation was detected during the experimental course, 
except for one patient (case 103) who showed infected progressive 

gangrene; and (iv) representative and stable improvement was seen 
in the rest pain scores and ACD values. These findings suggest that 
DVC1-0101 may be safe and effective for the treatment of PAD 
patients, and indicate that further investigations are warranted.

Since the pioneering preclinical report describing the increase 
of capillary and collateral vessels after the administration of an 
angiogenic growth factor (VEGF) in preclinical animal models,2 
the clinical benefits of therapeutic angiogenesis to treat PAD have 
been intensively examined worldwide with the use of various pro-
teins and genes. The majority of the early clinical studies on IC 
and CLI have suggested the possible clinical efficacy of therapeu-
tic angiogenesis; however, almost all of the double-blinded and 
placebo-controlled trials of protein- or gene-based therapeutic 
angiogenesis have failed to show definitive clinical benefit.

At the initial stage of the development of DVC1-0101, we 
hypothesized that the peak expression and local concentration of 
the therapeutic gene in ischemic muscle might be a key factor for 
determining the efficacy; therefore, we used rSeV as the vector. 
In fact, using a severe ischemic limb model of balb/c nu/nu mice, 
we discovered that the combination of rSeV and FGF-2 showed 
a higher limb-salvaging effect compared with other combina-
tions (i.e., rSeV expressing FGF-1, VEGF, or angiopoietin-1, as 
well as plasmid DNA expressing VEGF, angiopoietin-1, or HGF; 
Y. Yonemitsu et al., unpublished data). In addition, a preclinical 
dose-efficacy study demonstrated that 14.3- to 68.8-fold increase 
(compared with the baseline) in the local FGF-2 content that was 
obtained by administering 3 × 106 to 1 × 107 ciu/30 g mouse had 
the maximum limb-salvaging effect.17 Such strong expression in 
muscles is likely to be the main reason for the safety advantage 
of rSeV in clinical settings, because the requirement of a lesser 
amount of vectors can avoid the vector-related activation of innate 
immunity, in addition to minimizing the leakage of vector par-
ticles into the blood circulation. The results of the present study 
support this notion.

Regarding the efficacy parameters, we employed a number of 
measurements, including hemodynamic surrogates, because there 
has been no definitive report indicating which parameter(s) are 
sensitive and optimal for determining the clinical outcomes of 
angiogenic trials. Importantly, the present findings suggest that 
DVC1-0101 may improve PAD patients’ walking performance 
as examined by treadmill; however, we have to be cautious when 
interpreting this data, since it has been considered that the mea-
surement of walking function in a number of previous angiogen-
esis trials was compromised by a placebo effect. First, the data in 
Figure 1 were analyzed to suggest the possible efficacy in improv-
ing the walking function. Therefore, additional placebo-controlled 
studies with sufficient number of patients would be needed. 
Second, the placebo group usually exhibits ~30% of improvement 
of walking ability in therapeutic angiogenesis trials.4,5,20 Such 
a placebo effect may be explained, for example, by some effects 
due to injection trauma for gene transfer and to immune-related 
responses against vectors. This may not be likely, however, because 
a similar level of placebo-related improvements was also observed 
by pharmacotherapies, including treatment with the first-line 
drug cilostazol.20 In addition, the improvement of walking perfor-
mance by DVC1-0101 obtained in this study reached ~240–300% 
(Figure 1b), suggesting much stronger activity than that seen by 
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cilostazol.21 Since walking performance based on a treadmill test 
is recognized as a feasible end point in PAD trials for IC,21,22 the 
next well-organized placebo-controlled study may make it clear 
whether DVC1-0101 is truly effective for patients with IC.

In summary, we observed no major adverse consequences of 
DVC1-0101 treatment during over the months of follow-up period 
after 30 direct intramuscular injections to patients with CLI. The 
dose-escalation schema were completed as planned. Further stud-
ies with large numbers of patients and a placebo control will be 
needed to establish both the safety and efficacy of DVC1-0101.

MAterIAls And MetHods
DVC1-0101 (rSeV/dF-hFGF2): an F-gene–deleted nontransmissible rSeV 
vector expressing the human FGF-2 gene. DVC1-0101 is an F-gene–deleted 
nontransmissible rSeV based on a Z-strain encoding negative-stranded 
full-length complementary RNA of human FGF-2 at the upstream of gene 
encoding N-protein (rSeV/dF-hFGF2). The DVC1-0101 used in the pres-
ent study was constructed at BioReliance (Starling, UK) in accordance with 
good manufacturing practice regulations that meet the good manufactur-
ing practice standards of the USA, European Union, and Japan. In brief, 
LLC-MK2 cells were transfected with a plasmid mixture containing each 
plasmid: pSeV+18/dF-hFGF2, pGEM-NP, pGEM-P, and pGEM-L. The 
transfected cells were maintained for 3 hours, then washed and incubated 
for 60 hours in minimum essential medium containing ara-C. The cells 
were collected and lysed, and the lysate solution was incubated on the 
stably F-expressing LLC-MK2 cells in a 24-well plate. Twenty-four hours 
later, the cells were washed and incubated in minimum essential medium 
containing ara-C and trypsin. Purification was achieved using column 
chromatography and filtration to concentrate the vector. The virus yield is 
expressed in ciu, as described previously.16

Study design. The trial was conducted as a single-center Phase I/IIa, open-
labeled, dose-escalating study investigating the safety, bioactivity, and 
potential clinical benefits of single intramuscular injections of DVC1-0101. 
The study design, protocol, and informed consent forms were approved 
by the institutional ethical committees, the Health Sciences Council of 
the Japan MHLW, and Biosafety Committees according to national regu-
lations. A Data Safety and Monitoring Board provided an independent 
review of the safety data and of accordance of the defined inclusion crite-
ria for each patient. This study was conducted, recorded, and reported in 
compliance with the principles of good clinical practice regulations with 
the support of the Clinical and Translational Research Center of Kyushu 
University Hospital and an external Contract Research Organization (EPS, 
Tokyo, Japan).

Patient cohort. Patients were enrolled when they (i) had chronic CLI 
including rest pain or ischemic ulcer that was resistant to standard medi-
cation for at least 2 weeks, (ii) were not candidates for surgical or catheter 
revascularization based on usual practice standards, (iii) did not have can-
cer or a history of cancer within the prior 5 years, (iv) did not have any sig-
nificant vital organ dysfunction, (v) did not have any immunosuppressive 
agent, (vi) did not have any active inflammatory disease, and (vii) did not 
have proliferative or unstable retinopathy. The patient eligibility criteria 
and possible ethical discussion points of this trial based on the Declaration 
of Helsinki were confirmed by an independent committee for gene ther-
apy clinical trials and the institutional review board at Kyushu University, 
which was approved by the MHLW. Patients participated in the trial on an 
outpatient basis, except for ~2 weeks just before and after the gene transfer. 
The baseline characteristics of the patients are summarized in Table 1.

Treatment and follow-up. On day 0, 30 intramuscular injections were per-
formed in a single leg under bolus epidural anesthesia (0.5 ml/injection = 
15 ml/patient). The sites of injection differed at each administration, and 

were selected according to angiogram findings and the investigator’s dis-
cretion (Supplementary Table S1). Patient follow-up to collect the assess-
ments was done monthly up to 6 months (±7 days at each visit), and the 
follow-up to monitor the occurrence of SAEs was continued to 5 years after 
the gene transfer. Rest pain was scored based on the frequency of intake 
of analgesics within 24 hours of each interview (mainly concerning non-
steroidal anti-inflammatory drugs) and was categorized as 1: completely 
pain-free without analgesic, 2: feel pain but no need for analgesic, 3: feel 
pain and sometimes need analgesic(s), 4: use analgesic(s) constantly to 
control the pain, and 5: uncontrollable pain even though constant use of 
analgesic(s).

Virus shedding. Hemagglutinating activity was determined using chicken 
RBCs as described previously.23 For the detection of genome copies, total 
RNA was extracted from whole blood or urine samples at each time point. The 
target viral sequence was first amplified by reverse transcription--PCR using 
the following primer set: forward, 5′-ATCACTGCCACCCAGAAGACT-3′; 
reverse, 5′-ACCAGGAAATGAG-CTTGACAA-3′. Real-time monitoring  
of the amplification of target genes was done by a Sequence Detection 
System, model 7000 (Applied Biosystems, Tokyo, Japan), according to the 
manufacturer’s instructions for Taq-Man methods. The oligonucleotide 
sequences of the PCR primers and TaqMan probes were as follows: for-
ward, 5′-ACTTGGATCCAAAACAGGACCTGGG-3′; reverse, 5′-TGTA 
TCGAAG-GTGCTCAACAACCCG-3′; and probe: 5′-FAM-CATCGCGG 
CCGCAGATCTTCAC-GATGGC-TAMRA-3′. The detection limit was 
0.1 genome copy/µl for all assays.

ELISA. Angiogenic factors in serum and plasma were determined using 
Quantikine Immunoassay systems for human FGF-2, VEGF, and HGF 
(R&D Systems, Minneapolis, MN) according to the manufacturer’s instruc-
tions. Data are expressed as pg/ml.

Statistical analysis. All data are expressed as means ± SD. The data were 
examined using paired t-tests, when appropriate, in comparison with base-
line values. A probability value of P < 0.05 was considered significant. All 
data were analyzed by the independent Data Center at Kyushu University 
Hospital.

suPPleMentArY MAterIAl
Figure S1. Time course of proinflammatory markers and circulating 
angiogenic factors.
Figure S2. Time course of rest pain and hemodynamic surrogates.
Figure S3.  Time course of walking activity examined by treadmill.
Table S1. Patients cohort.
Table S2. Virus shedding.
Table S3. Pulse-volume recording.
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