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One component of host defense at mucosal surfaces appears to be epithelium-derived peptides with anti-
microbial activity called defensins. Human 3-defensin 1 (hBD-1) represents the first member of the (3-defensin
family isolated from humans and has been implicated in the pathogenesis of cystic fibrosis. We describe in this
report the isolation and characterization of a murine homolog of hBD-1 called mouse f3-defensin 1 (mBD-1).
The predicted amino acid sequence shows the hallmark features of other known epithelial -defensins, in-
cluding the ordered array of six cysteine residues. Analysis of a genomic clone of mBD-1 revealed two exons
separated by a 15-kb intron. By use of fluorescence in situ hybridization, the mBD-1 gene was localized at the
proximal portion of chromosome 8, the site where mouse a-defensins are found. Lysates from cells transfected
with the mBD-1 ¢cDNA showed antibacterial activity against gram-positive and gram-negative bacteria. mBD-1
transcripts were found in kidney, liver, and female reproductive organ tissues. In the airways, mBD-1 is ex-
pressed diffusely throughout the epithelial cells of the large proximal airways with less expression in the small
distal airways and no expression in alveolar cells. The present study demonstrates that a 3-defensin potentially
homologous to human (-defensin 1 is present in the respiratory system and other mucosal surfaces in mice.

Antimicrobial peptides have been found in a wide array of
animal species, ranging from insects to lower vertebrates and
mammals (8). These peptides contribute to innate host defense
against a number of bacterial and fungal pathogens (11). Mam-
malian defensins are small antimicrobial peptides (3.5 to 4.5
kDa) that are characterized by the presence of six cysteines
which form three disulfide bonds whose ordered array defines
the classification as «- or B-defensins. The «-defensins are
found in granulocytes (8) and Paneth cells of the small intes-
tine (14, 18) in various species, whereas B-defensins occur in
leukocytes of cattle (28, 31) and fowl (7, 12). Further, B-de-
fensins are expressed in epithelial cells, where they contribute
to the host defense system of mucosal surfaces. Lingual and
tracheal antimicrobial peptides are B-defensins expressed in
bovine epithelial cells of the tongue and trachea (2, 4, 26). The
first B-defensin isolated from humans, human B-defensin 1
(hBD-1), is found in salivary gland, airway, prostate, and pla-
centa tissues, among other tissues (1, 10, 19, 32).

It has been suggested that the salt-sensitive defect of anti-
microbial peptides may underlie the pathogenesis of cystic
fibrosis (CF) lung disease (10, 29). Smith et al. (29) proposed
that the defect in the CF gene product, the CF transmembrane
conductance regulator, leads to elevated NaCl concentrations
in the airway surface fluid, which inactivates the antimicrobial
activity, leading to colonization of the airway with bacterial
pathogens, which is the hallmark of the disease (9, 10, 15, 28,
29). Our data suggests that hBD-1 is one of the antimicrobial
molecules disabled at the airway surface in CF (10). It would
be of great importance to have a suitable animal model, such
as a mouse or rat model, to study the role of B-defensins in
pulmonary host defense, although little is known about defen-
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FIG. 1. ¢cDNA and peptide sequences of mBD-1. (A) cDNA and deduced
amino acid sequences of mBD-1. The first underline indicates the putative
mature peptide; the dash represents the termination codon; the second underline
indicates the polyadenylation signal. (B) Comparison of the putative prepropep-
tide sequences of mBD-1, hBD-1, TAP, and LAP, as well as the peptide se-
quences of bovine neutrophil B-defensins 1 and 11 (BNBD-1 and BNBD-11,
respectively) and gallinacin 1 (GAL-1). The bottom line presents the consensus
sequence of B-defensins.



1226 BALS ET AL.

0 5 10 15 20 KB
F } } } {
Exon1 Intron Exon 2
—E > > =) =

== - ER=EE= Sk B

SR T TS 2 T SSREETE T £ss% o§9 %

288« 288 € & GELEIS T Srdad 8§82

A AT A (| Nedliaild

5'UTR SIGNAL PRO MATURE 3'UTR

FIG. 2. Structure of the gene for mBD1. Restriction map of the gene for
mBD-1 together with a schematic drawing of the gene, the cDNA, and the
predicted structure of the prepropeptide. The gene is represented schematically
with the following individual components: 5" untranslated region (5" UTR), open
box; signal sequence, shaded box; interrupted prosequence (PRO), black box;
mature peptide, shaded box; 3’ untranslated region (3’ UTR), open box.
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sin biology in rodents. Cryptins, which are expressed in the
Paneth cells of the small intestine, are the only defensins iden-
tified in the mouse (5, 13, 22, 23); notably, mouse neutrophils
lack defensins (6).

The aim of the present study was to evaluate defensin ac-
tivity in epithelia of the mouse. We isolated a murine B-defen-
sin, designated mouse B-defensin 1 (mBD-1), and analyzed
its gene structure, antimicrobial function, and expression
patterns.

MATERIALS AND METHODS

Cloning of mBD-1 ¢DNA and genomic sequence. The hBD-1 cDNA sequence
(10) was used to perform a BLAST search at the website of the National Center
for Biotechnology Information (NCBI; http://www.ncbi.nlm.nih.gov). A 444-bp
mouse cDNA expressed sequence tag submitted by Marra et al. (accession no.
AA065510) was found that showed 51% identity with hBD-1 at the amino acid
level, including the six B-defensin-specific cysteines. Reverse transcriptase (RT)-
PCR was used to clone the full-length cDNA sequence. Total RNA was isolated
from a C57BL/6 mouse kidney by using Trizol (Gibco BRL) and further purified
to poly(A)* RNA by using oligo(dT) columns (Qiagen). Poly(A)* RNA (ap-
proximately 100 ng) was reverse transcribed by using NotI-(dT)18 as the primer
(First-Strand cDNA Synthesis Kit; Pharmacia Biotech), and 10% of the reaction
product was used for a PCR. Primers specific to mBD-1 were designed as follows:
forward primer (m-def 1), 5'-CGAAGCTTCACATCCTCTCTGCACTCTG
G-3' (nucleotides 4 to 24 of the GenBank sequence plus nine nucleotides at the
5" end containing a restriction site for HindIII); reverse primer (m-def 2),

FIG. 3. Chromosomal FISH of an mBD-1 probe to normal metaphase chromosomes derived from mouse embryo fibroblast cells. Chromosome 8 shows a positive

green signal at its proximal portion (arrows), corresponding to band 8A4.
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FIG. 4. Results of antibacterial activity assays. (A to C) Antibacterial liquid broth coincubation assay. E. coli (A), S. aureus (B), and P. aeruginosa (C) were added
(10° to 10* CFU) to 50 pl of lysates from cells transfected with a vector containing the full-length cDNA of mBD-1 (empty circles) or with the vector alone (filled circles)
and analyzed for microbial killing. Each circle represents results from an individual transfection experiment. (D) Salt sensitivity of the antimicrobial activity of mBD-1.
Extracts from mBD-1-transfected cells were incubated with 5 X 10* CFU of E. coli D31 in 10 mM phosphate buffer (pH 7.4) and the indicated concentrations of NaCl.
After incubation at 37°C for 1 h, serial dilutions were plated and colonies were counted the following day.

5'-CGACTAGTCCAGGCAGATGTTCTGG-3' (nucleotides 433 to 444 of the
GenBank sequence plus eight nucleotides at the 5’ end containing a restric-
tion site for Spel). The PCR products were analyzed on a 1.5% agarose gel,
and a band of 440 bp was isolated and subcloned into Bluescript II SK™
(Stratagene).

Cloning of the g ic seq e. A mouse genomic library constructed in
vector FIX II (Stratagene) was screened by standard procedures (25) with a
probe generated by PCR using mBD-1 cDNA as the template and gene-specific
primers (forward, 5'-TTTCACATCCTCTCTGCACT-3' or 5'-TGCACTCTGG
ACCCTGGCT-3'; reverse, 5'-ACCTGGCTCCATCTGGGAGA-3" or 5'-CCA
TCTGGGAGAAAAGAAAACA-3'). Positive clones were purified, and geno-
mic DNA was isolated and subcloned into Bluescript II KS™. The genomic clones
were analyzed by partial sequencing and digestion with restriction endonucle-
ases.

Analysis of the chromosomal localization by fluorescence in situ hybridization
(FISH). Two gene-specific primers were used to amplify a sequence spanning a
region including parts of exon 1 and the intron. The PCR product was used as a
probe to screen a mouse genomic bacterial artificial chromosome library. The
DNA of positive clones was labeled with digoxigenin dUTP by nick translation
and hybridized to normal mouse metaphase chromosomes. The chromosome of
interest was identified by analysis of the 4’,6-diamidino-2-phenylindole dihydro-
chloride (DAPI) banding pattern and finally by cohybridization of the mBD-1-
specific probe with a probe specific for the telomeric region of chromosome 8
(GenomeSystems, Inc.).

Testing of antimicrobial activity. For testing of antibacterial activity, we used
lysates from cells transfected with the mBD-1 ¢cDNA in a transfection vector.
Staphylococcus aureus (clinical isolate provided by the Microbiology Laboratory,
University of Pennsylvania Health System), Escherichia coli D31 (30), and
Pseudomonas aeruginosa (clinical isolate provided by the Microbiology Labora-
tory, University of Pennsylvania Health System) were used as test organisms in
both diffusion assays and liquid broth assays. To obtain the cell lysates, human
SW 13 (ATCC CCL 105) adrenal adenocarcinoma cells grown in Dulbecco
modified Eagle medium with 2.5% fetal calf serum in the absence of antibiotics
were transfected with pcDNA3.1™ (Invitrogen) containing the full-length mBD-1
¢DNA by using calcium phosphate methods (Profection Mammalian Transfec-
tion Systems; Promega). As a control, we used cells transfected with the vector
containing no insert. Transfected cells and mock-transfected control cells were
harvested 48 h posttransfection, pelleted by centrifugation, resuspended in 500
wl of distilled water, and lysed by brief sonication.

Antibacterial liquid broth assays were performed as previously described for

a-defensins (27). Bacteria (5 X 10* CFU) grown in Luria-Bertani broth were
exposed at mid-log phase to 50 ul of the cell lysates for 2 h at 37°C. Cell viability
was measured by plating several dilutions and counting colonies the following
day. Antibacterial diffusion assays were performed as described by Lehrer et al.
(16), with some modifications. Bacteria were grown to mid-log phase in a solu-
tion of yeast extract (5 g/liter) and tryptone (10 g/liter) buffered with 10 mM
piperazine-N,N-bis(2-ethanesulfonic acid) (PIPES) at pH 7.5, and 5 X 10° CFU
were diluted in 10 ml of a solution additionally containing 1% agarose. After
being poured onto 150-mm-diameter plates and cooling, cell lysates (5 pl) were
pipetted into wells formed with a 4-mm cork corer and incubated at 30°C
overnight. To analyze the salt dependency of the activity of mBD-1 against E. coli
D31, NaCl was added to the agarose solution to obtain final NaCl concentrations
of 50, 100, 200, and 500 mM. The exact NaCl concentrations in the solutions were
measured by Na- or Cl-sensitive electrodes (Microelectrodes). The pH depen-
dency of mBD-1 activity was studied by adjusting the pH of the agarose solution
to 9.0 or 5.5 by adding NaOH or HCI. As a positive control of antibacterial
activity, 5 ul of magainin 1 (Magainin Pharmaceuticals, Inc.) at 1 mg/ml was
applied to agarose plates. Further, liquid broth assays were performed by
adding NaCl (final concentrations, 7, 50, 100, 200, and 500 mM) to the cell
lysates.

RNase protection assays. RNase protection assays were used to measure the
level of mBD-1 transcripts in lung tissue. Total RNA from lung-trachea, skeletal
muscle, and kidney tissues was isolated as described above. [*>P]dCTP-labeled
antisense riboprobes were prepared by in vitro transcription from the T7 RNA
polymerase promoters of linearized Bluescript KS II™ containing mBD-1 (304
bp) or B-actin cDNA (265 bp) (SP6/T7 Transcription Kit, Boehringer Mann-
heim). Hybridizations were performed in separate tubes by using 5 X 10° cpm of
either an hBD-1 or a B-actin probe and 20 pg of total RNA. RNA-RNA hybrids
were digested with RNases A and T to yield protected fragments of 261 and 237
bp for mBD-1 and B-actin, respectively (Lysate Ribonuclease Protection Kit;
Amersham). Results were visualized by running the reaction products on a
urea-polyacrylamide gel, followed by autoradiography.

RT-PCR. A nested RT-PCR was used to detect low levels of mBD-1 mRNA
in several tissues. Poly(A)* RNA was isolated from mouse trachea, lung, tongue,
esophagus, small bowel, large bowel, gall bladder, pancreas, skeletal muscle,
heart, fallopian tube, ovary, vagina, and brain tissues and reverse transcribed as
described above. The following primers were used in the first round of PCR:
forward primer (m-def 5), 5'-TGGACCCTGGCTGCCACCACTATG-3'; re-
verse primer (m-def 6), 5'-GCTCATTCTTCAAACTACTGTCAG-3'. The
products of this PCR were diluted 1:50 in distilled water, and an aliquot (2 pl)
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was used as the template for a nested PCR using the same reaction conditions as
for the first round with the following primers: forward primer (m-def 7), 5'-AT
GAAAACTCATTACTTTCTCCTGGTGATG-3'; reverse primer (m-def 8), 5'-
CAATCCATCGCTCGCCTTTATGCTC-3". The predicted size of the PCR
product was 252 bp. RT was omitted from the negative control, whereas an
RT-PCR with primers specific for mouse B-actin was used as a positive control.
The PCR products were analyzed on a 1.5% agarose gel.

In situ hybridization. Adult mouse nose, trachea, lung, kidney, liver, tongue,
and heart tissues were harvested from CO,-euthanized animals, embedded in
OCT (Tissue-TCK; Miles Inc.), and cryosectioned. Tissue sections 6 pm thick
were mounted on slides and fixed in 4% paraformaldehyde in phosphate-buff-
ered saline (pH 7.4) for 4 h at 4°C. Following dehydration through graded
concentrations of ethanol, sections were desiccated overnight under vacuum and
stored at —20°C. The following day, sections were treated with 10-pg/ml pro-
teinase K for 30 min at 30°C, rinsed twice in 0.2X SSC (1X SSC is 0.15 M NaCl
plus 0.015 sodium citrate) for 30 s each time, fixed in 4% paraformaldehyde in
phosphate-buffered saline, rinsed twice in 0.1 M triethanolamine (pH 8.0) for 4
min each time, incubated with 0.25% acetic anhydride in 0.1 M triethanolamine
for 10 min at room temperature, and dehydrated through ethanol. Following
drying under vacuum, prehybridization was performed for 4 h at 54°C in 10 mM
Tris (pH 8.0)-50% formamide-2.5X Denhardt’s solution-0.6 M NaCl-1 mM
EDTA-0.1% sodium dodecyl sulfate-500 wg of tRNA per ml-10 mM dithio-
threitol (DTT). RNase control sections were treated with 200 pg of RNase A per
ml for 1 h at 37°C before the prehybridization step. Sections were then hybridized
with 33S-labeled antisense or sense probes at 5 X 10° cpm/ml for 16 h at 54°C in
the prehybridization solution. Probes were synthesized by in vitro transcription
from the T7 or T3 RNA polymerase promoter of full-length mBD-1 ¢cDNA
cloned in Bluescript KS II™ (Promega In Vitro Transcription System). Following
prehybridization, slides were washed in 4X SSC for 20 min at room temperature,
treated with RNase (20 pg/ml) for 30 min at 37°C, and washed once with 2X
SSC-1 mM DTT at room temperature for 10 min and three times in 0.5X
SSC-1 mM DTT at 54°C. Slides were dehydrated with ethanol and air dried
before dipping in photoemulsion (Kodak). Slides were developed and ana-
lyzed by bright- and dark-field microscopy using a Microphot-FXA Nikon
microscope.

RESULTS

Cloning of the cDNA and genomic sequence for mBD-1 and
localization of the mBD-1 gene. An expressed sequence tag
homologous to the cDNA sequence of hBD-1 was obtained by
performing a BLAST search at the NCBI website (Fig. 1A).
This cDNA clone showed 62% nucleotide identity with the
c¢DNA of hBD-1; the encoded peptide was 51% identical to the
hBD-1 peptide. The murine clone was called mBD-1. The
predicted peptide of mBD-1 showed the presence of the B-de-
fensin-specific conserved amino acids, including the typical
array of six cysteines (Fig. 1B). A cDNA clone for mBD-1 was
isolated from kidney RNA by RT-PCR. A single product of the
predicted size (440 bp) was obtained and cloned into Blue-
script II SK™. The insert was sequenced and found to be
identical to the database clone (Fig. 1A). The mBD-1 cDNA
sequence consists of a 204-bp open reading frame encoding a
peptide of 68 amino acids with a putative prepro sequence
(Fig. 1A and B).

A mouse genomic library was screened with PCR-amplified
sequences, and several positive clones were isolated and fur-
ther analyzed by hybridization with radiolabeled probes corre-
sponding to the 5" and 3’ regions of the mBD-1 cDNA. Two
clones contained the total sequence found in the cDNA. A
restriction map of the mBD-1 gene is shown in Fig. 2. Com-
parison of the mBD-1 ¢cDNA and the corresponding genomic
clones indicated that the mBD-1 gene contains two exons sep-
arated by a 15-kb intron. A TATA box is located in the 5’
flanking region, and a polyadenylation signal is localized at
position 309 of the cDNA. The exon-intron splice site se-
quences conform to the consensus rule (20) (data not shown).
A sequence comparison analysis using a BLAST search at the
NCBI identified no additional B-defensin-related mouse or
human sequences, although a ¢cDNA clone (accession no.
X89820) obtained from a rat was found to be 94% identical to
the mBD-1 cDNA.
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FIG. 5. Analysis of mBD-1 expression by RNase protection analysis and
RT-PCR (A) Measurement of mBD-1 expression by RNase protection analysis.
Total RNA from the kidney (k), skeletal muscle (m), and whole lung (i.e., lung
and trachea) (I) was investigated. Hybridization to a labeled riboprobe against
B-actin (a) and mBD-1 (d) transcripts was performed a separate tube. (B)
Detection of mBD-1 expression in various mouse tissues by nested RT-PCR.
Poly(A)" RNA was isolated from mouse tissues and reverse transcribed, and the
cDNAs were amplified by using two pairs of mBD-1-specific primers. A single
250-bp band was amplified by using gene-specific primers. As a control, B-actin
c¢DNA was amplified by using specific primers. Lanes: 1, trachea, 2, lung (lung
parenchyma without cartilaginous airways); 3, tongue; 4, esophagus; 5, small
bowel; 6, large bowel; 7, gall bladder; 8, pancreas; 9, skeletal muscle; 10, heart;
11, fallopian tube; 12, ovary; 13, vagina; 14, brain.

A bacterial artificial chromosome clone containing the
mBD-1-encoding gene was labeled and used as a probe to
localize the gene for mBD-1 by FISH analysis (GenomeSys-
tems, Inc.). Initial experiments resulted in specific labeling of
the proximal region of a medium-sized chromosome which was
believed to be chromosome 8 on the basis of banding patterns.
Further experiments using cohybridization of the mBD-1
probe with a probe specific for the telomeric region of chro-
mosome 8 confirmed these results. Measurements of 10 meta-
phase chromosomes localized the mBD-1-specific hybridiza-
tion signal to the proximal region of chromosome 8, an area
that corresponds to band 8A4 (Fig. 3).

Analysis of antimicrobial activity. To test whether the
cloned cDNA codes for an antimicrobial peptide, lysates from
cells transfected with the mBD-1 cDNA were used in different
assays and found to be active against all of the bacteria used, as
well as in the diffusion assay (data not shown) and the liquid
broth assay (Fig. 4A to C). Lysates from cells transfected with
an empty vector failed to demonstrate killing activity, support-
ing the specificity of the assay (Fig. 4A to C). These results
indicate that mBD-1 has antimicrobial activities against both
gram-positive and gram-negative bacteria. Further, this activity
is substantially diminished at high concentrations of NaCl (Fig.
4D) and at an acidic pH (data not shown).

Expression of mBD-1 in mouse tissues. RNA from various
tissues was also evaluated for mBD-1 transcripts by RNase
protection analysis. This sensitive assay detected mBD-1
mRNA from an extract of the whole lung (i.e., the lung and
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FIG. 6. Detection of transcripts encoding mBD-1 in the mouse respiratory tract. Antisense and sense probes were used to detect the tissue distribution of mBD-1
expression. Representative sections in dark and bright fields (DF and BF, respectively) from the nose (A to D), trachea (E to H), large bronchioles (I to L), and terminal
bronchioles and lung parenchyma (M to P) are shown. Bars: A to D, 0.7 mm; E to P, 270 pm.

trachea) but at much lower levels than in the kidney. This assay
failed to detect mBD-1 RNA in many other tissues, such as
muscle (Fig. SA). A B-actin probe was used as an internal control.
An RT-PCR using mRNA obtained from several mouse
tissues was performed to evaluate low-level expression of
mBD-1. Tongue, esophagus, fallopian tube, ovary, and vagina
tissues showed expression of mBD-1, as did tracheal and, to a
lesser extent, distal lung tissues (i.e., no cartilaginous airway
tissue) (Fig. 5B). B-Actin was again used as a positive control. No
bands were detected when RT was omitted (data not shown).
The tissue distribution of mBD-1 was analyzed at the cellu-
lar level by in situ hybridization. mBD-1 transcripts were de-
tected in the epithelia of the nose (Fig. 6A and B), the large
cartilaginous airways (Fig. 6E and F), and the larger bronchi-
oles (Fig. 61 and J) when tissue sections were hybridized to
the antisense probe. Hybridization signal appeared diffusely
throughout virtually all of the surface epithelial cells of the

conducting airway. The signal was substantially reduced or
absent in the small bronchioles or lung parenchyma (Fig. 6M
and N). Positive results were also seen in the distal tubules and
collecting ducts of the kidney (Fig. 7A and B) and the epithe-
lium covering the tongue (Fig. 7E and F) and as a diffuse signal
in the liver (Fig. 7I-J). No signal over the background was
detected in the heart muscle (Fig. 7M and N). Hybridization
with sense mBD-1 riboprobes (Fig. 6 and 7) or digestion of the
tissue with RNase before hybridization to the antisense probe
(data not shown) resulted in no detectable signal, confirming
the sensitivity of the assay.

DISCUSSION

In the present report, we describe the isolation of a mouse
c¢DNA with homology to hBD-1 whose expressed peptide in
transfected cells has antimicrobial activity against various
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FIG. 7. Detection of transcripts encoding mBD-1 in extrapulmonary organs. Antisense and sense probes were used to detect the tissue distribution of mBD-1
expression. Representative sections in dark and bright fields (DF and BF, respectively) from the kidney (A to D), tongue (E to H), liver (I to L), and heart muscle (M

to P) are shown. Bars: A to H, 0.7 mm; I to L, 270 um; M to P, 130 pm.

gram-positive and gram-negative organisms. We have named
this antimicrobial peptide mBD-1.

The cDNA sequence was found during a BLAST search
using the nucleotide sequence of hBD-1. Whereas the similar-
ity of mBD-1 to hBD-1 is only 62% on the nucleotide level and
51% on the amino acid level, the amino acid sequence of the
putative mBD-1 prepropeptide revealed the structural hall-
marks of B-defensins. The amino-terminal prepro portion of
the peptide contains several hydrophobic residues which are
characteristic of B-defensins and are found in other B-defensin
family members expressed on mucosal surfaces, such as the
tracheal antimicrobial peptide (TAP) (2, 4), the lingual anti-
microbial peptide (LAP) (26), or hBD-1 (1, 10). The putative
mature peptide contains six cysteine residues spaced in a typ-
ical array and other conserved amino acids that may have
important roles in determining the conformation and function
of B-defensins, such as G10, P18, G25, and T26 (33). Several

characteristic charged residues are present in the putative ma-
ture peptide.

Analysis of the mBD-1 gene revealed the presence of two
exons surrounding a 15-kb intron. The structure of the mBD-1
gene is identical to those of other B-defensins, such as LAP (2)
or hBD-1 (17), each of which contains two exons. The first
exon contains the prepeptide and part of the propeptide,
whereas the mature peptide and the remaining part of the
propeptide are encoded by the second exon. These data indi-
cate an evolutionary conservation of the members of the 3-de-
fensin group. Analysis of the cDNA and genomic clones of
mBD-1 revealed the presence of typical regulatory elements,
such as a TATA box and a polyadenylation signal; however, no
binding sites for transcription factors that are involved in the
inflammatory response could be found. This differs from the 5’
region of the TAP-encoding gene, which contains an NF-«kB
site upstream of the transcriptional start site (26). Expression
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of other mucosal B-defensins, such as LAP or TAP, is upregu-
lated by inflammatory mediators and bacterial components (2,
3, 24, 26). Similar studies of mBD-1 are under way to evaluate
the potential role of regulation in its biology in vivo.

The chromosomal localization of mBD-1 was analyzed by
FISH and mapped to the proximal region of chromosome 8, an
area which also contains the Defcr locus, where genes for
mouse a-defensins are found (21). Further, this area is homol-
ogous to human chromosome 8p23, where human «- and B-de-
fensins are located (17). These results indicate not only a close
relationship of mBD-1 and cryptdins but, further, make evo-
lutionary conservation of the a- and B-defensin groups likely.
Thus, development of these two groups of antimicrobial pep-
tides may have taken place during the development of mam-
malia before rodents and primates separated.

To further prove that the cloned cDNA sequence encodes
an antimicrobial peptide, the activity of the expressed pep-
tide against different bacteria was analyzed. Lysates of cells
transfected with the mBD-1 cDNA revealed activity against
gram-negative and gram-positive bacteria. Further, this ac-
tivity was lost at high concentrations of salt and at an acidic
pH. These antimicrobial activities are characteristic of de-
fensins and are also shared by other known B-defensins (2,
4, 10, 26).

To compare the expression patterns of mBD-1 with those of
other known epithelial B-defensins, an RNase protection assay,
RT-PCR, and in situ hybridization were performed. Our data
presented here indicate that mBD-1 is expressed in a pattern
similar to that of hBD-1; the site of the most abundant expres-
sion is the distal collecting ducts of the kidney and other
urogenital organs. This suggests that mBD-1 plays a role in
preventing ascending infections such as pyelonephritis in the
kidney and pelvic inflammatory disease in the female repro-
ductive tract. Expression of mBD-1 is also found throughout
the surface epithelia of the conducting airways. There appears
to be a gradient of mBD-1 expression throughout the conduct-
ing airways, with the highest expression noted in proximal
structures. This differs from hBD-1, which is expressed more
uniformly throughout the conducting airways (10, 19). High
expression of mBD-1 at sites within the oropharynx (e.g., the
tongue) may also contribute to innate immunity in the lung by
providing proximal defense against inhaled and aspirated or-
ganisms. The expression pattern of mBD-1 in airways is of
specific importance in light of recent findings that implicate a
salt-dependent defect of hBD-1 in the pathogenesis of CF (10,
29). This model specifically suggests that an elevated concen-
tration of NaCl in the airway surface fluid of CF patients
inactivates the antimicrobial activity of defensin and/or other
antimicrobial molecules, possibly resulting in bacterial coloni-
zation and infection.

In summary, mBD-1 is a murine B-defensin diffusely ex-
pressed through the epithelia of multiple organs. It likely
plays an important role in innate immunity at multiple mu-
cosal sites.
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