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MicroRNAs have emerged as important players in tissue-specific mammalian gene regulation and have also
been exploited in experimental targeting of gene expression. We have constructed a recombinant adenovirus
that contains sequences complementary to the liver-specific microRNA 122 (miR122) in the 3� untranslated
region of the E1A gene. In Huh7 cells, which resemble normal hepatocytes in expressing high levels of miR122,
this feature resulted in strongly reduced levels of E1A mRNA and protein. This property allowed us to generate
a novel recombinant adenovirus that was severely attenuated in cells of hepatic origin but replicated normally
in other cells. This strategy may be useful in circumventing liver toxicity associated with the systemic delivery
of oncolytic adenoviruses. These data provide the first example of exploiting differential microRNA expression
patterns to alter the natural tropism of a DNA virus. In addition, these results suggest that other microRNAs
expressed in a tissue- or transformation-specific manner may also be used for the targeting of adenoviral
replication and that the same principle may be applied to other viruses that have shown promise as oncolytic
or gene delivery platforms.

Although discovered just over a decade ago, microRNAs
(miRNAs) are now considered to be key regulators of gene
expression in eukaryotes (4, 27, 35). The human genome en-
codes hundreds of miRNAs, and more than 10% of human
genes have been estimated to be under miRNA regulation (23,
27). miRNAs are expressed in tissue- and differentiation state-
specific patterns and are often differentially expressed or de-
leted in various human cancers (11, 22, 45, 46). After transcrip-
tion and processing, miRNAs are incorporated into a protein
complex dubbed RISC (RNA-induced silencing complex) to
suppress the expression of target genes via several mecha-
nisms, such as translational inhibition or mRNA degradation
(5, 13).

The miRNA system has recently been successfully exploited
to regulate transgene expression in genetically modified mice
(33) and in cultured cells transduced with gene delivery vectors
(9). These studies have established the endogenous miRNA
machinery as a versatile and efficient system for the experi-
mental targeting of gene expression to certain cell types ac-
cording to tissue, cell lineage, and differentiation state.

We have previously shown that the introduction of a target
site for the ubiquitously expressed let-7 miRNA into the pos-
itive-strand RNA genome of poliovirus can be used to divert

the cellular RNA interference machinery to efficiently suppress
the replication of an animal virus (17). Recently, Edge and
colleagues showed that ectopic let-7 target sites can also be
used to develop an attenuated vesicular stomatitis virus (14).
Interestingly, the levels of let-7 expression in many cancer cells
are low, thus allowing the let-7 target-modified vesicular sto-
matitis virus to preferentially replicate in these cells, a feature
that could be exploited in oncolytic virotherapy (14).

Conditionally replicating adenoviruses (CRAds) have
emerged as a possible modality for the treatment of cancer (3,
25, 34). Two types of approaches to achieve tumor-selective
viral replication have been reported. One is to introduce loss-
of-function mutations into the viral regulatory protein E1A or
E1B that compromise viral replication in normal but not in
transformed cells that typically have defects in the Rb/p16 and
p53/p14ARF signaling pathways (7, 16, 19, 37). The other
approach is the use of heterologous regulatory elements to
achieve cancer cell-specific expression of E1A (reviewed in
reference 41). For example, Rodriguez et al. inserted a pros-
tate-specific antigen gene enhancer element upstream of the
E1A gene to restrict viral replication to prostate cancer cells
(40). Recently, regulatory elements from prostaglandin-endo-
peroxide synthase-2 (2) and fibroblast growth factor-2 (43)
have been employed to favor the stability and translation, re-
spectively, of E1A mRNA in certain types of cancer cells.

Despite these advances, additional means for better cancer-
and tissue-specific targeting of adenoviral replication are
needed. Of note, both in humans and in nonhuman primates
systemic administration of replication-competent as well as
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replication-deficient adenoviruses has been associated with sig-
nificant infection of hepatocytes (18, 36, 38), which may lead to
liver toxicity, posing a major complication for the systemic use
of oncolytic adenoviruses.

In this paper, we describe the construction of a novel type of
CRAd in which the expression of the E1A gene and, conse-
quently, viral replication in hepatic cells are specifically sup-
pressed by the liver-specific miRNA 122 (miR122). These data
show that tissue-specific miRNA expression patterns can be
exploited also to engineer the tropism of DNA virus replica-
tion and may help to overcome liver toxicity associated with the
systemic delivery of oncolytic adenoviruses.

MATERIALS AND METHODS

Reporter plasmids and luciferase assays. To introduce various numbers of
miR122 target sites into a reporter plasmid, oligonucleotides 5�-CGCGTGGA
GTGTGACAATGGTGTTTGTACCGGT-3� and 5�-CGCGACCGGTACAAA
CACCATTGTCACACTCCA-3� were annealed and ligated into Mlu I sites
introduced 5� or 3� of firefly luciferase (FFluc) cDNA in the pcDNA3 (Invitro-
gen)-derived plasmid psiRNALUC. A549 or Huh7 cells in 12-well plates were
transfected with 5 ng of empty or miR122 target site-containing psiRNALUC, 5
ng of pcDNA-renilla, 1.5 �g of unrelated empty carrier plasmid, and when
indicated, 100 nM miRIDIAN miR122 inhibitor (Dharmacon) by using Lipo-
fectamine 2000 (Invitrogen). Twenty-four to 48 h posttransfection, luciferase
activity was measured using a dual-luciferase assay system (Promega).

Construction and production of adenoviruses. pShuttle122 was made by in-
serting three target sites for miR122 immediately after the stop codon in pSEMII
as described above for the luciferase reporter plasmids. pSEMII was derived
from pSE1 containing a subgenomic adenovirus type 5 (Ad5) fragment including
a wild-type E1A gene (6) but engineered to carry a wild-type E1A enhancer/
promoter plus a novel MluI site in the 3� untranslated region (UTR) of the E1A
gene. pSEMII and pShuttle122 were further modified to create pShuttleK and
pShuttleK-122 by inserting annealed oligonucleotides 5�-CGCGCACCATGGT
GTCGACG-3� and 5�-CGCGCGTCGACACCATGGTG-3� into the 5� UTR of
the E1A gene 23 bp upstream of the endogenous E1A codon ATG to create a
novel out-of-frame translational start site. Homologous recombination between
the modified subgenomic adenoviral genomes and pAd5/3-�24 (26) and the
generation of infectious adenovirus stocks were carried out using standard pro-
cedures. The titers of the purified viruses were as follows: 1.6 � 109 PFU/ml for
Ad5/3-�24, 1.6 � 107 PFU/ml for Ad5/3-122, and 4 � 108 PFU/ml for both
Ad5/3K and Ad5/3K-122.

Western blot analysis. Cells were lysed with 1% NP-40 lysis buffer (150 mM
NaCl; 50 mM Tris-HCl, pH 7.9; 1% Nonidet P-40) in the presence of protease
inhibitors. Protein concentrations were determined by the Bio-Rad protein assay,
and 50 �g of each sample was separated by sodium dodecyl sulfate-polyacryl-
amide gel electrophoresis and then blotted onto a nitrocellulose membrane
(Bio-Rad). After being blocked overnight at 4°C with a solution of phosphate-
buffered saline and 0.05% Tween 20 containing 5% nonfat dry milk, the mem-
branes were treated with mouse monoclonal antibody specific to adenoviral E1A
proteins (sc-58653; Santa Cruz Biotechnology) or adenovirus-infected patient
serum (a kind gift from Jukka Suni, HUSLAB, Helsinki) as a primary antibody
and then with horseradish peroxidase-conjugated secondary antibodies against
mouse or human immunoglobulins (DakoCytomation). An enhanced chemilu-
minescence detection system (Millipore) was used for detection.

Quantitative RT-PCR. Total RNA was extracted from infected cells by using
a GenElute mammalian total RNA miniprep kit (Sigma). RevertAid Moloney
murine leukemia virus reverse transcriptase (RT; Fermentas) was used for
cDNA synthesis. Oligonucleotide sequences for the amplification of the E1A S13
gene were as follows: forward primer, 5�-TCCGGAGCCGCCTCACCTTTC-3�,
and reverse primer, 5�-GGCTCAGGTTCAGACACAGGACTGTAG-3�. The
human housekeeping GAPDH (glyceraldehyde-3-phosphate dehydrogenase)
gene was used as an internal control and amplified with the following primers:
forward, 5�-GAGTCAACGGATTTGGTCGT-3�, and reverse, 5�-TTGATTTT
GGAGGGATCTCG-3�. PCR was done using a LightCycler instrument (Roche
Molecular Biochemicals) with a DyNAmo Capillary Sybr green quantitative PCR
kit (Finnzymes). After an initial incubation at 95°C for 10 min, 35 amplification
cycles were conducted as follows: denaturation at 95°C for 10 s, annealing at 55°C
for 10 s, and extension at 72°C for 12 s. To quantify the differences in E1A
mRNA levels in Huh7 cells, the LightCycler datum point curves were compared

to similar analyses generated using a dilution standard and were graphed as
percentages relative to the level in the specimen with the highest level of ex-
pression.

Virus replication and cell viability assays. Virus titers were determined by
using a 50% tissue culture infective dose. Permissive 293FT cells were seeded
into 96-well plates (104 cells/well), and the next day, eight serial 10-fold dilutions
of freeze-thawed lysates of infected cells were added to the 96-well plates. After
10 days of incubation, the wells with observable cytopathic effects (CPE) in each
dilution were counted and the virus titers were calculated according to the
standard Kärber method. Cell viability was measured using the CellTiter 96
AQueous One solution cell proliferation assay (Promega) and a multiwell plate
reader (Multiskan EX; ThermoLabsystems) to determine the optical densities of
the reaction mixtures at 490 nm.

RESULTS

miR122 is expressed at high levels in liver but not in other
tissues (12, 29). To test the potential of miR122 as a cell
type-specific suppressor of foreign genes introduced into cells,
we constructed a series of FFluc expression vectors containing
one or more target sites for miR122 in the 5� or 3� UTR (Fig.
1A). Due to the perfect complementarity of these target sites
to miR122, we hypothesized that they could mediate the de-
struction of luciferase mRNA in liver cells. As a liver cell
model, we used Huh7 cells representing a relatively well-dif-
ferentiated hepatocellular carcinoma cell line, which differs
from most other hepatocellular carcinoma lines and instead
resembles normal hepatocytes in expressing high levels of
miR122 (12). As examples of nonhepatic cells not expressing
miR122, we used carcinoma cell lines derived from human
lung (A549), prostate (PC3), and cervix (HeLa) and the em-
bryonic kidney-derived cell line 293FT.

As shown in Fig. 1B, the presence of a single target site in
the 5� or 3� UTR of FFluc mRNA resulted in the specific
suppression of FFluc expression in Huh7 cells but not in A549
cells or in the other non-liver-derived cell lines tested, includ-
ing 293FT, PC3, and HeLa (data not shown). Cotransfection
with a synthetic miR122 inhibitor (antagomir-122) potently
suppressed the negative effect of miR122 target sites in Huh7
cells (Fig. 1C), confirming that the inhibitory effect of miR122
target sites was indeed mediated by miR122.

To test the ability of miR122 to suppress E1A expression in
the context of the infection of liver-derived cells with a repli-
cation-competent adenovirus, we constructed a virus desig-
nated Ad5/3-122, which is a derivative of Ad5/3-�24 (26) con-
taining three copies of the miR122 target site in the 3� UTR of
the E1A gene. In good agreement with the reporter gene data,
E1A protein levels in Ad5/3-122-infected Huh7 cells were dra-
matically lower than those in Ad5/3-�24-infected Huh7 cells,
whereas in A549 cells, the viruses expressed similar amounts of
E1A protein (Fig. 2A). Yet the replication of the modified
Ad5/3-122 virus in Huh7 cells was attenuated only moderately
compared to that of Ad5/3-�24, as judged by the development
of CPE in colorimetric cell viability assays (data not shown).
Accordingly, like lysates from A549 cells, lysates from Ad5/3-
�24- and Ad5/3-122-infected Huh7 cells showed similar pat-
terns and levels of expression of total adenoviral proteins (Fig.
2A). These results established that adenoviral E1A expression
could be efficiently inhibited in a cell type-specific manner by
this strategy but also indicated that the degree of E1A sup-
pression was not sufficient to have a significant impact on virus
replication in this study system.
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To test if the reduced levels of E1A protein in Ad5/3-122-
infected Huh7 cells were due to reduced E1A mRNA (as
hypothesized) rather than reduced E1A translation (the nor-
mal mode of miRNA action), we extracted RNA from Huh7
and A549 cell cultures infected for 1, 2, or 3 days with the
Ad5/3-�24 or Ad5/3-122 virus and measured E1A mRNA ex-
pression by quantitative RT-PCR. The level of E1A mRNA
produced by the Ad5/3-122 virus was significantly reduced
compared to that produced by the control virus in Huh7 cells

but not in A549 cells, whereas similar amounts of control
(GAPDH) mRNA were detected in all the infected cultures
(data not shown). A quantitative analysis of the raw PCR data
revealed that in Huh7 cells, Ad5/3-122 expressed less than 10%
of the level of E1A mRNA produced by Ad5/3-�24 (Fig. 2B).
This finding indicated that the cell type-specific negative reg-
ulation indeed occurred mainly via mRNA destruction.

The observed wild-type-like replication of Ad5/3-122 in
Huh7 cells despite strongly reduced levels of E1A may be
explained by the results of previous studies that have reported
the capacity of adenovirus to replicate normally despite
strongly reduced levels of E1A (20). To overcome this prob-
lem, we designed a strategy to uniformly reduce E1A protein
levels in all cell types and hypothesized that such a lowered
baseline level of E1A would still support normal adenovirus
replication but that, in this setting, the suppression of E1A
mRNA by miR122 may be sufficient to prevent viral replication
in liver cells. To achieve this reduction, we inserted an ectopic
consensus site for translational initiation (ACCAUGG) (28)
into the 5� UTR of E1A mRNA in the wrong reading frame
relative to the E1A coding region and named the resulting
virus Ad5/3K. As shown in Fig. 3A, E1A protein expression
was indeed reduced in the expected uniform manner in A549

FIG. 1. Characterization of miR122 target sequences as cell type-
specific suppressors of reporter gene expression. (A) Schematic illus-
tration of the FFluc and Renilla luciferase constructs used and se-
quence of the miR122 target site inserted in different copy numbers
into FFluc constructs. (B) Effects of the indicated combinations of
miR122 target sequences in the 5� and/or 3� UTR of FFluc constructs
on the ratio of FFluc versus Renilla luciferase activity in cotransfected
A549 (striped bars) or Huh7 (black bars) cells. The ratio for cells
transfected with an unmodified FFluc construct (control) was set to
100%, and the other values for the same cell type are expressed
relative to this reference. The numbers of miR122 target sequences
and their positioning are indicated under the corresponding bars.
(C) Suppression of the negative effect of miR122 target sites by an
miR122 inhibitor. Huh7 cells were transfected with a Renilla luciferase
construct and an unmodified or miR122 target site-containing FFluc
construct (3x3�, corresponding to the 3� three-target-site construct
indicated in panel B), together with (�) or without (�) a synthetic
antagomir for miR122. The FFluc/Renilla luciferase activity ratio ob-
tained with unmodified FFluc in the absence of the antagomir was set
to 100%, and the other values are expressed relative to this reference.

FIG. 2. Inhibitory effects of engineered miR122 target sites on
E1A protein (A) and mRNA (B) expression in infected liver cells.
(A) Huh7 and A549 cells were infected with Ad5/3-�24 (Ad5/3) or
Ad5/3-122 (122) at a MOI of 0.05 or left uninfected (�). Three days
later, the cells were harvested and analyzed by Western blotting for
E1A protein expression (top panels) and total immunoreactive ad-
enoviral protein expression (bottom panels). �-E1A, anti-E1A an-
tibody; �-Ad, antiadenovirus antibody. (B) Real-time RT-PCR was
used to quantify E1A mRNA from total RNA extracted from Huh7
cells infected with Ad5/3-�24 or Ad5/3-122 at a MOI of 0.05. The
relative expression of E1A mRNA at 1, 2, and 3 days (d) postin-
fection with these two viruses was determined based on an E1A
mRNA dilution standard and the parallel quantification of GAPDH
mRNA from the same specimens.
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cells as well as in Huh7 cells infected with the Ad5/3K virus. As
also expected, these reduced E1A protein levels were not as-
sociated with a notably lower replicative capacity as judged by
the development of CPE in the infected cultures and colori-
metric viability assays (data not shown) or by Western blot
analysis of total adenoviral protein expression (Fig. 3A).

Based on these results, we generated Ad5/3K-122, which is a
derivative of Ad5/3K containing three tandem copies of the
miR122 target sequence in its E1A gene 3� UTR. The infection
of Huh7 cells with Ad5/3K-122 or Ad5/3K at a multiplicity of
infection (MOI) of 0.05 now revealed a dramatic effect of
miR122 target sites on viral replication. In addition to having
undetectable levels of E1A, Huh7 cells infected with Ad5/3K-
122 failed to express other adenoviral proteins at levels detect-
able by Western blot analysis. In contrast, Huh7 cells infected
in parallel with Ad5/3K expressed increasing amounts of E1A
and other viral proteins. No differences in the expression of
E1A or other viral proteins between A549 cells infected with
Ad5/3K-122 and those infected with Ad5/3K were observed
(Fig. 3B).

The lack of a noticeable CPE in Huh7 cells infected with
Ad5/3K-122 supported the idea that this virus was unable to
productively replicate in liver-derived cells (Fig. 4A). Similar
to the examples from 6 days postinfection shown in Fig. 4A,
these Huh7 cultures showed no evidence of a CPE even upon
prolonged observation. In contrast, indistinguishable CPE in
other cell types (A549, PC3, and HeLa) infected with these two

viruses were observed. Strikingly, a marked CPE in Huh7 cells
infected with Ad5/3K-122 also developed in the same period of
time if the cells were transfected with antagomir-122 prior to
infection (Fig. 4B), confirming that the differential capacity of
Ad5/3K-122 to replicate in these cell lines was indeed deter-
mined by miR122.

To directly quantify the suppression of replication by
miR122, we compared the amounts of cell-associated infec-
tious virus produced by Huh7 and A549 cells infected with
Ad5/3K-122 or Ad5/3K. Five days postinfection with these
viruses at a MOI of 0.05, almost no infectious virus (79 PFU/
ml) could be recovered from Ad5/3K-122-infected Huh7 cells
whereas the virus titer in Ad5/3K-infected Huh7 cells was more
than 10,000-fold higher (1.0 � 106 PFU/ml) and no difference
in the rates of replication of these two viruses in A549 cells was
seen (Fig. 5).

Undetectable levels of adenoviral proteins, the lack of a
CPE, and the decreasing amounts of infectious virus recovered
from Huh7 cells infected with Ad5/3K-122 indicated that this
virus was severely attenuated if not completely unable to rep-
licate in these cells. In contrast, as judged by the same param-
eters, the Ad5/3K virus, which lacked the target sites for
miR122 but was otherwise identical, did not show any evidence
of attenuation in Huh7 cells. These data establish the intro-
duction of miR122 target sites as a powerful strategy for sup-
pressing adenovirus replication in liver cells without compro-
mising the capacity to replicate in other cell types.

FIG. 3. Abolishment of total adenoviral protein expression in liver cells by miR122 target sites. (A) Placing of an out-of-frame translational
initiation site upstream of the E1A open reading frame results in a cell type-independent reduction in E1A translation without reducing overall
adenoviral protein expression. Huh7 and A549 cells were infected with Ad5/3-�24 (Ad5/3) or Ad5/3K (AdK) at a MOI of 0.05. Cells were analyzed
3 days postinfection for adenoviral protein expression as described in the legend to Fig. 2. �-E1A, anti-E1A antibody; �-Ad, antiadenovirus
antibody. (B) Liver-specific loss of detectable adenoviral protein expression can be achieved by the introduction of miR122 target sites into the
Ad5/3K virus background. Huh7 and A549 cells were infected with Ad5/3K or its derivative Ad5/3K-122 (K122) at a MOI of 0.05 and analyzed
3 days (3d) later for adenoviral protein expression as described in the legend to Fig. 2.
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DISCUSSION
In this study, we have shown that cell type-specific miRNA

expression can be exploited to create a CRAd that fails to
productively replicate in liver cells. This strategy adds a valu-
able new approach to the current strategies for generating

oncolytic adenoviruses. Moreover, our results provide the first
example of hijacking the cellular RNA interference machinery
to suppress the replication of a DNA virus in animal cells.

Because adenovirus replication can proceed normally de-
spite low E1A protein levels (20), additional nonspecific mea-

FIG. 4. Cell type- and miR122-dependent CPE of an adenovirus carrying miR122 target sites. (A) The indicated cell lines were infected with
Ad5/3K (AdK) or Ad5/3K-122 (K122) at a MOI of 0.05. Cells were photographed 4 days later (or 6 days later in the case of Huh7 cells) to
document the appearance of a CPE. Uninfected control cell cultures are shown for comparison. (B) Huh7 cells infected with Ad5/3K-122 as
described in panel A following pretreatment with the miRIDIAN miR122 inhibitor. �, present; �, absent.
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sures (decreasing the translational capacity of E1A mRNA)
were needed to complement liver-specific miRNA-mediated
E1A mRNA suppression in order to bring E1A protein levels
below a threshold at which they no longer supported viral
replication in the Huh7 hepatoma cells. It is possible, however,
that in normal liver this threshold may be less stringent and
that the degree of miR122-mediated suppression of E1A
mRNA may be sufficient to prevent the replication of an ade-
novirus expressing E1A transcripts that are translated nor-
mally.

It has been shown previously in a nonhuman primate model
that acute hepatotoxicity of systemically administered adeno-
viral vectors can develop without viral gene expression in hepa-
tocytes (10). However, extensive infection of hepatocytes is
known to occur upon high-dose systemic infection of monkeys
or humans with replication-competent adenoviruses, such as
ONYX-015 (see, e.g., reference 18) or adenoviral vectors (see,
e.g., reference 36). Thus, the availability of an adenovirus that
cannot replicate in hepatocytes should allow the development
of better systemic therapies involving replication-competent
adenoviruses. Moreover, in the context of nonreplicating ther-
apeutic gene delivery vectors, the same principle may also be
applied to limit their gene expression in the liver.

A special instance in which placing an oncolytic adenovirus
under negative control by miR122 may be particularly useful
may be the virotherapy of metastatic disease of the liver. In-
travascular injection of ONYX-015 into the liver has been
tested as a therapy for metastatic colorectal cancer, with mod-
estly promising results (18, 36). However, despite the failure to
express E1B, which should bias replication of this virus into
transformed cells, PCR and immunostaining studies of a pa-
tient who died shortly after ONYX-015 treatment revealed
viral antigens also in normal liver cells and amounts of viral
DNA that were even greater than in the metastatic lesions
(18). Thus, additional means for preventing adenoviral expres-
sion and replication in normal hepatocytes are clearly needed
for the development of better CRAd-based therapies for met-
astatic liver disease.

It is also worth noting that the loss of miR122 expression
appears to be correlated with the malignant transformation of
hepatocytes, such that Huh7 was unique among the four trans-
formed liver cell lines studied by Chang et al. (12) in main-

taining the primary hepatocyte-like expression of miR122.
Thus, the suppression of adenovirus replication by miR122
may also be exploited in the targeted virotherapy of primary
hepatocellular carcinoma as well as metastatic tumors.

The ability of the miR122 target sequences to specifically
inhibit adenovirus replication in a liver-derived cell line but not
in cell lines of different origins was striking. Nevertheless, in
order to create optimal oncolytic adenoviruses, miRNA-based
targeting should probably be combined with one or more of the
existing strategies for the targeting of adenoviral entry and
replication to the desired tissues and cells. In this regard, it
should be emphasized that the introduction of miRNA target
sites into the adenoviral genome is readily compatible with any
of the previously described approaches to generate CRAds.
Because the size of the adenovirus genome cannot be in-
creased by more than 5% and since it may be attractive to
include additional therapeutic genes in oncolytic viruses, it is
also potentially important that the present miRNA-based ap-
proach for altering adenoviral tropism does not require much
space.

One issue that cannot be ignored is that the engineered virus
may escape miRNA-mediated suppression in liver cells via
mutation or deletion of the miR122 target sites. However,
during our extended Huh7 cell infection experiments (in which
cells were maintained in cultures for up to 2 weeks), no evi-
dence of the emergence of such escape mutants was observed
(data not shown), suggesting that it would be a relatively slow
process that may not occur before the therapeutic virus would
be cleared by the immune system. Moreover, even if such
mutants were generated in the infected individuals, the main
goal of this approach, i.e., the suppression of viral replication
during the initial infection of the liver following systemic ad-
ministration, would still be achieved. Similarly, it is difficult to
rule out that the modified virus would not be able to replicate
with extremely slow kinetics (as opposed to being dead) which
would not be apparent under the experimental conditions
practical for working with in vitro-infected Huh7 cultures. In
any case, our results unambiguously show that profound and
cell type-specific attenuation of adenoviral replication can be
achieved using this strategy.

The rich palette of miRNAs with differential expression pat-
terns (21, 23, 27, 31, 42) and the tendency of certain miRNAs
to be lost during carcinogenesis (8, 15, 24, 32, 45) offer great
opportunities for developing tumor-specific CRAds. More-
over, the approach described here should be applicable to
many other human DNA and RNA viruses, including vesicular
stomatitis virus, Sindbis and Semliki Forest viruses, and New-
castle disease virus, as well as herpes and vaccinia viruses, all of
which are actively being developed as tools for oncolytic viro-
therapy (1, 30, 44).
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