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Macrophages play a crucial role in the defense against pathogens. Distinct macrophage populations can be
defined by the expression of restricted cell surface proteins. Resident tissue macrophages, encompassing
Kupffer cells of the liver and red pulp macrophages of the spleen, characteristically express the F4/80 molecule,
a cell surface glycoprotein related to the seven transmembrane-spanning family of hormone receptors. In this
study, gene targeting was used to simultaneously inactivate the F4/80 molecule in the germ line of the mouse
and to produce a mouse line that expresses the Cre recombinase under the direct control of the F4/80 promoter
(F4/80-Cre knock-in). F4/80-deficient mice are healthy and fertile. Macrophage populations in tissues can
develop in the absence of F4/80 expression. Functional analysis revealed that the generation of T-cell-
independent B-cell responses and macrophage antimicrobial defense after infection with Listeria monocytogenes
are not impaired in the absence of F4/80. Interestingly, tissues of F4/80-deficient mice could not be labeled with
anti-BMS8, another macrophage subset-specific marker with hitherto undefined molecular antigenic structure.
Recombinant expression of a F4/80 cDNA in heterologous cells confirmed this observation, indicating that the

targets recognized by the F4/80 and BM8 monoclonal antibodies are identical.

Macrophages and their precursors, blood monocytes, repre-
sent widely distributed populations of myeloid cells. Resident
tissue macrophages display extensive functional and pheno-
typic heterogeneity shaped in large part by the tissue microen-
vironment, as do monocytes recruited to local sites in response
to inflammatory and immune stimuli (16, 26). Immunohisto-
chemical analyses of normal tissue sections and various tissues
from infected or immunologically challenged mice have uti-
lized panels of monoclonal antibodies which recognize pheno-
typic markers expressed by macrophage subpopulations, such
as macrosialin (the mouse ortholog of CD68), sialoadhesin
(mouse CD169), scavenger receptor (SRA-I and SRA-II),
complement receptor type 3 (CR3, CD11b/CD18), and the
F4/80 glycoprotein (3, 5, 10, 16, 26, 35, 39, 43). Perhaps the
most extensively utilized reagent for detection of mature tissue
macrophages is the monoclonal antibody (MAb) F4/80, which
recognizes the F4/80 molecule expressed at high levels on the
surface of a range of cells including Kupffer cells in the liver,
splenic red pulp macrophages, brain microglia, gut lamina pro-
pria, and Langerhans cells in the skin, as well as resident
macrophages found throughout connective tissue and many
other organs including the heart, kidney, and the reproductive
and neuroendocrine systems (3, 21-23, 31, 36).

The isolation of cDNA clones encoding the mouse F4/80
glycoprotein resulted in the molecular characterization of its
unusual structure and led to the further identification of re-
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lated leukocyte cell surface proteins (4, 6, 27, 31, 44, 45). The
F4/80 molecule contains seven-transmembrane (TM7) regions,
which anchor the protein in the cell membrane, and thereby
shows similarity in this region to G-protein-coupled receptors.
The F4/80 molecule shares overall structural homology to
other members of the epidermal growth factor (EGF)-TM7
family, which includes EMR1 (the human ortholog of F4/80),
CD97, EMR2, EMR3, and FIRE, which are differentially ex-
pressed on populations of leukocytes, as well as ETL, which is
expressed by cardiomyocytes (4, 6, 19, 32, 44, 45). The EGF-
TM?7 gene family cluster has been mapped to human chromo-
some 19p and syntenic regions within the mouse genome (7,
27, 44). These EGF-TM7 molecules are a subset of a larger
group of TM7 molecules termed LNB-TM7, which are defined
by amino acid sequence similarity within the TM7 region to
members of G-protein-coupled receptor family B, yet have
large N-terminal extracellular regions often containing a com-
plex array of protein modules (44). The presence of such large
and composite structures also suggests specialized functions
for these molecules, possibly in addition to peptide receptor
activities.

To date, the function of F4/80 has not been determined,
although speculation has suggested its involvement in macro-
phage adhesion events, either to matrix molecules or a ligand
expressed on other cell types, a role in cell migration or as a G
protein-coupled signaling component of macrophages (30, 44).
Indeed, one member of the EGF-TM7 family, CD97, has been
shown to bind CD55 (decay accelerating factor), a glyco-
sylphosphatidylinositol-linked cell-surface receptor previously
shown to regulate complement activation by catalyzing the
dissociation of components of the C3 convertases (30, 44). This
interaction was specific for a particular isoform of CD97 con-
taining three EGF domains (EGF1, EGF2, and EGFY), sug-
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gesting that EGF-TM7 gene-splicing mechanisms regulate re-
ceptor-ligand pairing (20). In fact, this represented the first
demonstration of a TM7 molecule binding a cellular ligand,
although the functional significance of this interaction has yet
to be established. In the absence of information relating to the
function of F4/80 and its ligand(s), we sought to address the
functional consequences of deleting the gene in a mouse germ
line. In parallel, we aimed to generate a mouse line that spe-
cifically expresses Cre recombinase (38) within F4/80" macro-
phage populations, thereby allowing cell-specific targeted de-
letion of candidate loxP-flanked genes in offspring.

MATERIALS AND METHODS

Targeting vector and structure of the genomic F4/80 locus. A partial murine
F4/80 genomic clone [1J9(P1)], isolated from 129Sv mice and containing the first
coding exon, was cloned into pBluescript (Stratagene, Amsterdam, The Nether-
lands) and completely sequenced. Sequence comparison with the F4/80 mRNA
(31) revealed that within 5.9 kb of genomic sequence 1J9(P1) contained the first
coding exon (designated exon 1) and one downstream exon (exon 2). The se-
quenced exons were identical to the corresponding murine F4/80 mRNA se-
quence (GenBank/EMBL accession no. X93328). The ATG initiation codon was
located in exon 1. To inactivate the F4/80 gene, a targeting vector (TV) was
constructed (Fig. 1A). A short arm of homology was amplified by PCR with a
genomic DNA template from E14.1 embryonic stem (ES) cells with primers
F4/80SANotI (5'-AAA AAA AAG CGG CCG CTA GAC TTC CTC CTT TCT
AAT TAG-3') and F4/80SANcol (5'-AAA GTC GAC CCA TGG TAC TGT
GGC AGT CAT TCA-3") subcloned into pBluescript, and the fragment was
control sequenced. A modified Cre expression cDNA cassette (a kind gift of H.
Gu and K. Rajewsky) (17) was inserted as a Ncol/Xhol fragment and ligated. The
neomycin resistance gene cassette was introduced following X#holI digestion into
the Xhol/Sall-digested vector backbone. Thereafter, the long homology arm was
amplified by PCR with primers F4/80LAXhol (5'-AAA CTC GAG GAG GTT
GAA TGG GGC ATG-3') and F4/80LAKpnl (5'-AAA GGT ACC GCA GCA
TCC AGT AAC AAG-3'), cut with Xhol and Kpnl, and ligated. The targeting
vector F4/80TV was completed by inserting a herpes simplex virus (HSV)-tk
cassette into the Kpnl site of F4/80TV. The orientations and integrity of the
fragments and expression cassettes were verified by restriction analysis and
partial sequencing.

Targeting of the F4/80 locus and generation of F4/80 mutant mice. To enable
direct screening for correct recombination of the F4/80TV, the vector was lin-
earized on the short arm homology site with NotI and transfected into E14.1 ES
cells. The transfection, culture, and selection of ES cells was performed as
described previously (33, 37). G418- and ganciclovir-resistant ES cell colonies
were picked and screened for integration of the targeting vector by PCR with the
external primer F4/80scrl (5'-GTT GTT TAT CAG CTG TAG GAG —3’) and
the internal primer Crerev.l (5'-GCA TGC ACC GGT AAT GCA GGC-3').
From five PCR-positive clones, the correct recombination event could be verified
for four clones by blotting ES cell DNA after digestion with EcoRI and hybrid-
ization with the 3’ flanking probe. Single copy integration was verified by South-
ern probing of the EcoRI-digested ES cell DNA with a part of the neo” cassette
(data not shown). Chimeric mice were generated from F4/80%/<" ES cells by
injection of C57BL/6 blastocysts. Chimeric mice obtained from F4/80%/™ ES cell
lines were crossed with C57BL/6 wild-type mice. Germ line transmission of the
targeted allele was identified by Southern blot analysis. Mice were housed in a
specific-pathogen-free animal facility with barrier conditions. For genotyping of
mice by PCR, the primers F4/80scrl and Crerev.1 were used for the targeted
allele and primers F4/80scr1 and F4/80exonl (5'-AGA GGA GCA GCC AAA
AGC CCC-3") was used for the wild-type allele.

RNA analysis. Total RNA was extracted as described previously (8). For
Northern blotting, 20 ng of RNA was separated on a formaldehyde agarose gel,
transferred onto a Genescreen Plus nylon membrane (DuPont), and hybridized
with a full-length murine F4/80 cDNA probe and GAPDH as a loading control.

Immunocytochemistry. Spleens and livers of control and F4/80-deficient mice
were embedded in OCT Tissue Tec media (Leica, Bensheim, Germany). Eight-
micrometer sections were cut by using a Leica Cryotom, and immunohistochem-
ical labeling was performed as described previously (15). The antibodies used
were anti-F4/80 (hybridoma supernatant) and biotin-conjugated BM8 (Diagnos-
tic International BMA, Hamburg, Germany); second-step reagents were perox-
idase-coupled F(ab’), murine anti-rat immunoglobulin G (IgG) (Dianova, Ham-
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burg, Germany) and peroxidase-coupled Extravidin (Sigma, Deisenhofen,
Germany), respectively.

Flow cytometry. Heparinized peripheral blood was obtained by puncture of the
posterior aorta. Erythrocyte-lysed single-cell suspensions were pretreated with
Fc-block (anti-CD16/CD32; PharMingen, Beckton Dickinson, Heidelberg, Ger-
many) and then incubated with specific antibodies. The antibodies used were
fluorescence dye-coupled anti-CD3g, anti-CD4, anti-CD8, DX5, anti-CD19, anti-
B220, and anti-NK1.1 MAb (all PharMingen). Biotinylated antibodies were
detected with streptavidine-PerCP (PharMingen). Ten to fifty thousand events
were analyzed in a live gate as determined by forward and side scatter profiles
obtained with a FACSCalibur cytometer (Beckton Dickinson).

T-cell-independent antibody responses. Mice (n = 4 per group) were immu-
nized intravenously with 10 pg of the Ti-2 antigen NP;,-AECM-Ficoll (NP-
Ficoll; Biosearch Technologies Inc., Novato, Calif.) dissolved in 200 wl of phos-
phate-buffered saline solution (Seromed, Berlin, Germany). Mice were bled 1
day prior to immunization and on days 6 and 10 postimmunization. Concentra-
tions of NP-specific serum antibodies were determined by enzyme-linked immu-
nosorbent assay by using NP,,-bovine serum albumin as antigen and alkaline
phosphatase conjugated rat anti-mouse IgM and IgG3 (PharMingen) antibodies
for detection.

Infection with Listeria. Infection with Listeria was performed as described
previously (13). Briefly, cultures of Listeria monocytogenes (ATCC strain 43251)
were grown in brain heart infusion (Difco, Detroit, Mich.) overnight, adjusted to
an optical density of 0.75 at 460 nm, and serially diluted (10 times) in medium.
Titrated numbers of Listeria were inoculated intraperitoneally into mice in a
volume of 500 pl. The doses of bacteria were monitored by plating serially
diluted aliquots on Columbia blood agar.

Transfection of F4/80 ¢cDNA. For determination of the molecules detected by
BMS8 MADb and F4/80 MAb, 293T cells (2 X 10°) were transiently transfected
(240 V, 960 wF; Bio-Rad Gene Pulser; Bio-Rad, Munich, Germany) in complete
medium with a full-length F4/80 cDNA cloned into the pcDNA3 expression
vector (10 pg) and plated onto glass slides in the presence of complete medium.
After 24 h cells were washed and fixed with 4% paraformaldehyde (Merck) in
phosphate-buffered saline. Blocking of nonspecific antibody binding was per-
formed with bovine serum albumin (Merck) and avidin-biotin blocking kit (Vec-
tor Labs, Burlingame, Calif.). Then, incubation with F4/80 or BM8-biotin was
performed. Detection of the primary antibodies was achieved with mouse anti-
rat peroxidase and peroxidase-extravidin, respectively. The substrate for perox-
idase was aminoethylcarbazol (Sigma). Cell nuclei were counterstained with
hematoxylin (Merck).

Detection of Cre-mediated recombination. F4/80"/“™ mice were crossed to a
mouse line with a floxed ikba locus (IkBa?'P/2oxP; R, Rupec and K. Pfeffer,
unpublished data) to detect site-specific Cre recombination activity. The floxed
allele (2loxP) and the wild-type allele were discriminated by PCR with primer set
lox1 (5'-GTG GAG TCA GAT GTA GCA CG-3') and lox2 (5'-AGA AAG
GGA TAA GCC ATG GAG-3'); expected sizes of the PCR products are 363 bp
for the 2loxP allele and 275 bp for the wild-type allele. The recombined allele
(ZloxP) was detected with the primer set 1loxP1 (5'-CAT ACT TCC AAG CAG
AGA CGT3’) and 1loxP2 (5'-TAC GTT CGG AGT TTA AGA CTC -3')
(expected size, 526 bp), whereas the wild-type allele (wt) was amplified by using
the primers 2loxP1 (5'-GAA GTC ATT GGT CAG GTG AAG —3') and wt2
(5'-GCA AAC AGG AGG CCC TAG GT —3') (expected size, 257 bp). The
sequence of primer wt2 is located upstream and downstream of the inserted loxP
site in the 2loxP IkBa allele; hence, only the wild-type allele can be detected by
the combination of primers 2loxP1 and wt2.

Nucleotide sequence accession number. The gene sequence for the genomic
clone isolated in this study was deposited in the GenBank/EMBL database under
accession number AJ295275.

RESULTS

Generation of mice targeted for inactivation of F4/80. In
order to inactivate the F4/80 molecule in the germ line of the
mouse and to enable Cre-mediated deletion of JoxP-flanked
target DNA sequences (“floxed” alleles [17, 38]) in F4/80-
expressing cells, an approach was chosen to replace the 3’
region of the first coding exon of F4/80 directly following the
ATG translation start codon with the coding sequence for the
P1 phage-derived Cre recombinase. Therefore, a F4/80 target-
ing vector was constructed and used for homologous recombi-
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FIG. 1. Generation of F4/80-deficient mice. (A) Targeting strategy used for inactivation of the murine F4/80 gene. EI, EcoRI; EV, EcoRV; NI,
Ncol; S, Stul; KI, Kpnl. Parts of the first coding exon were replaced by insertion of a Cre recombinase cDNA cassette at the ATG initiation codon
and a neomycin resistance gene cassette. (B) Southern blot analysis of genomic DNA from targeted ES cell clones. EcoRI digest of genomic DNA
from E14.1 wild-type and targeted ES cells. Hybridization with the flanking probe yields a 5.9-kb fragment for the wild-type allele and a 3.6-kb
fragment for the targeted allele. Sizes are indicated at the left in kilobases (kb). (C) Southern blot analysis of genomic DNA from mouse tail
biopsies and, for comparison, from one targeted ES cell clone. EcoRI digest of genomic DNA from E14.1 wild-type and targeted ES cells and
mouse tails. For fragment sizes see panel B. (D) Northern blot analysis verifying the lack of F4/80 RNA in mice homozygous for the targeted F4/80
allele. Total RNA from F4/80™/*, F4/80"/™, and F4/80<"/“™ (i.e., F4/80/") livers was hybridized with a full-length F4/80 cDNA and a GAPDH
(glyceraldehyde-3-phosphate dehydrogenase) cDNA (loading control).
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FIG. 2. Absence of F4/80 and BMS antigen in organs of F4/80-deficient mice. Immunohistochemical staining of liver and spleen sections from
control mice (top panels) and F4/80-deficient mice (lower panels) is shown. Cryosections were labeled with MADbs as indicated. Original

magnification, X100.

nation (for details, see Materials and Methods) (Fig. 1A and
B). Correct gene targeting (Fig. 1B) and germ line transmis-
sion (Fig. 1C) of the F4/80 Cre knock-in allele were verified by
Southern blotting. Hybridization with a neo-specific probe
yielded only one band, consistent with a single integration of
the targeting vector (data not given). F4/80 /<™ offspring were
interbred to obtain homozygous F4/80€"/“™ animals, which
are thereby deficient for F4/80 expression. Mice with the F4/80
inactivation were born at the expected Mendelian frequency,
appeared healthy, and proved to be fertile. To verify proper
inactivation of the F4/80 molecule, Northern blot analysis was
performed. As depicted in Fig. 1D, F4/80 mRNA was readily
found in F4/80"/" and F4/80%/C™ animals, whereas F4/80
mRNA was not detected in F4/80"/“™ (i.e., F4/80~/") ani-
mals.

Lymphocyte populations and T-cell-independent immune
response in F4/80 deficient animals. To determine the func-
tional consequences of the inactivation of the F4/80 gene,
lymphocyte populations were analyzed by flow cytometry. No
significant differences in T-cell, B-cell, and natural killer cell
populations could be detected in F4/80-deficient animals (data
not given).

While it has been suggested that splenic marginal zone mac-
rophage populations are involved in T-cell-independent anti-
body responses (1, 2, 25), no data about macrophages express-
ing the F4/80 molecule are available. Thus, the immunological
response of F4/80-deficient mice to T-cell-independent anti-
gens was investigated by immunization of F4/80-deficient and
control mice with nitrophenyl (NP)-coupled Ficoll and subse-
quent monitoring of the immune response towards the hapten
NP on days 6 and 10. In the sera of F4/80-deficient animals
slightly reduced levels of specific anti-NP antibodies of the IgM
and IgG3 subclasses were detected; however, the differences
appeared not to be significant (data not shown). This result
indicates that the presence of peripheral lymphocyte popula-
tions and T-cell-independent antibody responses are not af-

fected by the absence of the F4/80 molecule from mature tissue
macrophage populations.

Infection with Listeria in the absence of F4/80. Neutrophils
and macrophages are important cell populations required for
the control of listeria replication during infection (12-14, 47).
To investigate whether in particular the macrophage-expressed
F4/80 molecule is involved in the defense against intracellular
bacteria or if the F4/80 molecule participates in the localization
or activation of infected macrophages, F4/80-deficient and
control mice were infected with titrated amounts of L. mono-
cytogenes. The survival of infected mice was monitored up to
day 15 postinfection. However, no significant differences in the
defense against Listeria could be detected; all F4/80-deficient
animals succumbed to a 10X 50% lethal dose (LDs,) inocula-
tion of Listeria, whereas all mice survived a challenge dose of
0.1X LDs, (data not shown). This clearly indicates that F4/80-
targeted animals were neither immunodeficient nor better pro-
tected than normal F4/80-expressing littermates in response to
a Listeria infection.

The F4/80 molecule is also the antigen detected by the BM8
MAb. Macrophage subpopulations can be characterized by the
differential expression of specific markers (16, 26, 48). There-
fore, the expression of macrophage-associated molecules in
F4/80-deficient animals was analyzed in detail. When cryosec-
tions of spleens and livers were incubated with the F4/80 (anti-
F4/80) MAD, as expected, no staining could be detected in the
tissues of F4/80-deficient tissues whereas the characteristic la-
beling of Kupffer cells in the livers and red pulp macrophages
in the spleens of normal mice was readily obtained.

Surprisingly, labeling with the BM8 MADb (29) was also
found to be negative in the absence of F4/80 expression, sug-
gesting that the hitherto unidentified target structure of the
BMS8 MAD is also the F4/80 molecule (Fig. 2). Conventional
histology of liver tissue from F4/80-deficient mice revealed that
Kupffer cells are still present, as revealed by the distinct mor-
phology of the nuclei of Kupffer cells (data not shown), indi-
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FIG. 3. The antigen detected by F4/80 and BMS antibodies is identical. 293T cells were transiently transfected with a pcDNA3-based expression
vector containing the complete coding sequence of F4/80. Cells were labeled with the respective MAbs as indicated.

cating that the differentiation of Kupffer cells was not affected
by the absence of F4/80. In the spleens of F4/80-deficient mice,
labeling with anti-CR3 (CD11b/CD18) (M1/70 MADb), antisia-
loadhesin (Ser4, 3D6), and anti-MOMA1 was detectable and
not altered compared to the labeling observed with control
mice, indicating that the selective absence of the F4/80 mole-
cule does not influence the presence of these other macro-
phage cell surface markers (data not shown), nor indeed does
it influence the development of the resident tissue macrophage
populations that express these lineage-restricted molecules.

To prove that the BM8 MADb detects the F4/80 molecule,
293T cells were transiently transfected with a F4/80 cDNA
expression construct and labeled with BMS8 and F4/80 MAbs.
As shown in Fig. 3, nontransfected 293T cells cannot be la-
beled by anti-BMS8 or anti-F4/80 whereas after transfection of
the F4/80 cDNA, anti-BM8 and anti-F4/80 labeling of 293T
cells could be readily demonstrated. This clearly proves that
the hitherto-undefined BM8 MADb detects the F4/80 glycopro-
tein.

Cre-driven recombination in F4/80*/“** mice. For the exam-
ination of tissue- and/or cell lineage-specific gene functions,
the Cre/loxP recombination system has been established (17,

34, 38). Hereby, as a prerequisite, Cre-expressing mouse lines
that express Cre recombinase under the control of lineage or
cell type-specific promoters have to be generated. These
mouse lines can then be crossed to another mouse line, har-
boring a modified (loxP motif flanked) sequence of the gene of
particular interest (2loxP allele). One approach to achieving
specific expression of Cre recombinase activity is the targeted
insertion (knock-in) of the Cre-cDNA sequence into the locus
of a gene expressed by a specific cell type.

To achieve Cre expression in F4/80" cells, the Cre cDNA
sequence was used to replace the coding sequence of the first
exon of F4/80, directly downstream of the ATG initiation
codon (Fig. 1A to D). To verify Cre-mediated recombination,
the F4/80"/“™ mouse line was crossed to an IkBa*/***" line as
a reporter. PCR amplification utilizing specific primers to de-
tect the wild-type IkBa, the 2loxP-flanked IkBa allele, and the
Cre-recombined 7loxP IkBa allele was performed (Fig. 4).
While in (F4/80%/* X IkBa™#*®)F, mice no recombination
of the IkBa 2loxP allele could be detected, clearly an amplified
PCR product specific for the IkBa /loxP allele was present in
(F4/80"/<" X IkBa™?°*")F, mice, indicating that Cre recom-
binase activity expressed under the control of the F4/80 pro-
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FIG. 4. Cre-mediated recombination in F4/80"/“ mice crossed with IkBa"/?** mice. (A) Schematic structure of the wild-type and floxed
murine ikba locus; exons (red), loxP motifs (blue triangle), and PCR primers (number and black triangle, see Materials and Methods) are indicated.
(B) Spleen, livers, and kidneys from (F4/80"/“" X IxBa™?***)F, (upper panel) and (F4/80"" X IkBa™?**)F, (middle panel) mice were
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moter was present. Importantly, when utilizing the primer sets
that detect the IkBa 1loxP allele, no amplified product could
be found in the tail DNA of (F4/80%/<™ X IkBa*/?'>F)F,
mice, indicating that F4/80 is not ubiquitously expressed during
ontogeny and that F4/80-Cre mice can hopefully be employed
in the future to analyze gene functions in this specific macro-
phage subset.

DISCUSSION

Macrophages play a crucial role in the innate and adaptive
immune response. A number of specialized cell surface mole-
cules have been identified and proposed to participate in mac-
rophage-initiated functional responses orchestrating the initi-
ation and effector phases of host immunity (16, 26, 29). A
prototypic macrophage membrane molecule, highly restricted
to mature macrophage subpopulations residing in tissue, is the
F4/80 glycoprotein (3, 31). Gene targeting now reveals that the
F4/80 molecule is also recognized by the MAb BMS (24, 29),
reported to label a concordant set of macrophages, the target
antigen for which, however, remained elusive until now. Sur-
prisingly, expression of F4/80 is dispensable for host effector
programs following infection with Listeria and the generation
of T-cell-independent B-cell responses. However, introduction
of the Cre recombinase cDNA into the first coding exon of
F4/80 now enables the lineage-specific ablation of loxP motif-
flanked (floxed) target genes in mature macrophages. The
strategy of inactivation of a gene product restricted to tissue
combined with the simultaneous expression of Cre recombi-
nase activity (Cre knock-in strategy [38]) is instrumental in
addressing gene functions in defined cellular subpopulations in
vivo.

Macrophage subsets have been characterized by the expres-
sion of restricted cell surface molecules. The macrophage man-
nose receptor, the macrophage scavenger receptors (SRA-I,
SRA-II), the CR3 (CD11b/CD18), the 7/4 glycoprotein, the
sialoadhesin molecule, and the FA.11 antigen have been widely
applied as discriminatory markers for the characterization of
macrophage subsets (16, 26, 35). The assignment of specific
biological functions for this distinct group of cell surface gly-
coprotein antigens in vivo has proven difficult; the ligands of
these molecules show promiscuous binding patterns or are, in
most cases, still undefined (16, 44, 45). In vivo administration
of antibodies directed against cell surface molecules for eluci-
dation of their functions is not a feasible approach, since an-
tibodies in most cases are cytotoxic to the antigen-expressing
cell population due to complement activation in vivo. Thus,
inactivation of the gene of interest, which is expressed by the
macrophage subset via gene targeting, appears to be the most
straightforward way for the characterization of the specific
function of the marker molecule of interest. Gene targeting of
the 7/4 glycoprotein, which is expressed on polymorphonuclear
cells as well as on activated macrophages, of sialoadhesin,
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expressed on stromal macrophages, and of FA.11, expressed
on macrophages and dendritic cells (16), has not yet been
reported. The inactivation of CD18, however, has been pub-
lished (41). The phenotype is described as leukocyte adhesion
deficiency I and is not restricted to macrophage dysfunction,
since the CD18 molecule is not only expressed on macrophages
but also found on other leukocyte populations and thus most
likely reflects a composite deficiency, encompassing lack of
T-cell responses (41). The specific functions of the CD18 mol-
ecule on macrophages remain to be addressed; for example, by
specifically deleting the CD18 gene in macrophages employing
a Cre/loxP-mediated approach by using F4/80-Cre mice (see
below) with CD182*F/21o*F mjce; a mouse line will have to be
generated for this purpose in the future. Mice deficient in
CD11b reveal a moderate defect in adhesion of neutrophils to
fibrinogen and neutrophil degranulation; however, the pheno-
type is very discrete compared to that of mice deficient in
CD18, which can form heterodimers not only with CD11b but
also with CD11a, CDl1lc, and CD11d (11, 28). Since these
molecules are not restricted to macrophages, the F4/80 glyco-
protein appeared to be primarily the most attractive candidate
for functional characterization and the generation of a Cre-
expressing line for macrophage-restricted gene ablation.

Experimental infection with L. monocytogenes, a gram-pos-
itive facultative intracellular bacterium, has been employed
extensively as a model system for the investigation of host
defense mechanisms (12-14, 37, 40, 47). Activated macro-
phages are essential for the control of Listeria replication.
However, no gross alteration of the resistance towards Listeria
in F4/80-deficient mice was found, indicating that the F4/80
molecule is not essential for survival after challenge with Lis-
teria. Furthermore, the formation of Listeria-induced granulo-
matous foci in the livers of F4/80-deficient animals was not
altered in comparison to that observed in control mice, indi-
cating that the recruitment, activation, and maturation of pe-
ripheral blood circulation-derived CD11b" neutrophils and
macrophages into tissues of infected organs can occur even in
the absence of F4/80 (data not shown).

Macrophages have also been implicated in the generation of
T-cell-independent B-cell immune responses (1, 18, 25). The
role of the F4/80 molecule on splenic macrophages which are
located in the red pulp, directly surrounding the marginal zone,
in T-cell-independent B-cell responses was not known. Based
on the results obtained in this study, a major role of the F4/80
glycoprotein can be ruled out, since immunization with NP-
Ficoll in the absence of F4/80 resulted in normal generation of
specific anti-NP antibodies of the T-cell-independent IgM and
IgG3 subclasses.

The murine F4/80 glycoprotein, as a member of the EGF-
TM7 family (30, 44), shares sequence and structural homology
with another EGF-TM7 family members (6, 27, 45). Due to the
expression pattern of the EGF-TM7 family members, which
include macrophages, it might be speculated that a single de-

analyzed for Cre recombinase activity. In DNA isolated from spleen, liver, and kidney tissues of (F4/80"/<™ X IkBa */?**)F, mice, a PCR product
that is characteristic for the Cre-mediated deletion at the ikba locus was amplified, whereas in DNA isolated from spleen, liver, and kidney tissues
of (F4/80™"* X IkBa™?*F)F, mice only the germ line configuration of the IkBa alleles can be detected. Results of control PCRs using template
DNA derived from wild-type ES cells or tail DNA from F4/80%/* IkBa """ and F4/80*"* IkBa*/?*** mice are shown in the lower panel as

indicated.
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ficiency of an EGF-TM7 member does not yet lead to a func-
tional deficiency, since other members of the family may
readily compensate for the loss. In order to verify this hypoth-
esis in the future, a systematic targeting approach of the other
EGF-TM7 members has to be performed and the gene-tar-
geted mouse lines have to be crossed. Alternatively, since at
least some genes of the family members are located in close
proximity (on human chromosome 19p13.1) (7, 27), a targeting
strategy removing most members within the syntenic region of
the mouse genome might be feasible via a Cre/loxP-mediated
excision after flanking the EGF-TM?7 loci with loxP motifs via
gene targeting (38, 49).

The study of the function of gene products in discrete cell
types or cell lineages is of great interest for dissecting the roles
of distinct molecules in a specific cellular microenvironment.
This approach will lead to a better understanding of gene
functions, in contrast to the global deficiencies that are gener-
ated by conventional gene-targeting techniques. In particular,
a conditional inactivation is of crucial importance for cases in
which global genetic deficiencies would result in lethality due
to functional checkpoints during ontogeny. However, these
conditional gene ablation strategies essentially depend on the
availability of mouse lines harboring lineage-restricted expres-
sion of heterologous site-specific recombinases. In this respect,
mainly the introduction of the bacteriophage P1-derived Cre
recombinase into the mouse genome has been pioneered (17,
34). Recently, Cre-expressing mouse lines enabling conditional
gene ablation in myeloid cell types (LysM-Cre mice) or in
neutrophils (Elastase-Cre) have been reported (9, 46). For
studying gene functions in mature macrophages, however, no
Cre-expressing line has been available. By targeting the F4/80
locus via the introduction of the Cre cDNA into the first coding
exon of the F4/80 gene, enabling F4/80 promoter controlled
Cre expression, this goal has now been achieved. A knock-in
strategy was used to maintain the F4/80 locus-specific regula-
tion of the inserted Cre recombinase. After crossing the F4/
807/ line with a mouse line harboring a loxP motif-flanked
locus (IkBa?***21oXFy 'F mice with the genotype F4/80"/C
IkBa "#°*F showed a recombined band characteristic of the
Cre/loxP-mediated deletion of the ikba locus. However, the
loxP motif-flanked (2loxP) IkBa allele was still readily detect-
able in all investigated tissues, indicating that the F4/80 mole-
cule is not expressed ubiquitously at some point during ontog-
eny, which would be characteristic for a “deleter” mouse line
(42), resulting in the sole presence of a /loxP IkBa allele. Thus,
the F4/80-Cre knock-in mouse line will hopefully prove useful
for addressing gene functions in mature macrophages in the
future.
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