Adenovirus-mediated CD40L gene therapy
induced both humoral and cellular immunity
against rat model of hepatocellular carcinoma
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Adenoviral-vector expressing CD40L (AxCAmCD40L)-mediated gene
therapy was studied for treatment of hepatocellular carcinoma (HCC)
using CD40 ligand (CD40L) complementary DNA in rats. The particular
focus was whether humoral immunity took part in antitumor effect.
When tumor cells transduced by AXxCAmCDA40L were implanted into
the subcutaneous tissues of syngeneic rats, the tumor growth was
suppressed. Intratumoral injection of AXxCAmCDA4O0L to pre-existing
tumor in rats also led to significant reduction of tumor size. When
tumor cells were re-implanted to prevention model rats and treatment
model rats, no tumor growth was observed. Many studies to date
have reported that cellular immunity induces antitumor immunity.
However, the present study demonstrated that not only cellular
immunity but also humoral immunity plays an essential role in a
HCC model. These observations suggested that CD40L-mediated
immune gene therapy for HCC was very effective treatment by
activation of both cellular and humoral immune system. (Cancer Sci
2008; 99: 2097-2103)

H epatocellular carcinoma (HCC) is one of the most common
cancers in the world,"* and is resistant to chemotherapy
and radiotherapy.® The only curative options are partial
hepatectomy or total hepatectomy with liver transplantation for
non-advanced HCC.®” Intratumoral injection of ethanol or acetic
acid can substitute resection for patients with decompensated
liver disease who would not tolerate surgery or for those whose
HCC is discovered when the process is not amenable to surgery.®
Despite progress in early diagnosis, the prognosis of HCC
remains poor. In addition, even after resection of HCC, the
recurrence rate remains high, which leads to poor curability and
long-term survival.® Thus, it is necessary to develop more
effective therapy for HCC.

Immunogene therapy may offer a new therapeutic option for HCC.
The immunogene therapy using immunostimulatory molecules
aiming at enhancing antitumoral immunity is a good possibility
for treating cancer. CD40 ligand (CD40L) is a 33-kDa type II
membrane protein that belongs to the tumor necrosis factor (TNF)
family and is predominantly expressed on CD4* T cells upon T-
cell receptor (TCR) stimulation. Its receptor, CD40, belongs to the
TNF receptor family and is expressed on antigen-presenting cells
(APC)®!9 including B cells, macrophages and dendritic cells. The
interaction between CD40L and CDA40 plays an important role in
the activation of APC and the initiation of antigen specific T-cell
responses, which lead to the initiation of both humoral and
cellular immune responses."'~'¥ Therefore, gene transfer of CD40L
has been proposed as an efficient means to treat cancer.!+!?

The immunity of a tumor-bearing patient frequently fails to
eliminate cancers owing to either the lack of recognizable tumor
antigens or the inability of tumor antigens to elicit an effective
immune response.?**" The rationale for infected tumor cells
with CD40L is to convert these cells into stimulators of APC, an
effect leading to enhanced presentation of tumor antigens to
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T cells and activation of antitumor immune responses. Ex vivo
infection of tumor cells with the CD40L gene or in vivo infection
of the CD40L gene was able to induce antitumor immunity
against various tumor cell lines in subcutaneous mouse models, and
immunization with the in vivo modified tumor cells expressing
CD40L had possibility to eliminate established tumors.?*20
Actually, Schmitz er al." reported that intratumoral injection
of adenovirus vector expressing CD40L regressed the size of
preexisting HCC cells (McA-RH7777) in rats.

In the present study, to analyze the potential of CD40L-based
gene therapy for possible clinical application in the future, we
have explored a gene-therapeutic approach to stimulate antitumor
immunity by adenoviral-mediated transfer of CD40L into HCC
tumor cells in a syngenic animal model. Therefore, we studied
the antitumor mechanism with immunogene therapy using CD40L.
Different from previous reports, our observation clearly indicated
that not only cellular immunity but also humoral immunity
played certain role in antitumor effect in CD40L mediated
immune gene therapy for rat HCC.

Materials and Methods

Cell line. McA-RH7777, a rat hepatocellular carcinoma cell line,
was obtained from the DAINIPPON SUMITOMO PHARMA
laboratory products (Tokyo, Japan) and cultured in Alpha-
Minimum Essential Medium containing 10% fetal bovine serum
(GIBCO BRL, Grand Island, NY, USA) and penicillin/streptomycin
(GIBCO BRL). The cells were cultured at 37°C with 5% CO,.

RCN9, a rat colon cancer cell line was obtained from the
RIKEN Cell Bank (RCB0459, Tsukuba, Japan) and cultured in
Roswell Park Memorial Institute medium (RPMI)-1640 medium
(Sigma, St. Louis, MO, USA) containing 10% heat-inactivated
fetal bovine serum (GIBCO BRL) and 1% penicillin-streptomycin
(GIBCO BRL). Cells were incubated at 37°C with 5% CO,.

Animals. Buffalo rats, 6-week-old males, purchased from CLEA
Japan (Tokyo, Japan) were maintained in a specific pathogen-
free room at 25+ 3°C and treated according to National
Institutes of Health guidelines. The ethical issues related to this
study were discussed and performed in according with the local
animal committee.

Construction of recombinant adenovirus vectors. AXxCALacZ, a
replication-defective recombinant adenoviral vector expressing
the Escherichia coli B-galactosidase (B-gal) gene, was a gift
from Dr I. Saito (Institute of Medical Science, University of
Tokyo, Tokyo, Japan).?” Mouse CD40L complementary DNA
(cDNA) was a gift from Dr H. Yagita (Juntendo University
School of Medicine). CD40L expressing adenoviral vector
(AxCAmCDA40L) was generated using adenovirus expression
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vector kit (Takara Biomedicals, Tokyo, Japan) following the
manufacturer’s instructions. The -gal and mouse CD40L gene
were driven by the cytomegalovirus-enhancer chicken beta-actin
hybrid promoter (CAG promoter)®® and a rabbit beta-globin
poly (A) signal located downstream from the gene. Both viral
vectors were isolated from a single plaque, expanded in 293
cells, and purified by two rounds of cesium chloride (CsCl)
centrifugation and titered with a bioassay using 293 cell line.®”
After purification, the adenovirus vectors were stored at —80°C.

In vitro CD40L expression on tumor cells by fluorescence-activated
cell sorting (FACS) analysis. McA-RH7777 cells were infected
with AxCALacZ or AXCAmCDA40L at different multiplicities of
infection (MOI), 0, 0.01, 0.1, 1, 10 and 100 MOI, respectively.
Two days after infection, the cells were examined for CD40L
expression. The cells infected with adenoviral vectors were
allowed to react with R-phycoerythrin (PE)-conjugated antimouse
CDA40L antibody (PharMingen, San Diego, CA, USA) for 30 min
at 4°C. For detection of CD40 expression in parental McA-RH7777
cells, the cells were incubated with fluorescein isothiocyanate
(FITC)-conjugated antimouse CD40 (PharMingen) for 30 min at
4°C. The cells were analyzed for fluorescence using FACS
(Becton-Dickinson, San Jose, CA, USA).

Proliferation assay. McA-RH7777 cells were cultured in 6-well
plate and infected with AxCALacZ or AxXCAmCD40L at 1, 10
and 100 MOI, respectively. At 24 h and 48 h after infection, cells
were harvested and seeded into 96-well plate (3.0 x 10* cells).
The cell proliferation was measured with the Promega celltiter
96 Aqueous One Solution Cell Proliferation Assay (Promega,
Madison, WI, USA) following the manufacturer’s instructions.

Animal models. To investigate the antitumor effect induced by the
expression of mCD40L, McA-RH7777 cells (1 x 10° cells)
transduced by AxCALacZ (n = 15) or AXCAmCDA40L (n = 20),
which were infected at 10 MOI, were implanted subcutaneously
into the back of the animals as a prevention model. Tumor size
was measured in two perpendicular tumor diameters using a
caliper and was presented as a mean of two measurements, and
the survival rate of animals were also checked. And then as a
treatment model, McA-RH7777 cells (1 x 10° cells) were injected
subcutaneously into the back of the animal. When tumor size
reached about 6.0 mm in diameter, AXCALacZ (n=15) or
AxCAmMCD40L (n = 20) (6 x 10" PFU/animal) were injected into
the tumor. Tumor diameter and the survival rate were checked
by the same measurement methods. In each model, after 3 months
from abrogation of tumorigenesis, the animals were re-injected
McA-RH7777 cells (1 x 10° cells) at the opposite flank and
observed at the same checked points.

Cytotoxic assay. The cytotoxic assay was performed according
to standard *'Cr releasing protocols as described elsewhere®” to
investigate CD40L expressing McA-RH7777 cells to induce
tumor specific cytotoxic T lymphocyte (CTL) in prevention and
treatment model. In 3, 7 and 14 days after subcutaneous
implantation of McA-RH7777 cells infected AxCALacZ or
AxCAmCDA40L in prevention model and after intratumoral
injection of either AXCALacZ or AXCAmCD40L in treatment
model, animals were killed and their splenocytes were isolated.
These viable splenocytes were incubated for 5 days at 6 x 10°
cells together with 2.5 x 10° McA-RH7777 cells (previously
treated with 100 pg/mL of mitomycin C for 30 min at 37°C) in
each well of a 24-well plate. At 5 days after culture initiation,
fresh tumor cells were harvested, and 1 x 10° cells were labeled
with 50 mCi >'Cr for 1 h at 37°C. After labeling, the cells were
washed four times, adjusted to 5 x 10%/mL and 100 UL of this
cell suspension was added to 96-well plate and incubated with
effector lymphocytes for 5 h at 37°C. The effector : target ratio
ranged from 25:1 to 100:1.

To determine natural killer (NK) activity, fresh splenocytes
were obtained as effector cells, and McA-RH7777 and YAC-1
were used as target cells.
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In addition, we studied whether the cytotoxicity was induced
by CTL or NK. Briefly, splenocytes from prevention and treatment
model rats infected with either AXCAmCD40L or AxCALacZ
were separated into CD8* cells and splenocytes by rat CDS8a
microbeads (Miltenvi Biotec, CA, USA). The CD8-positive cells
were used as effector cells, and McA-RH7777 and YAC-1 were
used as target cells. All determinations were made in triplicates,
and the percentage of lysis was calculated using the formula
(cpm experimental sample — cpm background)/(counts per minute
[cpm] maximal lysis — cpm background) x 100.XXX

Detection of tumor cell-binding Ig in sera. Detection of tumor cell-
binding immunoglobulin (Ig) in sera was described elsewhere.®"
Briefly, 25 uL of sera obtained from rats which are used AXCALacZ
or AXCAmCDA40L in prevention and treatment model or injected
with phosphate-buffered saline (PBS) or parental McA-RH7777
cells as a control. The sera were added to 4 x 10° single-cell
suspensions of McA-RH7777 cells. The cells were incubated for
30 min at 4°C, washed and re-suspended in PBS containing 1%
bovine serum albumin (BSA) and 0.1% sodium azide. The cells
were stained with PE-labeled anti rat immunoglobulin G (IgG;
R&D Systems, MN, USA) for 30 min at 4°C. The stained cells
were washed and analyzed using a FACS.

Cytotoxicity of sera obtained from prevention and treatment rats.
Cytotoxicity of sera obtained from prevention and treatment
model were detected by a modification of the method of Fujieda
et al.®® McA-RH7777 cells (1 x 10°) in 96-well plate were
incubated with 100 pL. of culture medium as control or sera
obtained from prevention or treatment model rats which are
infected either AxXCALacZ or AXCAmCD40L at 3, 7 and 14 days
after injection or PBS (diluted 1:10 in culture medium) for 72 h
at 37°C. Subsequently, 10 uL of 3-(4,5-dimethylthlthiazol-2-yl)-
2,5-dipheny; tetrasodium bromide (MTT) (5 mg/mL) (Sigma)
was added to each well. After 4 h of incubation, the medium
was removed and the converted dye was solubilized with 0.1 N
HCI in absolute isopropanol. Absorbance of converted dye was
measured at a wavelength of 570 nm with background subtraction
at 630 nm using microplate reader. RCNO cells, rat colon cancer
cell line were used as a control of target cells. All determinations
were made in triplicate. The cytotoxicity against target cells
was calculated as follow: cytotoxic activity (%) = 100(1 — S/M),
where S is the absorbance of the sample and M is the mean
absorbance of triplicate wells with target cells in culture
medium without sera.

Histological studies. To analyze the antitumor effects after treat-
ment with AXCAmCD40L, the animals were sacrificed at day 5
after intratumoral injection of AXCAmCD40L or AxCALacZ.
Tumor tissues were fixed in formalin and embedded in paraffin.
Three mm-thick sections were made and stained with hematoxylin—
eosin (HE).

Immunohistochemical studies. Paraffin sections of tumor tissue
were cut and stained immunohistochemically using an affinity
purified antimouse CD154 (eBioscience, San Diego, CA, USA)
as a primary antibody and Biotin goat antiarmenian hamster IgG
as a secondary antibody (eBioscience) for detecting CD40L
expression. In addition, to detect whether CD4* or CD8* T cell,
we used an affinity purified OX-38 and OX-8 (CHEMICON,
USA) as a primary antibody and DAKO EnVision Kit/HRP
as a secondary antibody (DAKO, Carpinteria, CA, USA). The
assessments of these immunohistochemical approaches were
performed according to the manufacturer’s protocol.

Assessment of apoptosis in tumor tissue. Assessment of apoptosis
was performed with DeadEnd Colorimetric TUNEL (terminal
deoxynucleotidyl transferase-mediated 2’-deoxyuridine 5’-
triphosphate [dUTP] nick-end labeling) System (Promega, WI,
USA) following the manufacturer’s instructions. The paraffin-
embedded sections were de-waxed and then digested with
proteinase K for 10 min at room temperature. After washing
with PBS, sections were labeled with TUNEL reaction mixture,

doi: 10.1111/j.1349-7006.2008.00953.x
© 2008 Japanese Cancer Association



100 - ()
;\3 9 B AxCAmCD40L
Y 80 F O AxCALacZ
8 70}
B
Z 50t
o
40T
g 30|

20 *
@)
g 10F (!

0 -
0 0.01 0.1 | 10 100
Multiplicity of infection (MOI)

120

100 fegz=maz====c fo===- —=x ,
= — T —— AXCAmCD40L 1 moi
5 Bk, et
g 80 T —8— AXCAMCDA40L 10 moi
O A -
% 6 Se-----m T /: —4— AXCAmMCDA40L 100 moi
% S -X- AxCALacZ 1 moi
g 40 -X- AxCALacZ 10 moi
& -0~ AxCALacZ 100 moi

20

0 1 1
24 48
Hours after infection

Fig. 1. In vitro study. (a) Positive cells infected with AxCAmCDA40L

demonstrated a dose-dependent expression of CD40L by fluorescence-
activated cell sorting (FACS). However, CD40L positive cells were not
detected in AxCALacZ infected cells at any dose. There were significant
differences at 0.1, 1, 10 and 100 multiplicities of infection (MOI) in two
groups. (b) Infection of McA-RH7777 cells with AXCAmCDA40L temporarily
changed growth rates of tumor cells at 24 h but recovered at 48 h.
Data are given as mean percentage of the control (uninfected McA-
RH7777 cells).

and incubated for 1 h at 37°C. Then, sections were reacted with
0.3% hydrogen peroxide in PBS for 30 min. The apoptosis was
detected by diaminobenziol (DAB) stain.

Statistics. Repeated measure ANOVA, log rank and the non-
parametric test were used for statistical studies. All P-values
were considered statistically significant when the associated
probability was less than 0.05.

Results

Expression of CD40L in infected cell line. McA-RH7777 cells
infected with AXCAmCDA40L expressed CD40L in a dose-
dependent manner (Fig. 1a). At 0.01, 0.1 and 1 MOI, they showed
low positive cells of mCD40L expression; with increasing MOI
of 10 and 100 MOI, the expression level reached 78.5% and
93.4%, respectively. In contrast, no CD40L could be detected in
tumor cells infected with AxXCALacZ at any MOI (Fig. 1a).

McA-RH7777 cell proliferation after infection with AxCAmCD40L
in vitro. The proliferation of cells that were infected by
AxCAmCD40L was essentially same as that of AxXCALacZ. This
indicated that expression of CD40L was not a cause decreased
cell proliferation. The proliferation was decreased at similar rate
by infection of either AXCAmCD40L or AxCALacZ. There were
not significant differences in each MOI of two groups. This may
be due to toxicity of adenoviral infection (Fig. 1b).

Tumorigenesis of rat McA-RH7777 cells after ex vitro infection of
adenovirus vectors, as a prevention model. The animals (n = 20)
injected with McA-RH7777 cells infected AxXCALacZ developed
a tumor progressively. On the other hand, the animals (n =20)
that received tumor cells infected with AxXCAmCD40L had
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Fig. 2. Ex vivo gene transfer into McA-RH7777 cells with AxCAmCD40L
abolished tumorigenicity in vivo as a prevention model. Cells were
infected in vitro either with AXxCAMCDA40L or AxCALacZ at 10 MOI. Two
days after infection, cells were injected subcutaneously at the back of
the animal. (a) The tumor diameter of LacZ animals (n=20) was
developed progressively. On the other hands, CD40L treated tumor was
disappeared (n = 20). There was a significant difference between these
groups from the 21st day after injection. Data are presented as mean
tumor diameter with standard error of the groups. *P < 0.05. (b) Survival
of animals after injection of McA-Rh7777 infected with AxCAMmCD40L
or AxCALacZ. The animals which were injected with CD40L were all
alive, but LacZ group was all dead. There was a significant difference
at the survival course between two groups. *P < 0.05.

temporary tumorigenesis but exhibited tumor regression 4 weeks
after inoculation (Fig. 2a). There were remarkable differences in
tumorigenesis between the two groups (P < 0.001). Every animal
implanted tumor cells expressing LacZ were dead until 60 days,
while all animals implanted with tumor cells expressing CD40L
were alive up to 400 days with disease-free (Fig. 2b). There was
significant difference in survival rate between the two groups
(P <0.001).

Efficacy of the treatment of pre-existing tumor in back by
intratumoral injection of AxCAmCD40L. Tumor-bearing animals rece-
iving AxCALacZ had progressive tumor growth, whereas the
animals treated with AXCAmCD40L exhibited a significant
inhibition of tumor growth (P = 0.0016, Fig. 3a). If we looked
at independent animals, 12 of 20 AXCAmCD40L-treated animals
showed complete disappearance of the tumor until 28 days,
while the other eight animals exhibited a tumor growth rate
similar to that of control animals, but AXCAmCD40L therapy
caused a significant increase in survival of tumor-bearing
animals, with 100% of treated animals surviving for more than
400 days (P < 0.001, Fig. 3b).

Persisted immune reaction against re-implanted tumor. To inves-
tigate persisted immune reaction against re-implanted tumor,
after 3 months from abrogation of tumorigenesis, the surviving
animals were re-implanted McA-RH7777 cells (1 x 10° cells) at
the opposite flank and the same checked points were observed
in each model. As a control, the rats injected subcutaneously
with parental McA-RH7777 cells had tumors (29 + 3.12 mm) on
the 28th day. In the prevention model, the surviving animals
(CD40L group, 20 of 20) had no tumor growth up to 28 days.
The same results occurred in treatment model. To sum up,
treated animals (CD40L group, 12 of 20) had long survival.
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Fig. 3. In vivo gene therapy of established subcutaneous HCC tumor by
intratumoral injection with AxCAMCD40L or AxCALacZ. Animals with a
subcutaneously established tumor nodule (about 6.0 mm in diameter)
were treated either with AxCAmCD40L at 6 x 10'® PFU (n=20) or
control adenovirus AxCALacZ at the same dose (n = 20). Animals were
monitored to observe tumor development. (a) 12 of 20 AxCAmCD40L-
treated animals showed complete disappearance of the tumor until 28
days, while the other 8 animals exhibited a tumor growth rate similar
to that of control animals. There was a significant difference between
CD40L group and LacZ in tumor diameter (*P < 0.05). (b) Survival of
animals after intratumoral injection AXCAmCDA40L or AxCALacZ showed
a significant difference (*P < 0.05). 12 of 20 survival animals which
treated with CD40L showed long survival time for more than 400 days.
However, LacZ treated animals were all dead within 100 days.
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CTL/NK assay. We explored whether prevention and treatment
of HCC with AxCAmCD40L was associated with enhanced NK
and CTL activity. As shown in Figure 4a,b, significant cytotoxic
NK activity against YAC-1 and McA-RH7777 cells was elicited
by intratumoral administration of AACMVmCDA40L. To analyze
specific antitumor CTL activity, we selected CD8* cells using
CD8a MicroBeads and explored 3!Cr releasing assays. The
percentage of lysis for YAC-1 went down significantly, but the
percentage of lysis for McA-RH7777 was similar to the case of
using splenocytes. CTL and cytotoxicity was highest at day 3
after therapy and declined rapidly on subsequent days. In animals
that received AxCALacZ, only a modest elevation in CTL and
NK activity was detected. In the treatment model, a similar trend
was demonstrated (Fig. 4c,d).

Antitumor effect induced by humoral immunity. To examine whether
humoral immunity plays important role for antitumor effect in
this rat models, we examined tumor cell-binding Ig in sera that
were obtained from prevention and treatment rats by FACS in the
first step. Tumor cell-binding Ig was detected in AxXCAmCD40L
prevention and treatment models. As shown in Figure 5a, there
were significant differences between CD40L group and LacZ
group in both models (P < 0.05). Next, direct cytotoxicity of
sera obtained from prevention and treatment rats was examined
in vitro. The cytotoxicity of McA-RH7777 expressing CD40L
was significantly stronger than that of McA-RH7777 expressing
LacZ, parental McA-RH77777 cells and PBS in both models
(P <0.05) and the antitumor effect was specific (Fig. 5b,c). In
addition, cytotoxicity of sera did not induce in the case of
different cell line, RCNO cells.

Histological assay for antitumor effects by intratumoral injection of
AXCAmMCD40L. The histological sections from animals treated with
AxCAmCDA40L demonstrated significant lymphocyte infiltration
in the tumor but the sections from control showed very little
lymphocyte infiltration in HE staining (Fig. 6a,b). As for CD40L
expression, the section of AXCAmCD40L-treated animals
demonstrated strong CD40L expression in the tumor cells (Fig. 6¢),
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Fig. 4. Natural killer (NK) activity in animals with hepatocellular carcinoma (HCC) that received AXCAMCD40L, AxCALacZ or control phosphate
buffered saline (PBS) in prevention model and treatment model. Splenocytes were isolated at three, 7 and 14 days after therapy and assayed
against 51Cr-labeled parental McA-RH7777 cells in prevention model (a), parental McA-RH7777 cells in treatment model (b), NK-sensitive YAC-1
cells in prevention model (c) and YAC-1 cells in treatment model (d) at different effector to target cell ratios.
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Fig. 5. The role of humoral immunity in antitumor
effect. (@) Tumor cell-binding immunoglobulin in
sera obtained from prevention, treatment, control
phosphate-buffered saline (PBS) and tumor-bearing
animals. The cells were stained with phycoerythrin
(PE)-labeled anti rat immunoglobulin G (IgG) and
analyzed using fluorescence-activated cell sorting
(FACS). Tumor cell-binding Ig was detected in
CD40L and LacZ expressing cells in both models.
However, the cells expressing CD40L were enhanced
and there were significant differences between
AxCAmCD40L and AxCAlLacZ in both models
(P <0.05). In vitro direct cytotoxicity of sera
obtained from prevention and treatment rats
against McA-RH7777 (b) and RCN9 (c). Target cells
were incubated with culture medium or sera which
were obtained from animals implanted parental
McA-RH7777, PBS or AXCAmCD40L or AxCALacZ
in both models. All determinations were detected in
triplicate. The cytotoxicity of sera obtained from
AxCAMCD40L against McA-RH7777 was significantly
stronger than the others in both models (P < 0.05).
This effect was not detected against RCN9.

Fig. 6. Histological stain. To analyze the antitumor
effects after treatment with AxCAmCDA4O0L, the
animals were sacrificed on day 5 after intratumoral
injection of AXCAmCD40L or AxCALacZ. (a,b)
Hematoxylin—eosin (HE) stain. Significant lymphocyte
infiltration was observed in AXxCAmCD40L-injected
tumor (Fig. 6a) but not in the AxCALacZ-injected
tumor (Fig. 6b). (c,d) Immunohistochemical study.
Massive CD40L expression was observed in
AxCAMCD4O0L injected tumor (Fig. 6¢), but not in
AxCALacZ (Fig. 6d) injected tumor. (Original
magnification x200).
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(Fig. 6d). As for the results of the CD4 and CDS stains, only

CD8 was positive in CD40L group (Fig. 7c—f). In addition, The immunogene therapy strategy using genetically modified
TUNEL assay revealed strong stain in the tumor cells with  tumor cells expressing CD40L induced antitumor immunity
AxCAmCD40L but very little stain in control (data not shown).  has been demonstrated in several cancer models.!'*'? In this
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study, we demonstrated that antitumor immunity induced by
CDA40L was significant in inhibiting tumor growth and long
term survival in both prevention and treatment model and
it got immunity memory. Tumor cells expressing CD40L
eliminated tumorigenesis and acquired protective and systemic
immunity against parental tumor cells that were re-implanted
and showed long-term survival over 1 year. In the prevention
model, we could induce sufficient antitumor immunity at low dose
infection (at 10 MOI) in the absence of obvious side-effects
such as weight loss, and bring out long-term survival. These
suggest that this immunogene therapy is safe, with high transfer
to the tumor and minimization of transfer to normal tissue. We
also demonstrated expression of CD40L in rat HCC tissue,
sequential infiltration of CD8* cells around the tumor by
immunohistochemical stain and suggest that NK activity and
tumor specific antibody were essential for the induction of
antitumor effects in both models. Especially, the result that
demonstrated humoral immunity plays an essential role is very
important. In many studies using CD40L, antitumor effect
caused by tumor-specific CTL has been emphasized. However,
the present study demonstrated that tumor-specific antibody was
superior to CTL. This result is very important finding to clarify
antitumor mechanisms.

It is extremely import to confirm CD40L expression in tumor
tissue because it means that transduction was successful. In
our study, using immunohistochemical stain with anti CD40L,
CDA40L-treated animals showed strong expression of CD40L
inside tumor tissue that was induced by intratumoral injection of
AxCAmCDA40L and continuously caused infiltration of lymphocytes
at the marginal area. To our knowledge, this is the first report
that CD40L expression transduced with adenovirus vector was
detected in a rat HCC model visually by a immunohistochemical
stain. In addition, anti CD4* and anti CD8* immunohistochemical
stain revealed that the lymphocyte was not a CD4* T cell but
CDS8* T cell. CD40L is one of the strongest inducers of Thl
responses, by stimulating both innate and adaptive immunity,
and recent findings imply that CD40L stimulation abrogates the
suppressive effect of T regulatory cells. As concerns TUNEL
assay, there were positive finding only in tumor tissue, not other
tissue in this model. In contrast, control LacZ-treated animals
did not show any positive stain. These results suggest that
CD40L has been shown to induce apoptosis in tumor cells
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Fig. 7. CD4 and CDS8 stain in treatment model. In
CD40L treatment model, the positive findings
were not CD4 (a) but CD8 (b). In LacZ treatment
model, there were no positive findings (C and B).

directly by mechanisms that are only beginning to be clarified
while being an activator of immune cells. As we mentioned later,
when it considers also enhanced Ig, it suggests not suppressor
but NK and cytotoxic activity. In other words, these data suggest
that the immunogene therapy with adenovirus vector expressing
CDA40L induced cell mediated immunity and caused antitumor
effect. In this study, some of animals with CD40L injection
developed a tumor progressively. There is a possibility that these
animals could not express CD40L because of a technical or
other unknown problem.

We studied CTL assay, NK assay and Ig to detect tumor spe-
cific anti tumor effect. Kikuchi et al. reported that intratumoral
injection of adenovirus vector expressing CD40L suppressed the
growth of established tumor cells in a CT26 colon cancer model.
They demonstrated that that in vivo and in vitro modification of
tumor cells to express CD40L elicited tumor specific CTL activity.®?
In contrast, our study did not demonstrate tumor specific CTL
activity, in spite of the difference between AXCAmCDA40L and
AxCALacZ. However, tumor-cell-binding Ig was detected in
sera obtained from the CD40L group. The antibody had specific
cytotoxicity against parental McA-RH7777 cells in vitro. This
demonstrated that tumor specific antibody was induced by
AxCAmCDA40L in both prevention and treatment HCC rat models.
The amount of tumor-cell-binding Ig that was induced by
AxCAmMCDA40L or AxCALacZ was higher than control parental
cell and PBC. However, AXCAmCDA40L produced more tumor-cell-
binding Ig and more enhanced cytotoxicity than AxXCALacZ. In
addition, compared with RCN9 cells, a rat colon cancer cell
line, there was significant difference. These results suggest the
possibility that the humoral immunity participates in the antitumor
effect in this model. In our model, at least NK cell and Ig were
activated, then they induced antitumor effect.

Although antitumor immunity induced by CD40L was significant
in inhibiting tumor growth in both the prevention and treatment
model, synergistic antitumor effect of CD40L and IL-12 was not
demonstrated. In addition, tumor-specific CTL was not cleared.
However, we can suggest that NK cells and Ig played an important
role in this model. The present study indicates that immunogene
therapy using CD40L might be a new strategy of systematic
therapy against HCC. Further studies, such as those enhancing
the antitumor effect on metastatic cancers and specific antitumor
CTL activity on the HCC model, are currently underway.

doi: 10.1111/j.1349-7006.2008.00953.x
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