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ABSTRACT Conditional gene expression and gene dele-
tion are important experimental approaches for examining
the functions of particular gene products in development and
disease. The cre-loxP system from bacteriophage P1 has been
used in transgenic animals to induce site-specific DNA re-
combination leading to gene activation or deletion. To regulate
the recombination in a spatiotemporally controlled manner,
we constructed a recombinant adenoviral vector, Adv/cre, that
contained the cre recombinase gene under regulation of the
herpes simplex virus thymidine kinase promoter. The efficacy
and target specificity of this vector in mediating loxP-
dependent recombination were analyzed in mice that had been
genetically engineered to contain loxP sites in their genome.
After intravenous injection of the Adv/cre vector into adult
animals, the liver and spleen showed the highest infectivity of
the adenovirus as well as the highest levels of recombination,
whereas other tissues such as kidney, lung, and heart had
lower levels of infection and recombination. Only trace levels
of recombination were detected in the brain. However, when
the Adv/cre vector was injected directly into specific regions
of the adult brain, including the cerebral cortex, hippocampus,
and cerebellum, recombination was detectable at the injection
site. Furthermore, when the Adv/cre vector was injected into
the forebrains of neonatal mice, the rearranged loxP locus
from recombination could be detected in the injected regions
for at least 8 weeks. Taken together, these results demonstrate
that the Adv/cre vector expressing a functional cre protein is
capable of mediating loxP-dependent recombination in vari-
ous tissues and the recombined gene locus may in some cases
be maintained for an extended period. The use of the adeno-
virus vector expressing cre combined with localized delivery to
specific tissues may provide an efficient means to achieve
conditional gene expression or knockout with precise spatio-
temporal control.

The analysis of gene function in vivo requires the ability to
manipulate genes in a precise spatiotemporal manner. Current
methods use germ-line transgenic techniques in which a for-
eign gene is introduced or an endogenous gene is deleted in the
host genome throughout the life of the organism (1, 2). The
phenotypes that result from the gain or loss of function have
provided insights into the physiological functions of particular
genes in development and disease (3). For genes that are ex-
pressed in multiple areas and times during development and in
the adult (for example, see ref. 4), the analysis of their function
would be facilitated by the ability to alter gene expression at
restricted times and in highly localized areas. One approach to
achieve such conditional gene manipulation is the use of the
newly developed cre-loxP system in transgenic animals (5, 6).
Cre is a 38-kDa DNA recombinase that is both necessary

and sufficient for sequence-specific recombination in bacte-
riophage P1. The recombination occurs between two loxP
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sequences, each of which is 34 bp in length (7, 8). The
intramolecular recombination of two loxP sites (oriented ei-
ther head-to-head or head-to-tail) results in an inversion or
deletion of the intervening DNA sequences, and an intermo-
lecular recombination causes integration or reciprocal trans-
location at the loxP site. The cre-loxP system has been tested
in various eukaryotic organisms and shown to function effi-
ciently in mammalian cells (9-13). It has been used in trans-
genic animals to achieve conditional gene activation or dele-
tion (knockout) of targeted genes in specific tissues (5, 6, 14).
Generally, the system requires cross-breeding of two lines of
transgenic animals. One line carries an allele with the locus of
interest flanked at the 5' and 3' ends by loxP sequences. The
other line has a cre transgene in which the expression of the cre
protein is controlled by a heterologous promoter. Recombi-
nation between the loxP elements in the offspring is dependent
upon the expression pattern of the cre transgene, which is
defined by the specificity of the heterologous promoter (5, 6,
15). Ideally, the promoter used for directing cre gene expres-
sion should have tissue and developmental stage specificity, or
should be inducible by a signaling molecule such as a hormone
or cytokine (16). At present, however, such promoters are not
generally available for each tissue or developmental stage of
interest, particularly for applications to specific regions of the
central nervous system (CNS).
An alternative approach for the delivery of transgenes into

specific target tissues involves the use of recombinant adeno-
virus. This vector can infect a range of cell types with high
efficiency, including epithelial cells, endothelial cells, myo-
cytes, and neurons, making it a powerful vehicle for delivery
of foreign gene products to various tissues (17-19). After
injection of the virus into tissues, the high levels of infectivity
and the limited spread of the virus results in a localized
expression pattern of the transgene in various somatic tissues,
including the brain, liver, lung, heart, and muscle (17-19).

In the current study, we combined the specificity of loxP-
dependent gene recombination with the ability of adenovi-
ruses to effect localized gene delivery in vivo. We constructed
a recombinant adenovirus expressing cre (Adv/cre) and dem-
onstrated that intravenous or intracerebral injection of the
Adv/cre vector into loxP transgenic mice results in recombi-
nation at the loxP locus in a variety of tissues. The efficacy of
recombination in Adv/cre-treated animals and the target
specificities of different delivery routes suggest a number of
useful applications for this methodology.

MATERIALS AND METHODS
Construction of Adv/cre Recombinant Adenovirus. The

pAdv/cre plasmid was generated using the herpes simplex
virus (HSV)-cre minigene (including the HSV thymidine
kinase gene enhancer/promoter, the cre gene coding region,

Abbreviations: CNS, central nervous system; HSV, herpes simplex
virus; pfu, plaque-forming units; RT, reverse transcriptase; (3-gal,
,3-galactosidase.
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and a polyadenylylation sequence) removed from the plC-cre
plasmid (a generous gift from H. Gu, National Institutes of
Health) byXho I-Sal I digestion and then inserted into theXho
I site of the pXCJL.1 shuttle plasmid (a generous gift from Y.
Dai, Baxter Health Care, Mundelein, IL). The Adv/cre ade-
novirus was generated through homologous recombination
between cotransfected pJM17 plasmid (20) (a generous gift
from F. L. Graham, McMaster University, Hamilton, ON,
Canada) and the pAdv/cre plasmid in 293 cells as previously
described (see Fig. 1; ref. 21). The structure of the Adv/cre
recombinant adenovirus was confirmed both by restriction
digestion of the viral DNA and by Southern blot analysis using
the cre gene fragment as the labeled probe. The Adv/1-gal
virus used as a control is an Ela deletion recombinant
adenovirus containing a 3-galactosidase (P-gal) gene with
nuclear localization signal sequences driven by a human cyto-
megalovirus promoter (21). The presence of the cytomegalo-
virus promoter rather than the HSV promoter was not ex-
pected to lead to major differences in infectivity or expression.
Both viruses were prepared as described (21). Titers of the
purified viral stock were determined by measuring OD260 with
each reading of 1.0 equivalent to 1 x 1012 plaque-forming units
(pfu)/ml.
Administration of the Recombinant Adenovirus. The maA-

Stop-Tag transgenic mice (referred to as loxP mice; ref. 5) were
generously provided by G. Martin (University of California,
San Francisco) with permission from H. Westphal (National
Institutes of Health). These animals are homozygous for the
transgene with loxP elements flanking a 1-kb Stop sequence on
a CB6 background (5; and G. Martin, personal communica-
tion; see Fig. 1). For intravenous injection, the purified ade-
novirus solution was injected through the tail veins of adult
transgenic mice. For administration of the virus into the brain,
adult animals were anesthetized with ketamine and xylazine.
One-half microliter of Adv/cre or Adv/f3-gal solution was
infused using a stereotaxic apparatus (Stoelting) at a rate of 0.2
,Ll/min into the cerebral cortex, hippocampus, striatum, and
cerebellum on one side of the brain. For adenovirus delivery
into the neonatal mouse brain, newborn mice were anesthe-
tized by hypothermia and injected on one side of the forebrain
with 0.3 Atl of the Adv/cre or Adv/1B-gal solutions.

Analysis ofthe Transgenic Animals. After administration of
adenovirus as described above, the treated animals were killed
and genomic DNA from various tissues was extracted (QiAmp
Tissue Kit; Qiagen, Chatsworth, CA) and analyzed for the
presence of recombination products by PCR as described (5).
For Southern blot analysis of the loxP locus, the genomic DNA
from the mouse tissues was digested with EcoRI and HindIII
and blotted with the 1652-bp 32P-labeled EcoRI to HindIII
fragment from the pBS241 plasmid (5) containing the Stop
sequences. For reverse transcriptase-PCR analysis of the cre
mRNA, total RNA was isolated from mouse tissues (Qiagen).
The first strand cDNA was synthesized using avian myeloblas-
tosis virus reverse transcriptase (Boehringer Mannheim) in the
presence of oligo-dT primers followed by PCR amplification
using primers specific for cre coding sequences as described
(5). All experiments were performed on a minimum of three
animals and the PCR analyses were repeated a minimum of
three times.

Histochemical Analysis. Adult mice infused with Adv/3-gal
that were to be used for histochemical analysis (n = 6) were
perfused, and the tissue was removed, sectioned, and stained
for 3-gal activity as previously described (22).

RESULTS
Adv/cre-Mediated Recombination in Liver. To investigate

whether the adenovirus vector could express functional cre
protein in vivo, we constructed the Adv/cre recombinant
adenovirus as illustrated in Fig. 1 and used CB6 mice carrying
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FIG. 1. Generation of the Adv/cre vector. The HSV thymidine

kinase cre minigene was excised from the pIC-cre plasmid and cloned
into the shuttle plasmid pXCJ.1. As a result of homologous recombi-
nation between pAdv/cre and pJM17 DNA, the recombinant adeno-
virus, Adv/cre, has the Ela region replaced by the HSV thymidine
kinase-cre-poly(A) sequences. The schematic structure of the loxP
transgene shown at the bottom is adopted from Lakso et al. (5). Upon
cre expression, the 1318-bp Stop sequence is excised as a result of
recombination between the two flanking loxP elements. The restric-
tion enzymes used in Southern blot hybridization and the primers
specific for the loxP locus used in PCR amplification (small arrows)
and the expected sizes of the PCR products are indicated. maA, Mouse
a-crystallinA gene promoter; Tag, simian virus 40 large T antigen; mu,
map unit; and Ad5, human adenovirus type 5.

homozygous maA-Stop-Tag transgene (hereafter referred to
as loxP mice) as our in vivo system (5). Approximately 1010 pfu
of the Adv/cre or Adv/,3-gal were infused into adult loxP mice
by tail vein injection. Five days after the injection of the
adenovirus vector, the livers and brains of the animals were
collected and genomic DNA and total RNA were prepared
from these tissues as described in Materials and Methods. The
RNA samples were subjected to reverse transcription and
amplification of first-strand cDNA by PCR using primers
specific for the cre coding sequences (5). Genomic DNA
samples were analyzed by PCR using primers outside of the
two loxP sequences. The PCR analysis should yield a 1536-bp
product from the intact loxP locus in the transgene or give a
220-bp product as the result of cre-induced recombination
between the two loxP sites and the subsequent deletion of the
1.3-kb Stop sequences (5; see Fig. 1).
After intravenous injections of Adv/cre, cre mRNA was

detected by reverse transcriptase (RT)-PCR in the liver (Fig.
2A, lane 6) but not in the brain (Fig. 2A, lane 5). This was
consistent with previous studies using other adenoviruses
injected through the tail vein (23). As a control, mice receiving
tail vein injections of Adv/03-gal showed no detectable cre
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FIG. 2. Site-specific recombination in vivo mediated by the Adv/
cre vector. (A Left) Analysis of genomic DNA by PCR using specific
primers for the loxP locus. DNA samples were from the brain (lane 1)
and liver (lane 2) of an Adv/cre-treated mouse and from the brain
(lane 3) and liver (lane 4) of an Adv/,B-gal-treated mouse. (Right) RNA
analysis by RT-PCR using the cre-specific primers. RNA samples were
from the brain (lane 5) and liver (lane 6) of an Adv/cre-treated mouse
and from the brain (lane 7) and the liver (lane 8) of an Adv/,B-gal-
treated mouse. Arrows indicate the specific PCR products of 1316-bp
(Upper) and 220-bp (Lower) lengths. The arrowhead on the right
indicates the predicted 276-bp RT-PCR product from the cre mRNA.
MW, 1-kb molecular weight marker (GIBCO). (B) Southern blot
analysis of the loxP transgene in Adv/cre-treated animals. Genomic
DNA samples were digested with EcoRI and Hindlll enzymes and
hybridized with the 1764-bp EcoRI and Hindlll fragment from the
pBS241 plasmid (5). The DNA samples were prepared from the brain
(lane B) and liver (lane L) of an Adv/cre-treated mouse or from the brain
(lane BO) and liver (LO) of an Adv/f3-gal-treated mouse. The hybridiza-
tion signals were quantitated on a PhosphorImager (Molecular Dynam-
ics) using the IMAGEQUANT software. The percentage of recombination
was estimated based on the reduction of the signal intensity of the 1764-bp
bands in each lane using the mouse a-crystallin A gene (see Fig. 1 Lower,
maA) as the internal control for normalization.

expression in either tissue (Fig. 2A, lanes 7 and 8). PCR
examination of genomic DNA using specific primers for the
loxP locus produced a 220-bp PCR product only in the livers
of the Adv/cre-treated animals (Fig. 2A, lane 2) but not in the
brains (Fig. 2A, lane 1). In control animals injected intrave-
nously with the Adv/P3-gal vector, the 1536-bp PCR product
from the intact loxP transgene (but not the 220-bp fragment)
was detected in both the liver and the brain (Fig. 2A, lanes 3
and 4). The identities of these PCR products were confirmed
by restriction enzyme analysis (data not shown).

Southern blot analysis was performed to assess the efficiency
of the Adv/cre-mediated recombination at the loxP locus. The
intact loxP site in the transgene was detected as a prominent
1764-bp hybridization signal in DNA samples from the brain
of the Adv/cre-treated mice or from the brain or the liver of
the Adv/3-gal-treated control animals (Fig. 2B, lanes B, BO,

and LO respectively). However, the hybridization signal was
markedly reduced in the liver of the Adv/cre-treated animals
(Fig. 2B, lane L). Instead, a low molecular weight smear was
observed representing heterogeneous extrachromosomal re-
combination products resulting from the random pairing be-
tween any of the loxP sites in the approximately 50 tandomly
repeated copies of the transgene (5; J. G. Pichel, personal
communication). The extent of the recombination at the loxP
locus measured by the reduction of the 1764-bp signal was
estimated to be >99% in the liver (Fig. 2B, lane L).

cre mRNA expression as detected by RT-PCR correlated
with the recombination events as detected by PCR analysis and
quantitated by Southern blot analysis in the Adv/cre-treated
animals. These results suggested that the Adv/cre vector
produced a functional cre gene protein capable of mediating
efficient recombination between the loxP sites in vivo.
Recombination in Somatic Tissues After Different Routes of

Adv/cre Administration. We examined loxP-specific recombi-
nation in different organs 5 days after intravenous or intrace-
rebral infusion of the Adv/cre vector. Genomic DNA was
prepared from different tissues, including liver, kidney, spleen,
lung, heart, and brain, and the samples were analyzed by PCR
for loxP-specific recombination. When the Adv/cre vector was
delivered (1010 pfu) via intravenous infusion, high levels of
recombination were reproducibly detected in the liver (Fig. 3,
lane 1) and spleen (lane 3). Lower levels were seen in the
kidney (lane 2), heart (lane 4), and lung (lane 5). Only trace
levels of recombination were found in the brain (lane 6),
presumably because the brain-blood barrier blocked the viral
particles from reaching and infecting brain tissues (24). Con-
trol animals injected with Adv/f3-gal showed no cre-mediated
recombination (Fig. 3, lanes C1-C6).
To demonstrate recombination mediated by Adv/cre in the

brain, -1.5 x 108 pfu was stereotaxically infused into the
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FIG. 3. Recombination in somatic tissues of Adv/cre-treated loxP
mice. (A) PCR analysis of the genomic DNA was performed as
described in Fig. 2. Samples are from the liver (lanes 1 and Cl), kidney
(lanes 2 and C2), spleen (lanes 3 and C3), heart (lanes 4 and C4), lung
(lanes 5 and C5), and brain (lanes 6 and C6). The DNA samples were
prepared from mice that had received intravenous injections of
Adv/cre (lanes 1-6) or Adv/f3-gal (lanes C1-C6). The arrow denotes
the 220-bp product expected by PCR analysis if recombination had
occurred. (B) PCR analysis of genomic DNA samples from Adv/cre-
treated loxP mice after stereotaxic injection into different brain
regions. The DNA was extracted from different brain regions that had
received Adv/cre injections: cerebral cortex (lane 1), hippocampus
(lane 3), cerebellum (lane 5), and the corresponding uninjected
contralateral regions (lanes 2, 4, and 6). Other tissues analyzed were
liver (lane 7), kidney (lane 8), heart (lane 9), lung (lane 10), spleen
(lane 11), and skeletal muscle (lane 12). The arrow denotes the 220-bp
product expected from PCR analysis if recombination had occurred.
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cerebral cortex, hippocampus, and cerebellum on one side.
Five days after the infusion, the brain tissues were dissected
and genomic DNA was isolated for PCR analysis. loxP-
dependent recombination was evident in the injected brain
regions (Fig. 3B, lanes 1, 3, and 5) and was either detected at
lower levels or not detectable in corresponding regions of the
contralateral side (Fig. 3B, lanes 2, 4, and 6). Some recombi-
nation was also observed in the liver and kidney (lanes 7 and
8, respectively), presumably due to leakage of the virus into the
circulatory system.
To examine the distribution of virally infected cells within

different tissues, the Adv/,B-gal vector was used. Histochemical
analysis for 1-galactosidase in mice that received the Adv/03-
gal virus (1010 pfu) intravenously revealed numerous positively
stained cells throughout the liver (Fig. 4A). In the kidney, 83-gal
staining was seen in the tubular epithelial cells of the cortex
(Fig. 4B) but was absent in the medulla (data not shown). In
the spleen, cells outside of the germinal zone were positively
stained for (3-gal (Fig. 4C). (3-Gal positive cells were seen
throughout the lung and heart (Fig. 4 D and E) but at a lower
density as compared to the liver, spleen, and kidney. Only a
very few cells were positive for (3-gal in the brain; many of these
had the appearance of perivascular microglia (Fig. 4F). When
Adv/f3-gal vector (2.2 x 108 pfu) was injected intracerebrally,
numerous virally infected cells were observed at the injection

sites (Fig. 4 G and H) and some weakly stained cells could be
detected in other brain areas (data not shown) presumably
because of retrograde transport of the viral particles by axons
projecting to the injection areas (25, 26). In addition, some
,3-gal positive cells were seen in the liver and kidney (data not
shown) presumably due to leakage of the viral particles into
circulation during the procedure. The distribution patterns of
Adv/03-gal were in good agreement with previous reports (23)
and were qualitatively correlated with the observed distribu-
tion of recombination events after intravenous and intracere-
bral injection of Adv/cre.
These results demonstrate that using different delivery

routes, Adv/cre virus could induce loxP-dependent recombi-
nation in different tissues including the liver, spleen, and
specified local regions of the brain.
Long-Term Stability of Recombination at loxP Site in

Neonatal Mouse Brains. The ability to induce and maintain
gene rearrangement would be important for the analysis of
phenotypic changes over a sustained periods of time during
development. We therefore examined whether loxP-dependent
recombination could be achieved and recombination prod-
ucts could be maintained throughout neonatal brain develop-
ment. Adv/cre (0.3 ,ul, -1.0 x 108 pfu) was injected into one
hemisphere of newborn loxP mice. Two to 8 weeks after
injection, genomic DNA was isolated from each hemisphere
and subjected to PCR analysis. loxP-dependent recombination
products were detected in the injected hemispheres at all the
time points during the entire experimental period (Fig. 5).
Lower levels of recombination products were also occasionally
seen in the contralateral hemisphere, presumably due to
retrograde transport (see Fig. 5, lanes 8, 10, and 12, for
examples). These results demonstrate that the Adv/cre vector
can induce loxP-dependent recombination in the neonatal
brain and suggest that a mosaic of the loxP transgene may be
established and maintained in selected regions of the devel-
oping nervous system.

DISCUSSION

We have found that a replication-defective adenovirus ex-
pressing cre recombinase is capable of mediating efficient
loxP-dependent recombination in vivo. This extends previous
work, which has shown that adenovirus vectors expressing the
cre protein can mediate loxP-dependent DNA recombination
in tissue culture cells (27). After systemic delivery, the cre
adenoviral vector was able to induce recombination in a broad
range of nonneural tissues, including the liver, spleen, and
kidney. Other tissues, such as brain and heart, had low levels
of recombination at the loxP sites. However, injections of
Adv/cre directly into adult brains produced loxP-specified
recombination in targeted regions. Adv/cre injections into
neonatal brains resulted in loxP-dependent recombination and
the rearranged loxP locus was stable in the genome for at least
8 weeks. These experiments indicate that site-specific recom-

MW 1 2 3 4 5 6 7 8 9 101112131415161718 MW

FIG. 4. Histochemical staining for 3-gal after intravenous and
intercerebral injections of adv/,B-gal. Following a tail vein injection of
adv/,B-gal, numerous cells were positive for (3-gal in the liver (A),
cortex of the kidney (B), and in the spleen (C). Fewer positively stained
cells were observed in the lung (D) and heart (E), and only an
occasional cell was seen in the brain (F). After Adv/,3-gal injections
into different brain regions including the cerebellum (G) and hip-
pocampus (H), numerous positively stained cells were seen at the
injection site. (Bar = 85 ,um.)

FIG. 5. Stability of cre-dependent recombination products in neo-
natal mice brains. DNA from neonatal mouse brains was analyzed by
loxP locus-specific PCR. The samples were obtained from untreated
animals (lanes 1 and 2) and mice 2 weeks (lanes 3-6), 3.5 weeks (lanes
7-10), 5 weeks (lanes 11-14), and 8 weeks (lanes 15-18) following
Adv/cre injection. Hemispheres injected with the virus are shown in the
odd-numbered lanes and the contralateral hemispheres are shown in the
even-numbered lanes. The arrow denotes the 220-bp product expected
from PCR analysis after recombination.

Neurobiology: Wang et al.



Proc. Natl. Acad. Sci. USA 93 (1996)

bination in somatic tissues of the loxP mice can be mediated by
a recombinant adenovirus expressing cre and that a mosaic of
the loxP locus can be established in the CNS for a extended
period of time.
The adenoviral based cre/loxP system possesses certain

distinct advantages over conventional transgenic approaches.
Adenoviral vectors have high levels of infectivity in a broad
range of cell types across many species (17). When introduced
with timed local delivery techniques, these vectors can allow
temporally and spatially specific expression of a foreign gene
in discrete regions (19, 25). Presently, the precise temporal
control of gene expression in specific tissues by conventional
transgenic techniques is difficult. Recent developments of
inducible and tissue-specific promoters may help overcome
some of these limitations (16). In the CNS, however, there are
only a few cell type-specific promoters that can be directed to
distinct regions for the study of neuronal functions. With the
Adv/cre system, one may be able to overcome these limitations
by employing discrete injections into particular neural regions.
Moreover, with this approach, only a single transgenic line with
the loxP site in a particular location need be used to study
different areas at multiple developmental time points.
While these advantages recommend the use of this meth-

odology, there are certain limitations associated with adeno-
viral gene delivery. As shown in several of our experiments, the
possibility of leakage during injections of the virus, or retro-
grade neuronal transport of viral particles, may compromise the
local specificity of CNS infections. On the other hand, our results
indicated that not all cell types within a tissue were equally
infected with the adenovirus. For example, in the kidney numer-
ous tubular epithelial cells in the cortex, but not in the medulla,
were infected. This may be attributed to the route of adenoviral
administration (23) and/or the lack of high affinity receptors for
the virus (28). The use of the Adv/cre in vivo is therefore likely
to be restricted to cell types that are accessible and particularly
susceptible to adenovirus infection. In this situation, the speci-
ficity of adenoviral vectors could be further restricted by incor-
porating cell type specific promoters for the transgene. The use
of neuronal or glial specific promoters in adenoviral vectors, for
example, has been shown to target transgene expression in
particular cell types in the brain (29).
Although ElA-deleted recombinant adenoviral vectors are

replication defective in nonpermissive cells, high doses of
infection can still result in cytopathology and even cell death.
Adenoviruses can be antigenic and cause both humoral and
cellular immune responses against viral particles and virally
infected cells in adults and to a lesser degree in neonates
(30-32). These effects can be magnified in immunologically
privileged areas such as CNS when injections break both blood
vessels and the blood-brain barrier. These side effects may
affect host cell gene expression and compromise the analysis
of phenotypes resulting from cre-induced gene rearrangement.
The development of improved vectors may help to minimize
these drawbacks (33).

Spatiotemporal coordination of specific gene rearrange-
ment mediated by Adv/cre vectors in vivo opens several
possible routes for the analysis of gene function in develop-
ment and disease. Depending on whether the intervening
sequence flanked by loxP elements is a coding region of an
endogenous gene or a regulatory sequence for a transgene,
such as a stop sequence, loxP-dependent recombination can be
designed to generate targeted gene disruption (conditional
knockout) or to achieve specific gene activation. When a gene
encoding a toxin is expressed after cre-mediated recombina-
tion, physiological consequences of restricted cell ablation may
be studied at specific time and place. When loxP elements are
engineered into specific genomic loci, targeted chromosomal
rearrangements can be induced in somatic tissues to establish
and study genetic disease models. With further refinement, the

cre expressing adenoviral vector may prove to be a powerful
tool for in vivo studies of gene function.
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