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SUMMARY

 

mRNA expression of two recently described human 

 

β

 

-defensins (hBD-3 and hBD-4) in epithelial cells
of normal small and large intestine and the impact of chronic intestinal inflammation on their expres-
sion levels was investigated. Intestinal specimens from patients with ulcerative colitis (UC), Crohn’s dis-
ease (CD) and controls with no history of inflammatory bowel disease were studied. hBD-3 and hBD-
4 mRNAs were determined in freshly isolated epithelial cells by real-time quantitative reverse tran-
scription–polymerase chain reaction (QRT-PCR) and by 

 

in situ

 

 hybridization. The effect of proinflam-
matory cytokines on hBD-3 and hBD-4 mRNA expression in colon carcinoma cells was also
investigated. Purified epithelial cells of normal small and large intestine expressed both hBD-3 and
hBD-4 mRNA, with higher expression levels of hBD-3 mRNA. 

 

In situ

 

 hybridization revealed higher
levels of mRNA expression in the crypt- compared to the villus/luminal-compartment. Interferon
(IFN)-

 

γ

 

, but not tumour necrosis factor (TNF)-

 

α

 

 or IL-1

 

β

 

, augmented hBD-3 mRNA expression. None
of these agents stimulated hBD-4 expression. Colonic epithelial cells from patients with UC displayed
a significant increase in hBD-3 and hBD-4 mRNA compared to epithelial cells of controls. In contrast,
small intestinal epithelial cells from CD patients did not show increased expression levels compared to
the corresponding control cells. Moreover, Crohn’s colitis did not show increased expression of hBD-4
mRNA, while the data are inconclusive for hBD-3 mRNA. We conclude that the chronic inflammatory
reaction induced in the colon of UC patients enhances hBD-3 and hBD-4 mRNA expression in the epi-
thelium, whereas in CD this is less evident.
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INTRODUCTION

 

Human survival requires constant co-ordinated activity of the
immune system. The ability to prevent infection depends on both
innate and adaptive immune mechanisms. A particularly vulner-
able area for microbial attack is the intestine, because of constant
exposure to abrasive food components and the abundance of
microorganisms in its lower part. Chronic inflammatory bowel
disease (IBD), in particular ulcerative colitis (UC), may be
regarded as a consequence of failing adaptive and/or innate
immune system to cope with the onslaught of pathogenic, oppor-
tunistic or commensal microorganisms. An important aspect of
the innate defence is the release of antimicrobial peptides/pro-
teins at the luminal surface of the epithelium. Present knowledge
about innate immune functions in IBD is scarce. It has been

shown that expression of human 

 

β

 

-defensin-2 (h

 

Β

 

D-2) is up-reg-
ulated in colonic enterocytes in patients with UC and that human

 

α

 

-defensins 5 and 6 (HD-5, HD-6) and lysozyme are over-expre-
ssed, due mainly to metaplastic Paneth-cell differentiation in UC
colon [1–5]. A recent study indicates that hBD-3 is increased in
UC colon [6]. Similarly, human neutrophil 

 

α

 

-defensins 1–3 were
shown recently to be expressed in epithelial cells in active IBD
[7].

The defensins comprise a family of small, cationic antimi-
crobial peptides [8–10]. They are classified into 

 

α

 

- and 

 

β

 

-
defensins. Six 

 

α

 

-defensins have been identified in humans; two
(HD-5 and HD-6) are expressed by Paneth-cells of the small
intestine and in the female reproductive tract [11,12] and four
[human neutrophil peptide (HNP)-1–4] are expressed mainly by
neutrophils. Based on 

 

in silico

 

 analysis a total of 28 

 

β

 

-defensins
have been predicted in the human genome [13].The genes are
located in five different clusters, of which the cluster on chro-
mosome 8p22–23 is the largest and contains all eight 

 

β

 

-
defensins known to be expressed (i.e. hBD-1 to hBD-4,
DEF105 to DEF108) [14–18].
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hBD-1 [17] and hBD-2 [14] are expressed in various epithelial
tissues including intestinal epithelial cells (IEC) [2,3,19], whereas
hBD-1 is expressed constitutively in most tissues; hBD-2 is up-
regulated by certain proinflammatory cytokines and/or bacteria
[2,14,20–23]. hBD-3 was initially cloned [24,25] and isolated from
epidermal keratinocytes of patients with psoriasis [15] and was
reported to be induced by interferon (IFN)-

 

γ

 

 in lung epithelial
cells.  hBD-4 was first demonstrated in lung cDNA [16] and is
up-regulated by Gram-negative and Gram-positive bacteria in
respiratory cells.

hBD-1 and hBD-2 display antibacterial activity against Gram-
negative bacteria [14,26,27], whereas hBD-3 is in addition active
against Gram-positive bacteria and 

 

Saccharomyces cerevisiae

 

[15,24]. hBD-3 is salt-resistant, much more basic than hBD-1 and
-2, and is a dimer in solution [28], properties which may explain its
broader antimicrobial activity. Growth inhibition of Gram-nega-
tive and Gram-positive bacteria as well as 

 

Saccharomyces cerevi-
siae

 

 [16] has been reported for hBD-4. Interestingly, both hBD-3
and hBD-4 are chemotactic to monocytes [16,24].

The aims of this study were twofold: to investigate the expres-
sion of hBD-3 and hBD-4 in the epithelium at different levels of
the normal human intestine and to determine whether their
expression levels are affected by chronic inflammation.

 

MATERIALS AND METHODS

 

Patients

 

Surgical IBD specimens were obtained from patients suffering
from UC (

 

n

 

 = 19, mean age 37 

 

±

 

 13 years) and CD (

 

n

 

 = 11, mean
age 32 

 

±

 

 14 years). The diagnosis of UC and colonic CD was
established by the combination of clinical symptoms, endoscopic
findings and histology. For small intestinal CD additional investi-
gations with small bowel X-ray and/or leucocyte scintigraphy
were performed. Eight of the UC samples were from patients
with active disease, 10 were from patients with moderately active
disease and one was from a patient with inactive disease. Four UC
patients had no drug treatment, whereas 11 were on corticoster-
oids, in two combined with azatioprin, and in one with 5-ASA.
Two patients were treated with azatioprin alone and two with 5-
ASA alone. Six samples from CD patients were from ileum (all
with active disease), one from jejunum (active disease) and five
from colon (four with active disease and one with moderately
active disease). Eight CD patients were treated with local or sys-
temic corticosteroids, of whom two also had 5-ASA. Azatioprin
were administered to four patients either alone or combined with
5-ASA.

Control colon specimens were from seven male and 17
female patients (mean age 66 

 

±

 

 11 years) with colorectal cancer
(

 

n

 

 = 21) or non-inflammatory benign conditions (

 

n

 

 = 3). Control
ileum specimens were from eight male and five female patients
(65 

 

±

 

 12 years) with colon cancer (

 

n

 

 = 11), Meckels diverticuli
(

 

n

 

 = 1) or colon polyps (

 

n

 

 = 1). Control jejunum specimens were
from eight male and seven female patients (69 

 

±

 

 13 years) with
gastric, colonic or pancreatic cancer (

 

n

 

 = 13) or gastric ulcer
(

 

n

 

 = 1). None of the control patients had been subjected to
radio- or chemotherapy, long-standing antibiotic medication or
steroid treatment. The control samples were taken distant to
macroscopically detectable lesions. All patients received a single
intravenous dose of antibiotics 2 h prior to surgery according to
preoperative standard procedure. The ethics committee at the
Faculty of Medicine and Odontology of Umeå University Hospi-

tal approved the study and the patients gave their informed
consent.

 

Isolation of intestinal epithelial cells

 

IEC were isolated from surgical specimens as previously
described [2,29,30]. The procedure yields two epithelial cell pop-
ulations. One from the villous/luminal compartment (referred to
as 

 

l/v

 

-IEC) and one from the crypt compartment (

 

c

 

-IEC). The
procedure includes depletion of leucocytes by treatment with
anti-CD45 charged paramagnetic beads. Isolated cells were
washed in RNase-free phosphate buffered saline (PBS) and kept
at 

 

−

 

80

 

°

 

C until RNA extraction.

 

Cell lines

 

Four human colon carcinoma cell lines were used; moderately dif-
ferentiated HT-29 cells and well-differentiated LS174T cells were
maintained in Parker199 medium (SBL Vaccin, Stockholm,
Sweden) supplemented with 8% fetal calf serum (FCS). Well-
differentiated T-84 cells were maintained in 1 : 1 Dulbecco/Vogt
modified Eagle’s minimal essential medium: F12-HAM (Invitro-
gen), supplemented with 15 m

 

M

 

 HEPES buffer and 8% FC. Well-
differentiated HCT-8 cells were maintained in 1 : 1 Parker199:
F12-HAM and 8% FCS. The fetal small intestinal cell line INT407
was maintained in Dulbecco/Vogt modified Eagle’s minimal
essential medium supplemented with 15% FCS. The lung epithe-
lial cell line A549 and the keratinocytic cell line HaCaT were
maintained in Dulbecco/Vogt modified Eagle’s minimal essential
medium supplemented with 10% FCS and 20 m

 

M

 

 or 10 m

 

M

 

HEPES buffer, respectively. Antibiotics and extra 

 

L

 

-glutamine
were added to all culture media. Cells were maintained at 37

 

°

 

C in
humidified air with 5% CO

 

2

 

 and trypsinized weekly.

 

Stimulation of cell lines

 

Cells were trypsinized and washed in complete tissue culture
medium. Thereafter, 1·5–2 

 

× 

 

10

 

6

 

 cells were seeded in 3 ml of the
appropriate medium in six-well tissue culture plates and incu-
bated for 2–24 h at 37

 

°

 

C with 50 ng/ml of recombinant human
interleukin-1

 

β

 

 (rhIL-1

 

β

 

; Endogen, Woburn, MA, USA), 20 ng/ml
of rh-tumour necrosis factor-

 

α

 

 (rhTNF-

 

α

 

; Endogen) or 100 or
200 U/ml of rh-interferon-

 

γ

 

 (rhIFN-

 

γ

 

; Promega, Madison, WI,
USA). Cytokine was added at the time of seeding. After incuba-
tion, the cells were trypsinized, washed in RNase-free PBS and
kept at 

 

−

 

80

 

°

 

C until RNA extraction.

 

RNA copy standard preparation and real-time quantitative 
reverse transcriptase–polymerase chain reaction (qRT-PCR)

 

Total RNA was extracted from IEC and cell lines as described [2].
Total RNA from HaCaT cells and cDNA from testis (Stratagene,
La Jolla, CA, USA) were used as starting material for cloning of
hBD-3 and hBD-4 cDNA, respectively. The primers used for RT-
PCR were hBD-3 forward: 5

 

′

 

-TCTCAGCGTGGGGTGAAGC-
3

 

′

 

 and hBD-3 reversed: 5

 

′

 

-CGGCCGCCTCTGACTCTG-3

 

′

 

;
hBD-4 forward: 5

 

′

 

-AGCCCCAGCATTATGCAGAGA-3

 

′

 

and
hBD-4 reversed: 5

 

′

 

-GCGACTCTAGGGACCAGCACTAC-3

 

′

 

.
The PCR products, which include the respective sequences ampli-
fied in the real-time quantitative RT-PCR assays, were cloned,
sequenced and used for RNA copy standard preparation and opti-
mization of qRT-PCR assays. The RNA copy standards were pre-
pared by 

 

in vitro

 

 transcription with T7 polymerase/RiboProbe

 

®

 

 In
Vitro Transcription Systems (Promega) according to the manu-
facturer’s instructions (for experimental details see reference [2]).
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Real-time qRT-PCR assays for hBD-3 and hBD-4 mRNAs
were constructed using the 

 

Taq

 

Man EZ

 

®

 

 technology (Applied
Biosystems, Foster City, CA). The hBD-3 system consisted of
hBD-3 forward primer: 5

 

′

 

-TGAAGCCTAGCAGCTATGAG
GATC-3

 

′

 

, hBD-3 reverse primer: 5

 

′

 

-CCGCCTCTGACTCTG
CAATAA-3

 

′

 

 and a dual-labelled fluorescent hBD-3 probe:
5

 

′

 

-(FAM) TTGGTGCCTGTTCCAGGTCATGGAG (TAMRA)-
3

 

′

 

. The hBD-4 system consisted of hBD-4 forward primer: 5

 

′

 

-
CCCAGCATTATGCAGAGACTT-3

 

′

 

, hBD-4 reverse primer:
5

 

′

 

-ACCACATATTCTGTCCAATTCAAAT-3

 

′

 

 and hBD-4 probe:
5

 

′

 

-(FAM) TGCTGCTATTAGCCGTTTCTCTTCTACTCTAT
CAA (TAMRA)-3

 

′

 

. The primers were chosen to hybridize to dif-
ferent exons. Because of the high similarity between the ends of
exon 1 and the intron of hBD-3, the possibility to amplify DNA or
consumption of primers by contaminating nuclear DNA was elim-
inated by treatment of the RNA samples with DNaseI (Invitro-
gen) according to the manufacturer’s advice. Emission from
released reporter dye (FAM) was monitored by the ABI Prism

 

®

 

7700 Sequence Detection System (Applied Biosystems). The
assays gave a linear relation between log concentrations of stan-
dard RNA and PCR cycles over a range of at least five logs.
Determinations were carried out in triplicates and expressed as
copies of mRNA/

 

µ

 

l using the external copy standard. The con-
centration of 18S rRNA (Applied Biosystems) was determined in
each sample and the result expressed as mRNA copies of defensin
per unit of 18S rRNA.

 

Immunoflow cytometry

 

Purity of the isolated IEC fractions was estimated by two-colour
immunoflow cytometry using phycoerythrin conjugated anti-
CD45 monoclonal antibodies (MoAbs) and fluorescein isothiocy-
anate (FITC)-conjugated anti-epithelial antigen MoAb BerEp4
(DakoCytomation, Glostrup, Denmark), as described [2]. Conju-
gated irrelevant concentration and isotype-matched mAbs
(DakoCytomation) served as controls. Cells were analysed on a
FACScan flowcytometer (Becton-Dickinson, Mountain-View,
CA, USA) using the 

 

CELLQUEST

 

 program.

In situ

 

 hybridization
In situ

 

 hybridization was performed on 10 

 

µ

 

m cryosections fixed
with 4% paraformaldehyde using digoxigenin-labelled RNA
probes and alkaline phosphatase-labelled Fab-fragments of sheep
antidigoxigenin (Roche Diagnostics, Basel, Switzerland) accord-
ing to Panoskaltsis-Mortari and Bucy with minor modifications, as
described previously [31,32]. Cells with hybridized probe were
visualized by incubation with nitroblue tetrazolium, 5-bromo-4-
chloro-3-indolyl phosphate and levamisole in 100 m

 

M

 

 Tris-HCl
(pH 9·5), 100 m

 

M

 

 NaCl, 50 m

 

M

 

 MgCl

 

2

 

.

 

Statistical analyses

 

The significance of differences in antimicrobial peptide mRNA
expression levels between groups and the fold increase in stimu-
lated cell lines was evaluated by two-tailed Mann–Whitney’s rank
sum test. Expression levels in cell lines are given as mean (

 

±

 

 stan-
dard error) and fold increase after stimulation as geometric mean
(

 

±

 

 geometric standard error).

 

RESULTS

 

hBD-3 and hBD-4 mRNAs are expressed in normal intestinal 
epithelium

 

Tissue sections from normal jejunum (

 

n

 

 = 4), ileum (

 

n

 

 = 3) and
colon (

 

n

 

 = 7) were subjected to 

 

in situ

 

 hybridization with hBD-3
and hBD-4 antisense and sense probes, respectively. The epithe-
lium in all three intestinal compartments gave positive signals
with the antisense probes and no signal with the sense probes
(Fig. 1a–h). The strongest signal intensity was observed in cryptal
cells, both in large and small intestine. Differences between indi-
vidual samples were not seen.

To quantify and compare the levels of hBD-3 and hBD-4
mRNA in the epithelial cells we developed specific real-time qRT-
PCR assays with copy standards for the two 

 

β

 

-defensin mRNA
species. IEC were isolated from surgical specimens of jejunum,
ileum and colon by a procedure yielding one cell population
enriched in villous/luminal IEC (

 

l/v

 

-IEC) and one population

 

Fig. 1.

 

Expression of hBD-3 and hBD-4 mRNA in human intestinal mucosa as determined by 

 

in situ

 

 hybridization. (a) jejunum, hBD-3
antisense probe; (b) jejunum, hBD-3 sense probe; (c) jejunum, hBD-4 antisense probe; (d) jejunum, hBD-4 sense probe; (e) colon, hBD-
3 antisense probe; (f) colon, hBD-3 sense probe; (g) colon, hBD-4 antisense probe; (h) colon, hBD-4 sense probe. Original
magnification: 

 

×

 

 55.

Jejunum

(a)

Antisense

hBD-3 hBD-4

Sense SenseAntisense

Colon

(b) (c) (d)

(e) (f) (g) (h)
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enriched in cryptal IEC (

 

c

 

-IEC). Less than 2% of the cells in the
IEC preparations were leucocytes as determined by immunoflow
cytometry. Figures 2 and 3 show the results of qRT-PCR analysis
of hBD-3 and hBD-4 mRNAs in 

 

l/v

 

-IEC and 

 

c

 

-IEC isolated from
normal intestine. Both defensin mRNAs were present at all three
levels of the intestine with hBD-3 mRNA being expressed at
about 10 times higher copy numbers/18S rRNA unit than hBD-4
mRNA. hBD-3 mRNA was detected at similar levels along the
intestinal axis. hBD-4 mRNA, in contrast, showed a tendency to
be expressed at higher levels in the small intestine, the difference
reaching statistical significance between jejunum 

 

c

 

-IEC and colon

 

c

 

-IEC (

 

P =

 

 0·01). To verify the specificity of the qRT-PCR assays
the qRT-PCR products from several epithelial cell samples were
sequenced. All products had the expected sequences.

 

IEC from UC and CD patients express different levels of 
defensins

 

The expression levels of hBD-3 and hBD-4 mRNA in isolated
IEC from patients with UC or CD were studied (Figs 2 and 3).
The UC colon IEC fractions contained significantly higher
mRNA levels of the two defensins than the corresponding
fractions of normal colon. Both mRNA species were expre-

ssed at higher levels in the 

 

l/v-

 

IEC fraction than in the 

 

c-

 

IEC
fraction.

Colon IEC from patients with CD located to colon, i.e.
Crohn’s colitis, or small intestinal IEC from CD patients with the
disease located in the small intestine were analysed with respect
to hBD-3 and hBD-4 mRNA expression and compared with the
corresponding values in normal intestine (Figs 2 and 3). With the
exception of the hBD-3 mRNA levels in the colonic 

 

l/v

 

-IEC frac-
tion of Crohn’s colitis patients there was no difference between
patients and controls. Thus, increased concentrations of defensin
mRNA in epithelial cells seem to be a property of UC not seen in
CD.

About half the number of patients had received corticosteroid
treatment prior to operation. We therefore investigated whether
this treatment affected defensin mRNA expression. There was a
tendency to increased expression in the group of patients that did
not receive steroid treatment. For hBD-4 in the 

 

c

 

-IEC fraction the
difference was statistically significant (

 

P

 

-value of 0·02). We also
investigated whether there was a correlation between hBD-3 and
hBD-4 mRNA levels in individual UC patients. No such correla-
tion was found.

 

Fig. 2.

 

Expression levels of hBD-3 mRNA in freshly isolated 

 

l/v

 

-IEC and

 

c

 

-IEC from jejunal, ileal and colonic mucosa of controls with no history
of intestinal inflammation, colonic mucosa of UC and CD patients and
ileal mucosa of CD patients as determined by qRT-PCR. mRNA levels are
expresses as copies of hBD-3 mRNA/18S rRNA unit. Statistically signifi-
cant differences are indicated. Horizontal bars indicate median values.

0

20

40

60

80

100
1000
2000
3000

P = 0·002

 h
B

D
-3

 m
R

N
A

 c
op

ie
s/

 1
8S

 r
R

N
A

 ¥
 1

00

l/v-IEC P = 0·008

0

5

10

15

20

50
100
150

P = 0·01

 h
B

D
-3

 m
R

N
A

 c
op

ie
s/

 1
8S

 r
R

N
A

 ¥
 1

00

c-IEC

Jejunum Ileum CD
ileum

Colon UC
colon

CD
colon

 

Fig. 3.

 

Expression levels of hBD-4 mRNA in freshly isolated 

 

l/v-

 

IEC and

 

c

 

-IEC from jejunal, ileal and colonic mucosa of controls with no history
of intestinal inflammation, colonic mucosa of UC and CD patients and
ileal mucosa of CD patients as determined by qRT-PCR. mRNA levels are
expresses as copies of hBD-4 mRNA/18S rRNA unit. Statistically signifi-
cant differences are indicated. Horizontal bars indicate median values.
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hBD-3 mRNA levels in colon carcinoma cell lines is up-
regulated by IFN-γ
Three colon adenocarcinoma cell lines and a fetal small intestinal
cell line expressed significant levels of hBD-3 and hBD-4 mRNA
before addition of any stimulatory cytokine (Table 1). T-84
showed the highest expression levels of hBD-3 mRNA and HT-29
the lowest level. hBD-4 mRNA was expressed at 6–18 times lower
levels than hBD-3 mRNA.

To investigate whether proinflammatory cytokines could
increase hBD-3 and hBD-4 mRNA expression in IEC, the cell
lines were stimulated with rhIL-1β, rhIFN-γ and rhTNF-α for 2–
24 h. Maximal induction was seen after 4–6 h. The results for
LS174T and T-84 cells at 4 and 6 h are shown in Table 2. IFN-γ
induced increased hBD-3 mRNA expression in LS174T cells but
not in T-84 cells. The greatest increase was sixfold, which was sta-
tistically significant (P = 0·03). TNF-α showed only a weak stim-
ulatory effect and IL-1β did not have any effect on hBD-3 mRNA
expression levels (Table 2). To ascertain that IL-1β was biologi-
cally active we also analysed hBD-2 mRNA expression. hBD-2
mRNA was clearly up-regulated already after 4 h of stimulation
with IL-1β (data not shown). There was a tendency to increased
hBD-4 expression with TNF-α. The difference did not, however,
reach statistical significance.

DISCUSSION

This is the first unequivocal demonstration of hBD-3 and hBD-4
expression in the intestinal epithelium of human small and large
intestine. Previous studies have indicated that hBD-3 mRNA is
present in whole tissue extracts of the small and large intestine
[6,15], while hBD-4 mRNA was not previously found in the intes-

tine [16]. In situ hybridization revealed that mRNA for the two
defensins was expressed most abundantly in the crypt epithelium,
particularly in the lower parts of the crypts. Lack of specific anti-
bodies precluded analysis of hBD-3 and hBD-4 peptide expres-
sion and processing. In this study we used all commercially
available antibodies against hBD-3, including purified polyclonal
rabbit IgG claimed to react with residues 23–33
(GIINTLQKYYC) of hBD-3 (Koma Biotech, Korea), but found
them to be either non-reactive or unspecifically positive in immu-
nohistochemistry and immunoflow cytometry.

In normal intestinal epithelium hBD-3 mRNA was expressed
at approximately 10 times higher concentrations than hBD-4
mRNA. For hBD-3 mRNA there was no significant difference in
expression levels between epithelial cells in normal small and
large intestine while for hBD-4 mRNA the small intestine expre-
ssed higher levels than the large intestine.

The most interesting finding in this study was that IEC of UC
colon expressed significantly higher levels of both hBD-3 and
hBD-4 mRNAs than control colon IEC. This was true both for the
l/v-IEC and c-IEC fractions. Thus, these two recently discovered
β-defensins show a similar up-regulation in UC colon IEC as
hBD-2 [2,4]. This is in contrast to hBD-1, which shows a slightly
decreased expression level in UC colon compared to controls
[2,4]. Up-regulation of hBD-3 mRNA in UC colon was recently
demonstrated by Wehkamp and coworkers [6] in RNA extracts of
colon biopsies. Our study confirms and extends their results. By
using isolated epithelial cells depleted in leucocytes and in situ
hybridization we identify the epithelium as a major source of
these defensins. hBD-4 m-RNA levels in UC colon has not been
analysed previously.

Our data on IEC from CD are limited. Nevertheless, they
indicate that there may be a difference in β-defensin mRNA
expression in IEC of CD patients compared to IEC of UC
patients. Thus, small intestinal IEC from CD patients did not show
increased expression of hBD-3 or hBD-4 mRNA. Interestingly,
similar results were previously obtained for hBD-2 [2]. When
colon samples from Crohn’s colitis were studied the result was
less clear-cut. There was a statistically significant increase in
expression of hBD-3 mRNA in the l/v-IEC colon fraction com-
pared to the l/v-IEC of control colon. However, the c-IEC frac-
tions did not show this difference. hBD-4 mRNA was unchanged
compared to controls and low compared to UC colon IEC. Weh-
kamp and coworkers recently found the same type of difference
between CD and UC in expression of hBD-2 and hBD-3 mRNA
[6]. The authors suggest that there is a defect in β-defensin expres-
sion in CD [33]. Whether this is indeed the explanation is cur-

Table 2. Effect of proinflammatory cytokines on the expression levels of hBD-3 and hBD-4 mRNA in two colon carcinoma cell lines

Cell line
Time of 

stimulation

hBD-3 hBD-4 

IFN-γ TNF-α IL-1β IFN-γ TNF-α IL-1β

LS174T 4 h 6·0 ± 0·15† 2·3 ± 0·29 1·6 ± 0·098 4·4 ± 0·61 13 ± 0·34 2·6 ± 0·48
6 h 4·0 ± 0·18 1·3 ± 0·42 1·1 ± 0·098 0·85 ± 0·25 0·99 ± 0·22 0·88 ± 0·28

T-84 4 h 1·0 ± 0·27 1·0 ± 0·36 1·1 ± 0·18 0·78 ± 0·17 0·72 ± 0·34 1·4 ± 0·43
6 h 1·2 ± 0·25) 0·95 ± 0·097 0·49 ± 0·18 0·70 ± 0·11 1·0 ± 0·090 0·50 ± 0·19

†Data expressed as fold increase compared to unstimulated cells (= 1·0, see Table 1 for absolute values). Geometric mean value (± standard error of
the geometric mean) of four experiments.

Table 1. Expression levels of hBD-3 and hBD-4 mRNA in the three colon 
carcinoma cell lines LS174T, T-84 and HT-29 and the fetal small intestinal 

cell line INT407

Cell line hBD-3 hBD-4 n*

LS174T 0·65 ± 0·30** 0·028 ± 0·0087 15
T-84 3·9 ± 0·96 0·20 ± 0·053 12
HT-29 0·068 ± 0·029 0·011 ± 0·0047 6
INT407 0·26 ± 0·027 0·075 ± 0·023 3

*n = number of determinations. **mRNA copies per 18S rRNA unit ×
100. Mean value (± standard error).



384 A. Fahlgren et al.

© 2004 Blackwell Publishing Ltd, Clinical and Experimental Immunology, 137:379–385

rently unclear. The microbial load is vastly different in the healthy
small intestine compared to the healthy large intestine. As we
have no information about the degree of microbial infiltration in
the small intestine of CD patients with active disease, this will
remain an open question.

Why do colonic epithelial cells in UC express increased levels
of mRNA for hBD-2, -3 and -4 but not for hBD-1? Two, not mutu-
ally exclusive, explanations seem likely. hBD-2, -3 and -4 but not
hBD-1 are induced by microbial pathogens gaining access to the
epithelial surface where they interact with Toll-like receptors,
which in turn activate defensin expression. Indeed, increased
hBD-2 and hBD-3 but not hBD-1 expression have been observed
by exposing epithelial cells to different bacteria [2,3,14,15,23]. The
other possibility would be that up-regulation of β-defensins are
the consequence of increased expression of proinflammatory
cytokines released from immune cells in the intraepithelial com-
partment or in lamina propria. The finding that hBD-2 is induced
by TNF-α and IL-1β [2,3,21,23] and hBD-3 by IFN-γ (this study)
in epithelial cells is compatible with the latter idea. The capacity
of IFN-γ to up-regulate hBD-3 has also been demonstrated in the
keratinocyte cell line HaCaT and in differentiated airway epithe-
lia [24]. Analysis of the hBD-3 gene reveals IFN-γ response ele-
ments, several consensus sequences for activator protein-1 (AP-1)
response elements, GM-CSF response elements and NF-IL-6
response elements [25] but no nuclear transcription factor κB
(NFκB) consensus elements. Different types of inflammatory
stimuli probably regulate BD-2 compared to hBD-3 gene
expression.

In this study we were not able to induce increased hBD-4
expression by IL-1β, IFN-γ or TNF-α in the intestinal epithelial
cell lines. Similarly, hBD-4 mRNA was not affected by IL-1α, IL-
6, IFN-γ or TNF-α, whereas phorbol ester and bacteria were
potent inducers in a lung epithelial cell line [16]. Moreover, the
hBD-4 promoter region revealed absence of NFκB or STAT bind-
ing sites [16].

In UC there is a strong augmentation of the local adaptive
immune response with heavy infiltration of immune cells in lam-
ina propria [34] and a distorted T cell cytokine profile [35] indic-
ative of a T-reg type of response. There was only weak production
of IFN-γ or TNF-α in lamina propria T cells of UC colon. It seems
unlikely, therefore, that these cytokines are responsible for up-
regulation of hBD-2, -3 -4 in UC. Consequently, increased adher-
ence of bacteria to the epithelium in UC colon [36,37] is the more
probable explanation.

So far all well-characterized human β-defensins have been
found in IEC. While the ‘epithelial’ α-defensins HD-5 and HD-6
are confined to Paneth cells in the small intestine in normal phys-
iology, the β-defensins seem to be expressed in the whole intes-
tine. This indicates that they are important in the innate defence
of the intestinal mucosa. Because exposure of the epithelium to
pathogenic microorganisms will occur more or less regularly,
there must be a fast and reliable first line of defence to protect
from infection. Because hBD-1–4 are reactive against a broad
range of microorganisms, it is reasonable to assume that an
important role of the defensins is to kill microorganisms. Antimi-
crobial peptides may, however, have multiple roles. They may in
addition act as mediators of inflammation. hBD-3 and hBD-4 are
chemotactic to monocytes in vitro [16,24], hBD-1 and hBD-2
attract memory T cells and dendritic cells [38]. Thus,  an  equally
important  role  for  the  β-defensins  of  IEC in UC may be to
attract more immune cells to the site of inflammation.
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