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2.4.1. Neutrophil-derived hCAP-18
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2.4.2. Epididymis-derived hCAP-18
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2.5.1. Production of recombinant hCAP-18
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2.5.2. Production of recombinant cathelin
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2.7.1. hCAP-18 ELISA
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2.7.2. Other proteins
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2.9.1. Growth and stimulation of primary human keratinocytes 
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2.9.2. Analysis of mRNA-levels following 
stimulation of primary keratinocytes
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3.1.1. Antibodies
�
�@-�4�  !�� %�)'*$�'� ��$)6"�#!#&+,� �#� "!$&���!�� ���� ��$)6-
"�#!#&�%�)&��#� !��*��'�/)��0�#��!&�)#�)/��%�$�/�$�%)+,$+)#!+��!""�&
!#&�")'����!0!�#�&��
�@-�4���,��66*#)"+)&&�#0�)/�%+!�6!��!6%+��
!#'�#�*&�)%��+��)6)0�#!&��&�����!#&�")'���� ����/)*#'�&)�"���%�-
$�/�$� /)�� �
�@-�4�� �#+,� )#�� "!#'� )/� &��� !%%�)%��!&�� 6)+�$*+!�
 ��0�&� !��)"�����'.�!#'�&�����!$&���&,��#� ��&��#�"+)&&�#0�)/�")&�
%+!�6!�!#'�#�*&�)%��+��!6%+��� !��!")+����'� �&��!#��($����)/���-
$)6"�#!#&��
�@-�4�&)0�&���� �&��&���%��6!�,�!#&�")'����
�66*#)"+)&&�#0� )/� �()$,&)��'� 6!&���!+� /�)6� #�*&�)%��+�� ��-

��!+�'�&�����"!#'��!&��4�=�!.��2�=�!�!#'�2-��=�!�$)����%)#'�#0�&)
&����)+)%�)&��#�?�
�@-�4A.�&���$!&��+�#�')6!�#.�!#'���-1D.����%�$-
&���+,���66*#)"+)&&�#0� �&���($������$)6"�#!#&��
�@-�4�!")+����'
"�#'�#0�&)�!++�&�����"!#'��)"�����'��#�&����()$,&)��'�6!&���!+� ��+�
�66*#)"+)&&�#0� �&���($������$)6"�#!#&�$!&��+�#�!")+����'�"�#'-
�#0�&)�&����2�=�!�"!#'�)/�$!&��+�#����*�.�&���%)+,$+)#!+�!#&�")'���
��$)0#�B�'� ")&�� &��� $!&��+�#� ')6!�#� )/� �
�@-�4� !#'� &��� 
-&��-
6�#!+�!#&�6�$�)"�!+�%�%&�'��?�������A�

3.1.2. ELISA
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Figure 1. Immunoblotting of exocytosed material from neutrophils. Exo-
cytosed material from neutrophils was subjected to SDS-PAGE and subse-
quent immunoblotting with anti-hCAP-18 antibodies. Lane A, normal im-
munoblotting; lane B, immunoblotting with an excess of recombinant
hCAP-18; lane C, immunoblotting with an excess of recombinant cathelin.
The faint band of hCAP-18 in C is due to the fact that the antibodies bind-
ing to the cathelin part of the molecule are blocked by recombinant
cathelin. © The American Society for Biochemistry and Molecular Biology.
Published with permission.
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Figure 2. Gel filtration of plasma with and without incubation with exo-
cytosed material from neutrophils. A, concentrations of hCAP-18 in plasma
before (m) and after (é) incubation with exocytosed material from neu-
trophils. The right axis shows the concentration of hCAP-18 in plasma, and
the left axis shows the concentration of hCAP-18 in plasma after incuba-
tion with exocytosed material from neutrophils. B, SDS-PAGE followed by
immunoblotting of peak fractions of hCAP-18 obtained by gel filtration
after incubation of exocytosed material (EM) from neutrophils with
plasma. Fractions 17, 23, and 30 are shown. © The American Society for
Biochemistry and Molecular Biology. Published with permission.
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3.3.1. Ultrastructural localization
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Figure 3. Subcellular fractionation of neutrophils. Isolated neutrophils,
either unstimulated (black lines) or stimulated by 1.0 µmol/L ionomycin
(gray lines) were cavitated and fractionated on a 3-layer Percoll density
gradient. Fractions were collected from the bottom of the centrifuge tube
and assayed for the following proteins: Myeloperoxidase (azurophil gran-
ules. Peak indicated by open arrow marked A). Lactoferrin (specific gran-
ules, ã). Gelatinase (gelatinase granules, X). Latent alkaline phosphatase
(secretory vesicles. Peak indicated by open arrow marked S). HLA (plasma
membranes. Peak indicated by open arrow marked P) and hCAP-18 (é).
Values are given as µg/mL. Insert: Immunoblot of control cells with anti-
hCAP-18 antibody. MW marker indicated by thin arrows. © the American
Society of Hematology. Published in accordance with the Rights & Permis-
sion policy of Blood. 

Figure 4. Localization of hCAP-18 in resting human neutrophils by im-
munogold labeling of ultrathin cryosections. A, hCAP-18 (large gold par-
ticles) is shown to colocalize with lactoferrin (small gold particles) in many
of the specific granules (arrows). Some lactoferrin positive granules did
not label for hCAP-18 (arrowheads). The large dense peroxidase-positive
granules (*) were rarely labeled with either antibody. Biotinylated hCAP-
18 antibodies were labeled with streptavidin gold (10 nm) and lactoferrin
antibodies were labeled with goat antirabbit gold (5 nm). The cells were
reacted enzymatically for peroxidase before being frozen to identify the
azurophil granules (*), while the specific granules were identified by im-
munogold labeled lactoferrin. Original magnification [OM] × 78,000. 
B, anti-hCAP-18 antibody was labeled with goat antirabbit gold (15 nm)
and biotinylated antilactoferrin antibody was labeled with streptavidin
gold (10 nm). No peroxidase reaction was performed before immunogold
labeling. Arrows point to specific granules with both sizes of gold, and ar-
row heads to granules that label only for lactoferrin. OM × 77,500. © the
American Society of Hematology. Published in accordance with the Rights
& Permission policy of Blood. 
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3.4.1. Processing of neutrophil-derived hCAP-18
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Table 1. Exocytosis of granule constituents in response to stimulation of
neutrophils. © the American Society of Hematology. Published in accor-
dance with the Rights & Permission policy of Blood. 

Gelatinase hCAP-18 Lactoferrin Myeloperoxidase
(%) (%) (%) (%)

No addition  . . . . . . . . 4.7 2.3 2.5 1.5
fMLP, 10–8 mol/L  . . . . . 20.2 2.9 3.0 1.5
lonomycin 1 µmol/L  . . 89.5 58.8 53.6 21.6
STZ, 1 mg/ml  . . . . . . . . 22.9 7.6 8.8 3.6
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Figure 5. Processing of hCAP-18 in exocyted material from neutrophils.
All samples were run on SDS-PAGE followed by immunoblotting with
monoclonal anti-LL-37 antibody. Lane a, purified hCAP-18; lane b, exocy-
tosed material from ionomycin-stimulated neutrophils; lane c, purified
hCAP-18 incubated with azurophil granule proteins; lane d, elastase; lane
e, cathepsin G; lane f, proteinase 3; lane g, with exocytosed material from
ionomycin-stimulated neutrophils after depletion of the endogenous
hCAP-18. © the American Society of Hematology. Published in accordance
with the Rights & Permission policy of Blood. 

Bovine cathelicidins:
ELQSV RIRR (Bac7)
ELQSV RFRP (Bac5)

Porcine cathelicidin:
EVQSV RGGG (protegrin 3)

Human cathelicidin:
NKRFA LLGDF (hCAP-18)

Figure 6. Cleavage sites of cathelicidins. Cleavage sites between the
cathelin part and the antimicrobial peptide of the bovine and porcine
cathelicidins, cleaved by elastase, compared with the cleavage site of
hCAP-18. Cathelin parts are shown in boldface italics. © the American
Society of Hematology. Published in accordance with the Rights & Permis-
sion policy of Blood. 
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3.4.2. Processing of epididymis-derived hCAP-18 
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Figure 7. Cleavage of hCAP-18 by exocytosed material after the im-
munoprecipitation of individual serine proteases. Endogenous hCAP-18
fragments were deleted from the exocytosed material. Individual serine
proteases were removed from the exocytosed material by immunopre-
cipitation before incubation with purified hCAP-18. Samples were run 
on SDS-PAGE followed by immunoblotting with anti-hCAP-18 antibodies.
Purified hCAP-18 (lane a) was incubated with the exocytosed material
after immunoprecipitation with preimmune rabbit antibodies (lane b),
anti-elastase antibodies (lane c), anti-cathepsin G antibodies (lane d), 
and anti-proteinase 3 antibodies (lane e). © the American Society of
Hematology. Published in accordance with the Rights & Permission policy
of Blood. 
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Figure 8. Processing of seminal plasma hCAP-18. Samples were subjected
to SDS-PAGE and immunoblottings were performed with either polyclonal
anti-hCAP-18 antibodies (A) or monoclonal anti-LL-37 antibody (B). Lane a:
seminal plasma. Lane b: vaginal fluid. Lane c: vaginal sample collected 10
hour after sexual intercourse. Lane d: vaginal fluid and seminal plasma
following incubation at 37 ºC. Lane e: vaginal fluid and seminal plasma
following incubation at 37 ºC at pH 4. Lane f: seminal plasma following in-
cubation at 37 ºC and at pH 4. Lane g: vaginal fluid and seminal  plasma
with the addition of pepsinostreptin following incubation at 37 ºC at pH
4. Lane h: seminal plasma with addition of pepsinostreptin following incu-
bation at 37 ºC and at pH 4. © The American Society for Biochemistry and
Molecular Biology. Published with permission.
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Figure 9. Expression of hCAP-18 in
keratinocytes. A, Northern Blot of to-
tal RNA from control cells and IGF-I
stimulated cells. The blot was hy-
bridized with probes for hCAP-18 and
β-actin (β-actin hybridization not
shown). Below the Northern Blot is a
schematic presentation of the expres-
sion of hCAP-18 normalized to the ex-
pression of β-actin. The basal expres-
sion was given the value 1. hCAP-18
was measured by ELISA in the media
from control and stimulated keratin-
ocytes. The concentration of hCAP-18
is shown in ng/ml. A schematic presen-
tation of these measurements is shown
below the Northern Blot data. B, ma-
terial from stimulated keratinocytes
was run on SDS-PAGE followed by im-
munoblotting with anti-hCAP-18 anti-
bodies. A band of the appropriate mo-
lecular size was seen. C, keratinocytes
were either stimulated with IGF-1 or
left unstimulated. After 48 hours of
stimulation the cells were trypsinated
and cytospins were made followed by
immunostaining with anti-hCAP-18 an-
tibodies. Copyright 2003. The Ameri-
can Association of Immunologist, Inc.
Shown with permission. 
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Table 2. Expression of antimicrobial peptides/polypeptides in human ker-
atinocytes in response to growth factors and proinflammatory cytokines.
Copyright 2003. The American Association of Immunologist, Inc. Shown
with permission. 

NGAL SLPI hCAP-18 hBD-1 hBD-2 hBD-3 hBD-4

IGF-I  . . . . + + + -
TGF-α . . . + + -                               +
TGF-β  . . . - - -
bFGF  . . . - - -
IL-1β . . . . + + - +
IL-6 . . . . . - - -
TNF-α . . . - + -

+: induced/increased expression of a peptide/protein in response to the factor/cytokine;
-: no induction or increase in the expression;
A blank space denotes no detectable expression.
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