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Targeted expression of Cre recombinase to adipose
tissue of transgenic mice directs adipose-specific
excision of loxP-flanked gene segments
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ABSTRACT A

aP2 Enhancer/Promoter Cre-recombinase

. . . . . -5.4kb to +21bp
Functional analysis of mammalian genes relies, in part, :

on targeted mutations generated by homologous

> [

recombination in mice. We have developed a strategy r:,'l” 0.5 Kb
for adipose-specific inactivation of loxP-floxed gene

segments. Transgenic mice have been established B aP2/Cre

that express Cre recombinase under the control of the Control; IHARRgERG

adipose-specific aP2 enhancer/promoter. Crossing of LA LN, P L

the aP2/Cre mice with any /JoxP-floxed gene will
facilitate its functional analysis in adipose tissue.

A variety of strategies are being developed to gain insight into ti
function of mammalian genes. Many of these methods rely on t
ability to successfully manipulate the mouse genome by introducil
loss or gain of function mutationy) ( Transgenic mouse lines are

generated by either direct pronuclear injection of a recombina
DNA molecule or by injection of embryonal stem (ES) cells,
which carry an engineered alteration in a gene of interest, intiggure 1.(A) Generation of the aRfetransgenic lines. An aP2 enhancer/pro-

; in Moter (from —5.4 kb to +21 bp) was fused to@hecoding sequence followed
mouse blastocyst§)( The effect of the mutation can be studied by the MT-1 poly(A) tail, derived from plasmid pBS185. Not drawn to scale.

once gene 'naCt'Va_t'On _has been eStal?“Sheq in the germline a{éﬁ'Tissue-specific expression of tlee transgene. RT-PCR analysis with
the mutated allele is universally established in all cells. Becaus@\a extracted from a variety of tissues from a representativEraf@insgenic

many targeted inactivations of genes result in a pleiotropicouse line. Liver (lanes 1 and 5); kidney (lanes 2 and 6); brown adipose tissue
phenotype that is sometimes difficult to analyze, it may pbdlanes 3 and 7); white adipose tissue (lanes 4 and 8). Control littermates are also
desirable to direct tissue-specific excision of the gene of intere%leown. The presence of reverse transcriptase in the reaction is indicated by

411bp

: S . e RT).
to study the effects of the deletion in a tissue-specific manney. )

Therefore, tissue-specific inactivation of genes is a desirable feature

for functional analysis of the role of a given gene in a distindhteraction results in the excision of the intervening DNA

tissue. molecule between the taxP sites leaving a singlexP site in
Manipulation of transgenes can be accomplighetvoby the  the genome.

use of the site-specifi€re/loxP recombination system of  Transient transfection of@re-expressing plasmid in ES cells

bacteriophage P13#). The Cre recombinase faithfully and targeted for segments of the IgH locus has demonstrated that this

efficiently directs both excision and insertion of DNA segmentapproach is feasible in ES celi§. However, the additionak vivo

flanked byloxP sites in both bacterial and eukaryotic cells (  manipulation required for the screening of the desired deletion

Recombination occurs when two directly orierlted sites on  may compromise the ability of the ES cells to maintain their

a DNA substrate interact with th€re recombinase. This pluripotent phenotype. Recently, two strategies for the ubiquitous
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B heterazygote anlmals halerazygote animals
M z3a8 6789 wmeznuwsiisnensl Figure 3. (A) Cre/loxP-mediated recombination in adipose tissue of animals

doubly transgenic for aR2fe and loxPBgal. The targeted cells were visualized
by X-Gal blue cytostainingB) White adipose tissue from lox#gral mice does
not stain with X-Gal.

Control PaPb

Pl | |
554 bp Euihu u“ﬁ - —Ei—“uu-uhh

albBSR. ot 8% §. -

heterologous gene in transgenic mice exclusively in adipose
tissue (3).

Transgenic mice were produced and identified by PCR and
Southern blot analysis. Eigl@ire transgenic founders were
characterized and transgene copy numbers varied between 1 anc
_ _ _ 50. Once established, several animals from each line were
e ipecs oo S2cificed for RNA analyss. RNA from fver, ichey, brown
before and after s),/i.te-spee:ific recombingtion are indicated? The herr?izygou?d'pose and V‘,’h'te adipose tissue was 'SOIa_ted by g”amd'ne
aP2Cre transgenic line was crossed with a test strain carryimgPeflanked thiocyanate using the Ultraspec RNA extraction kit (Biotecx,
test gene. Progeny were examined that are either doubly transgenic@eaP2/ Houston, TX). RT—PCR analysis to determine the leveG®f
O e e o e ST e ontm e et o Apression n al nes was performed (). A correcty
gﬁouse ti%sues derived fromycrossir?ggs betweeCa@id doxP-flanked genety amp“fled .411 bCre Seg”?e”t was detected in white and broW”
segment reporter transgenic mice. Template DNA from animals doubly@dipose tissue and only in the presence of reverse transcriptase
transgenic for aP@te and aloxP-flanked test gene (lanes 1-11) or (+RT; Fig.1B). Similar results, that confirmed the presence of a
het_erhcizygoll:s f0:3 kﬂ»(_F’-fllémkeoll tes:j glt;nel_Onlyl(lemes2 128212%- I\:I]W, r;ﬂloleculgr Cretransgene transcript in white and brown adipose tissue, were
wel markers. prain (lanes 1 an , liver ) i i i ifi
) 4):9|ung o 2o d( o e (IEZ'neS 5( ::5516)?% dneb (Ig";]‘eég“:; § f‘&?btalned by Northern blot analysis usinge-specific probe
spleen (lanes 7 and 18); thymus (lanes 8 and 19); testes (lanes 9 and 20); wl 'gata not shown). These experiments demonStrate th@reth_e
adipose tissue (lanes 10 and 21); brown adipose tissue (lanes 11 and 22). transgene was properly expressed and was restricted to white anc

brown adipose tissue in all eight lines. To test for proper function
of theCrerecombinase viva three aPZiretransgenic lines that
expressed the highest levelsGué recombinase were crossed to
mice with aloxP-flanked allele of a reporter test gene generated
deletion ofloxP-flanked DNA segments were described that uséy homologous recombination in ES cells (2#). Tissue-spe-
either aCre transgenic mouse strain expressing the recombinastiic deletion of the reporter gene segment was demonstrated by
under the control of human cytomegalovirus promdigro( PCR analysis using genomic DNA isolated from a variety of
under the control of the adenovirus Ella promatedig addition,  tissues in the offspring of these crossings. As shown in FABure
tissue-specific expression Gfre in transgenic mice has been a 550 bp fragment was successfully amplified in adipose tissue of
reported in, for example, mouse lens®s thymocytes{) and  loxP/wt heterozygote animals that were crossed with arCae2/
mouse brainl(0). Here we describe a transgenic mouse strain thetansgenic line (Fig2B, lanes 10 and 11). This fragment is only
targets expression of ti@re recombinase to adipose cells only. detectable following excision of thexP-flanked test gene segment
This strain is engineered to direct deletiotogP-flanked DNA by Cre (Fig. 2A). The presence of a correctly amplified product
segments exclusively in white adipose and brown adipose tissireheart and muscle is a result of adipose cells present in these two

To generate transgenic lines, pronuclei of FVB/N fertilized eggsssues (Fig2, lanes 3-5). Thus, transmission of@etransgene
were injected with the aR2fke transgene (Fidl). The aPZre  and targeted expression in adipose tissue correlated with the
construct was developed as follows. A 2.7 Xd—Hindll deletion of the reporter loxP-flanked gene segment in adipose
fragment from plasmid pBS1851 containing th€regene with  cells only. A combination of primers Pa and Pb was used as a
maodified translation initiation codon and the mouse metallothionidNA control reaction to amplify a 594 bp fragment from the wt
| (MT-1) polyadenylation signal, was blunt-ended and ligated tgene segment (Fi@A and B). Furthermore, aR2# transgenics
the Sma site of the 5.4 aP2/SK+ plasmitl}. The plasmid was were crossed with reporter lof¥gal mice (4). Successful
linearized byNotl and was purified prior to injection. The 5.4 kb CrelloxP-mediated recombination in the offspring of these crosses
regulatory element of the adipose protein 2 (aP2) gene, from —5.4rkisults in excision that is demonstrated by lacZ activation and
to +21 bp, is sufficient to direct high level expression of aisualization of the targeted cells by X-Gal blue cytostaining.

|
L
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Figure 3 shows specific staining of adipose tissue in animaREFERENCES

doubly transgenic for aR2fe and loxPBgal. In contrast, no

X-Gal staining was detected in heart, skeletal muscle, kidney dr C€apecchi,M. (19943cience244 1288-1292.

brain cells (data not shown).

As reported earlierCre expression is stably transmitted in
transgenic mice and high levels@re do not appear to be toxic

to the mice §). Thus, a colony of adipose-expressitrg mice
can be easily maintained. The targeted expression dErthe

recombinase in adipose tissue will facilitate the analysis of the
function of a variety of genes in adipocytes. Mice with deletion
of loxP-flanked genes in an adipose-specific manner can bé

generated by crossing the aB¥@/transgenic line to mice with

anyloxP-flanked locus of interest. These animals will be helpful
in the analysis of the function of a variety of genes in the adipose

tissue.
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