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Expression of B-defensin 1 and 2 mRNA by human monocytes, macrophages
and dendritic cells
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SUMMARY

Human B-defensins are broad-spectrum antimicrobial peptides known to be produced by
epithelial cells. It was recently shown that -defensins also display chemotactic activity for
dendritic cells (DC) and T cells, and thus may serve to link innate and adaptive immunity.
The aim of the present study was to explore expression of mRNA for these peptides in
mononuclear phagocytes and DC. The results revealed that monocytes, monocyte-derived-
macrophages (MDM), and monocyte-derived-dendritic cells (DC) all express human-
B-defensin-1 (hBD-1) mRNA. hBD-1 mRNA expression by monocytes and MDM was
increased after activation with interferon-y (IFN-y) and/or lipopolysaccharide (LPS) in a
dose- and time-dependent fashion. Alveolar macrophages showed an intense hBD-1
expression, which could not be further increased. Expression of hBD-1 mRNA by immature
DC was low, and increased considerably after maturation. Monocytes, MDM, alveolar
macrophages and DC showed a limited expression of human B-defensin-2 (hBD-2) mRNA,
which could only be increased in monocytes and alveolar macrophages by IFN-y and/or LPS
in a dose- and time-dependent fashion. Immunocytochemical stainings demonstrated the
expression of hBD-2 peptide by freshly isolated blood monocytes and alveolar macrophages

in cytospin preparations.

INTRODUCTION

Defensins are small, 3-4000 MW, cationic antimicrobial
peptides synthezised by plants, insects, birds and a variety
of mammals."? Based on their structural characteristics
human defensins can be divided into two groups,
o-defensins and P-defensins, which differ primarily in
localization of cysteine residues and their participation in
three disulphide linkages. Defensins display antimicrobial
activity against a variety of microorganisms, such as
bacteria, fungi and enveloped viruses.> Six a-defensins
and three B-defensins have been described in humans.
Among the a-defensins, human neutrophil peptide (HNP)-1
to -4 are stored in the azurophilic granules of neutrophils®
whereas human defensins (HD)-5 and -6 are expressed by
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specialized epithelial cells of the intestines, i.e. the Paneth
cells.”® Human B-defensin-1 (hBD-1), which was originally
isolated from the hemophiltrate of patients with end-stage
renal disease’ is constitutively expressed by epithelial cells
from the kidneys, pancreas, female urogenital tract and
the airways.!®!! Human B-defensin-2 (hBD-2) and human
B-defensin-3 (hBD-3) were originally purified from psoriatic
scales.'*!® hBD-2 and hBD-3 mRNA both are expressed by
keratinocytes and airway epithelial cells upon stimula-
tion with tumour necrosis factor-oo (TNF-a), bacteria or
fungi.!> 13

B-Defensins are not only involved in antimicrobial
activity, but have recently been described to display also
chemotactic activity towards immature dendritic cells (DC)
and T-cells.'® o-Defensins may serve to link innate and
adaptive immunity'” by displaying chemotactic activity for
monocytes, T-cells and immature DC'*?° inducing the
production of cytokines by epithelial cells® and enhancing
systemic immunoglobulin G (IgG) antibody responses.”
The pleiotropic functions of a-defensins include cytotoxic
activities against various eukaryotic cell types cells>*** and
a possible role in wound repair.>> On the basis of the
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structural homology between o- and [-defensins, it is
likely that future studies will reveal similar activities for
B-defensins.

In addition to their wide-spread expression by epithelial
cells, B-defensins have also been reported to be expressed
by murine, bovine and porcine alveolar macrophages.?® ¢
Until now, few data have been reported on B-defensin
expression in the precursors of the alveolar macrophages,
i.e. monocytes and bone marrow mononuclear phago-
cytes.?? Porcine monocytes do not express B-defensins®’
whereas B-defensin mRNA expression has been reported
in bovine bone marrow cells.*® We recently described the
expression of B-defensin-1 mRNA in chimpanzee alveolar
macrophages.>' In the course of our study on p-defensin
expression in chimpanzee macrophages, expression of
hBD-1 mRNA in human alveolar macrophages was noted.>!
Because p-defensins may play an important role in the
interface between the innate and adaptive immune systems,
we investigated in the present study the expression of hBD-1
and hBD-2 mRNA by blood monocytes, macrophages
and (immature) DC.

MATERIALS AND METHODS

Alveolar macrophages

Human alveolar macrophages were isolated from the
bronchoalveolar lavage (BAL) fluid from patients under-
going investigative bronchoscopy for diagnostic reasons,
after informed consent. Briefly, between 100 and 150 ml of
prewarmed phosphate-buffered saline (PBS) were used for
lavage and 80—100 ml of fluid were recovered. Lavage fluids
were collected, centrifuged, and the cells were washed with
PBS. For in situ hybridization and immunocytochemistry
studies cytospin preparations were made and the cells were
fixed for 15 min with 4% formaldehyde/5% acetic acid or
10 min with 4% formaldehyde/PBS, respectively, washed
with PBS and stored in 70% ethanol.

For analysis of the expression of mRNA by reverse
transcriptase—polymerase chain reaction (RT-PCR) ap-
proximately 2 x 10® freshly isolated alveolar macrophages
were cultured per 962 mm? dish of a six-well plate (Costar,
Cambridge, MA) in Dulbecco’s modified Eagle’s minimal
essential medium (DMEM; Gibco, Grand Island, NY)
supplemented with 10% (v/v) human AB serum, 2 mm
L-glutamine, 100 U/ml penicillin G and 50 mg/ml strepto-
mycin, at 37° in a humidified atmosphere containing 5%
CO,. After 2 hr, the non-adherent cells were removed by
washing with prewarmed PBS and the adherent cells were
used in further studies.

Blood monocytes

Peripheral blood mononuclear cells (PBMC) were isolated
from buffy coats from the blood of healthy donors by Ficoll
amidotrizoate density centrifugation. For analysis of the
mRNA expression by RT-PCR approximately 5 x 10°
PBMC were cultured in a 962-mm? dish of a six-well plate
in DMEM containing 10% (v/v) human AB serum. After
2 hr of incubation at 37°, the non-adherent cells were
removed by washing with PBS. The adherent cells, further

referred to as monocytes, typically express the CD14 surface
marker, as assessed by fluorescence-activated cell sorting
(FACS) analysis.*?

Monocyte-derived macrophages (MDM )

MDM were obtained by culturing monocytes for 6 days in
DMEM supplemented with 10% (v/v) human AB serum,
2 mm L-glutamine, 100 U/ml penicillin G and 50 pg/ml
streptomycin. These cells were typically CD14 negative and
CD68 positive, as assessed by FACS analysis.

Activation of mononuclear phagocytes

Monocytes, MDM and alveolar macrophages were cultured
with different concentrations of Escherichia coli lipo-
polysaccharide O111:B4 (LPS; Difco Laboratories, Detroit,
MI) and/or recombinant human interferon-y (IFN-vy; spec.
act. 1 U=50 pg; kind gift from Dr P.H. van de Meide,
Biomedical Primate Research Centre, Rijswijk, the Nether-
lands) at 37° for various intervals. Next, cells were washed
three times and then used for further studies. Compared
to resident macrophages, both activated monocytes and
macrophages expressed high levels of class II antigens, as
assessed by FACS analysis.*

Monocyte-derived DC

DC were obtained after culturing human monocytes as
described.®* In short, a monocyte-enriched fraction was
obtained from the PBMC by a Percoll gradient centrifu-
gation (Pharmacia, Uppsaala, Sweden). Approximately
3% 10° monocytes were cultured in a 962-mm? dish of a
six-well plate in DMEM. After 2 hr of incubation the cells
were washed to remove the nonadherent cells. The adherent
cells (>90% monocytes) were cultured for 6 days in DMEM
supplemented with 10% (v/v) heat-inactivated fetal calf
serum (FCSi, Gibco), with 2 mm of r-glutamine, 100 U/ml
penicillin G and 50 pg/ml streptomycin, 10 ng/ml recombi-
nant human granulocyte-macrophage colony-stimulating
factor (GM-CSF) (Leucomax, Sandoz Pharma b.v., Uden,
the Netherlands) and 10 ng/ml recombinant human inter-
leukin-4 (IL-4; PeproTech, Rocky Hill, NJ). These cells,
further referred to as immature DC (iDC), were CD14
negative and CD1a positive, as measured by FACS analysis.
Culturing for an additional 4 or 20 hr in the presence of
50 ng/ml E. coli LPS and 100 U/ml IFN-y matured the
iDC into DC type I, whereas additional culturing for 4 or
20 hr with LPS and 01 um of prostaglandin E, (PGE,)
(Sigma Chem, St. Louis, MO) matured the cells into DC
type I1.3° Both types of mature DC’s were typically CD14
negative, CD54 and CDS83 positive, as assessed by FACS
analysis.*®

Probes and labelling

The hBD-1 ¢cDNA cloned into pCR-Script™ SK + vector
and hBD-2 cDNA cloned into pUAG vector were
generous gifts from Dr T. Ganz (UCLA School of
Medicine, Department of Medicine, Los Angeles, CA)"!
and Dr J. Schroder (University of Kiel, Department of
Dermatology, Kiel, Germany), respectively. The specific
copy RNA antisense and sense probes were labelled with
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digoxigenin following the manufacturer’s instructions

(Boehringer, Mannheim, Germany).

In situ hybridization on single cells (ISH)
Expression of mRNA for hBD-1 and hBD-2 by freshly
isolated alveolar macrophages in cytospin preparations was
demonstrated by ISH, essentially as described.*® Cells were
incubated with 0-1% (w/v) pepsin-A (Sigma) (pH 2-0) for
3 min at 37°, washed with PBS, followed by fixation with
4% formaldehyde in PBS at room temperature, and finally
washed again with PBS. The slides were dehydrated through
a series of 70, 90 and 100% ethanol and air dried. Cells were
hybridized with 15 ng of digoxigenin-labelled probe in
a mixture of 60% formamide, 2 x standard saline citrate
(SSC), 35 mm of sodium phosphate, 0-25 mm of ethylene-
diaminetetraacetic acid (EDTA), 50 mg/ml yeast RNA,
and 5% (w/v) dextran sulphate, final pH 7-0, under a glass
coverslip. Probe and target RNA were simultaneously
denaturated by placing the slides for 1-5 min on an 80°
hotplate. Hybridization was performed in a sealed humidi-
fied container for 16 hr at 60° for hBD-1 and 42° for hBD-2.
After hybridization the slides were washed with 2 x SSC
with 50% formamide (twice for 15 min) at 42° or 37°,
followed by 2 x SSC for 10 min at 42° or 37°.
Digoxigenin was visualized with alkaline phosphatase-
conjugated mouse anti-digoxigenin (Dako, Glostrup,
Denmark), followed by alkaline phosphatase—conjugated
anti-alkaline phosphatase (APAAP; Dako) and stained
with nitroblue-tetrazolium/bicholyl-indolyl-phosphate
(NBT/BCIP, Boehringer). All antibodies were diluted
in 0-5% (w/v) blocking reagent (Boehringer) in 0-1 m of
Tris—HCI (pH 7-4)/0-15 M NaCl/0-05% Tween-20 (TBST) to
block the non-specific binding sites.

ISH on lung tissue (ISH)

ISH for hBD-1 and hBD-2 mRNA was performed on 3-um
thin sections of paraffin-embedded lung tissue, which was
obtained from patients, who underwent a lobectomy or
pneumectomy for lung cancer. The ISH was performed
essentially as described.”” After deparaffination the sections
were incubated with 0-2 N HCI for 20 min, followed by
5 mm of MgCl,/PBS twice for 10 min, and then with 0-3%
(v/v) Triton-X-100 in PBS, all at room temperature. Cells
were treated with 5 pug/ml proteinase K (Boehringer) for
15 min at 37°, followed by 0-2% glycine in PBS at room
temperature for 10 min and washing with PBS. Cells were
fixted with 4% formaldehyde in PBS, washed with PBS,
and treated with 10 mm of dithiothreitol (DTT) in PBS
for 10 min at 45°, followed by washing with PBS and
2x SSC. The sections were incubated with 50 ng of
digoxigenin-labelled probe in a mixture of 50% formamide,
1 x Denhardt’s solution, 1 mg/ml tRNA (Pharmacia), 10%
dextran sulphate, 10 mm of DTT, 0-2 mg/ml herring sperm
DNA and 4 x SSC. Hybridization was performed in a
sealed humidified container for 16 hr at 42°. After hybrid-
ization, the slides were washed with 2x SSC with 50%
formamide at 37°, then in 0-1 x SSC with 20 mm of
-mercaptoethanol at 42°, and finally treated with 2 U/ml
RNAse T1 (Boehringer) in 2 x SSC with 1 mm of EDTA
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at 37°. Digoxigenin was visualized as described before.
All antibodies were diluted in 1% (w/v) blocking
reagent (Boehringer) and 2% normal rabbit serum in
0-15m of NaCl/0-1 m of maleic acid (pH 7-5) (NM).
In between two incubation steps, slides were washed
with NM.

Immunocytochemistry

Expression of hBD-2 peptide by freshly isolated alveolar
macrophages and monocytes in cytospin preparations
was demonstrated by immunocytochemistry. Cells in
cytospin preparations were fixed with 1% (w/v) para-
formaldehyde for 30 min at room temperature. Next,
endogenous peroxidase in the cells was inactivated with
0-3% (v/v) hydrogen peroxide in methanol, non-specific
binding sites were blocked for 1 hr with 1% (w/v) bovine
serum albumin in PBS prior to incubation with 1:4000
diluted rabbit polyclonal antibody against hBD-2
(Peptide Institute inc, Osaka, Japan) for 16 hr. Expression
of hBD-2 by cells was visualized using a secondary biotin-
conjugated antibody (Dako) and a tertiary complex of
streptavidin-peroxidase (Dako) and Vector NovaRed
(Vector Laboratories, Burlingame, CA) for substrate. In
between two steps, slides were washed three times with PBS
supplemented with 0-1% (v/v) Tween-20. Monocytes and
alveolar macrophages in these heterogeneous cell prep-
arations were identified on the basis of morphological
characteristics.>>*> Control experiments included incuba-
tion with normal rabbit serum or no antibody (PBS
control). In addition, the specificity of the anti-hBD-2
antibody was also demonstrated by preincubation of the
antibody with an excess of recombinant hBD-2 (Peprotech,
Rocky Hill, NJ).

Reverse transcriptase—polymerase chain reaction (RT-PCR)
Total RNA was extracted from the various cell types
using TRIzol™ Reagent (Gibco). One ug of RNA was
reverse transcribed in a 20-ul reaction volume using 100
units of Moloney murine leukemia virus reverse tran-
scriptase (Gibco) in the presence of 0-5 um of oligo(dT)18,
10 mm of DTT, dinitrophenols (dNTPs; 10 mm each) and
20 units of RNAsin® ribonuclease inhibitor (Promega,
Madison, WI), for 1 hr at 37°. Next, cDNA was subjected
to PCR amplification in a final reaction volume of 50 ul,
containing 10 mm of dNTPs, 0-2 um of sense and antisense
primer, and 0-8 units of Amplitaq DNA polymerase
(Perkin Elmer, Branchburg, NJ). A master mix was
made to apply an equal amount of cDNA in each
reaction. One, 0-2 or 0-1 ul of cDNA was subjected to
PCR reaction using primers for reduced glyceraldehyde-3-
phosphate dehydrogenase (GAPDH) in order to obtain
equal amounts of cDNA. Primers to amplify hBD-1, hBD-2
or GAPDH are described in Table 1. The PCR comprised
of one denaturation cycle of 5 min at 95°, 30-35 reaction
cycles of 1 min at 95°, followed by 1 min at 55° and 1 min
at 72°, and finally an extension cycle of 10 min at 72°.
The amplified products were analyzed on a 2% (w/v) agarose
gel (Promega) and visualized with ethidium bromide
staining.
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Table 1. PCR primers used in this study

Peptide Primer sequence Product bp Cycles Reference
hBD-1 5-TGAGTGTTGCCTGCCAGT-3’ 249 35 10
hBD-1 S TCTTCTGGTCACTCCCAG-3'

hBD-2 5'-CATCAGCCATGAGGGTCT-3’ 102 35 12
hBD-2 5-AGGCAGGTAACAGGATCG-3'

GAPDH 5'-CATCACCATCTTCCAGGAGC-3’ 403 30 48
GAPDH 5-GGATGATGTTCTGGAGAGCC-3’

Figure 1. hBD-1 and hBD-2 mRNA expression by alveolar
macrophages. BAL cells were hybridized with digoxigenin-labelled
hBD-1 or hBD-2 antisense (a and b) and sense (¢ and d) riboprobe.
Alveolar macrophages express hBD-1 (a) and hBD-2 (b) mRNA.
The hBD-1 (c¢) and hBD-2 (d) sense probes did not show any
staining. Data are representative for four different donors.
Magnification 3000 x .

RESULTS

Expression of mRNA for p-defensins by alveolar
macrophages and blood monocytes in situ

We used ISH to demonstrate that human alveolar cells
express hBD-1 and hBD-2 mRNA. The results revealed
that freshly isolated alveolar macrophages show an
intense staining for hBD-1 and hBD-2 mRNA (Fig. 1a,b).
Cytocentrifuge preparations of alveolar macrophages
exposed to sense probes showed no staining (Fig. lc,d).
Because monocytes are the precursors of alveolar macro-
phages®® we considered the possibility that monocytes
also express hBD-1 and hBD-2 mRNA. The results revealed
that blood monocytes show a marked staining for hBD-1
and hBD-2 mRNA (data not shown). In agreement,
alveolar macrophages in lung tissue sections clearly express
mRNA for hBD-1 and hBD-2 (Fig. 2a.b). In lung tissue
sections hBD-1 and hBD-2 mRNA was also expressed

. %
=

Figure 2. hBD-1 and hBD-2 mRNA expression in lung tissue.
Lung tissue sections were hybridized with digoxigenin-labelled
hBD-1 and hBD-2 riboprobes. Alveolar macrophages (1) stain
strongly positive for hBD-1 (a) and hBD-2 (b) mRNA in lung
tissue. Also bronchiolar epithelial cells, pneumocytes type 2 and
endothelial cells stain positive for B-defensin mRNA. L, lumen
of bronchiolus; A, alveoli; V, bloodvessel. Hybridization with the
sense probe for hBD-1 (c) and hBD-2 (d) mRNA did not show any
staining. Data are representative for four different donors.
Magnification 50 x .

by bronchiolar epithelial cells, pneumocytes type II and
endothelial cells (Fig. 2a,b).

Expression of hBD-2 peptide by alveolar macrophages and
monocytes

Because mRNA may not always be translated to protein,
we also investigated whether alveolar macrophages and
monocytes express hBD-2 peptide by performing an
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Figure 3. Expression of hBD-2 peptide in alveolar macrophages
and monocytes. BAL cells (a and c) and freshly isolated monocytes
(b and d) were incubated with anti-hBD-2 antibody (a and b) or
with normal rabbit serum (¢ and d). Both alveolar macrophages
and blood monocytes express hBD-2 peptide, whereas incubation
with normal rabbit serum did not reveal any staining. Data are
representative for three different donors. Magnification 3000 x .

immunocytochemical staining for peptide hBD-2 in BAL
cells and freshly isolated monocytes. The results revealed
that both alveolar macrophages (Fig. 3a) and blood
monocytes (Fig. 3b) express hBD-2 peptide, whereas
granulocytes did not (data not shown). Incubation with
normal rabbit serum did not show any staining (Fig. 3c,d).
Preincubation of the anti-hBD-2 antibody preparation
with hBD-2 peptide, markedly reduced the positive signal
of alveolar macrophages and monocytes (data not shown),
thus confirming the specificity of the staining.

Changes in expression of hBD-1 and hBD-2 mRNA by
monocytes and monocyte-derived macrophages upon
activation with IFN-y and/or LPS

Expression of hBD-1 mRNA in monocytes and MDM was
very moderate or absent and it varied among different
donors.®3° The hBD-1 mRNA expression was increased
upon activation of the mononuclear phagocytes with LPS or
IFN-y for 18 hr (Figs 4a and 5a). No further increase was
found with respect to the expression of mRNA for hBD-1
by monocytes and MDM exposed to a combination of LPS
with IFN-y (Figs 4a and 5a). The increase in expression of
hBD-1 mRNA was already seen after 2 hr of culture with
the combination of 50 ng/ml LPS and 100 U/ml IFN-y
(Figs 4b and 5b).

We found no or very moderate expression of hBD-2
mRNA in non-activated monocytes (Fig. 4a). This expres-
sion of hBD-2 mRNA was also variable among different
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Figure 4. Expression of hBD-1 and hBD-2 mRNA by monocytes.
(a) mRNA expression of hBD-1, hBD-2 and GAPDH shown by
RT-PCR of monocytes cultured for 18 hr with various concentra-
tions of LPS or IFN-y. Top panel: hBD-1 expression. Middle panel:
hBD-2 expression. Bottom panel: GAPDH expression. Data are
representative of three separate experiments using cells from three
different donors. (b) Monocytes cultured with 100 ng/ml LPS and
50 U/ml IFN-y for different time periods. Top panel: hBD-1
expression. Middle panel: hBD-2 expression. Bottom panel:
GAPDH expression. Data are representative of three separate
experiments using cells from three different donors.

donors. Activation for 18 hr, but not for 2 or 4 hr, with
LPS, IFN-y or a combination of LPS with IFN-y resulted in
an increased expression of hBD-2 mRNA (Fig. 4a.b).
MDM showed no or very moderate expression of hBD-2
mRNA, which could not be increased upon activation with
LPS and/or IFN-y (data not shown).

Changes in expression of hBD-1 and hBD-2 mRNA during
differentiation of monocytes into macrophages

Because MDM show very little hBD-2 mRNA expression,
as demonstrated by RT-PCR, whereas alveolar macro-
phages express hBD-2 mRNA, as demonstrated by ISH, we
considered the possibility that B-defensin expression is
differentially regulated during maturation. Therefore, we
examined the B-defensin mRNA expression during differ-
entiation of monocytes into MDM and compared the
results with those for alveolar macrophages. Based on
the results of our experiments the various mononuclear
phagocytes were activated with 50 ng/ml LPS and 100 U/ml
IFN-y for 18 hr. Cells in a differentiation phase between
monocytes and MDM were obtained by culturing purified
monocytes for 1 or 2 days followed by an activation period
of 18 hr with LPS and IFN-y.
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Figure 5. Expression of hBD-1 mRNA by MDM. (a) mRNA
expression of hBD-1 and GAPDH shown by RT-PCR of MDM
cultured for 18 hr with different concentrations of LPS or IFN-y.
Top panel: hBD-1 expression. Bottom panel: GAPDH expression.
Data are representative of two separate experiments using cells
from two different donors. (b) MDM cultured with 100 ng/ml LPS
and 50 U/ml IFN-y for different time periods. Top panel: hBD-1
expression. Bottom panel: GAPDH expression. Data are repre-
sentative of three separate experiments using cells from three
different donors.

The results revealed that the hBD-1 mRNA expression
pattern did not change markedly during differentiation
from monocytes into MDM. Expression of hBD-1 mRNA
by these cells was very moderate or absent, which could be
increased after activation with LPS and/or IFN-y (Fig. 6).
The expression pattern for hBD-1 mRNA in alveolar
macrophages differed from that in monocytes and MDM.
Expression in alveolar macrophages is high, as shown by
ISH (Figs 1 and 2), and could not be further increased
in vitro by LPS and IFN-y (Fig. 6). Furthermore, hBD-2
mRNA expression was very moderate in the various
mononuclear phagocytes, but was clearly increased in
monocytes and alveolar macrophages, but not MDM,
upon activation with LPS and IFN-y for 18 hr (Fig. 6).

Since the expression of human f-defensin mRNA
expression was studied in cultured mononuclear phago-
cytes obtained by adherence, we investigated the effect of
adherence for 2 hr and subsequent culture on the expres-
sion of B-defensins by alveolar macrophages. RNA was
extracted from alveolar macrophages immediately after
harvesting the cells by BAL, after 2 hr of adherence, or
after 18 hr of culture in the absence or presence of LPS
and IFN-y. The results revealed that freshly isolated
macrophages intensely express hBD-1 mRNA and this
signal was decreased in 2 hr of adherence in two of four
experiments, whereas in two other experiments no loss of
mRNA expression was observed (data not shown). After
18 hr of culture we found a marked hBD-1 mRNA

Cell type: mo mo1 mo2 MDM
LPS+IFN-y:

alv mé

hBD1

hBD2

GAPDH

Figure 6. Expression of hBD-1 and hBD-2 mRNA during differ-
entiation from monocyte into macrophage. mRNA expression of
hBD-1, hBD-2 and GAPDH shown by RT-PCR of monocytes
(mo), monocytes cultured for one (mol) or two (mo2) days, MDM
and alveolar macrophages (alv mo) all unactivated or activated for
18 hr with 100 ng/ml LPS and 50 U/ml IFN-y. Top panel: hBD-1
expression. Middle panel: hBD-2 expression. Bottom panel:
GAPDH expression. Data are representative of two separate
experiments.

mo iDC DC1 DC2
Stimuli LPS: - + - + - + + — +
IFN-y: - + - + - + + - +
PGE,: - + - + - + + - +
Hours:

hBD1

GAPDH

Figure 7. Expression of hBD-1 mRNA in dendritic cells. mRNA
expression of hBD-1 and GAPDH shown by RT-PCR of
unactivated monocytes (mo), monocytes activated for 18 hr with
LPS and IFN-y, iDC, type 1 DC (DC1) matured with LPS for 4 or
20 hr or type 1 DC matured with LPS and IFN-y for 4 or 20 hr and
type 2 DC (DC2) matured with LPS and PGE, for 4 or 20 hr. Top
panel: hBD-1 expression. Bottom panel: GAPDH expression. Data
are representative of two separate experiments.

expression, which did not differ from that in macrophages
activated by LPS and IFN-y (Fig. 6). A strong hBD-2
mRNA expression was seen immediately in freshly isolated
macrophages. The hBD2 mRNA signal was decreased
in two hr adherent alveolar macrophages of all four
donors (data not shown). After culture of these cells for
18 hr without LPS and IFN-y no hBD-2 mRNA expression
could be detected, whereas cells cultured in the presence
of LPS and IFN-y revealed a strong hBD-2 mRNA
expression (Fig. 6).

Expression of hBD-1 and hBD-2 mRNA during
development of monocytes into DC

The results revealed that LPS-matured DC express hBD-1
mRNA, whereas mRNA expression for this peptide in
iDC is rather weak (Fig. 7). Maturation of iDC with the
combination of LPS and IFN-y increased the expression

© 2002 Blackwell Science Ltd, Immunology, 106, 517-525
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level of hBD-1 mRNA even more. Type 2 DC, which are
matured with LPS and PGE,, showed also an increased
expression of hBD-1 mRNA as compared to iDC. iDC
showed very moderate expression of hBD-2 mRNA, which
did not change after maturation into either type 1 or type 2
DC (data not shown).

DISCUSSION

The main conclusion from the present study is that human
monocytes and macrophages express mRNA for human
B-defensin 1 and 2 (Table 2), antimicrobial peptides that so
far have been found exclusively in a variety of epithelial
cells. Expression of B-defensin mRNA by mononuclear
phagocytes was assessed using RT-PCR and our results
for alveolar macrophages and monocytes were confirmed
by ISH. Expression of hBD-2 mRNA in monocytes and
alveolar macrophages was confirmed by immunocyto-
chemical staining for hBD-2 pepitde. Our finding that
expression of hBD-1 mRNA by mononuclear phagocytes
is increased upon activation with LPS and/or IFN-y is
remarkable, because the expression of hBD-1 mRNA by
epithelial cells is considered to be constitutive.'®!" However,
the hBD-1 gene contains nuclear factor IL-6 consensus sites,
suggesting that inflammatory mediators may influence
hBD-1 expression.** In agreement with the inducible
expression of hBD-2 mRNA by keratinocytes'? and airway
epithelial cells'>*' we observed increased expression of this
B-defensin by monocytes and alveolar macrophages upon
exposure to LPS and/or IFN-y. In contrast, moderate
mRNA levels for hBD-2 could be detected in both
unstimulated and activated monocyte-derived macrophages
(MDM). At present, we cannot offer a definitive explana-
tion for these differences in hBD-2 mRNA expression in
MDM and alveolar macrophages, but it is widely known
that these cells differ from one another in many aspects.? In
addition, it should be realized that alveolar macrophages
were isolated from patients that underwent bronchoscopy
for diagnostic reasons, whereas blood monocytes were from
healthy donors. This may also explain why alveolar
macrophages display higher basal hBD-1 mRNA levels
than MDM. Our observation that hBD-1 mRNA level in
alveolar macrophages did not increase upon activation with
IFN-y and LPS, is in agreement with the results reported for
B-defensin expression by bovine alveolar macrophages.”®
Another important finding in the current study is that
expression of hBD-2 mRNA is lost during in vitro
differentiation of monocytes into MDM. This is in line
with reports on loss of expression of antimicrobial peptides,
such as cathepsin G, elastase and proteinase 3, by mono-
nuclear phagocytes during development of monoblasts/
promonocytes into monocytes.**~** Because the expression
of human [-defensin mRNA shown by RT-PCR was
studied in adherent mononuclear phagocytes, we investi-
gated the effect of adherence on the mRNA expression
in alveolar macrophages. The results revealed that adher-
ence decreased the expression of hBD-1 mRNA in these
macrophages in half of the experiments, whereas the
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Table 2. Summary of results on B-defensin expression in mono-
nuclear phagocytes

Activation
hBD-1 mRNA hBD-2 mRNA
Cell type No Yes No Yes
Monocytes +/++ ++ ++
MDM —/+ + + — _
Alveolar macrophages — +/+ + ++ +/++ ++
Dendritic cells* —/+ ++ — _

—, no detectable mRNA expression; +, moderate mRNA expres-
sion; + +, strong mRNA expression.

*Data for dendritic cells are presented as immature DC (‘no
activation’) or mature DC (following exposure to LPS/IFN-y or LPS/
PGE,); indicated in the table as ‘activation’.

expression of hBD-2 mRNA was decreased in all experi-
ments. Similar data were found for blood monocytes
(data not shown). Furthermore, pilot-experiments using
RT-PCR analysis indicated that (activated) monocytes
and MDM do not express mRNA for hBD-3. Interestingly,
human alveolar macrophages expressed mRNA for hBD-3
upon activation with IFN-y and LPS. Our observation
that alveolar macrophages, but not monocytes and MDM,
express a particular antimicrobial peptide is certainly not
unique, since alveolar macrophages in rabbits* pro-
duced antimicrobial peptides not found in other types of
mononuclear phagocytes.

In the present study expression of f-defensin genes in
mononuclear phagocytes was demonstrated using a variety
of techniques in isolated cells and tissue. The presence of
B-defensin mRINA was largely shown by RT-PCR and ISH.
The presence of hBD-2 peptide in monocytes and alveolar
macrophages was confirmed by immunocytochemistry. The
role of PB-defensin peptide in mononuclear phagocytes
biology is not clear at present. Mononuclear phagocytes
play a central role in the host defence because of (1) their
ability to eliminate a variety of noxious and infectious
agents, (2) their capacity to regulate the immune response,
and (3) processing and presentation of antigens to T
lymphocytes. These activities are rather complex and it is
unknown whether B-defensins contribute to all of these
functional activities of mononuclear phagocytes. Others
have demonstrated that macrophages may employ defensins
to display antimicrobial activity against intracellular patho-
gens.***" Kisich transfected macrophages with hBD-2
cDNA and observed increased killing of Mycobacterium
tuberculosis.*® Likewise macrophages transfected with
human neutrophil defensins ¢cDNA were able to kill
Histoplasma capsulatum.”’

The finding that o- and f-defensins may attract
immature dendritic cells, naive T cells and memory T
cells!®?® suggests that o-defensins and P-defensins are
sequentially involved in orchestrating an immune response.
Our findings suggest that DC may not only respond to
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B-defensins, but may also produce these antimicrobial
peptides dependent on their state of maturation. We found
no expression of hBD-1 mRNA by iDC and marked
expression of hBD-1 mRNA by mature DC type 1 and 2.
Expression of hBD-2 mRNA by iDC and both types of
mature DC is absent or very moderate. The question
whether B-defensins are involved in the functional activities
of dendritic cells remains unanswered. However, it can be
envisaged that in lymph nodes mature DC recruit memory
T lymphocytes through secretion of hBD-1, which is
essential in the orchestration of an immune response.
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