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Hepatocellular carcinoma (HCC) is one of the most
common neoplasms worldwide. It is highly prevalent in
African and Asian countries, and during recent years,
its incidence is on the rise in the Western world [1–3].
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Unresectable hepatocellular carcinoma (HCC) lacks effective therapy and entails very poor prognosis. To investigate
the possibility of employing new methods in the treatment of liver cancer we have explored a gene-therapeutic approach
to stimulate antitumor immunity by adenoviral-mediated transfer of 4-1BB ligand to treat HCC in rats. In vitro infection
of a rat HCC cell line (McA-RH7777) with adenoviral vector expressing 4-1BB ligand (AdCMVm 4-1BBL) induced
4-1BBL expression in a dose-dependent manner. Expression of 4-1BBL in McA-RH7777 cells did not alter their growth
rate in vitro, but it abrogated their tumorigenicity when 4-1BBL expressing cells were implanted into the liver of
syngenic Buffalo rats. In vivo gene therapy of established orthotopic HCC nodules (6.5 mm in diameter) in Buffalo rats
by intratumoral injection of AdCMVm 4-1BBL vector led to complete tumor eradication and long-term survival in 69.5%
of treated animals. Therapy with AdCMVm 4-1BBL induced strong lymphocytic infiltration of the tumor tissue and
increased apoptosis of malignant cells. The observed antitumor effect was mediated by CD8+T cells and was associated
with increased interleukin (IL)-12 serum levels and enhanced natural killer (NK) activity. Animals that eliminated the
tumor after in vivo gene therapy developed protective antitumor immunity being resistant to rechallenge with neoplastic
cells. Toxicity of the therapy with AdCMVm 4-1BBL was slight, with only a transient increase in the level of serum
transaminases and minor lymphocyte infiltration of normal liver tissue. These data demonstrate that intratumoral admi-
nistration of AdCMVm 4-1BBL may provide an efficient and safe treatment for HCC.
Key Words: adenovirus, 4-1BB ligand, gene therapy, hepatocellular carcinoma.

Íåîïåðàáåëüíûé ðàê ïå÷åíè ïëîõî ïîääàåòñÿ îáû÷íûì ìåòîäàì ëå÷åíèÿ è ïðîãíîç ýòîãî çàáîëåâàíèÿ êðàéíå
íåáëàãîïðèÿòåí. Ñ öåëüþ ðàçðàáîòêè íîâûõ ìåòîäîâ ëå÷åíèÿ ýòîé ïàòîëîãèè áûëà ïðåäïðèíÿòà ïîïûòêà
èñïîëüçîâàíèÿ ýêñïåðèìåíòàëüíûõ ïîäõîäîâ, îñíîâàííûõ íà ãåííîé òåðàïèè. Â ÷àñòíîñòè áûë èñïîëüçîâàí
àäåíîâèðóñíûé âåêòîð, ýêñïðåññèðóþùèé ëèãàíä ðåöåïòîðà 4-1ÂÂ, äëÿ ñòèìóëÿöèè ïðîòèâîîïóõîëåâîãî èììóíèòåòà
ó êðûñ ñ ïåðåâèâíûì ðàêîì ïå÷åíè. Èíôåêöèÿ in vitro êëåòîê ðàêà ïå÷åíè ëèíèè McA-RH7777 óêàçàííûì
àäåíîâèðóñíûì âåêòîðîì (AdCMVm 4-1BBL) ïðèâîäèëà ê äîçîçàâèñèìîé èíäóêöèè â íèõ ýêñïðåññèè ëèãàíäà
ðåöåïòîðà 4-1ÂÂ. Ïðè ýòîì, õîòÿ õàðàêòåð ðîñòà ýòèõ êëåòîê in vitro íå èçìåíÿëñÿ, ýêñïðåññèðóþùèå êëåòêè
óòðà÷èâàëè ñâîþ òóìîðîãåííîñòü ïðè âíóòðèïå÷åíî÷íîé èìïëàíòàöèè ñèíãåííûì êðûñàì ëèíèè Áóôôàëî.
Âíóòðèîïóõîëåâîå ââåäåíèå àäåíîâèðóñíîãî âåêòîðà, ýêñïðåññèðóþùåãî ëèãàíä ðåöåïòîðà 4-1ÂÂ, â ñëó÷àå
îðòîòîïè÷åñêîé ìîäåëè îïóõîëåâîãî ðîñòà ïðèâîäèëî ê ýðàäèêàöèè îïóõîëè. Ïðè ýòîì ïðîäîëæèòåëüíîñòü æèçíè
69,5% æèâîòíûõ, ïîëó÷èâøèõ óêàçàííûé àäåíîâèðóñíûé âåêòîð, ñîñòàâèëà áîëåå 18 íåä. Ââåäåíèå âåêòîðà
AdCMVm 4-1BBL ñîïðîâîæäàëîñü âûðàæåííîé èíôèëüòðàöèåé îïóõîëåâûõ î÷àãîâ ëèìôîöèòàìè, ïîâûøàëñÿ
òàêæå è àïîïòè÷åñêèé èíäåêñ â êëåòêàõ îïóõîëè. Âûðàæåííûé ïðîòèâîîïóõîëåâûé ýôôåêò îïîñðåäîâàëñÿ
CD8+T-êëåòêàìè, ñîïðîâîæäàëñÿ ïîâûøåíèåì ñîäåðæàíèÿ èíòåðëåéêèíà-12 â ñûâîðîòêå êðîâè è  ïîâûøåíèåì
àêòèâíîñòè ïðèðîäíûõ êèëëåðîâ. Ó æèâîòíûõ, ïîäâåðãøèõñÿ òàêîé òåðàïèè, ðàçâèâàëñÿ ñïåöèôè÷åñêèé
ïðîòèâîîïóõîëåâûé èììóíèòåò ïî îòíîøåíèþ ê îïóõîëåâûì êëåòêàì óêàçàííîé ëèíèè. Òîêñè÷íîñòü òàêîé ãåííîé
òåðàïèè áûëà ñëàáî âûðàæåíà. Ââåäåíèå âåêòîðà AdCMVm 4-1BBL ñîïðîâîæäàëîñü ëèøü ïðåõîäÿùèì ïîâûøåíèåì
óðîâíÿ ñûâîðîòî÷íûõ òðàíñàìèíàç è íåçíà÷èòåëüíîé èíôèëüòðàöèåé ëèìôîöèòàìè íîðìàëüíîé òêàíè ïå÷åíè.
Òàêèì îáðàçîì, âíóòðèîïóõîëåâîå ââåäåíèå àäåíîâèðóñíîãî âåêòîðà AdCMVm 4-1BBL ìîæåò îêàçàòüñÿ
ïåðñïåêòèâíûì ìåòîäîì äëÿ ðàçðàáîòêè íîâûõ ïîäõîäîâ òåðàïèè ðàêà ïå÷åíè â êëèíè÷åñêèõ óñëîâèÿõ.
Êëþ÷åâûå ñëîâà: àäåíîâèðóñ, ëèãàíä ðåöåïòîðà 4-1BB, ãåííàÿ òåðàïèÿ, ðàê ïå÷åíè.
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HCC is very resistant to chemotherapy, and the only
curative options are partial hepatectomy or total hepa-
tectomy with liver transplantation. Intratumoral injec-
tion of ethanol or acetic acid can substitute resection in
patients with decompensated liver disease who would
not tolerate surgery [4–7].

Despite progress in early diagnosis, the prognosis
remains poor, because many HCC tumors are diagno-
sed when the process is not amenable to surgery. The
common occurrence of underlying cirrhosis, the pre-
sence of multiple lesions within the liver, the invasion
of vital structures within the porta hepatis, and the ex-
tension of the disease outside the liver frequently pre-
vent surgery. In addition, after resection, there is a very
high tumor recurrence rate (about 25% per year), which
limits curability and long-term survival. Thus, when
transplantation is not possible, no good therapeutic
options are available for HCC, It is therefore clear that
there is an urgent need to develop new approaches to
treat HCC [8–10].

Gene therapy may offer a new therapeutic option for
HCC. The use of gene therapy with immunostimulatory
molecules aiming at enhancing antitumoral immunity has
emerged as a promising new approach to treat cancer.
4-1BB ligand (4-1BBL) is a member of the tumor ne-
crosis factor family, which is expressed on activated
T cells and binds to 4-1BB present on the membrane of
antigen-presenting cells (APC). 4-1BB–4-1BBL inter-
action plays a crucial role in the activation of APC and in
the initiation of both humoral and cellular immune re-
sponses. Thus, gene transfer of 4-(1BBL) has been pro-
posed as an efficient means to treat malignancies.

The host’s immunity frequently fails to eliminate
malignant tumors caused by either the lack of recog-
nizable tumor antigens or their inability to stimulate an
effective immune response. The rationale for transdu-
cing tumor cells with 4-1BBL is to convert these cells
into stimulators of APC, an effect leading to enhanced
presentation of tumor antigens to T cells and activation
of antitumor immune responses. In fact, 4-1BB–
4-1BBL interaction has been demonstrated to over-
come tumor-specific CD4+ and CD8+ tolerance and
induce antitumor immunity. Treatment of lymphoma with
4-1BB antibody induces a rapid cytotoxic T-cell re-
sponse independent of T-helper cells, leading to eradi-
cation of the lymphoma and protection against tumor
cell rechallenge. Ex vivo transduction of tumor cells with
the 4-1BBL gene or in vivo transfer of the 4-1BBL gene
enabled to induce antitumor immunity against different
tumor cell lines in subcutaneous mouse models. How-
ever, immunization with the ex vivo-modified tumor cells
expressing 4-1BBL was not sufficient to eliminate es-
tablished tumors [11–15].

To analyze the potential of  4-1BBL-based gene
therapy for possible clinical application in the future, in
the present study we explored adenovirus-mediated
gene-transfer 4-1BBL into HCC cells in a syngenic
immunocompetent animal model of HCC implanted in
the liver to test the efficacy, mechanisms of antitumor
effects, and toxicity. The orthotopic HCC model was

chosen for this study, because subcutaneous tumors
display a high inherent immunogenicicty as a result of
the presence in this localization of dendritic cells, which
are very efficient at presenting tumor antigens and eli-
citing immune responses. Liver is thought to promote
immunologic tolerance to foreign antigens, and there-
fore, the orthotopic HCC model is the preferred expe-
rimental setting to analyze immunogenic activities within
a realistic microenvironment [16].

Data presented in this article indicate that adenovi-
rus expressing 4-1BBL provides an effective and safe
vector to treat HCC in rats. However, careful phase I/II
clinical studies should be performed before establishing
the therapeutic potential and toxicity of this treatment
in humans with liver cancer.

MATERIALS AND METHODS
Animals and cell lines. 5–8 weeks old male Buffalo

rats were purchased from Shanghai Cancer Institute
(Shanghai, China). The animals were kept in pathogen-
free animal facilities and received care according to the
criteria outlined in the Guide for the Care and Use of
Laboratory Animals. Animal studies were performed in
accordance with the Local Animal Committee.

Cell lines were obtained from Shanghai Cell Insti-
tute (Shanghai, China). McA-RH7777 cells (HCC cell
line syngenic for Buffalo rats) were cultured in Dulbec-
co’s modified Eagle medium (DMEM) supplemented
with 20% heat-inactivated horse serum and 5% heat-
inactivated fetal bovine serum (FBS). The 293 cell line
was cultured in DMEM supplemented with 10% heat-
inactivated FBS and YAC-1 cells in RPMI 1640 medi-
um with 10% heat-inactivated FBS. All the culture
media were supplemented with 2 mmol/L L-glutamine,
100 U/ml penicillin, and 100 µg/ml streptomycin.

Construction of recombinant adenoviral vectors.
Adenoviruses carrying the gene encoding LacZ reporter
gene (AdCMVlacZ) and mouse 4-1BBL (AdCMVm
4-1BBL) under the control of the cytomegalovirus pro-
moter were produced as reported elsewhere [17]. Re-
combinant adenoviruses were isolated from a single
plaque, expanded in fresh 293 cells, and purified by
double cesium chloride ultracentrifugation. Purified vi-
rus was extensively dialyzed against 10 mmol/l Tris/
l mmol/l MgCl2 and stored in aliquots at –80 oC.

m4-1BBL expression on HCC cells after infec-
tion with AdCMVm 4-1BBL in vitro. McA-RH7777
cells were infected with AdCMVlacZ or AdCMVm
4-1BBL at different multiplicities of infection (MOI).
2 days after infection, tumor cells were examined for
4-1BBL expression. McA-RH7777 cells infected with
adenoviral vectors were allowed to react with R-phy-
coerythrin (PE)-conjugated anti-mouse m4-1BBL an-
tibody (PharMingen, USA) for 30 min at 4 oC. For de-
tection of 4-1BB expression, cells were incubated with
fluorescein isothiocyanate (FITC)–conjugated anti-
mouse 4-1BB (PharMingen, USA). Irrelevant isotype-
matched antibodies were used as controls. Samples
were analyzed for fluorescence using FAC-Scan (Bec-
ton-Dickinson, USA). 4-1BB expression could not be
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detected in McA-RH7777 cells by FACS analysis using
the mentioned antibody against mouse 4-1BBL, indi-
cating either that this antibody has no cross-reaction
with rat 4-1BBL or that there is no 4-1BB expression
on McA-RH7777 cells.

Kinetics of HCC cell proliferation after infection
with AdCMVm 4-1BBL in vitro.  McA-RH7777 cells
were cultured in 6-well plates and infected with AdC-
MVlacZ or AdCMVm4-1BBL at 15 and 150 MOI, re-
spectively. 6 h after infection, cells were harvested and
seeded into 96-well plates (0.5 · 105cells/well). On each
of the following 4 days, cell proliferation was determined
by incorporation of 5-bromo-2'-deoxyuridine using a
Cell Proliferation ELISA Kit (Boehringer Mannheim,
Germany) according to the manufacture’s instructions.

Establishment of orthotopic HCC and in vivo gene
therapy. Intrahepatic HCC tumors were established by
injection of 0.5 · 106 McA-RH7777 cells (resuspended in
0.5 ml of DMEM) into the left liver lobe of Buffalo rats. A
single tumor nodule (about 6.5 mm in diameter) was ob-
served in livers 7 to 10 days after inoculation of the ma-
lignant cells. Animals were treated by intratumoral injec-
tion of either AdCMVm 4-1BBL or control vector AdCM-
VlacZ at the dose of 1010 plaque-forming units (pfu)/
animal. Vectors were given in a volume adjusted to the
estimated tumor size (minimal volume used for injection
was 60 µl). Two and 3 weeks after treatment, animals
were anesthetized and underwent laparotomy to assess
the evolution of the tumor. Tumor size was measured in
2 perpendicular tumor diameters using a caliper and was
presented as mean of  2 measurements. Survival was
checked daily in all animals.

To examine the ability of AdCMVm 4-1BBL to in-
duce protective immunity, rats with complete tumor re-
gression after therapy were rechallenged with intrahe-
patic injection of 0.5 · 106 McA-RH7777 cells at a dis-
tant site of the original tumor. Naive rats received the
same amount of McA-RH7777 cells and served as
controls. Tumor incidence was examined 2 weeks af-
ter inoculation of tumor cells, and the size of the tu-
mors was measured.

IL-12 production. Tumor-bearing animals were
treated by intratumoral injection of AdCMVm4-1BBL
(1010 pfu/animal) or control vector AdCMVlacZ at the
same dose, as mentioned above. Blood samples were
collected from the retro-orbital sinus 3 days before
treatment and at days 1, 3, 5, 7, and 14 after therapy.
Serum levels of rat interleukin (IL)-12 were determined
by enzyme-linked immunosorbent assay with commer-
cial kits (Biosource, Nivelles, Belgium) following the
manufacturer’s instructions.

In vivo depletion of CD8+ T cells. CD8+ T cells
were depleted in Buffalo rats with orthotopic HCC by
intraperitoneal injection of anti-CD8 antibody (Ox-8 hy-
bridoma cell line). 200 µl of ascites was administered
in final volume of 1 ml with saline on days –2, –1, and 0
before AdCMVm 4-1BBL (1010 pfu/animal) treatment.
Injection of anti-CD8 antibody (100 µl ascites) was re-
peated every 2 days during the first week and every
3 days during the second week. Control rats were killed

at the time of treatment to confirm the depletion of CD8+
cells. Peripheral blood mononuclear cells were isola-
ted for analysis for CD8+ T-cell subpopulation by im-
munofluorescence staining with R-PE anti-rat CD8
(PharMingen, USA) using FACScan. Our protocol pro-
duced more than 95% depletion of CD8+ T cells (data
not shown).

Cytotoxic assays . The cytotoxicity assay was per-
formed according to standard protocols as described
previously [17] including cytotoxic T-lymphocyte (CTL)
activity and natural killer (NK) activity.

Histologic sections . Tumor-bearing rats were
killed on days 3, 7, 14, 21 after treatment either with
AdCMVm 4-1BBL or control vector. Tumor and non-
tumor liver tissues were fixed in formalin and embed-
ded in paraffin. 3-µm sections were made and stained
with hematoxylin-eosin (HE).

Assessment of in situ apoptosis in tumor tissue.
Assessment of in situ  apoptosis was performed accor-
ding to the manufacture’s protocol (In Situ Cell Death
Detection Kit, AP, Roche Diagnostics, Germany). The
paraffin-embedded sections were dewaxed and then
digested with proteinase K for 10 min at room tempera-
ture. After washing with phosphate-buffered saline, sec-
tions were labeled with TdT-mediated dUTP-biotin nick
end labeling (TUNEL) reaction mixture, and incubated
for l h at 37 oC. Then, sections were reacted with Con-
verter-AP for 30 min. Then, apoptosis rate was calcu-
lated as percentage of apoptotic cells per total cell num-
ber in 6 to 9 high-power fields (40×) using an eyepiece
gratcule (ProSciTech, Thuringowa Old).

Biochemical and hematologic analysis. Blood
samples were collected from tumor-bearing rats treated
either with AdCMVm 4-1BBL or AdCMVlacZ at diffe-
rent time points. The biochemical and hematologic tests
were made in an Automatic Analyzer (RA-1000, Tech-
nicon, Spain) and in an Automatic Hematology Ana-
lyzer (Sysmes F-800, Tecnicar Medicar MAB, Spain).

Statistical analysis . Kaplan — Meier curves were
compared by the log rank test. Differences in tumor
size between the different experimental groups were
tested for statistical significance by a nonparmetric test
(Mann — Whitney Test, 2-tailed) for unpaired sam-
ples. P < 0.05 was considered as significant.

RESULTS
Tumorigenicity of rat McA-RH7777 HCC cells

after in vitro infection with AdCMVm 4-1BBL. To
ensure that infection with AdCMVm 4-1BBL leads to
the expression of 4-1BBL on rat McA-RH7777 HCC
cells, we infected this cell line in vitro either with AdC-
MVm 4-1BBL or with the control vector AdCMVlacZ at
different MOI. AdCMVm 4-1BBL expression was de-
termined by flow cytometry using a specific antibody
against murine AdCMVm 4-1BBL 2 days after infec-
tion. Cells infected with AdCMVm 4-1BBL showed a
dose-dependent expression of 4-1BBL. At a MOI of
10 only 40% of cells showed m 4-1BBL expression;
with increasing MOI of 100, 500, and 1000 the expres-
sion level reached 86, 95, 97% respectively. However,
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Table 1.  The development of tumors in different groups of experimental 
animals at 3 weeks after treatment  

Group/ treatment  n Size of tumor (mm) Inhibition rate (%) 
AdCMVLacZ 24 11.3 ± 1.2 — 
AdCMVm4-1BBL 40 4.5 ± 0.80* 60.2 
   *P  < 0.05. 

no m 4-1BBL expression could be detected in tumor
cells infected with AdCMVm lacZ at any dose. To in-
vestigate the direct effect of AdCMVm 4-1BBL on tu-
mor cells, we infected McA-RH777 cells with AdCM-
Vm 4-1BBL and analyzed the growth rate of tumor cells
until 4 days after infection. We found that in vitro infec-
tion with AdCMVm 4-1BBL did not interfere with cell
proliferation, because its growth rate is comparable with
that of noninfected cells or cells infected with the con-
trol adenovirus.

To examine the tumorigenicity of McA-RH7777 cells
expressing 4-1BBL in immunocompetent syngenic rats,
Buffalo rats were given an intrahepatic injection of 0.5 · 106

of McA-RH7777 cells infected with either AdCMVm
4-1BBL or control vector AdCMVlacZ at an MOI of 100. All
rats inoculated with AdCMVlacZ-infected McA-RH7777
cells (6 of 6 rats) developed a tumor in the liver, and the
tumor size increased progressively within 3 weeks. How-
ever, rats receiving AdCMVm 4-1BBL infected tumor cells
exhibited complete tumor regression 2 weeks after tumor
cell inoculation. This group of animals had disease-free
long-term survival for more than 2.5 moths after the injec-
tion of the engineered malignant cells.

Efficacy of treatment of established HCC tumors
by intratumoral injection of AdCMVm 4-1BBL. To
investigate whether AdCMVm 4-1BBL elicits a thera-
peutic effect in an orthotopic HCC animal model, we
generated a tumor nodule in the liver by implantation
of the rat HCC cell line, McA-RH7777, into the left liver
lobe of syngeneic Buffalo rats. When tumor size
reached about 6.5 mm in diameter, animals were trea-
ted by intratumoral injection of AdCMVm 4-1BBL at
1010 pfu/animal (n = 40) or control adenovirus AdCMV-
lacZ at the same dose (n = 24). The size of tumors was
checked 3 weeks after treatment. Our previous studies
showed than intratumoral injection of a dose of recom-
binant adenovirus resulted in efficient transduction of
tumor cells mainly along the injection tract of the nee-
dle. A small proportion of the dose escapes to the gene-
ral circulation and, as a result of the strong hepatotro-
pism of adenoviruses, causes infection of some cells
of normal liver parenchyma.

Tumor-bearing animals receiving control vector
AdCMVlacZ had progressive tumor growth, while those
rats treated with AdCMVm 4-1BBL exhibited a signi-
ficant inhibition of tumor growth. Three weeks after
therapy, 10 of 40 AdCMVm 4-1BBL treated animals
showed complete disappearance of the tumor, ano-
ther 24 animals had partial tumor regression and only
6 of 40 animals exhibited a tumor growth rate similar to
that of control animals (Table 1). Furthermore, AdCM-
Vm4-1BBL therapy caused a significant increase in
survival of tumor-bearing animals, with 69.5% of treated
animals surviving for more than 18 weeks.

Intratumoral injection of AdCMVm4-1BBL induc-
es lymphocytic infiltration of the tumor and increas-
es the apoptosis rate of tumor cells. To analyze the
histologic changes that occur in tumors after treatment
with AdCMVm4-1BBL, tumor-bearing animals were
killed, and tumor samples collected at days 3, 7, 14, and
21 after intratumoral injection of AdCMVm4-1BBL or con-
trol vector AdCMVlacZ. Tumor samples from AdCMVm
LacZ treated rats demonstrated the absence of necrosis
and very little lymphocyte infiltration. In sharp contrast,
tumor samples from AdCMVm4-1BBL treated rats
showed significant lymphocyte infiltration of the tumor at
day 3. In this group of rats, mononuclear cell infiltration
was very intense at days 7 and 14 with accompanying
presence of necrotic areas in the tumor tissue. At day 21,
no viable residual tumor cells were found in rats treated
with AdCMVm4-1BBL and only necrotic tissue and infil-
trating mononuclear cells could be seen in the place where
the tumor was implanted (Fig. 1). Apoptosis of tumor cells
was analyzed by the TUNEL technique at days 3 and
7 after therapy. Quantitative analysis showed that the ap-
optosis rate was 1.4% and 1.7% at days 3 and 7, respec-
tively, in tumors treated with AdCMVlacZ, and 4.5% and
35.2% on these same days in rats that received AdCM-
Vm4-1BBL. These data indicate that intratumoral injec-
tion of AdCMVm4-1BBL induces a strong inflammatory,
mainly lymphocytic infiltration of the tumor and increases
the apoptotic rate of the neoplastic cells (Fig. 2).

Fig. 1. Histologic analysis of orthotopic HCC tumor after in vivo
gene therapy. Tumor samples were collected for paraffin sec-
tions followed by HE staining. a, c, e, g are sections of tumors
after treatment with control vector AdCMVlacZ; b, d, f, h are sec-
tions of tumors after treatment with AdCMVm4-1BBL, indicating
the infiltrating lymphocytes. (Original magnification × 200)

a b

c d

e f

g h
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Depletion of CD8+ T cells abolishes the antitu-
mor effect of AdCMVm4-1BBL. To determine the in-
volvement of CD8+ T cells in AdCMVm4-1BBL media-
ted rejection of established HCC tumors, CD8+ cells were
depleted by intraperitoneal injection of anti-CD8 mono-
clonal antibody. Rats that did not receive anti-CD8 an-
tibody experienced complete tumor regression within
3 weeks after treatment with AdCMVm4-1BBL, where-
as depletion of CD8+ T cells led to progressive tumor
growth in all AdCMVm4-1BBL treated rats. These re-
sults indicate a crucial role of CD8+ T cells in AdCM-
Vm4-1BBL mediated tumor eradication in our model.

AdCMVm4-1BBL elicits antitumor NK cell re-
sponse. We explored whether treatment of HCC with Ad-
CMVm4-1BBL was associated with enhanced NK and CTL
activity. To this aim, mononuclear cells were isolated from
spleens of tumor-bearing rats at days 3 and 7 after ad-
ministration of either AdCMVm4-1BBL or control vector
AdCMVlacZ. In assays to analyze specific antitumor CTL
activity, we could not detect significant cytotoxicity against
McA-RH7777 cells in tumor-bearing animals treated with
either AdCMVm4-1BBL or AdCMVlacZ (data not shown).
Significant cytotoxic NK activity against McA-RH7777 and
YAC-1 cells was elicited by intratumoral administration of
AdCMVm4-1BBL. NK cytotoxicity was highest at day 3
after therapy and declined rapidly on subsequent days. In
animals that received the control vector, AdCMVlacZ , only
a modest elevation in NK activity was detected.

Intratumoral injection of AdCMVm4-1BBL in-
duces increased systemic levels of IL-12. Because
HCC therapy with AdCMVm4-1BBL was intended to
activate APC inside the tumor and activated APC pro-
duce IL-12 that is crucial in the stimulation of T-cell
and NK antitumoral responses, we analyzed serum le-
vels of this cytokine in HCC-bearing rats treated with
either AdCMVm4-1BBL or AdCMVlacZ . Serum sam-
ples were collected at baseline and at days 1, 3, 5, 7,
and 14. Rats treated with AdCMVm4-1BBL showed a
marked increase in serum IL-12 at day 7; the remai-
ning points showed undetectable levels.

Long-term antitumor immunity induced by in-
tratumoral injection AdCMVm4-1BBL. To know
whether local treatment of HCC with AdCMVm4-1BBL
could induce lasting immunologic memory, we rechal-
lenged animals that were free of tumor after AdCM-
Vm4-1BBL treatment with a new intrahepatic admini-
stration of McA-RH7777 cells 4.5 months after com-
plete regression of primary tumors. As shown in Table 2,
all animals (25 of 25) that had eliminated the tumor
after AdCMVm4-1BBL therapy were resistant to new
challenge with an intrahepatic injection of 0.5 · 106 pa-
rental McA-RH7777 cells, while all naive rats (10 of
10) showed tumor growth with a mean tumor size of
9.9 mm in diameter in the liver 15 days after inocula-
tion of cancer cells. These results suggest that intratu-
moral treatment with AdCMVm4-1BBL not only caused
regression of established tumors, but also induced
long-term protective immunity against tumor cell re-
challenge (see Table 2).

Study of toxicity after treatment with AdCMV-
LacZ or AdCMVm4-1BBL in tumor-bearing rats and
normal rats. To know whether the treatment of estab-
lished orthotopic HCC and normal rats with AdCMVm4-
1BBL could induce toxicity, we analyzed the biochemi-
cal, hematologic, and histologic changes in animals trea-
ted with either AdCMVm4-1BBL or control vector
AdCMVlacZ. Serum levels of alanine transaminase (ALT)
and aspartate transminase (AST) increased steadily
along the observation period (17 days after therapy) in
normal rats receiving control vector AdCMVlacZ and in
tumor-bearing animals receiving control vector AdCM-
VlacZ indicating progression of tumors (Table 3). How-
ever, in tumor-bearing rats and normal rats treated with
AdCMVm4-1BBL, serum levels of ALT and AST were
significantly elevated at day 7, but showed a progres-
sive decline from this time point until the end of the ob-
servation period in normal or tumor-bearing animals
(Table 4). The most interesting toxicologic finding was a

Table 2. Protective ant itumor immunicity induced by AdCMVm4-1BBL 

Groups Size of tumor (mm) Incidence (%) 
Control (n = 10) 9.90 ± 0.95 100 
AdCMVm4-1BBL  
(in vivo: n = 25) 

0* 0 

Note: animals that were free of tumor for 4.5 months after AdCMVm4-
1BBL treatment were rechallenged with intrahepatic administrat ion of 
McA-RH7777 cells. Naive rats received the same amount of McA-RH7777 
cells as a control. The incidence of tumor was examined 2 weeks after 
tumor cell inoculation and the size of tumor was measured. Data are given 
as mean of tumor size (mm) and standard error; *P < 0.05. 

Fig. 2. The apoptotic rate of tumor cells after treatment with
AdCMVm4-1BBL (b, d), or control adenovirus AdCMVlacZ (a, c).
The animals were killed in 3 (a, b) and 7 (c, d) days after treat-
ment and tumor samples were collected for paraffin sections fol-
lowed by Apopotsis TUNEL assay. The arrows indicated the apo-
ptotic bodies. (Original magnification × 200)

a b

c d
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transient elevation of transaminases, probably as a re-
sult of the induced hypercytokinemia.

No alteration in the number of erythrocytes or leu-
kocytes was found in all AdCMVm4-1BBL treated nor-
mal or tumor-bearing rats and AdCMVlacZ treated
normal or tumor-bearing rats, indicating a lack of sig-
nificant hematologic toxicity of this therapy. Liver his-
tology was normal in normal or tumor-bearing that rec-
cived AdCMVlacZ. Only in AdCMVm4-1BBL treated
normal or tumor-bearing rats, we observed a slight
portal tract inflammation on day 7, mononuclear cell
infiltration was present both in the portal tract and in
liver lobules, but liver histology was completely normal
by day 14. In contrast to AdCMVm4-1BBL treated nor-
mal or tumor-bearing rats, the normal animals or tu-
mor-bearing that received the control vector did not
exhibited slight change of Liver histology like AdCM-
Vm4-1BBL treated normal or tumor-bearing rats. In a
word, we found that intratumoral administration of
Ad-CMVm4-1BBL and AdCMVlacZ did not induce ob-
vious systemic and local toxicity.

DISCUSSION
It has been recently reported that 60% of human

HCC tissues were 4-1BB positive, and all 6 tested hu-
man HCC cell lines expressed 4-1BB [18, 19]. No
4-1BB expression was found, however, in hepatocytes
from normal human liver, chronic hepatitis, and cirrho-
sis [20, 21]. Conflicting results have been reported re-
garding the apoptotic or antiapoptotic effects of the li-
gation of 4-1BB in hepatoma cell line HepG2. It was
found that the engagement of HepG2 BBL by agonistic
antibody or soluble 4-1BB induces cell apoptosis
through Fas-dependent mechanism [22]; on the other
hand, someone observed that activation of 4-1BB in
HepG2  cells by an agonistic 4-BB antibody did not
influence cell viability, but inhibited Fas-and TNF re-
ceptor-mediated apoptosis [23–25]. Our in vitro data
showed that infection of McA-RH7777 with AdCMVm4-
1BBL cells resulted in about 90% of cells expressing
high levels of AdCMVm4-1BBL and that this infection
did not interfere with cell proliferation, because the
growth rate of AdCMVm4-1BBL infected cells is com-
parable with that of noninfected cells or cells infected
with the control adenovirus. However, we found that
the tumorigenicity of McA-RH7777 cells was abolished
by in vitro infection with AdCMVm4-1BBL. This effect
appears to take place by a mechanism that does not
involve a direct interaction of the trans gene with 4-1BB
on the tumor cell membrane. A main finding of our study

was that in vivo gene therapy of established orthotopic
HCC by intratumoral injection was able to induce a
potent antitumor immune response, leading to tumor
eradication and long-term survival in 69.5% of AdCM-
Vm4-1BBL treated animals. Treatment with AdCM-
Vm4-1BBL results in infiltration of immunocytes in
treated tumors and induction of apoptosis of tumor cells.
Furthermore, we found that those animals with com-
plete regression produced a protective antitumor im-
munity against tumor cell rechallenge.

4-1BB-4-1BBL interaction on APC induces activa-
tion of APC, promotion of effective antigen presentation,
expression of costimulatory and adhesion molecules, and
up–regulation of cytokine and chemokine production [26–
29]. It is known that 4-BB activation on dendritic cells by
its ligand, 4-1BBL, triggers secretion of IL-12, IL-8, and
macrophage inflammatory protein la. IL-12 is a strong
activator of cellular immunity, and it has been shown to
possess powerful antitumor activities, suggesting only
ligand-mediated therapy can produce anticancer effects
by 4-1BBL-4-1BB interaction to induce APC activa-
tion, especially in case of 4-1BB positivity of HCC cells.
Our previous studies showed that adenovirus-media-
ted gene transfer of IL-12 resulted in strong antitumor
effect in rat HCC model. Interestingly, we observed that
treatment of established tumor with AdCMVm4-1BBL
resulted in a substantial increase of IL-12 in serum, with
maximal values on day 5 and a decline to undetectable
levels on day 14 after treatment. This is in agreement
with the postulated role of AdCMVm4-1BBL therapy in
stimulating APCs to produce IL-12, leading to the acti-
vation of an effective antitumor T-cell immunity [30–32].

Although in our HCC model, we could not detect
specific antitumor CTL activity after treatment with
Ad-CMVm4-1BBL, tumor regression can be mainly at-
tributed to the activity of CD8+ T cells, because deple-
tion of this cell type abolishes the antitumor effect. In-
volvement of CD8+ cells in regression of tumors is con-
sistent with our previous observation, in which CD8+
cells, and not CD4+ cells, were responsible for elimi-
nation of colon cancer after in vivo gene transfer of
4-1BBL. It may be that 4-1BBL-4-1BB interaction did
not induce the generation and proliferation of specific
CTL via antigen presentation by MHC class I and class
II molecules in rat HCC [33-35]. 4-1BBL-4-1BB in-
teraction can drive bystander T-cell proliferation and
potentiate the clonal expansion and survival of CD8+
T cells responding to specific antigens, and local pro-
duction of 4-1BBL in tumor microenvironment supports

Table 3. ALT and AST levels after treatment with AdCMVLacZ in tumor-bearing rats and normal rats 
ALT levels (U/l) AST levels (U/l) Group 

1s t day 7th day 10th day 17th day 1s t day 7th day 10th day 17th day 
Normal 60.1 ± 5.6 159.4 ± 6.5 380.4 ± 5.4 689.4 ± 3.7 88.6 ± 5.4 156.9 ± 7.8 378.9 ± 2.4 567.9 ± 5.7 
Tumor-bearing 61.3 ± 7.5 161.7± 3.6 391.9 ± 4.9 693.7 ± 8.6 89.6 ± 4.7 162.7 ± 3.7 379.4 ± 9.5 571.6 ± 7.3 
Between the groups the difference was not signif icant (p > 0.05). 

Table 4. ALT and AST levels af ter treatment with AdCMVm4-1BBL in tumor-bearing rats and normal rats 
ALT levels(U/L) AST levels(U/L) Group 

1s t day 7th day 10th day 17th day 1s t day 7th day 10th day 17th day 
Normal 55.1 ± 4.6 169.4 ± 6.6 90.4 ± 5.7 59.4 ± 3.8 80.6 ± 5.7 176.9 ± 7.3 98.9 ± 1.4 77.9 ± 5.3 
Tumor-bearing 58.3 ± 7.5 171.7 ± 8.6 91.8 ± 6.9 57.7 ± 1.6 81.6 ± 8.7 172.7 ± 3.1 99.4 ± 9.5 79.6 ± 2.3 
Between the groups the difference was not signif icant (p > 0.05). 
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the induction of a CD8+ T-cell-dependent tumor im-
mune defense that is down-regulated by CD25+ T cells
in HCC [36]. In the present study, we observed en-
hanced NK activity against parental tumor cells (McA-
RH7777) and YAC-1 cells. Stimulation of NK cells might
be involved in elimination of neoplastic cells and/or in-
hibition of angiogenesis by eliminating proliferating en-
dothelial cells of tumoral neovessel. However, no di-
rect proof of a direct participation of NK cells in tumor
regression is provided by data of the present study.

In this work we found that intratumoral administration
of AdCMVm4-1BBL did not induce obvious systemic and
local toxicity. In the liver, only minor, transient inflamma-
tion could be observed for a few days after treatment.
Hematologic parameters were normal. The most inter-
esting toxicologic finding was a transient elevation of trans-
aminases, probably as a result of the induced hypercy-
tokinemia. This rise of serum transaminases subsided
during the following days to reach a low level by day 17
after therapy. It should be noted that, in contrast to AdC-
MVm4-1BBL treated rats, the animals that received the
control vector exhibited a steady deterioration of liver func-
tion tests as a result of tumor progression.

Although our data show promising results of first-
generation adenovirus encoding AdCMVm4-1BBL in
the therapy of experimental orthotopic liver cancer,
these data cannot be directly extrapolated to humans.
Carefully planned phase I/II clinical trials are neces-
sary to establish the efficacy and toxicity of this thera-
peutic strategy in patients with liver cancer. There are
concerns with respect to the use of first-generation
adenoviruses in humans. However, while first-genera-
tion adenoviruses do not seem to be appropriate for
correction of hereditary metabolic defects caused by
their short-term expression and their inherent toxicity
when administered by systemic routes, the use of these
vectors to treat human cancer might be warranted. It
should be considered that when adenoviruses are ad-
ministered by intratumoral injection, most of the dose
is retained inside the tumor mass, and the induced in-
tratumoral inflammatory reaction may help to activate
antitumor immune responses [36]. The belief that lo-
cally injected first-generation adenoviruses can be use-
ful in treating cancer is reflected by the fact that a con-
siderable number of phase I/II clinical studies using this
therapeutic strategy are now underway.

The present study demonstrates that in vivo gene
transfer of 4-1BBL into HCC tumors using first-gene-
ration adenovirus elicits a potent antitumor immunity,
leading to complete tumor regression in the majority of
animals. This effect is dependent on CD8+ T cells and
is associated with a transient elevation of systemic IL-12
seemingly secreted by activated APC/dendritic cells.
Activation of NK cells, possibly as a result of enhanced
IL-12 production, might contribute to tumor eradication
[9]. Therapy with AdCMVm4-1BBL induces a protec-
tive antitumor immunity, and this treament seems to be
devoid of significant toxicity. These data suggest that
transduction of tumor cells with adenoviruses encoding
4-1BBL might provide an effective means to treat HCC.
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