
Abstract. Background: The fibrin glue system (FGS)
consists of liquid forms of fibrinogen and thrombin and is
used widely in surgery for hemostasis. In this study, as a
novel and unique approach, the possibility and efficacy of
locoregional gene transfer using the FGS containing an
adenoviral vector was determined. Materials and Methods:
The optimum concentration of the adenoviral vector mixed
with the FGS (AxCALacZ/FGS) for gene transduction was
evaluated in vitro by X-gal (β-galactosidase) staining and
NIH (National Institute of Health) imaging in RCN-9, a rat
colon carcinoma cell line. To determine the survival period of
the adenoviral vector in the fibrin glue, RCN-9 cells were
exposed to AxCALacZ/FGS after it had been incubated for
various periods and the transduction efficiencies were
evaluated by β-galactosidase (β-gal) assay. AxCALacZ/FGS
was also applied in vivo to the resected site of rat liver.
AxCALacZ diluted in PBS (AxCALacZ /PBS) was used as the
control. The transduction efficiencies in the liver were
compared by X-gal staining and β-gal assay. Results: Almost
100% transgene expression was demonstrated by the X-gal
staining and NIH imaging at a concentration level greater
than 1 multiplicity of infection. LacZ expression (as β-
galactosidase) revealed gene-transduced RCN-9 cells when
the AxCALacZ/FGS was held for a period of less than 96
hours. The treatment with the AxCALacZ/FGS in vivo
resulted in greater transgene expression than the treatment
with AxCALacZ/PBS. Conclusion: The adenoviral vector
survives and remains stable in the FGS for sufficient time for
transduction to occur and AxCALacZ/FGS can efficiently
transduce the target gene both in vitro and vivo.

After surgical resection for malignancy, such as hepatic,
pancreatic, rectal, breast, head and neck, and prostate cancer, local
recurrence is associated with a lower survival rate of patients (1-
6). At present, for those patients with positive surgical margins and
at high risk of local recurrence, adjuvant therapies such as
chemotherapy, radiation therapy, or immunotherapy are used alone
or in combination (7, 8). However, such treatments may be
associated with side-effects that worsen the patient’s quality of life
(9). Therefore, a novel approach for controlling local recurrence
from the remnant cancer at the time of surgery is needed.

Since the first clinical application of recombinant gene
therapy in adenosine deaminase (ADA) deficiency in 1978,
various vectors have been developed, including adenoviruses,
retroviruses, and adeno-associated viruses (10). The delivery
methods of such vectors include local infusion, arterial
injection, intravenous injection, and intraperitoneal injection.
However, efficient and safe techniques for delivery are yet to
be developed (11-13). In particular, little attention is currently
being given to a delivery method which targets a localized area
such as the resected site of solid organs for the prevention of
local recurrence of malignancy. The establishment of such
locoregional gene delivery may be beneficial for preventing
local recurrences due to remnant cancer cells.

The fibrin glue system (FGS) consists of liquid forms of
fibrinogen and thrombin, and gelled fibrin resulting from a
mixture of these components remains at the surgically
resected site. The FGS has been used worldwide as a sealant
to prevent bleeding from resected surfaces of
parenchymatous tissues such as the liver and leakage from
anastomotic sites of hollow organs such as the intestines and
bile duct (14-16). The efficacy and safety of the FGS have
already been established (14, 17-21). In this study, the
possibility and efficacy of locoregional gene transfer using
adenoviral vector mixed with the FGS was evaluated.

Materials and Methods

Animals and cell lines. Eight-week-old male Fisher rats (F344;180 g;
Clea Japan Inc, Tokyo, Japan) were housed in plastic cages with
paper chip bedding (Alpha-Dri; Shepherd Specialty Papers,
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Watertown, TN, USA) at the Laboratory Animal Facilities of the
Jikei University School of Medicine. The animals were maintained
during the experiment on a 12-hour light-dark cycle at a temperature
of 22±2˚C and 55±5% humidity in a room with a filtered air supply.
An acclimatization period of 7 days was allowed.

The cell lines were obtained from Riken Cell Bank (Tsukuba,
Ibaraki, Japan). The rat colon carcinoma cell line, RCN-9 was
cultured in RPMI-1640 medium supplemented with 10% fetal
bovine serum (FBS) and penicillin. The 293 cell line, widely used
for production and amplification of manipulated adenovirus, was
cultured in Dulbecco’s modified Eagle’s medium (DMEM)
supplemented with 10% FBS and penicillin (22).

Recombinant adenovirus vector. The replication-defective recombinant
adenovirus vector, AxCALacZ, which expresses the β-galactosidase (β-
gal) of Escherichia coli, was kindly provided by Dr. Izumi Saito
(Institute of Medical Science, University of Tokyo, Japan). The
recombinant adenovirus vector was generated from adenovirus type 5,
and the E1 and E3 regions were deleted to prevent virus replication. The
LacZ gene was driven by the cytomegalovirus-enhancer–chicken β-actin
hybrid promoter (CAG promoter) and a rabbit β-globin poly (A) signal
located downstream from the LacZ gene. The recombinant adenovirus
vector was amplified on 293 cells and purified by two ultracentrifugation
steps on cesium chloride gradient (22). After purification, the adenovirus
vector was tittered by plaque assay and stored at –80˚C until use. In this
study, the titer of adenovirus vector purified was 1×1010 pfu/ml, and was
diluted and used at optimal concentrations in each experiment.

Fibrin glue. The FGS, Bolheal®, was provided by Teijin-Pharma
Co. Ltd. (Tokyo, Japan), and consisted of fibrinogen, thrombin,
aprotinin, factor XIII and calcium carbide. A mixture of these
components congeals and becomes gelled fibrin.

In vitro experiments. i) Evaluation of the most optimal adenovirus
vector concentration. RCN-9 cells were incubated to confluence
(approximately 5×104 cells) on a membrane 2.5 cm in diameter,
containing multiple 0.02 μm-sized holes (Cell Culture Inserts;
Thermo Fisher Scientific, Tokyo, Japan). The original concentration
of 1×1010 pfu/ml of adenovirus vector was diluted with PBS and
adjusted to different multiplicities of infection (MOI) = 10, 5, 1,
1×10–1, 1×10–2, 1×10–3. The vector of each MOI was mixed with 200
μl of FGS (AxCALacZ/FGS), applied to the RCN-9 cells and
incubated for 48 hours. The optimum efficiency of transduction was
evaluated by X-Gal (β-gal) staining and NIH (National Institute of
Health) imaging. Cells that exhibit β-gal expression would be stained
blue with X-gal staining. To quantify the expression, NIH imaging
analysis with NIHimage was performed after microscopic
examination. The experiments were repeated 5 times.

ii) Vector survival in fibrin glue. A concentration of 1×106 pfu/ml
of AxCALacZ mixed with a total of 200 μl of fibrin glue was
applied to a membrane with multiple holes 0.45 μm in diameter
(Cell Culture Inserts; FALCON Labware, NJ, USA) and incubated
for 24, 48, 72, 96, or 120 hours in a CO2 incubator under standard
conditions. After incubation, the cell culture inserts were placed on
monolayer cultured RCN-9 cells for 48 hours to allow infection.
Transgene expression was evaluated by the β-gal assay.

In vivo transduction of AxCALacZ/FGS. The liver surface of the F344
rats was resected within a radius of 1 cm. In the experimental group
(n=5), a concentration of 1×106 pfu/ml of AxCALacZ mixed with a

total of 200 μl of fibrin glue was applied on the surface of the resected
site and the animals were kept for 48 hours under normal conditions.
Instead of AxCALacZ/FGS, AxCALacZ mixed with 200 μl
phosphate buffer solution (AxCALacZ/PBS) was used as the control
(n=5). The resected site of the liver was sampled for a X-gal staining
and β-gal assay as follows.

Quantification of β-galactosidase. The β-gal activities of the treated
sites of the liver in both experimental and control groups were
measured photometrically using a Promega β-galactosidase enzyme
assay kit according to the manufacturer’s instructions (Promega,
Madison, WI, USA). A 2 mm3 of tissue was sampled from the
treated site of the rat liver. The sample was then homogenized in
1 ml of PBS and centrifuged, and the supernatant was used for the
assay. The β-gal activity was expressed in units of β-gal per mg of
tissue protein.

Histochemical detection of β-gal (X-gal staining). The livers were
cut into 5-mm-thick blocks embedded in OCT Compound (Tissue-
Tek; Sakura Finetechnical, Tokyo, Japan) and frozen in liquid
nitrogen. Cryostat sections were prepared on glass slides. To assess
the β-gal activity, freshly mounted slides were immersed in 0.25%
glutaraldehyde for 10 min, and then incubated for 24 hours at 37˚C
in X-gal (5-bromo-4-chloro-indolyl-β-D-galactopyranoside)
staining solution containing 0.4 mg/ml X-gal, 4 mM potassium
ferricyanide, 4 mM potassium ferrocyanide and 2 mM MgCl2 and
stained with hematoxylin-eosin. The β-gal expression, shown as
blue by X-gal staining, was measured by the NIH imaging
technique (National Institute of Health, Bethesda, MD, USA).

Statistics. Nonparametric Mann-Whitney U-test was used for the
statistical analyses. All p-values less than 0.05 were considered
statistically significant. These analyses were carried out using the
StatView 5.0 computer program for Macintosh (Abacus Concepts,
Berkeley, CA, USA).

Results

In vitro experiments. i) Optimum concentration of adenovirus
vector. Gene expressions were observed by both X-gal
staining (Figure 1A) and β-gal assay (Figure 1B). At levels
of 1 MOI or above, transduction efficiencies plateaued and
reached almost 100% .

ii) Vector survival in fibrin glue. As shown in Figure 2, gene
expression was highly detectable with incubation up to 72 hours before
tranfection, and was minimal with 120 hours incubation, confirming
that the activity of the vector, even inside the fibrin glue, was
maintained long enough for transfer to occur.

In vivo transduction of AxCALacZ/FGS. As shown in Figure
3, gene expression was observed in the cells on the liver
surface by X-gal staining only when the gene was transferred
with AxCALacZ/FGS (Figure 3A). In the control using
AxCALacZ/PBS, no gene expression was demonstrated
(Figure 3B). Similarly, the β-gal assay demonstrated
significantly higher gene expression with AxCALacZ/FGS
than with AxCALacZ/PBS (Figure 4).
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Figure 1. X-gal staining (A) and NIH imaging (B) of RCN-9 cells after gene transfer with various MOI of AxCALacZ/FGS. Cells that exhibit β-gal
expression are stained blue (A).



Discussion

Our topical application technique using FGS is unique and
allows highly efficient transduction because the fibrin adheres
to and remains on the defined area of tissue surface long
enough for transduction to occur. In the present study, the
binding properties of the FGS to organs was exploited and the
possibility of achieving gene transduction with this system
was demonstrated. The FGS employed consisted of liquid
forms of fibrinogen and thrombin and is an in vivo tissue glue
derived from donated human blood. After application, the gel
adheres to and remains on the organ surface until it is
absorbed by the body and excreted after about 150 hours.

Generally, approximately 48 hours of contact between a
vector and the target cells is required to achieve gene
transduction. Therefore, it is important that the viability of
the vector is not lost when it is mixed with the FGS for
transduction to organ cells. The present experiments
demonstrated that the vector exhibited almost no loss of
viability even when held in the FGS for 48 hours. In
addition, as noted earlier, the FGS maintains good adhesion
to tissues even at 48 hours. The actual kinetics of the virus
in the FGS is unclear, but the fact that mixing of the vector
at 1 MOI resulted in almost 100% gene transduction
indicated that this new technique for gene transduction is
equivalent to or better than conventional techniques in its
transduction effect.

For future clinical applications, this FGS-based technique
has potential for use in the prevention of local recurrence of
malignancies by facilitating the transduction of genes that
show antitumor effects, such as those encoding interleukin-
12 (23, 24) or CD40 ligand (25, 26).
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Figure 2. β-Gal assay for determining the survival period of adenoviral
vector (AxCALacZ) in FGS. AxCALacZ was incubated in FGS for
various times before transfection.

Figures 3. X-Gal staining of the liver tissues treated with
AxCALacZ/FGS (A) or AxCALacZ/PBS (B). The blue cells on the
surface demonstrate gene expression.

Figure 4. β-Gal assay of the liver tissues treated with AxCALacZ/FGS
or AxCALacZ/PBS.
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