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ABSTRACT: Attempts have been made to visualize tumor cells intraoperatively with fluorescence guidance. However, the clear
demarcation and complete tumor resection have always been a challenging task. To address this, we have developed a novel
fluorescence bioimaging system with vesicular stomatitis virus (VSV) incorporating Katushka, near-infrared fluorescent protein. VSV is
tumor-specific owing to the deficiency of antiviral interferon signaling pathways in tumor cells. We aimed to evaluate the tumor
specificity of the recombinant VSV-Katushka (rVSV-K) in osteosarcoma cells and to assess the feasibility of complete tumor resection
by the rVSV-K fluorescence guidance. In in vitro experiments, mouse and human osteosarcoma cell lines and normal human
mesenchymal stem cells were infected with rVSV-K and observed by fluorescence microscopy. Near-infrared fluorescence was observed
only in osteosarcoma cells, even at a low-concentration of virus infections. In in vivo experiments, mouse osteosarcoma (LM8) cells were
transplanted subcutaneously into the back of immune-competent mice to produce an osteosarcoma, which was then injected with rVSV-
K. The areas emitting fluorescence were resected using a bioimaging system. The distance between the surgical and tumor margins of
the fluorescence-guided resection with rVSV-K group was significantly larger than that of the non-guided resection groups. The local
recurrence rate was significantly lower in the fluorescence-guided resection with rVSV-K group than in the non-guided resection
groups. The distant metastasis rate and average survival rate were not significantly different between all groups. These results suggest
that the rVSV-K is specific to osteosarcoma cells and enables complete tumor resection of osteosarcomas in mice. � 2019 Orthopaedic
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The standard treatment for osteosarcoma consists of
surgery with adjuvant chemotherapy.1,2 Surgery can
include resection of the muscles, tendons, ligaments,
bones, and joints.3 The presence of residual cancer
cells in the surgical area is predictive of local recur-
rence and survival. Local recurrence after adjuvant
therapy is most resistant to treatment.4–6 Moreover, it
is unclear whether local recurrence affects overall
survival in addition to affecting adjuvant
chemotherapy.5–8 Thus, it should be considered in the
outcome of the surgical management of osteosarcoma.

The basic principle of malignant bone and soft
tissue tumor resection is wide resection en bloc
together with the surrounding normal tissue. Tumor
resection margins are difficult to identify intraopera-
tively and must be estimated to some extent by the
preoperative magnetic resonance imaging or computed
tomography. However, these imaging modalities are
insufficient to accurately identify the tumor margin
intraoperatively.

Fluorescence imaging is a promising method for
cancer screening and surgical resection.9 The first use
of fluorescence imaging in surgery dates back to 1948

with the use of intravenous fluorescein to enhance
intracranial neoplasms during neurosurgery.10 Since
then, additional fluorescent substances have been
studied, which include green fluorescent protein
(GFP),11 indocyanine green,12 and quantum dots.13

The delivery of a fluorescent substance to tumor
cells has been problematic and constitutes a major
hurdle to the widespread clinical application of fluores-
cence imaging. Fluorescent substances are not actively
taken up by tumor cells and fluorescence imaging is
limited by the strong absorbance and scattering of
light by the surrounding tissue.14 The development of
a biologic carrier of fluorescent substances to specifi-
cally identify tumor cells in vivo would increase the
accuracy of tumor resection. This paradigm requires
an easily administered agent with high specificity for
many cancer types and low affinity for non-cancerous
tissues.14

Attempts have been made to visualize malignant
tumor cells intraoperatively using tumor-specific vi-
ruses that selectively replicate in cancer cells and
rarely infect normal cells.15–18 A virus-based tumor
labeling method has been developed in preclinical
studies for fluorescence-guided surgery. Most of these
studies used an engineered DNA virus such as telome-
rase-dependent adenovirus15–18 or telomerase-depen-
dent herpes simplex virus14 for malignant tumor
detection. The vesicular stomatitis virus (VSV) used in
this study is an RNA virus, which is easily engineered
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to develop new generations of VSV vectors. Besides
VSV, other tumor-specific RNA viruses include reovi-
rus,19 measles virus,20 poliovirus,21 and vaccinia vi-
rus.22 Of these viruses, all except VSV have the
potential to cause severe human symptoms, whereas
VSV rarely infects humans and manifests as mild flu-
like symptoms.23 VSV is sensitive to the interferon
response and is tumor-specific owing to the deficiency
of antiviral interferon signaling pathways in tumor
cells.24–26 Deficiency of antiviral interferon signaling
in the tumor cells is not provided by other oncolytic
viruses. For example, oncorine, which was genetically
modified adenovirus, and the very similar Onyx-15
have been engineered to remove a viral defense
mechanism that interacts with a normal human gene,
p53, that is very frequently dysregulated in cancer
cells.27 Furthermore, the time from infection to cytoly-
sis is particularly rapid for VSV, with the viral load
increasing by approximately 1000-fold within 24h.28

Our previous study has shown VSV gene expression,
replication, and cytotoxic effects in osteosarcoma cells,
but not normal cells.29 The recombinant VSV carrying
the near-infrared (NIR) fluorescent protein, Katushka
(rVSV-K) is expected to be taken up by all tumor cells
and emit intense fluorescence which enable visualiza-
tion of tumors and complete wide resection.

The purpose of this research is to evaluate the
specificity of rVSV-K in osteosarcoma cells and to
assess complete tumor resection by rVSV-K fluores-
cence guidance.

METHODS
Cell Lines and Culture Conditions
Highly metastatic mouse osteosarcoma LM8 cells were
obtained from the Cell Engineering Division of Riken Bio-
Resource Center (Tsukuba, Ibaraki, Japan). LM8 is a variant
of a murine osteosarcoma cell line established by Asai et al.
in accordance with the Fidler’s method.30 Human osteosar-
coma MG-63 and Saos-2 cells were obtained from the
American Type Culture Collection (ATCC; Manassas, VA)
and cultured in Dulbecco’s modified Eagle’s medium (DMEM;
Wako Pure Chemical Industries, Ltd., Osaka, Japan) supple-
mented with 10% fetal bovine serum (Gibco, Carlsbad, CA)
and 1% penicillin-streptomycin (Wako) at 37˚C in a fully
humidified incubator under an atmosphere of 5% CO2. Bone
marrow-derived mesenchymal stem cells (BMSCs) were
obtained from a 56-year-old male during hip surgery and
cultured in Mesenchymal Stem Cell Basal Medium (Lonza
Japan, Ltd., Chiba, Japan). Isolation and in vitro expansion
of the BMSCs were established as described previously.31

BHK-21 cells (ATCC; CCL-10) used for construction and
titration of VSV were maintained in DMEM with 10% fetal
bovine serum (Gibco).

Virus Generation
Recombinant VSV-K was generated using an established
reverse genetics method.32,33 Briefly, the Katushka reporter
gene was cloned into the XhoI and NheI restriction sites of
the plasmid pVSV-XN2, which contains the entire VSV
genome sequence (Indiana serotype, GenBank accession
number NC_001560) flanked by the T7 promoter, the hepati-

tis delta ribozyme, and the T7 terminator. The plasmid
contains XhoI and NheI restriction sites between the G and
L genes, flanked by the VSV transcription start and stop
signals for insertion of an additional gene.34 The resultant
plasmid was transfected into BHK-21 cells constitutively
expressing T7 RNA polymerase as well as the helper
plasmids pIRES-N, pIRES-P, and pIRES-L to establish a
newly recombinant virus, VSV-K35,36 (Fig. 1a). Recombinant
VSV encoding enhanced GFP (rVSV-GFP) was also gener-
ated.34 The viral titers of the stock solution (median tissue
culture infective dose [TCID50]/mL) were determined with a
standard TCID50 assay using BHK-21 cells.36 Western blot
analysis of rVSV-K- and rVSV-GFP-infected BHK21 cell
lysate was performed with antibodies against rVSV-K and
GFP to confirm the expression of each protein as described
previously37 (Fig. 1b).

In Vitro rVSV-K Infection Assays
For virus infection, 3� 105 cells/well were incubated over-
night in six-well plates and then infected with rVSV-K at
10�4 or 1 multiplicity of infection (MOI). At 24h after
infection, the cells were evaluated for NIR fluorescent
protein expression by fluorescence microscopy (BZ-9000
microscope; Keyence Corporation, Osaka, Japan). Three
independent experiments were performed.

Osteosarcoma Mouse Model
The study protocols involving animals were approved by the
Ethics Committee for Experimental Animals of Hiroshima
University and were performed in strict accordance with the
committee guidelines. Inbred C3H male mice, aged 5–6
weeks, were purchased from Shimizu Laboratory Supplies
Co., Ltd. (Kyoto, Japan). For the in vivo experiment, LM8
cells (1� 107 cells per 200ml of DMEM) were injected into
the subcutaneous tissue of the backs of the mice on day 0 to
produce an osteosarcoma animal model. At 2–3 weeks after
LM8 administration, the tumor diameters were >1 cm.

In Vivo Fluorescence Labeling of Subcutaneous Tumor
Osteosarcoma mouse models were randomly assigned to one
of three different administration groups (n¼ 6 per group) as
follows: The rVSV-K group, the rVSV-GFP group, and the
saline (control) group. On day 17, mice in the rVSV-K and
rVSV-GFP groups received a single intratumoral injection of
rVSV-GFP or rVSV-K at 1� 108 plaque-forming units per
200ml. Mice in the saline group received a single intra-
tumoral injection of saline (200ml). After injection of rVSV-K
or rVSV-GFP, the fluorescence intensity was quantified every
day for 7 days using a fluorescence bioimaging system (Night
OWL LB983; Berthold Technologies GmbH & Co. KG, Bad
Wildbad, Germany) equipped with a Katushka or GFP filter.
The fluorescence intensity of the saline (control) group was
quantified using a GFP filter.

In addition, the ratio of the fluorescent areas to tumor
areas was evaluated. The fluorescent areas of the rVSV-K
and rVSV-GFP group (n¼ 6 per group) were calculated using
a fluorescence bioimaging system (Night OWL LB983). The
tumor areas were calculated in each group using the ellipsoi-
dal formula: Area (m2)¼pab, where “a” and “b” are the major
and minor diameters of the tumor, respectively.

Tumor Resection
Osteosarcoma-bearing mice were assigned at random to one
of three different resection groups (n¼ 6 per group) as

JOURNAL OF ORTHOPAEDIC RESEARCH1 MONTH 2019



2 SAKUDA ET AL.1194

follows: The fluorescence-guided resection with rVSV-K
(FGR with rVSV-K) group, the non-guided resection with
VSV (NGR with VSV) group and the non-guided resection
with saline (NGR with saline) group. On day 17 after
tumor implantation, mice in the FGR with rVSV-K group
received a single intratumoral injection of rVSV-K at
1� 108 plaque-forming units per 200ml, NGR with VSV
group received a single intratumoral injection of VSV at
1� 108 plaque-forming units per 200ml, whereas the NGR
with saline group received a single intratumoral injection
of saline (200ml). In FGR with rVSV-K group, recombinant
VSV conferred NIR fluorescence to the primary tumor cells.
At 24 h after intratumoral injection of rVSV-K, mice were
anesthetized with isoflurane, and fluorescence illumination
was evaluated using a bioimaging system (Night OWL
LB983) equipped with a Katushka filter. The distance
between the fluorescent area and the tumor edge was
determined using the bioimaging system IndiGo version

2.0.4.0, and the margin of the fluorescent area was marked
on the mouse. In the field indicating the fluorescence,
tumor with skin as well as the tissue between tumor and
retroperitoneum were subsequently resected. In NGR with
VSV resection group and NGR with saline group, the
tumors were resected at 24 h after intratumoral injection of
VSV and saline, respectively. Mice in both groups were
anesthetized with isoflurane, and skin incision of tumor
margin was macroscopically designed. Tumors with skin
and tissue between the tumor and the retroperitoneum
were then resected. In each group, the skin was closed with
a 6–0 suture.

Upon the death of the mice, tissue suspected as local
recurrence (e.g., mass lesion) and tissue around the incision
site as well as the lungs were resected. All fluorescent
tissues, resected tissues and the lungs were evaluated
histologically. In separate experiment, survival rate of the
three groups were evaluated.

Figure 1. (a) Schematic drawing of pVSV-XN2-Katushka. The VSV Indiana genomic DNA possessing the Leader and Trailer
sequences and the N, P, M, G, and L genes is flanked by T7 promoter and T7 terminator. The Katushka cDNA is inserted between the
G and L genes by using the NheI and XhoI restriction sites. (b) Protein expression by rVSVs. BHK21 cells were infected with rVSV-K,
rVSV-GFP and the wild-type VSV at a MOI of 10, and cell lysates were prepared at 24h post-infection. Proteins were analyzed by
sodium dodecyl sulfate-polyacrylamide gel electrophoresis and processed for Western blotting by using the indicated antibodies.
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Histological Analysis
Resected tumors were processed with reference to the cross-
sectioning trimming method that is the most commonly used
for the first-time removal of small or moderately-sized
mass.38 The tumor specimens were fixed in 4% paraformalde-
hyde overnight and bisected through its shortest axis. Then,
each half of the tissue was bisected through its longest axis,
creating quarter sections each demonstrating the mass in a
different plane, and embedded in paraffin. The tumor speci-
mens were cut at a thickness of 5mm and then subjected to
either hematoxylin and eosin (H&E) staining or immunohis-
tochemical analysis using a monoclonal antibody against the
VSV-G protein (VSV11-M; Alpha Diagnostic International,
Inc., San Antonio, TX). For immunohistochemical analysis,
the sections were counterstained with hematoxylin. The
resected tissues, and lungs were fixed in 4% paraformalde-
hyde overnight and then embedded in paraffin. The samples
were cut at a thickness of 5mm and then subjected to H&E
staining .

The distance between the surgical and tumor margins of
the histological specimens (n¼ 6 per group) was measured by
examining the H&E staining pattern using a Keyence BZ-
9000 microscope. In this study, there were four sections for
one tumor, among them the site of closest approach of tumor

to the surgical margin on the lateral side was determined
and the distance was measured using BZ-II Analyzer soft-
ware version 1.42. Specimen with a distance of 0mm was
referred to as surgical margin-positive. Local recurrence of
the resected tissues (n¼ 6 per group) was then evaluated.
Specimen with a visible tumor nodule by H&E staining was
referred to as local recurrence-positive. Furthermore, the
incidence of lung metastasis in the three groups (n¼ 6 per
group) was evaluated.

Statistical Analysis
The peak fluorescence, the ratio of the fluorescent area to
the tumor area, and the distance between the surgical and
tumor margins were compared either with Student’s t-test
or one-way analysis of variance (ANOVA). The Pearson’s
chi-square test was used to compare the surgical margin
and the local recurrence. Survival curves of the three
groups were plotted according to the Kaplan–Meier method.
The survival rates were compared using the log-rank test.
All analyses were performed using IBM SPSS Statistics for
Windows, version 22.0 (IBM Corporation, Armonk, NY).
Values are presented as the mean� standard deviation
(SD). A probability (p) value of <0.05 was considered
statistically significant.

Figure 2. NIR fluorescence expression in vitro. Mouse (LM8) and human (Saos-2 and MG-63) osteosarcoma cells and normal human
BMSCs were infected with rVSV-K at a MOI of 1 and 10�4. NIR fluorescence was observed only in osteosarcoma cells (LM8, Saos-2,
and MG-63) even at low-concentration infections.

JOURNAL OF ORTHOPAEDIC RESEARCH1 MONTH 2019
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RESULTS
In Vitro rVSV-K Specificity for Osteosarcoma Cells
Mouse osteosarcoma LM8 cells, but not human
BMSCs, showed NIR fluorescence expression by infec-
tion with even a low concentration of rVSV-K. The
results of the human osteosarcoma Saos-2 and MG-63
cells were similar (Fig. 2). These results indicate that
rVSV-K is specific to osteosarcoma cells and that the
time from infection to spread is rapid.

Fluorescence Intensity of Osteosarcoma by Injection In
Vivo With VSV
Representative images of tumors in the rVSV-K and
rVSV-GFP groups captured with the bioimaging
system are shown in Fig. 3a. NIR and GFP fluores-
cence expression was observed in mice administered
with rVSV-K and rVSV-GFP, respectively. Fluores-
cence was not visually observed in mice administered
with saline (data not shown). The results of the
fluorescence intensity for 7 days are shown in
Fig. 3b. In the rVSV-K group, there was a rapid
increase in fluorescence on day 1, which subse-
quently decreased. Fluorescence peaked on day 1 in
the rVSV-K and rVSV-GFP groups. The intensity of
the peak fluorescence was statistically greater in the
rVSV-K group than in the rVSV-GFP and saline
(control) groups (p<0.05, ANOVA; Fig. 3c).

The Ratio of Fluorescent Area and Tumor Area
The ratio of the fluorescent area to tumor area was
evaluated. The average ratio of the fluorescent area to
tumor area was significantly greater in the rVSV-K
group than in the rVSV-GFP group (1.30 vs. 0.84,
respectively, p<0.05, Student’s t-test; Fig. 3d). The
rVSV-GFP was not suitable for fluorescence-guided
resection of a subcutaneous osteosarcoma because
GFP fluorescence expression was not induced in all
tumor margins. Based on these findings, fluorescent
resection was performed in the rVSV-K-guided resec-
tion group.

Fluorescence-guided Resection With rVSV-K
A representative specimen that shows distance be-
tween the surgical and tumor margins is shown in
Fig. 4a. The average distance between the surgical
and tumor margins was significantly greater in the
FGR with rVSV-K group than in the NGR groups with
either VSV or saline (p< 0.05, ANOVA; Fig. 4b).
Microscopic invasion was observed in three tumor
specimens in the FGR with rVSV-K group (Fig. 4c),
whereas no microscopic invasion was observed in the
NGR with VSV group and NGR with saline group.
These results show that FGR with rVSV-K enabled
tumor wide resection. Three tumor specimens in each
NGR group had positive surgical margins. Conversely,

Figure 3. (a) Fluorescent image obtained by the fluorescence bioimaging system. The fluorescent image obtained by the fluorescence
bioimaging system. Representative images of tumors infected with rVSV-K (left) and rVSV-GFP (right). (b) Evaluation of tumor
fluorescence intensity. The fluorescence intensities of the rVSV-K, rVSV-GFP, and saline (control) groups were evaluated at the
indicated times. The vertical axis indicates the average amount of fluorescence in the fluorescent area (Ph/s). Data are presented as the
mean�SD obtained from six mice per group. The peak amount of fluorescence was at 1 day after the rVSV-K or rVSV-GFP injection.
(c) The peak fluorescence intensity. Fluorescence intensity was greater in the rVSV-K group than in the other two groups. Data are
presented as the mean�SD obtained from six mice per group. �p< 0.05 (ANOVA). (d) The ratio of the fluorescent area to tumor area
was significantly greater in the rVSV-K group than in the rVSV-GFP group. Data are presented as the mean�SD obtained from six
mice per group. �p<0.05 (Student’s t-test).
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none of the specimens in the FGR with rVSV-K group
had a positive surgical margin. The surgical margin
rate was significantly lower in the FGR with rVSV-K
group than in NGR groups with either VSV (p¼0.046,
Pearson’s chi-square test) or saline (p¼0.046, Pear-
son’s chi-square test; Table 1). These findings suggest
that NGR with VSV and NGR with saline may fail to
resect microscopic invasion. Tumor lesions in the FGR
with rVSV-K group and in the NGR with VSV group
showed positive for VSV-G protein (Fig. 5a), but not in
the NGR with saline group (Fig. 5b). These results
indicate that VSV successfully infected the primary
tumor after intratumoral administration of the virus.

Local Recurrence
Three tissue sections in NGR with VSV group and
three tissue sections in NGR with saline group that
originated from mice with positive surgical margins
contained a tumor mass or nodule around the incision
site. In contrast, none of the sections in the FGR with
rVSV-K group had a tumor nodule. The local recur-
rence rate was significantly lower in the FGR with
rVSV-K group than in NGR groups with either VSV
(p¼0.046, Pearson’s chi-square test) or saline
(p¼0.046, Pearson’s chi-square test; Table 2).

Distant Metastasis and Survival Rate
All lung specimens of the three groups had metastatic
nodules. The distant metastasis rate was 100% in all
groups. The average survival time after injection of
LM8 cells in the FGR with rVSV-K group, NGR with
VSV group and NGR with saline group were 40, 37,
and 35.5 days respectively. A comparison of the
Kaplan–Meier survival curves showed that survival
was longer in the FGR with rVSV-K group than in the
NGR groups, but this difference was not statistically
significant (p¼0.371, log-rank test; Fig. 6).

DISCUSSION
Our previous study has shown that arterial injection
of VSV into rats with osteosarcoma resulted in the
inhibition of tumor growth and VSV targeting of the

Figure 4. (a) A representative specimen of the resected tumor. The bidirectional arrow shows the distance between the surgical and
tumor margins. (b) The distance between the surgical and tumor margins was significantly larger in the FGR with rVSV-K group than
in the NGR groups. Data are presented as the mean�SD obtained from six mice per group. �p<0.05 (ANOVA). (c) A representative
specimen which indicated microscopic invasion in the FGR with rVSV-K group. A small tumor nodule was present adjacent to the
primary tumor.

Table 1. Surgical Margin After the FGR With rVSV-K,
NGR With VSV and NGR With Saline

Surgical margin Positive Negative

FGR with rVSV-K 0 6
NGR with VSV 3 3
NGR with saline 3 3

JOURNAL OF ORTHOPAEDIC RESEARCH1 MONTH 2019
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tumor.29 Few studies have demonstrated that VSV is
specific to sarcoma cells.26,29,39 In this study, VSV
transfected a wide range of osteosarcoma cells even at
low concentrations, but it did not detectably transfect
human BMSCs. Therefore, VSV is thought to be highly
suitable for use as a vector of a fluorescent substance
to target osteosarcoma cells.

Katushka protein, first reported by Shcherbo et al.
in 2007,40 was used in this study as a fluorescence
bioimaging. The protein emits light in the NIR wave-
length ranges with excitation and emission spectra

peak at 588 and 635nm, respectively.40 NIR wave-
lengths are able to penetrate the body for several
milimeters.41 Katushka protein does not aggregate
with other toxic elements in the cell42 and has strong
fluorescence,40,42 which is necessary for visualization
of the tumor margin for complete wide resection.

Among previous reports of the use of fluorescence
bioimaging in tumor resection, Kishimoto et al. incor-
porated GFP into a telomerase-dependent adenovirus
for fluorescence bioimaging during colorectal cancer
resection.15 Yano et al. used fluorescence bioimaging
with GFP incorporated into a telomerase-dependent
adenovirus in colon cancer and osteosarcoma resection,
and found that the local recurrence rate had decreased
as compared with marginal resection.16–18 Miwa et al.
used RFP (DsRed-2)-expressing osteosarcoma (143B)
cells for fluorescence-guided surgery of a nude mouse
model of osteosarcoma.43 In the present study, the
fluorescence intensity and ratio of the fluorescent
areas to tumor areas were compared between the
rVSV-K and rVSV-GFP groups. In the rVSV-K group,
the fluorescent area was larger than the tumor
margin. This could be due to the statistically stronger
fluorescence by rVSV-K extended from the tumor itself
as was shown in our study when comparing with that
of rVSV-GFP. Furthermore, microscopic invasion was
found on tumor specimens of the FGR with rVSV-K
group. This finding suggests a contribution of micro-
scopic invasion as the tumor cells beyond the main
tumor edge to the observed larger fluorescent area,
which was resected along with primary tumor by
rVSV-K guidance technique.

VSV-Katushka used in our preclinical study emits
NIR wavelengths. A previous clinical study has dem-
onstrated that, NIR fluorescence image-guided surgery
could identify small cancer nodules, which were not
visible by preoperative CT.44 This system showed the
potential ability to ensure the real-time removal of
small tumor nodules that could be missed during
surgery. NIR fluorescence imaging approach is being
developed to improve imaging depth as well as the
quality of the resolution images. A previous study has
shown the depth to be approximately 5–15 mm.45 To
address this issue, a combination of radioactive tracers
and NIR fluorescence, which is used for cancer,46,47

might be developed for deep tissue tumors such as
osteosarcoma.

Obtaining sufficient margins is not relatively easy
in osteosarcoma of the spine, and in such cases it is
unclear how fluorescence-guided tumor wide resection
would substantially aid surgical resection as the
primary difficulty is not visualization of the tumor
margins. In our study, we showed complete wide
resection of osteosarcoma implanted subcutaneously
could be achieved by rVSV-K guided approach. These
findings warrant further studies using other osteosar-
coma mouse models, including osteosarcoma of the
spine to better evaluate the feasibility of rVSV-K
approach to achieve completed surgical resection.

Figure 5. (a) A representative immunostaining specimen either
of the FGR with rVSV-K or NGR with VSV. Immunohistological
brown staining was performed using a monoclonal antibody
against the VSV-G protein (�100, magnification). (b) A represen-
tative immunostaining specimen of the NGR with saline. Immu-
nohistological brown staining was performed using a monoclonal
antibody against the VSV-G protein (�100, magnification).

Table 2. Local Recurrence After the FGR With rVSV-K,
NGR With VSV and NGR With Saline

Local recurrence Positive Negative

FGR with rVSV-K 0 6
NGR with VSV 3 3
NGR with saline 3 3
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Few studies have demonstrated an exceptionally
low local recurrence rate after resection. In the
present study, the local recurrence rate was not found
in the FGR with rVSV-K group. A possible reason for
this result might be related to the fact that complete
tumor resection in the FGR with rVSV-K group
included microscopic tumor nodules. In the NGR with
VSV group, such nodules existed even after resection,
which might cause local recurrence. These findings
suggest that the reduced local recurrence is not due to
virus-mediated oncolysis but due to guidance tech-
nique. This study is the first to report that intra-
tumoral administration of rVSV-K was able to emit
intense fluorescence in primary osteosarcoma tumor
allowing for complete osteosarcoma-wide resection.

In this study, although mice in the FGR with rVSV-
K group tended to survive for a longer period than
those in the NGR groups, there were no significant
differences statistically, and distant metastasis oc-
curred in all groups. Reddy et al. reported that no
difference was observed in survival outcome between
limb salvage surgery with local recurrence and initial
amputation without local recurrence.7 Whether local
recurrence correlates with survival outcome in osteo-
sarcoma patients is still controversial. Another study
has found an association of positive margins with
overall survival in high-grade osteosarcoma patients.8

Bertrand et al. conducted a study including 241
patients and found that patients with positive margins
had a higher probability of local recurrence, and had
the worse survival outcome at 2 years follow-up than
those with negative margins. Interestingly, in their 46
negative-margin patients, 13 experienced metastasis
and 10 died during the follow-up period. They did
admit several limitations to their study that could
have influenced the impact of the conclusion, including
a remarkable number of patients not followed-up, a
small sample size, and short period of follow-up, all
factors which may not allow for long-term survival
evaluation.8 In our study, no significant survival

difference between all groups might be due to the high
metastatic characteristics of LM8 cells in vivo,30,48 in
which circulating tumor cells (micrometastasis) might
be present before tumor resection was performed.
Metastasis and survival might be due to micrometa-
stasis existing prior to resection that occurs in approx-
imately 80% of osteosarcoma patients, including
almost all who succumb to their disease.49 Further-
more, only a small proportion of the patients with
metastases and poor prognosis have local recurrence.
Therefore, metastasis and survival would not be
affected by our surgical technique. These findings
indicate that although FGR with rVSV-K can prevent
local recurrence, it does not prevent distant metasta-
sis. The appropriate surgical strategy is not for
systemic control but for local control. Previous reports
using VSV as systemic therapy in experimental osteo-
sarcoma metastases have reported survival prolonga-
tion in vivo.36 These data suggest further development
of the new comprehensive approach of fluorescence-
guided resection combined with systemic virotherapy
by using VSV which may enhance osteosarcoma
management to prevent local recurrence and metasta-
sis, thus prolonging survival.

In conclusion, the results of this study demon-
strated that rVSV-K selectively infected osteosarcoma
cells both in vitro, and that NIR fluorescence bio-
imaging with rVSV-K enables easy visualization of
primary tumor margins which enable complete wide
resection. A fluorescence bioimaging system using
rVSV-K might be very useful for complete tumor
resection.
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