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ABSTRACT

Conditional mutant mice equipped with heterologous
recombination systems (Cre/lox or Flp/frt) are promising

for studying tissue-specific gene function and for
designing better models of human diseases. The utility

of these mice depends on the cell target specificity, on

the efficiency and on the control over timing of gene
(in)activation. We have explored the utility of adenoviral
vectors and transgenic mice expressing Cre under the
control of tissue-specific promoters to achieve Cre/
lox-mediated somatic recombination of the Lacz
reporter gene, using a newly generated flox ~ LacZ mouse
strain. When adeno Cre viruses were administered via
different routes, recombination and expression of LacZ
was detected in a wide range of tissues. Whereas in
liver [(-galactosidase activity was quickly lost by
turnover of expressing cells, even though the recom-
bined allele was retained, [-galactosidase in other
tissues persisted for many months. Our data indicate
that the flox LacZ transgenic line can be utilized
effectively to monitor the level and functionality of Cre
protein produced upon infection with adeno Cre virus

or upon crossbreeding with different Cre transgenic
lines.

INTRODUCTION

or causes complex pleiotropic effects and, therefore, does not
permit the development of anvivomodel system in which gene
inactivation is restricted to a defined subset of cé)ls (

To overcome these limitations, strategies for conditional, cell
type-specific gene targeting)(and inducible gene disruptions
(6) have recently been developed. These systems take advantage o
site-specific recombinases such as the Cre/loxP recombination
system of bacteriophage P1, which requires only two well-
characterized components: the 38 kDa recombinase protein Cre
and the 34 bp long Cre-specific recognition sequence, Tl (

The utility of this system has been shown both by the generation
of conditional transgenic mice and the production of conditional
gene knockouts. In the latter case, a target construct flanked by
two loxP sites (flox) was used to modify the cognhate gene by
homologous recombination in ES cells. The expression level of
the floxed allele is expected to be the same as that of the wild-type
and should, therefore, not lead to phenotypic changes. Crossing
of the floxed mice with transgenic mice carrying the Cre
recombinase gene under the control of a cell type-specific
promoter or an inducible promoter then leads to excision of the
intervening sequences. This strategy has been shown to work in
a number of setting$,L0).

However, the current systems do not provide optimal flexibility.
Three issues are relevant in this respect: (i) recombination in other
cells than the desired target cell might occur due to inappropriate
or unexpected expression of @retransgene; (ii) lack of control
over the developmental timing of recombination as a result of the
nature of the promoter used or leakiness of the inducible promoter

Recent advances in mouse embryology and molecular genetit®sen; (i) complexity of the breeding when (multiple) conditional
have made it possible to specifically mutate defined genes in thkkeles have to be combined with specific transgenes.

germline of mice. Protocols using transgenédsiarid homologous
recombination in embryonic stem (ES) cel33) permit

We have started to address these questions by: (i) generating a
flox LacZindicator mouse that permits monitoring of the activity

overexpression, inactivation and modification of genes more and timing of the Cre recombinagevivg, (ii) exploring the

less at will. Mutations, identical to those observed in inherited atility of vectors designed for somatic gene transfer to introduce
somatically acquired diseases such as in cancer, can nowthe Cre recombinase at a desired time into somatic cells.
mimicked in a mouse model system. These technologies ard-irst, we have explored the utility of a Cre adenovittgl Q)
invaluable in assessing the role of genes in complex processemediate Cre/lox recombinatiorviva. Our results confirm and
such as tumorigenesis, embryonic development and functionifigther extend studies using adenoviral vectors to mediate
of the immune system. However, there are a number of limitationscombination in micel@). Earlier, the use of adenoviral vectors
as well, e.g. nullizygosity appears to be lethal in many instanckas been explored for their application in gene therapy protocols.
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From these studies it has become clear that adenoviruses si@mal £9) was inserted into thidindlll site of pdE1lsplA and
infect a variety of cell typei® vivo irrespective of whether the co-transfected with pJM17 into 293 cells. The viruses were
cells are actively dividing or not4-20). It has become apparent plaque purified and re-analyzed prior to preparation of large scale
that in immunocompetent hosts expression of genes transductocks. The recombinant adenoviral vector was propagated in 293
by adenoviral vectors lasts, in general, <3 or 4 weeks, becauseells and purified by cesium chloride density centrifugation.
elimination of the infected cells through a cell-mediated immun
response{1,22).

Here we show that, using the floacZindicator mouse strain, For PCR analysis, 0.ig DNA were submitted with Perfect
adeno Cre virus can mediate recombination at high frequencyNMatch DNA Polymerase Enhancer (Stratagene) to 38 cycles of
arange of somatic tissues. We also demonstrate that the switchaemplification (each cycle consisting of 1 min at@4L min at
of Lacz rather than expression Gfe or viral structural genes, 57°C and 2 min at 7X). To explore the junction between actin
leads to elimination of cells that have undergone recombinatigmomoter and.acZ AG2 (3-CTGCTAACCATGTTCATGCC-3
of the chromosomally localizégicZ reporter gene. Finally, the and Z3 (5GGCCTCTTCGCTATTACG-3 primers were used.

system provides the potential for efficient and simple Iineag'gnimal studies

Bcr analysis

marking.
All animals were housed in SPF facilities. Mice were moved and
MATERIALS AND METHODS maintained in an isolator after administration of adeno Cre
_ o viruses. Aliquots of 0.2 ml viral solution @0.f.u.) were injected
Generation of transgenic mice into the tail vein or 10p.f.u. virus were injected into muscle, lung

The pCAG promoter—loxREAT-loxP-tLacZDNA for flox LacZ or under the skin.

indicator mice was generously provided by Dr Kimi Arak)(  Histochemistry
For cell type-specific expression of the Cre recombinase, a 1.4
fragment containing thére open reading frame with an N-terminal
nuclear localization signal (nIsCré&) @nd synthetic intron was
isolated from pOG231 (a gift of Dr O’Gorman). This fragmen
was inserted between 706 bp of the rat pro-opiomelanoco
(POMC) promoter Flanking sequence{) and SV40 splice and
polyadenylation signal or the 1.1 kb segment 'ofldnking
sequence from the rat PO geb8) @nd rabbiB-globin 3 splicing
and polyadenylation signal. nisCre was inserted between 1.3
of 5 flanking sequence of human interphotoreceptor retinoi
binding protein (IRBP)46) and rabbi3-globin 3 splicing and
polyadenylation signal. The inserts were cut out, freed fro
vector sequences by agarose gel electrophoresis, purified
injected into fertilized FVB/N mous€T) oocytes essentially as
described 48). The founder mice were bred to FVB mice to
maintain the line. The presence of the transgenes was determi
by Southern analysis of tail tip DNA.

Ibﬁ)ce were sacrificed and organs were fixed in 0.2% glutaraldehyde
solution or mounted in OCT compound. After arinse in detergent,
prgans were incubated in 5-bromo-4-chloro-3-inddigtgalacto-
ide (X-gal) staining solution at 3Z essentially as described
8). A post-fixation was performed for 24—48 h in 10% formalin.
Organs were dehydrated and embedded in paraffin for sectioning.
Frozen sections were fixed in 0.2% glutaraldehyde, 0.1 M
fosphate buffer, pH 7.3, 5 mM EGTA, 2 mM MgGh ice for
gmin, rinsed three times in phosphate-buffered saline (PBS) with
mM MgCb on ice, placed in detergent rinse on ice for 10 min,
fncubated in staining solution (5 mM potassium ferricyanide, 5 mM
sium ferrocyanide, 2 mM Mg0.01% sodium deoxycho-
ate, 0.02% NP-40 in 0.1 M phosphate buffer, pH 7.3) aC37
overnight. Then they were washed twice in PBS with 2 mM MgCl
gLgpom temperature for 5 min each, rinsed in distilled water and
counterstained in neutral red for 1 min. After staining, samples
were rinsed in distilled water three times, dehydrated with ethanol

5 min each in 70 and 100%), cleared twice in xylene and
DNA analysis fnounted. 2 y

DNA was isolated from tissues using standard procedures.

Briefly, tissues were minced and digested overnight in SD&RESULTS
proteinase K buffer. These were followed by two phendy,, | 5c7 indicator mouse

extractions, one phenol/chloroform extraction, chIoroform/isoamy|

alcohol extraction, ethanol precipitation and resuspension in T assess the efficiency of Cre-mediated site-specific recombination,
buffer. An aliquot of 1Qug DNA was digested witEcoRl and ~ we have generated flkacZreporter mice that carry the chicken
Xbd and subjected to Southern analysis. The 1.0 kb d¥-actin promoter30) andB-galactosidasefgal) transcription
Sad-EcdRI LacZ fragment and Cre recombinase coding sequenc#it separated by tl@ATgene flanked by loxP sites (Fig. The
amplified by PCR were used as probes to estimate recombinati@AT transcription unit prevenfisgal expression. However, when

of the flox LacZ transgene and the quantity of adeno Cre virathe CAT gene is excised3-gal expression will ensue2).
genome. The band intensities were quantified with a Bioimagirfgourteen independent transgenic founders were produced and
analyzer (Fuji Bas 1000). Percentage recombination was calculatetp of them carried one and two copies of the transgene.
by subtraction of the background. Expression of th&CAT gene was estimated by Northern blot
analysis of RNA isolated from the various tissues. Both strains
showed high mRNA levels in heart and muscle, moderate levels
in kidney, lung, thymus, spleen, stomach, intestine, brain, retina
The Cre adenovirus vector was constructed and propagatd peripheral nerves and low amounts of mRNA in liver (data
essentially as described1). Briefly, the Hindlll fragment of not shown). The single copy transgenic line was selected for the
pBS185 containing th€re ORF under control of the hCMV experiments described below. N@cZ expression can be
immediate early promoter and the metallothionein | polyadenylatiatetected in this mouse line by X-gal staining without exposure to

Construction of adenoviral vector
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Figure 1.Cre-mediated activation of thacZgene. The widely active chickBractin (CAG) promoter is separated fromltheZtranscription unit by th€ATgene.

pA and Rl in the maps designate the SV40 polyadenylation signal and the positidbcoRirete respectively. Cre-mediated recombination leads to juxtaposition
of theLacZgene to the promoter. The recombined and non-recombined transgenes can be diseecRediggstion as 3.1 and 4.4 kb fragments respectively. The
1.0 kbSad-EcdRl| fragment (shown as a bar) was used as hybridization probe.

the Cre recombinase. Therefore, this transgenic mouse line Sy e 8
allows evaluation of the recombination frequency not only by A F &
LacZstainingin situ, but also by Southern blot analysis on tissue
DNA. UponEcdRl digestion, the single copy transgene gives rise
to fragments of 4.4 and 3.1 kb when unrearranged and recombined
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respectively (Figd and2A). — §

Somatic gene switching in flotacZ reporter mice using g - - ' K
adeno Cre virus M e W — 1K
Recombinant adeno Cre virus was constructed as desdribped ( e ‘s

Aliquots of 1@ p.f.u. vector or the same volume of physiological ' :

saline (22Qul) were infused into the tail vein of 6-week-old flox 5 W

LacZreporter mice and non-transgenic control mice; 5, 15, 30 and
60 days later the mice were sacrificed and frozen tissue sections
were stained with X-gal and counterstained with neutral red or
hematoxylin/eosin. StrongacZ expression was observed in a
wide range of tissues: liver, heart, pancreas, intestine, lung,
muscle, kidney and adipose tissue. Furthermore, recombination
could be detected by PCR in most tissues except brain (sbg Fig.
The liver appeared the preferred target site after i.v. inoculatiofigure 2. Quantification of adenoviral gene transfer and recombination
of the adeno Cre vitus. I has been shown previously that neaffaency. Soutie ot analyss of v DNA fom recipet i s Lsed
100% of hepatocy_tes Can_ be trans_ducedlvo when a Ia_rge vectorcopiesﬂ).Toctlal ceII>LIJIarDNA (1Gug) was prepared from liver of control
number of adenoviral particles are infused B{)(Inoculation  (iane 1) and recipient flokacz indicator mice at 5, 15, 30 and 60 days after
of 1P p.f.u. vector into the tail vein of fldxacZindicator mice  adeno Cre virus injection (lane 25 respectively) and digeste&ead®! and
resulted in massive staining of the liver. About 65% ofé%détépfencﬁﬁ?bﬁggzﬂOgﬁsdfgozare‘l\grgﬁgigg;\d il-gsktg (;ralg;;\%?(tj h;\’:l?ring
hEpatOCytes were stalngq by X—gal > days after |nject|qnm’§|g. BS185) was applied%o thé sa’me ‘gel to serve as a?:opy ntfmber control. These
and g), _Whe_“:_—'as no staining was Qbserved in control livers (floXmounts of DNA correspond to 1, 2, 4 and 8 copies/cell respectively whgn 10
LacZ mice injected with saline; Figa and f). However, the cellular DNA was loaded per larieacZ(Fig. 1a) and the Cre ORF probes were
fraction of 3-gal-positive hepatocytes was reduced to 40, 4 andsed for hybridization to Southern blots. Band intensities were quantified with
finally <1% of hepatocytes on days 15, 30 and 60 post-injectiof Bioimaging analyzer. PBS185 plasmid served as a copy number control.
respectively (Fig3c and h, d and i, e and j and Tablgprobably
as the result of a cellular immune response directed against the
transduced cells andloacZ-expressing cells (see below). Evidencehepatocytes and large numbers of aberrant giant nuclei were
for a self immune response against hepatocytes was evident frisand at later stages. Lymphocytélirgtion increased especially
perivascular infiltration of lymphocytes, extensive degeneratioin the portal triad. Liver regeneration started around day 15 and was
and necrosis of the liver and hypertrophy of cells. Whereas ontyostly completed by day 30. Only few lymphocytic infiltrates
few abnormalities were seen on day 5, extensive degeneratiomadre observed perivascularly on day 60 (Bigo).
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Figure 3.LacZexpression and histopathology in livel® pd.u. adeno Cre virus were injected into the tail vein. Livers were collected on baysbd]), 15 €, h and

m), 30 @, i andn) and 60¢,j ando); a, f andk are controls (floxacZmice injected with saline). A lobe of liver (a—e) and frozen sections (f—j) were fixed and stained

in 5-bromo-4-chloro-3-indolylB-p-galactoside (X-gal). These sections were counterstained with neutral red. Frozen sections (k—0) were stained wit
hematoxylin/eosin for histopathology. Magnification: a-~€,f8o, 20x.

Table 1.Summary of parameters measured in adeno Cre virus-infected livers bafidtransgenic mice

Day 5 Day 15 Day 30 Day 60
Recombination frequency by DNA analysis 78% 69% 55% 54%
B-Gal-positive hepatocytBs 65% 40% 4% <1%
Adeno Cre viral copies/céll 55 15 1.0 0.5
Inflammation +/—- +++ + -
Regeneration - +/- + -

@Recombination frequency and adeno Cre viral copy number were calculated by quantifying band intensities of the 3.1 and 4.4 kbp bands (Figs 1 and 2).
bE-Gal-positive hepatocytes were counted in H&E stained sections (Fig. 3).
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Figure 4. Adeno Cre virus-mediated recombination in transgenic tif3«@al-positive cells in the flokacZindicator mice injected with adeno Cre viruses in the
tail vein @-h), s.c. () and intramuscularlyjX. Heart (a and b), intestine (c and d), lung (e and f), pancreas (g and h), adipose tissue (i) and muscle (j). Tissues we
harvested at 5 (a, ¢, e and g) and 30 days post-injection (b, d, f and h). Original magnification: a-l exigd 204).
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Figure 5. PCR analysis of cre-mediated recombination on thd_#ie¥ transgene in recipient fllxacZ mice. Tissues were harvested 5 days after adeno Cre virus
injection for DNA isolation. Amplification from the recombined transgene by primers AG-2 and Z-3 yields a 580 bp fragment. The upper band corresponds to
non-recombined transgene. Liver DNA from an untreated #@? mouse was used as a control.

Since infected hepatocytes can be efficiently eliminated by a&frgal staining and Southern blot analysis is likely due to selective
immune response of the ho&232,33), the amount of viral survival of hepatocytes that do not express the transgene (see
DNA retained in the liver would be expected to diminish durindpiscussion).
regeneration. Total DNA from liver of these mice was isolated When 16 p.f.u. adeno Cre virus were infused into the tail vein
and the amount of adenoviral DNA was quantified by Southermf flox LacZmice a much lower frequency of recombination was
blot analysis. Viral DNA was still present at the latest time poimbserved, as illustrated by thacZ staining 5 days after adeno
tested (day 60). The amount of viral DNA detected at the differe@re virus inoculation (Fig).
time points corresponded to 5.5, 1.5, 1.0 and 0.5 copies/cell on
days 5, 15, 30 and 60 respectively (F# and Tablel).  gite-gpecific recombination in other tissues
Therefore, >90% of the viral DNA was lost by 60 days.

Elimination of infected hepatocytes and re-population of the livekfter adeno Cre virus infusion into the tail vein of flacZmice,

by non-infected hepatocytes seem to have caused the los3afal-positive cells were observed at all the time points tested (up
LacZexpressing hepatocytes. Surprisingly, Southern blot analy$ts 60 days post-injection) in cardiac muscle (Bagand b), the
showed that 60 days after adeno Cre virus injection >50% afuscular layer of the main vessel walls in lung @gand f), the
hepatocytes still carried a recombined transgene?(&igl Table).  acinar cells of the pancreas (Fg.and h), the longitudinal and
Since regeneration of the liver is mostly completed by day 30, tkeécular muscular layer of the intestine (Fg.and d), skeletal
ratio of recombined and non-recombined transgene in the liveruscle and the endothelium of glomerular capillaries and tubular
remains unchanged after day 30. The large discrepancy betweeiis of the kidney. Southern blot analysis did not detect
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Figure 6. Reduced frequency of recombination in liver using lower titers of
adeno Cre virus. £.f.u. adeno Cre virus were injected into the tail vain of a
flox LacZmouse and the liver was harvested 5 days post-injection and stained
for LacZ B-Gal-positive hepatocytes surrounded by normal hepatocytes are
observed.

recombination in these tissues but PCR analysis confirmed that

oot : ORI Figure 7. Cell type-specific Cre-mediated recombination in mice. tflazZ
recombination had occurred (Fif). This indicates that the indicator mice were crossbred witP0 Cre IRBP Cre and POMC Cre

recomb_ination frequency in these tissues was relatively IOV‘L’ransgenic mice. Sciatic nerve, eyes and pituitary gland were isolated from
Interestingly, in contrast to what we observed in liver, the numbaedingle &, ¢ ande) and doublelf, d andf) transgenic mice and stained with

of B—gal-positive cells in these tissues did not diminish significanﬂy(-gal._a ar_ld b, counterstained with H&E; c—f, counterstained with neutral red.
over time. Magnification: a—f, 108; e and f, 18.
Local administration of #0p.f.u. adeno Cre virus into muscle
(Fig. 4e), adipose tissue (Figf) and lung (not shown) resulted
In LaCZStalnlng n Close pI’OXImlty to the Site Of |n]ect|0n. IRBP Cre transgenic mousEhe IRBP promoter was used@
to express the Cre recombinase in the rdiRBP Cre transgenic
Tissue-specific expression of a transgenic Cre recombinase mice were obtained and crossbred with the flagZ indicator

in flox LacZ indicator mouse mice. -Gal expression was found to be restricted to a few
) . scattered photoreceptor cells located in the outer nuclear layer
Three different Cre transgenic mice were produced. directly opposite the retinal pigment epithelium in double

PO Cre transgenic mousEo selectively direct expression of Cre ransgenic mice (Figid). It was not possible to determine the
recombinase to Schwann cells, we utilized the PO pronider ( extent of recomblnatlon, as the FVB/N mouse strain whlph was
PO is the major structural protein of peripheral myelin and jdsed for transgenesis carries the recessigetinal dggeneratl_on)
expressed in myelinating Schwann cells in the later stages 'gptation 84) and, as a consequence of this mutation, a
myelination. The region of 1.1 kb of fianking DNA from the ~ Progressive degengratlon of the photorgceptor_ cells, starting at
rat PO gene is effective in directing expression of heterologou@@y 8 after birth, is observed. Other tissues in the eye were
genes to myelinating Schwann cells in transgenic mice Five Negative foP-gal staining. None of the controls showed staining
Cre transgenic mice were obtained and crossbred with.éog ~ (Fig- 7). Infrequently, tracks of staining cells were observed,
indicator miceThe sciatic nerve was isolated from double andndicating that a precursor cell had switched, resulting in marking
single transgenic mice and stainedfarZexpression. Extensive ©f its descendants.

staining of the sciatic nerve was observed in double{B)gbut

not in single, transgenic mice (Fitp). Histochemical analysis DISCUSSION

showed thakacZwas expressed in many, but not all, SChwaml]-Qecently

cells transgenic mouse systems have been described thai

permit inducible expression of the Cre recombinase which, in
POMC Cre transgenic mous€or pituitary-specific expression turn, can mediate recombination of chromosomally located
of the Cre recombinase, the POMC promoter was ch@ggn ( recombination target§). While this work marks a milestone in
SixPOMCCretransgenic mice were obtained and crossbred witthe field of mouse reverse genetics, full exploitation of this system
flox LacZ reporter mice. Pituitary glands were isolated fronrequires further improvements. The control of Cre expression
8-week-old single and double transgenic mice. Large numbersagpears critical in this respect: tissue specificity of expression,
B-gal-positive cells were observed in the intermediate lobe7ffrig. background activity, level of induction, control over fraction of
of the pituitary gland, while lesser staining was observed in thells in which expression can be induced and the timing of
anterior lobe of double transgenic mice. No staining was seendrpression. These features are difficult to incorporat€rin
single transgenic mice (Fige). transgenic lines. Even whére transgenic mice meet some of
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these requirements, time consuming and costly breeding wal0 days after adeno Cre virus inoculation) if general transgene
have to be performed to combine the different alleles (especiallifencing was the predominant mechanism. Further analyses are
when multiple conditional null alleles are being analyzed)n progress to address this question.
Somatic gene transfer to introduce the recombinase intmaslle The observation that the sparsely obsehas expression in
is, therefore, an appealing option. We have generatedlaafidx  other tissues is not extinguished argues against a cellular immune
reporter mouse that permits evaluation of the performance kdsponse towards cells at these other sites. It is possible that the
Cre-expressing systems based upon transgenic mice or somieer local antigen load fails to recruit immune cells to these sites
gene transfer vectors. and, therefore, permits survival of thacZexpressing cells.

We have used an adeno Cre virus to monitor recombinationAlternatively, these different cell types might be less well equipped
vivoin thesd.acZreporter mice. Replication-deficient adenoviralto present the antigens to the immune system.
vectors have been developed for gene therapy purposes and weke few points are worth emphasizing. Firstly, the immune
shown to efficiently transduce genes into many different cetesponse we observe in the liver calls for immune suppressive or
types in vivo in animal model systems. In general, geneolerizing measures if an appreciable level of a foreign protein has
expression is transient and extinction of gene expression tsbe produced in liver for a long time. These actions might be
thought to be the result of the dilution of episomal viral DNAneeded irrespective of the vector system used to transduce the
upon cell division as well as the consequence of the eliminatigiene. Secondly, the discrepancy betwee expression and the
of infected cells by the immune syste?,82,33). recombination frequency after adeno Cre virus infection points in

Infusion of 18 p.f.u. adeno Cre virus into fldxacZreporter  this case to a mosaic expression pattern of the reporter transgene
mice caused extensive recombination of the flaxZ gene  Since this behavior of transgenes might be the rule rather than the
construct in hepatocytes. Close to 80% of the hepatocytes shoveadeption, this could hamper widespread gene recombination in
recombination at the DNA level. While it is possible that thea particular tissue using transgenic Cre mice. Thirdly, somatic
percentage of cells infected by the adeno Cre virus was slightigne transfer, while probably not suitable at present to confer
higher, our data clearly show that adenoviral vectors can be usadssive switching in all tissues, provides excellent control over
effectively to achieve efficient Cre/lox recombination. the timing of recombination, while cell target specificity can be

Under conditions in which the vast majority of hepatocyteachieved both by the route of virus administratitii) &nd by the
were infected by the adeno Cre virus, >90% of the viral genomase of tissue-specific promoters within the viral vectors. These
were cleared from the liver by day 60. Over this time p&idad  features are paired to a high transient expression level, no
expression was reduced from 65 to <1%, although still >50% bbackground and simple breeding requirements, making this
the hepatocytes carried a recombihedZ allele. A possible approach particularly attractive if one wants to study the biological
explanation for these observations is that the floxed transgene@sequences of gene (in)activation in a range of different tissues,
not expressed in all cells. The lower frequencyaaiZ staining e.g. in assessing the oncogenic potential of loss of tumor
(65%) as compared with the recombination frequency (78%uppressor gene function.
observed 5 days after adeno Cre virus inoculation, a time point aStudies with immunodeficient mice have demonstrated that
which an immune response has not yet been mounted, isprolonged gene expression from adenoviral vectors is possible
accordance with this. If we assume tRagal acts as a potent (22,38). Therefore, suppression of the immune response permits
antigen, as has recently been shod), LacZexpressing cells expression of somatically introduced genes for long periods of
might be an efficient target for immune destruction. Consequenttyme. Several studies have addressed ways to mitigate the immune
LacZexpressing cells will be eliminated and hepatocytes noésponse in immunocompetent animals. The temperature-sensitive
expressind-acZ will divide to substitute for the lost cells. The mutant E2A recombinant adenovirus shows improved transgene
observation that at day 60 50% of the hepatocytes still carriegparsistence and a decreased inflammatory response in mouse
recombined allele, while not expressihgcZ suggests that liver (39). The administration of immunosuppressive agents such
B-gal, rather than proteins synthesized from the viral templatas cyclosporin A and cyclophosphamide resulted in persistent
elicited this immune response. The loss of adenoviral genomes frexpression of somatically transferred transgef@soreover,
the regenerated liver would then primarily be the consequencetbé administration of CTLA4-lg, which is known to block
cell division. This raises an interesting issue with respect to tloe-stimulatory signals between T cells and antigen-presenting
role of the vector-encoded proteins, including Cre, in the immureells, permitted persistent adenoviral-mediated gene expression
response, as 50% of the hepatocytes that survive have a histarynice without the requirement for long-term immunosuppression
of expression of vector-encoded proteins. Either under th{é1l). These strategies might also facilitate the persistence of cells
circumstances of our experimefitgal is immunodominant and that have undergone somatic recombination through infection by
the immune system ‘ignores’ other viral antigens or expression afleno Cre virus.
adenoviral vector-encoded genes and ltheZ transgene is  We have also demonstrated the utility of Cre recombinase
extinguished after a short burst of transcription. Such silencingansgenic mice to mediate tissue-specific recombination. Our
could be triggered by local cytokine production, which occurs aslaacZ reporter mouse will be of specific value to estimate the
consequence of a massive inflammatory resp@@eMoreover, expression characteristics of distinct promoters, as it leaves an
since liver macrophages (Kupffer cells) are infected by the ademoprint that otherwise might escape detection. The utiligref
Cre virus, this may also contribute to a cytokine-mediatettansgenic mice could be further increased by the use of
silencing of foreign genes in the liver, as has recently beeagulatable promoters for expression of the recombinases. The
described for inactivation of HBV transgene expression binterferon-inducible promoter has been successfully used for
LCMV-infected Kupffer cells §7). However, we would have conditional mutation of endogenous alleles. Other inducible
expected a much further reduction in expression of the unrearranggdtems have still to prove their suitability. The use of binary
CAT transgene (we still observed 20% of wild-type levels atirug-inducible transcription4f—45) or direct fusion of the
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recombinase to hormone binding domau§ ill, hopefully, 20 Huard,J., Lochmuller,H., Acsadi,G., Jani,A., Massie,B. and Karpati,G.

i ; it (1995)Gene Ther2, 107-115.
permit further improvement of these conditional systems. 21 SmithTA. Mehaffey M.G., Kayda,D.B., Saunders,J.M., Yei.S.,

Trapnell,B.C., McClelland,A. and Kaleko,M. (1998ature Genet5,
397-402.
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