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ABSTRACT

The a-fetoprotein (AFP) gene is normally expressed in fetal liver and Is
transcriptlonally silent in adult liver but overexpressed in human hepa
tocellular carcinoma (HCC). Here, we demonstrate that replication de
fective recombinant adenoviral vectors, containing the human AFP pro
moter/enhancer, can be used to express the Escherichia coli cytosine
deaminase (CD) gene (AdAFPCD) and the fi-galactosidase gene (Ad4F-
PlacZ) in AFP-produdng 11CC cell lines. Expression of the CD gene by
adenovirus from the AFP promoterknhancer (AdAFPCD) induced cells
sensitive to 5-fluorocytosine (SFC) in the AFF-producing cells but not In
the AFP-nonproducIng cells. Transduction by an adenovlral vector har
boring an ubiquitous strong promoter and CD gene showed enzymatic
activIty and SFC killing in ali cell lines. When AdAFP1aCZ was injected
Into the s.c. established hepatoma in vivo,expression ofthe @3-galactosidase
gene was confined to AFP-produdng 11CC xenografts Moreover, HCC
xenografts regressed by transduction with AdAFPCD and subsequently
with SFC treatment in vivo. These findings suggest that utilization of the
AFP promoter/enhancer in an adenoviral vector can confer selective
expression ofa heterologous suicide gene in hepatocellular carcinoma cells
in vitro and in vipo.

INTRODUCTION

HCC3 is one of the most common malignancies with poor progno
sis in eastern Asia, especially China, Japan, Taiwan, Singapore, Ko
rea,andsub-SaharanAfrica.Theannualnumberofdeathsworldwide
is evaluated as 1,250,000. Although multiple treatment modalities
have been applied to HCC, it remains one of the most difficult tumors
to treat when multiple foci of tumor or distant metastases are observed
(1â€”4).HCC is highly amenable to the development of gene therapy
(5â€”7).Since the majority of patients are not candidates for curative
surgery, chemotherapy is often the only option; however, the high rate
of serious events of drug prevents an effective chemotherapeutic
treatment.5FUisoftenusedforthetreatmentofHCCincombination
with another chemotherapeutic agent. It causes cell death by inhibition
of both RNA and DNA, inhibiting both RNA and DNA syntheses;
however, its effectiveness is limited by systemic toxicity associated
with high doses (8, 9). Therefore, it may be desirable and feasible to
produce a high local concentration of 5FU at the tumor site by
targeting the drug in a tumor cell-specific manner to allow targeted
killing of cancer cells (10). CD is a nonmammalian enzyme found in
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bacteria and fungi but absent in eukaryotes, which catalyzes the
hydrolytic deamination of cytosine and 5FC to uracil and 5FU, re
spectively (1 1â€”13).Since 5FC is an antifungal drug that is relatively
nontoxic in humans (14), it seemed possible to induce higher concen
trations of 5FU at tumor sites in the presence of 5FC by means of
transduction through a vector encoded with the CD gene.

Adenovirus vectors have been used to efficiently deliver exogenous
genes into a variety of cells and tissues (15â€”18).Recently, adenovirus
vectors containing transcriptional control elements which express the
suicide gene preferentially to tumor cells in vitro and in vivo have
been reported (19â€”24).

AFP is a tumor-associated marker for HCC which can be observed
at elevated serum levels in advanced stage patients (25). Several cis
and trans-acting elements which regulate the human AFP gene have
been identified. Previous studies have located the hepatocyte-specific
enhancers in a far upstream region (â€”4.0kb and â€”3.3kb) of the AFP
gene and have shown the existence of the hepatocyte-specific silencer
between the enhancer and hepatocyte-specific promoter region
(26, 27).

In this study, we constructed replication-defective adenoviral vec
tors containing the CD gene or lacZ gene under control of the AFP
promoter/enhancer, evaluated the expression of the reporter gene in
AlP-producing cells in vitro and in vivo, and assessed the ability of
AdAFPCD to confer the sensitivity to 5FC in athymic nude mouse
HCC models in vivo. Our data demonstrate that infection of AFP
producing HCC cells with an adenovirus vector containing the CD
gene with 5FC treatment subsequently effectively suppresses the
growth of these cells in vitro and in vivo.

MATERIALS AND METHODS

Cell Cultures. HumanHCC cell lines, HuH-7 and HLF, were obtained
from the Japanese Cancer Research Resources Bank (Tokyo, Japan). Human
HCCcell line PLCIPRF/5was obtainedfromthe RIKENCell Bank(Tsukuba,
Japan). Human embryonal kidney cell line 293 cells were purchased from
American Type Culture Collection (Rockville, MD). HuH-i cells were cul
tured in RPM! 1640 containing 0.5% FBS and 0.2% lactalbumin hydrolysate,
and PLC/PRF/5 cells were cultured in DMEM with 10% FBS. HLF cells were
grown in MEM with 20% FBS, and 293 cells were maintained in DMEM with

5%FBS.AFPsecretionofcells wasmeasuredusingtheSerodiaALPmonokit
(Fujirebio, Tokyo, Japan) as described previously (23).

Recombinant Adenovirus Preparation. The recombinant adenovirus vec
tor AdAFPCD (adenovirus vector containing the CD gene driven by AlP
enhancer/promoter) was prepared in this study according to the method de
scribed previously (22â€”24).The pBluescript II SK-AF(AB) (23) contains the
ApaI-BgIII fragment including the AlP enhancer domains A and B (â€”4.0to
â€”3.3kb) and the BgIII-HindIII fragment covering the 0.17-kb AFP promoter.
The â€”1.4-kbEscherichiacoli CD gene fragmentand â€”0.5-kb SV4Oearly
mRNA polyadenylation signal sequence [poly(A)J were blunt ended and
subcloned into the EcoRV site of the pBluescript II SK-AF(AB), resulting in
pBluescript II SK-AF(AB)CD. The pBluescript II SK-AF(AB)CD was di
gested with XbaI, the ends were made blunt, and the AF(AB)CD-poly(A)

expression cassette was subcloned into the CIaI site of the pAdexlcw cosmid,
resulting in pAdex1AFPCD. The pAdexlcw cosmid is a 42-kb cosmid con
taming a 31-kb adenovirus type 5 genome lacking EJA, EJB, and E3 genes as
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Table 1 AFP secretion and CD enzymatic activities ofparental, AdAFPCD-infected, or
AdCACD-infected human hepatoma cell lines

CDb (pmol/min/mg protein)
AFP secretionâ€•

Cell lines (ng/24 hil0@'cells) Parental AdAFPCD AdCACD

HuH-i4204.5 Â±746.0PLC/PRF/54.7
Â±1.0HLFBT

163.750755125.95312819.053879

GENETHERAPYFOR APP-PRODUCINGHUMANHEPATOMA

described previously (28, 29). The expression cosmid cassette and adenovirus
DNA-terminal protein complex were cotransfected into 293 cells by calcium
phosphate precipitation.Incorporationof the expression cassette into the
isolated recombinant virus was confirmed by digestion with appropriate re
striction enzymes. The recombinant adenoviruses AdAFPIacZ (lacZ gene
driven by the AlP enhancer/promoter), AdCAlacZ [lacZ gene driven by the

CAG promoter(30)], and AdCACD (CD gene drivenby the CAG promoter)
have been preparedpreviously(22, 23). The recombinantviruses were prop
agated with 293 cells and the viral solution was stored at â€”80Â°C.The titers of
viral stocks were determined by plaque assay on 293 cells as described (27,
28). None of the stocks of virus used m the experiments contained detectable
replication-competent viruses as evaluated using the PCR assay, which uses
twopairsofprimersinthesamereactiontodetectadenoviralE1ADNAwith
coamplification of E2B DNA as an internal control (31).

Adenovirus-medlated LacZ Expression in Vitro. The hepatoma cell lines
were plated at a density of 5 X 10' cells/well in 6-well culture plates (Iwaki
Glass, Tokyo, Japan) 24 h before AdAFP1acZor AdCAIacZ infection. Imme
diatelybeforeinfection,culturemediumwas aspiratedandvaryIngamountsof
adenovirus were distributed over the cell monolayer. The ratio of the number
of adenovirus per cell is expressed as moi. After 24 h of culture, the cells were
staIned with X-gal (Wako Pure Chemical Industries, Ltd.) to demonstrate the
transduced lacZgene product, and the number of@-galactosidase-positive cells
was counted as described previously (23).

CDEnzymaticActivity.Enzymaticactivityof CDwasmeasuredaccord
ing to the methodof Richardsci aL (32) with minormodifications.Briefly,
hepatoma cell lines were infected with either AdAFPCD, AdAFP1acZ, Ad
CACD, or AdCAlacZ at a moi of 3 pfu/cell. After 24 h, the cells were washed
three times with cold PBS and then resuspended in 1 ml of 100 mMTris (pH
7.8) and 1 mMEDTA. Soluble cell extracts were prepared by somcation of the
cells followed by centrifugation to remove cellular debris. Reaction solution
(15 @tl)containing 10 @gof cell extract in 3 mM cytosine (0.14 mCi/mmol
[6-'H]cytosine; Moravek Biochemicals) was incubated at 37Â°Cfor 60 mm and
then terminatedby the additionof 345 @t1of 1 Macetic acid. The reaction
product [3H]uracil was separated from [3Hjcytosine using SCX Bond Elute
(Varian) that had been previously rinsed with 1 ml of 1 M acetic acid. The
follow-throughof the productcontaining[3H]uracilanda 0.5-mi washvolume
of 1 M acetic acid were collected, and following the addition of ACS II
(Aqueous Counting Scintillant;AmershamCorp.), a radioactivecount was
taken by a liquid scintillation counter (Aloka, Tokyo, Japan). The enzymatic
activity of CD was calculated as the difference of the nonspecific radioactivity
of parental cell lysates from the radioactivity of AdAFPCD- or AdCACD
Infected cell lysates.

In Vitro 5FC or SFUSensitivity. Cells were plated at a density of 5 X iO@
cells/well in 96-well plates (Iwaki Glass) and were infected with either AdAF
PlacZ, AdAFPCD, AdCAlacZ, or AdCACD at a moi of 3 pfu/cell. After
incubation for a subsequent 24 h, the medium was aspirated and replaced with
new medium containing various concentrations of 5FC. The cells were then
cultured at 37Â°Cfor 6 days, and the number of viable cells was measured using
the M'VFassay as described previously (23). Inhibition of cell growth in the
presence of various concentrations of 5FC or 5FU was analyzed as described
previously(33). The IC,4@of 5FC or 5FU was calculatedusing a curve-fitting
parameter based on the Marquardt method (34).

In Vivo Tumor Treatment. To evaluate the ability of AdAFPCD or
AdCACD plus systemic 5FC to suppress tumor growth in vivo, tumor foci

were establishedby injecting lO@PLCIPRF/5cells into athymicBALB/CAJcl
niL/flumice (8 weeks old; CLEA Japan, Inc., Tokyo, Japan). In brief, the cells
were suspended in 100 p3 of saline and injected s.c. into the flank. After 3
weeks, the tumors were randomized in a blind manner to be directly transduced
with AdAFPCDor AdCACD subsequentlywith or without5FC (500 mg/kg
body weight i.p.; each n = 5) or control vehicle (DMEM/lO% FBS) with or
without 5FC (each n = 5). Either AdAFPCD (l0@ pfu), AdCACD (l0@ pfu), or
vehicle of a total volume of 100 @lwas directly injected into the tumor from
three directions for 3 successive days. The animals received i.p. injections of
5FC (500 mg/kg) daily for 2 weeks. Tumor size was measuredin a blind
fashion using calipers up to day 35,and was calculated as [length
(mm) X width (@)2J/@ To examine the efficiency of the adenovirus vector
to deliver transgenes in the tumors in situ, established tumors (100 mm3)were
injected with an adenovinas carrying the E. coli lacZ gene AdAFP1IJ.CZ(l0@
phi), AdCAlacZ (l0@pfu), or control vehicle. After 48 h, the animals were

sacrificed, and the tumors were removed and fixed in 4% paralormaldehyde on
ice for 3 h. Expression of the lacZ gene was then demonstrated by direct
histological staining with the chromogenic substrate X-gal as described pre
viously (23). Animal experiments were performed in accordance with institu
tional guidelines and approved by the University Committee on the Use and
Care on Animals.

StathtIcal Analysis. Statistical analysis was performed using the Mann
Whitney U test and StatView 4.1 1 software (Abacus Concepts, Inc., Berkeley,
CA). A P < 0.05 was consideredto be statisticallysignificant.

RESULTS

Adenovirally DireCted LacZ Gene Transfer in HCC Cell Lines
in Vitro. Three human hepatoma cell lines, HuH-7, PLC/PRF/5, and
HLF, were used as target cells for recombinant adenovirus infection.
As shown in Table 1, HuH-7 and PLCIPRF/5 cells secrete APP;
however, HLF cells do not. To analyze the specificity of adenovirally
directed gene transfer under control of the APP promoter/enhancer,
three HCC cell lines were infected with AdAFP1acZ at different mois.
At a moi of 10, expression of the lacZ gene product was demonstrated
in almost all HuH-7 cells when stained with X-gal, but not in HLF
cells. The lacZ gene product was expressed in two APP-producing cell
lines, HuH-7 and PLCIPRF/5, and the lacZ expression in these cells
increased in parallel with the increase in moi. In contrast, lacZ gene
expression was not detected in AFP-nonproducing HLF cells, even at
a high moi. When these cells were infected with AdCA1acZ (lacZ gene
is driven by an ubiquitously strong CAG promoter), the lacZ gene was

expressed in all three HCC cell lines. There was no statistical differ
ence in gene transfer efficacy among these three cell lines, indicating
that human HCC cells are susceptible to adenovirus infection.

CD Enzymatic Activity of AdAFPCD- or AdCACD-infected
Hepatoma Cell Lines. To evaluate whether a functional CD enzyme
was produced in cells infected with CD expressing adenovirus, cell
lysates prepared from either AdAFPCD-, AdAFP1acZ-, AdCACD-, or
AdCAlacZ-infected and parental HCC cell lines were incubated with
[6-3Hjcytosine. Conversion from cytosine to uracil was determined by
the relative amount of [6-3H]cytosine to [6-3H]uracil using an ion
exchange column. The CD enzymatic activity of AdAFPCD-infected
cells was significantly higher in the cell lysates of HuH-7 and PLC/
PRF/5 cell lines (163.7 pmol/min/mg protein and 125.9 pmol/min/mg
protein, respectively) in contrast to that of the cell lysate of the HLF
cell line (19.0 pmol/min/mg protein). Higher CD activity was found in
all three cell lines when infected with AdCACD, and there was no
statistical difference in CD enzyme activity among AdCACD-infected
cells (HuH-7, 50,755 pmol/min/mg protein; PLCIPRF/5, 53,128
pmol/min/mg protein; HLF, 53,879 pmol/min/mg protein). Further
more, none of the AdAFPIacZ- or AdCACD-infected cells produced
[6-3H]uracil as compared to the counts of parental cells (data not
shown). These results indicate the functional CD enzyme production
of CD-transduced cells and the marked enzyme activity increase of
APP-producing cell lines when infected with ACIAFPCD.

Tumor Cells Expressing the CD Gene Are Sensitive to SFC in
Vitro. To test whether adenovirus-mediated CD gene expression in
the cells confer sensitivity to 5FC, HCC cells were infected with either

Br
BT
BT

a Results are represented as means Â± SD(n = 6).

b Resultsarerepresentativeof threeindependentexperiments.
C BT, below threshold, not detectable.
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Table 2 lC@ of 5FC or 5FU in parental, AdAFPCD-infected, or AdCA CD-infected
human hepatoma cell lines

IC,,,,of 5FCâ€•(@LM)

Cell lineslC50 of SF1.)â€•(SM)ParentalAdAFPCDAdCACDHuH-7

PLC/PRF/5
HLF23.5

3.8
4.515,990

20,048
28,644

Ratio of lC@136.6

56.7
24,6513.4

7.6
3.6AdAFPCDAdCACD117.1

353.6
1.24702.9

2637.9
7956.7

GENETHERAPYFORAFP-PRODUCINGHUMANHEPATOMA

AdCAlacZ were similar to those of umnfected control cells (data not
shown).

In Vivo Treatment of Transplanted Human HCC Cells. Ade
novirus-mediated gene transfer to PLCIPRF/5-derived s.c.tumors in
vivo was evaluated using an adenovirus carrying the lacZ reporter
gene. The lacZ gene was expressed in the tumors injected with
AdAFP1acZ (Fig. 1A) or AdCAlacZ (Fig. lB), but not in those
injected with vehicle only (Fig. 10. These data demonstrate that the
lacZ gene can be efficienfly delivered to solid tumors derived from
AFP-producing HCC cells in vivo using an adenovirus vector con
taming the APP promoter/enhancer. The lacZ gene was also expressed
in the tumors that were injected with an adenovirus carrying the lacZ
gene driven by an ubiquitously strong CAG promoter. Consistent with
the in vitro studies, administration of AdAFPCD or AdCACD into the
tumor foci of PLCIPRF/5 cells along with systemic 5FC administra
tion resulted in a suppression of tumor growth compared to that in the
control groups (Fig. 2). Tumors in the control groupsâ€”AdAFPCD
treatment without 5FC administration, AdCACD treatment without
5FC administration, and vehicle treatment with or without systemic
5FC administration, showed almost similar growth curves. In contrast,
tumors injected with AdAFPCD or AdCACD with concomitant 5FC
administration resulted in suppression of tumor growth, with about

70â€”85% reduction in growth compared to controls at day 35. No
associated systemic toxicity (reflected as animal death) from adeno
virus infection nor from 5FC administration was demonstrated.

DISCUSSION

In the present study, we capitalized on the metabolic function of E.
coli CD to inhibit tumor growth in vivo by using a replication
deficient recombinant adenovirus to transfer the CD gene selectively
to HCC tumor xenografts in nude mice. Although transfer and ex
pression of the CD gene has no cytotoxicity, the systemically admin
istered nontoxic prodrug 5FC is converted into an antitumor chemo

a These results are representative of three independent experiments.

b Valuesobtainedfrom IC,@of 5FC-treatedparental/infectedcells.

AdAFPCD, AdAFP1acZ, AdCACD, or AdCAlacZ at a moi of 3 and
then exposed to SFC at various concentrations for 6 subsequent days.
The 5FC concentration yielding IC5O in HCC cell lines was deter
mined by counting the number of viable cells in each group. As shown
in Table 2, all parental cell lines were sensitive to 5FU at low
micromolar concentrations. After infection with AdAFPCD, APP
producing cell lines (HuH-7 and PLC/PRF/5) became sensitive to 5FC
and the IC50 to SFC shifted from > 10,000 @Mto 56.7â€”136.6,iM. By
contrast, the viability of HLF, the AFP-nonproducing cell line, was
not affected by 5FC even when the cells were infected with AdAF
PCD. Additionally, the IC50 ratio value calculated from the difference
between parental and AdAFPCD-infected AFP-producing cells was
much higher than that of AFP-nonproducing HLF cells. All hepatoma
cell lines infected with AdCACD became sensitive to 5FC (the IC50
values of HuH-i, PLCIPRF/5, and HLF were 3.4 ,iM, 7.6 @.tM,and 3.6
@LM,respectively), indicating that HLF cells were also susceptible to

the CD/5FC system. The MU assay revealed that the viability of
AdAFPCD-, AdAFP1acZ-, AdCACD-, or AdCAlacZ-infected cells at
mois used in the absence of 5FC were similar to those of uninfected
cells. 5FC sensitivities of HCC cell lines infected with AdAFP1acZ or
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Fig. I. Adenovirus-mediated 13-galactosidase expression in AFP-producing PLC/PRF/5 solid tumors in vivo. PLC/PRF/5 xenografts were grown s.c. in athymic nude mice.
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Fig. 2. Growth suppression of established PLCIPRF/5-derived s.c.
tumors in vivo after administration of AdAFPCD or AdCACD plus 5FC
(500 mg/kg). Following s.c. administration of lO@PLC/PRF/5 cells,
palpabletumorswererandomizedin a blindmannerto receivel0@pIn
of AdAFPCD with 5FC (n =5) or without 5FC (n =5), lO@pIn of
AdCACDwith SFC(n =5) or without5FC (n =5), or vehicle with 5FC
(n 5) or vehicle alone (n 5). The vectors or vehicle were administered
to the tumor at days 18, 19, and 20. From days 21 to 35, the animals
received injections of 5FC i.p. once daily. Tumors were measured in two
dimensions in a blind manner and tumor volumes were calculated.
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therapeutic agent SRi by CD in target tissues, thus effectively
suppressing local tumor growth without systemic toxicity.

Currently available in vivo gene delivery systems generally lack the
specificity of target cells. Although nonviral approaches, such as the
DNA-liposome complex, ligand-DNA complex, and direct injection
of DNA, have been reported for in vivo gene transfer, relative low
rates of gene transduction are demonstrated and target tissues are
restricted (35). Retrovirus vectors that contain transcriptional control
elements for preferential expression of suicide genes within tumor
cells are referred to as virus-directed enzyme/prodrug therapy (33).
However, application of the retrovirus vector for in vivo gene therapy
may be limited due to low viral titers (35).

Instead, recombinant adenoviruses have been used as highly effi
cient vectors for in vitro and in vivo gene deliveries (35). Adenovirus
mediated gene transduction is demonstrated in a broad spectrum of
eukaryotic cells independent of cell replication. However, this vector
presents two problems. One may be the nonspecific transduction of
therapeutic genes into cells other than target cells. Therefore, one
potential strategy is to design an adenovirus vector that can express
therapeutic gene selectively in tumor cells. In this study, the expres
sion of heterologous genes is limited to APP-producing cells by using
the APP promoter/enhancer element. The second problem is the
induction of an immune response that precludes prolonged transgene
expression and repeated adenovirus administration. Because the im
mune response to adenovirus is limited in athymic nude mice, the
development of an immune response in normal mice to adenovirus
could also contribute to the antitumor activity associated with CD!
5FC therapy.

Currently available in vivo gene transfer vectors are not capable of
transferring a gene to all tumor cells; however, successful application
of suicide gene therapy in vivo relies on the bystander effect, where
the active chemotherapeutic agent diffuses from the tumor cells in
which it was produced to neighboring malignant cells in sufficient
concentrations to suppress growth (36). Recently, adenovirus-medi
ated gene therapy of HCC using the HSVtk/GCV system has been
reported independently (19, 20, 23). However, one attractive feature
of the CD/5FC prodrug strategy used in this study is that converted
5FU is able to diffuse across the cell membrane into adjacent cells and
tumor tissues. Unlike the bystander effect in the HSVtk/GCV system,
direct cellular contact is not necessary for the neighbor cell killing
effect of the CD/5FC system (37). We have recently reported this

impressive neighbor cell killing effect in gastric cancer cells that were
infected by the adenovirus-expressing CD gene. Consistent with these
data, the neighbor cell killing effect of AdAFPCD-infected HCC cells
did not need direct cellular contact in vitro.4 In vivo adenovirus
mediated transfer of the CD gene to HCC tumors in nude mice
effectively suppresses the growth of tumors, despite the fact that
adenovirus injection is associated with the expression of the trans
ferred gene in only several percent of the tumor cells. These in vitro
and in vivo observations support the concept that adenovirus-mediated
transfer of the CD gene is associated with a chemotherapeutic â€œneigh
bor cell killing effectâ€•when tumor cells are exposed to 5FC.

The concentration of 5FC yielding 50% growth inhibition in AdAF
PCD-infected HuH-7 and PLCIPRF/5 was 136.6 ,hM and 56.7 @M,
respectively. These concentrations of 5FC could be acceptable, since
nontoxic peak levels of 5FC in serum among the patients receiving
5FC therapy for antifungal diseases reach between 25 and 100 pg/mi
(194â€”775p.M; Refs. 38 and 39).

The correlation between baseline AlP secretion and induction of
CD activity and 5FC/FU sensitivity is not straightforward. In Table 1,
the HuH-7 and PLCIPRF/5 cell lines differed in APP secretion by
nearly three orders of magnitude and yet had comparable inductions
of CD with the AdAFPCD vector. This was true for 5FCJ5FU sensi
tization. In the previous study using the chloramphenicol transferase
assay, we found that promoter activities of the APP enhancer/pro
moter fragment were not always in parallel to the amount of APP
produced by human hepatoma cells, indicating that APP production
by these cells might be regulated by posttranscriptional levels (23).

Hepatic delivery should optimize vector delivery to the tumor
efficiently and minimize the risk of exposure to normal tissues outside
at the extrahepatic organs. Since HCC patients often have varying
sizes of multiple tumors in the liver without extrahepatic metastasis,
gene delivery to the liver tumor in vivo should be performed via
hepatic artery or portal vein. Since toxicity was observed in expen

mental animal studies at high doses of recombinant adenovirus, it was
important to determine whether we could use optimal amounts of the
virus without hepatic damage.

The elevated serum levels of AFP among these patients are mainly
produced by tumors. However, surrounding hepatocytes may often

4 Unpublishedobservation.
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express AFP to some degree. After AdAFPCD infection with these
nontumorous tissues, cytotoxicity may be induced by 5FC systemic
administration. In view of the clinical aspects of HCC, safe studies of
these vectors are a necessity.

Higher expression of the CD gene by an ubiquitously strong CAG
promoter of AdCACD was found in all three cell lines. AdCACD
mediated gene therapy also has the potential for the treatment of
hepatocellular carcinoma; however, the toxicity of the nontumorous
tissue must be considered. Localized delivery to the tumor such as a
direct injection of AdCACD into the tumor would be preferable to
minimize toxicity to normal cells.

The current study indicates that the CD gene can be efficiently
transferred to human APP-producing hepatoma cells using recombi
nant adenovirus in vivo. These results suggest that recombinant ade
novirus transfer of the CD gene under control of a cell type-specific
promoter could theoretically be a useful vector for the systemic
control of metastasis.
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