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ABSTRACT: Though implicated in vascular remodelling, a role for the resistin-like molecule

(RELM)-b in human airway remodelling remains unexplored. We hypothesised that RELM-b

expression is increased in the airways of asthmatics and regulates airways epithelial cell function.

Expression of RELM-b in the bronchial mucosa and its concentrations in bronchoalveolar

lavage (BAL) fluid from asthmatics and controls were measured by immunohistochemistry and

ELISA, respectively. Proliferation assays, Western blotting, ELISA and real-time PCR were

employed to detect effects of RELM-b on airways epithelial cells.

RELM-b expression was increased in the bronchial mucosa and BAL fluid of asthmatics

compared with controls. In the asthmatics, the numbers of mucosal RELM-b+ cells correlated

inversely with forced expiratory volume in 1 s (r5 -0.531, p50.016), while the numbers of

epithelial RELM-b+ cells correlated positively with those of mucin (MUC)5AC+ cells. In vitro,

interleukin-13 enhanced RELM-b expression by primary human airways epithelial cells, while

RELM-b itself acted on these cells to induce proliferation, expression of MUC5AC, extracellular

signal-regulated kinase (ERK)/mitogen-activated protein kinase (MAPK)-phosphatidylinositol 3-

kinase (PI3K)/Akt phosphorylation and elevated expression of transforming growth factor-b2,

epidermal growth factor and vascular endothelial growth factor.

RELM-b has the potential to contribute to airway remodelling in diseases such as asthma by

acting on epithelial cells to increase proliferation, mucin and growth factor production, at least

partly via ERK/MAPK-PI3K/Akt signalling pathways.
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T
he protein known as resistin-like molecule
(RELM)-b or found in inflammatory zone
(FIZZ)-2 belongs to the RELM/FIZZ family

of cysteine-rich secretory proteins that share
homology with resistin. So far, four members of
this family have been identified: RELM-a (FIZZ-1),
RELM-b (FIZZ-2), resistin (FIZZ-3) and RELM-c [1,
2]. The proteins are 105–114 amino acids in length
and comprised of three domains: an N-terminal
signal sequence; a variable middle portion; and a
highly conserved C-terminal signature sequence
that constitutes nearly half of the molecule [3]. It is
speculated that the highly conserved signature
region contributes to binding to a related family of
receptors that is yet to be discovered. Studies
in animals suggest that members of the RELM/
FIZZ family have important pro-inflammatory and
remodelling roles. For example, RELM-a/FIZZ-1
was first discovered in the ‘‘inflammatory zone’’ of
mice with allergic pulmonary inflammation [4]
and has also been described as a hypoxia-inducible
mitogenic factor implicated in hypoxia-associated
vascular remodelling [5]. RELM-a/FIZZ-1 has

never been observed in humans, in which species
the gene does not appear to exist [6]. Conversely,
RELM-b/FIZZ-2 is both expressed and highly
conserved in mice and humans, especially in the
C-terminus, which most resembles resistin [7]. It
has been implicated in the mechanism of airway
remodelling in a murine model of asthma [7] and is
also clearly secreted into the lumen of the gut in
mice [8], suggesting that it may function as a local
mediator at a variety of epithelial surfaces. In
humans, it has been described as a product of
epithelial, fibroblast and smooth muscle cells at
sites of vascular remodelling [9].

In this study, we wished to investigate its possible
role as a remodelling mediator in asthmatic airways.
We hypothesised that: RELM-b/FIZZ-2 is over-
expressed in the asthmatic bronchial mucosa and
lumen; and that it is induced by interleukin (IL)-13, a
key asthma remodelling mediator, in epithelial cells,
and itself acts on these same cells to induce changes
understood to be relevant to remodelling, including
proliferation, mucous hyperplasia and production
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of a range of further remodelling mediators including transform-
ing growth factor (TGF)-b, epithelial growth factor (EGF) and
vascular endothelial growth factor (VEGF).

METHODS

Subjects and fibreoptic bronchoscopy
The study was approved by the Ethics Committee of Guy’s
Hospital, part of King’s College London School of Medicine
(London, UK). Each participant provided written, informed
consent. Asthmatics had a clear history of relevant symptoms,
documented reversible airway obstruction (o12% improve-
ment in forced expiratory volume in 1 s (FEV1) either
spontaneously or after administration of inhaled b2-agonist)
and/or histamine provocative concentration causing a 20% fall
in FEV1 ,8 mg?mL-1 measured within 2 weeks prior to biopsy.
None had ever smoked and there was no history of other
respiratory disease. Normal control subjects were healthy, life-
long nonsmoking volunteers who had no history of lung
disease. All subjects were clinically free of respiratory infection
and systemic glucocorticoid therapy for o1 month prior to the
study. Atopy was defined as a positive skin-prick test (wheal
at 15 min .3 mm in diameter in the presence of positive
histamine and negative diluent controls) to one or more
extracts of common local aeroallergens. By these criteria, 10 out
of 20 control subjects and 15 out of 20 asthmatic subjects were
atopic. Endobronchial biopsy specimens and bronchoalveolar
lavage (BAL) fluid were obtained at fibreoptic bronchoscopy
and processed as previously described [10, 11].

Immunohistochemistry and image analysis
Immunostaining for RELM-b was carried out on sections of the
bronchial biopsies according to well-established protocols [10,
11]. Briefly, 6-mm sections were incubated in 1% H2O2 in 3 M
NaN3 in PBS for 40 min at room temperature to block
endogenous peroxidase activity. After washing, sections were
incubated with primary antibody (rabbit anti-human RELM-b,
1/50; Abcam Plc, Cambridge, UK) in 5% human serum/PBS for
2 h at room temperature. Following washes, the sections were
incubated with goat anti-rabbit immunoglobulin (Ig)G (1/100;
Dako Ltd, Cambridge, UK) for 30 min, washed and then
incubated with horseradish peroxidase-conjugated rabbit anti-
goat (1/100; Dako) for 30 min (Dako). RELM-b immunoreactivity
was visualised using 3,39-diaminobenzidine (DAB) (Sigma-
Aldrich, Gillingham, UK). As a negative control, the primary
antibody was pre-absorbed with human recombinant human
RELM-b and this abolished its binding to tissue sections. The
lengths of epithelium, areas of sections and numbers of RELM-b-
immunoreactive cells in the bronchial mucosa were determined
objectively in a blinded fashion on an Olympus BX40 microscope
connected with a Zeiss Vision KS300 imaging system (Carl Zeiss,
Oberkochen, Germany) [11].

Mucin protein immunoreactivity was detected with a mono-
clonal antibody to human mucin (MUC)5AC (mouse anti-
MUC5AC, 1/50; AbD Serotec, Kidlington, UK). The primary
antibody was detected by incubation with a donkey anti-
mouse IgG (1/50; Dako) and mouse peroxidase–antiperox-
idase complex (1/50; Dako). Positive signals were detected as
above. MUC5AC immunoreactive cells were counted and
results were expressed as the numbers of positive cells per mm
length of basement membrane.

To characterise the phenotypes of cells expressing RELM-b,
sequential immunohistochemical staining was preformed as
previously described [10, 11]. Murine monoclonal antibodies
directed against cellular phenotypic markers were purchased
from Dako (macrophage CD68, 1/50; endothelial cells CD31,
1/30; mast cell tryptase, 1/50; neutrophil elastase, 1/50),
Becton Dickinson (Oxford, UK) (T-cell CD3, 1/10), Abcam plc
(human fibroblasts 5B5, 1/50) and AbD Serotec (MUC5AC,
1/50). A monoclonal antibody against major basic protein was
a kind gift from A.B. Kay (Faculty of Medicine, Imperial
College, London, UK) [10, 11].

Measurement of RELM-b concentrations in BAL fluid and
supernatants from cultured epithelial cells
As a result of the large dilution effect of the instilled fluid and the
expected low concentration of RELM-b, BAL fluid samples were
concentrated 30-fold using Amicon Ultra-15 filters (Millipore
Corporation, Billerica, MA, USA) with a molecular weight cut-off
of 5 kDa, according to the manufacturer’s recommendations
as previously described [10]. Samples were adjusted, where
necessary, so that analyte concentrations fell within the linear
range of the standard curves. The data were normalised to
the total protein content of the fluid as determined by the
bicinchoninic acid protein assay (Pierce, Rockford, IL, USA)
according to the manufacturer’s instructions. The concentrations
of human RELM-b in concentrated BAL fluid and supernatants
from cultured airways epithelial cells (see later) were measured
using a commercial ELISA kit according to the manufacturer’s
instructions (Antigenix America Inc., Huntington Station, NY,
USA). The limit of detection was 75 pg?mL-1.

Epithelial cell culture
Primary human bronchial epithelial cells (HBECs) were ob-
tained from three of the control, nonsmoking adult donors
by cytological brushing of the large airways at bronchoscopy.
Recovered epithelial cells were plated onto bovine collagen
I-coated six-well culture plates and grown to monolayers at 37uC
in a 5% CO2-humidified atmosphere as previously described
[12]. All experiments were performed on cells at ,80% con-
fluence and following three to six passages.

Proliferation assay
Proliferation was measured by (4,5-dimethylthiazol-2-yl)-2,5-
diphenyl tetrazolium bromide (MTT) incorporation according
to the manufacturer’s instructions (Sigma-Aldrich). Prior to
stimulation, HBECs were plated at 10,000 cells in 100 mL
BEGM, starved in serum/growth factor-free medium for 24 h
then treated with fresh BEGM containing recombinant human
RELM-b (Abcam; 0, 1, 10 and 100 ng?mL-1) or IL-13 (10 ng?mL-1;
R&D Systems, Oxford, UK), with or without U0126 (mitogen-
activated protein/extracellular signal-regulated kinase 1 and 2
(MEK1 and MEK2) inhibitor, 5 mM; Calbiochem Corp., La Jolla,
CA, USA) and Bay11-7082 (nuclear factor (NF)-kB inhibitor,
2.5 mM; Cayman Chemicals, Ann Arbor, MI, USA). After 48 h
of incubation, the MTT assay was used to measure cellular
proliferation as previously described [13]. In each experiment, at
least three wells were used for each condition.

RNA extraction and real-time PCR
After 8 and 24 h of stimulation, total cellular RNA was
extracted from cultured HBECs using the RNeasy Mini kit
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(QIAGEN, Crawley, UK). 2 mg RNA were DNase treated
followed by reverse transcription according to the kit instruc-
tions. Quantitative real-time PCR was performed on a 7500
Real-Time PCR System (Applied Biosystems, Warrington, UK)
[13]. Gene expression was normalised to 18S ribosomal RNA
(rRNA) (used as endogenous loading control) and presented as
fold increase relative to medium. Real-time PCR primers for
human RELM-b, TGF-b1 and 2, EGF, VEGF, MUC5AC and 18S
RNA are summarised in table 1.

Western blotting for total and phosphorylated (p42/44)
extracellular signal-regulated kinase-1/2,
phosphatidylinositol 3-kinase and Akt
After incubation with or without RELM-b, the cultured human
airways epithelial cells were washed with ice-cold PBS and
then lysed in 50 mL lysis buffer (25 mM 4-(2-hydroxyethyl)-1-
piperazineethanesulfonic acid, 1.5% Triton X-100, 0.1% sodium
dodecyl sulfate, 0.5 M NaCl, 5 mM EDTA, 0.1 mM sodium
deoxycholate) (Sigma-Aldrich) containing a protease inhibitor
cocktail (Roche, Welwyn, UK) and sodium orthovanadate
(10 mM; Sigma-Aldrich). Western blotting was performed to
detect phosphorylation of extracellular signal-regulated kinase
(ERK)1/2, phosphatidylinositol 3-kinase (PI3K) and Akt as
previously described [13, 14].

ELISA for TGF-b1, TGF-b2, EGF and VEGF
Primary cultured epithelial cells were serum starved for 24 h
and then stimulated with RELM-b for 24 and 48 h. ELISA kits
were employed to measure TGF-b1, TGF-b2, EGF and VEGF
according to the manufacturer’s instructions (R&D Systems).
Limits of detection for these ELISA analyses were 15.4, 15.4, 3.9
and 16 pg?mL-1, respectively.

Effect of RELM-b on MUC5AC expression by HBECs
MUC5AC mRNA and protein were measured by real-time PCR
and ELISA in HBECs cultured using an air–liquid interface

culture system [15]. Briefly, cells were seeded on type I collagen-
coated semi-permeable Trans well membrane (Corning Inc.,
Corning, NY, USA) inserts at a density of 105 cells per 24-mm well
in a 1/1 (volume/volume) mixture of bronchial epithelial cell
growth medium (BGEM) and Dulbecco’s modified Eagle’s
medium (Invitrogen, Paisley, UK). HBECs were grown comple-
tely submerged for 1 week. The apical medium was removed on
day 8 and cells were grown at an air–liquid interface with culture
media in the basal compartment changed daily for 3 weeks. After
the cells had reached confluence, they were serum-starved for
24 h before adding recombinant RELM-b with or without
the ERK inhibitor U0126. After 24 h, cell culture supernatants
and lysates were collected to measure MUC5AC expression.
MUC5AC protein was measured by ELISA as previously
described [15]. The amounts of MUC5AC in culture supernatants
were expressed as mg of mucin per mg of total protein.

Statistical analysis
Data were analysed using a statistical package (Minitab Release 7;
Minitab Inc., State College, PA, USA). For the bronchial biopsies
and BAL, the Mann–Whitney U-test was used for between group
comparisons. For PCR, proliferation, ELISA and other assays, the
data were analysed by paired t-test. Correlation coefficients were
obtained by Spearman’s rank-order method with correction. For
all tests, p,0.05 was considered significant.

RESULTS

Study participant characteristics
In total, 40 subjects (20 asthmatics, 10 of whom were female, aged
27–50 yrs and 20 controls, 12 of whom were female, aged
20–38 yrs) participated in the study. The baseline FEV1 was
significantly lower in the asthmatics (median 81.5 (range 42.0–
116.0) % predicted) than in the control subjects (101.5 (81.0–122.0)
% pred; p,0.0001). The median total serum IgE concentration in
asthmatics (84.8 (17.6–789.3) IU?mL-1) was significantly higher
than that of the controls (46.6. (15.9–241.6) IU?mL-1; p50.0275).
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FIGURE 1. Concentrations of resistin-like molecule (RELM)-b in bronchoal-

veolar lavage (BAL) fluid from asthmatic (n520) and control subjects (n520).

Analysed using Mann–Whitney U-test. Bars show medians.

TABLE 1 Primers used for real-time, quantitative real-time
PCR

Gene Forward primer Reverse primer

RELM-b 59-CCC TTC TCC

AGC TGA TCA AC-39

59-CCA CGA ACC

ACA GCC ATA G-39

TGF-b1 59-CCT GCA AGA CTA

TCG ACA TGG AGC-39

59-ACA CGG GTT CAG

GTA CCG CTT CTC-39

TGF-b2 59-ATC CCG CCC ACT

TTC TAC AGA C-39

59’-CAT CCA AAG

CAC GC TTC TTC C-39

MUC5AC 59-TGA TCA TCC

AGC AGC AGG GT-39

59-CGA GCT CAG

AGG ACA TAT GGG-39

EGF 59-ACT GTG TTG

TTG GCT ACA TCG G-39

59-TCA GGA GGA

GCA GCA TGA CA-39

VEGF 59-TAC CTC CAC

CAT GCC AAG TG-39

59-GAT GAT TCT

GCC CTC CTC CTT-39

18sRNA 59-TGA CTC AAC ACG

GGA AAC CTC AC-39

59’-GGA CAT CTA AGG

GCA TCA CAG ACC-39

RELM: resistin-like molecule; TGF: transforming growth factor; MUC5AC: mucin

5AC; EGF: epidermal growth factor; VEGF: vascular endothelial growth factor.
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Increased expression of RELM-b in BAL and bronchial
mucosa
The median concentration of RELM-b relative to total protein was
significantly higher in BAL from asthmatic subjects compared
with control subjects (fig. 1) (p50.002). Immunohistochemical
analysis of sections of the bronchial biopsies showed RELM-b
immunoreactivity located in the epithelium and the submucosa
(fig. 2a–d). The median number of RELM-b immunoreactive cells
in the entire sections and in the epithelium alone was significantly
increased in the asthmatics compared with the controls (fig. 2e

and g; p50.0002 and 0.007, respectively). In the asthmatics, the
total numbers of RELM-b immunoreactive cells correlated
inversely with FEV1 (fig. 2f) (r5 -0.531, p50.016), while the num-
bers of epithelial RELM-b and MUC5AC immunoreactive cells
correlated positively (fig. 2h) (r50.531, p50.03). Double staining
showed that ,30% (mean¡SD 25.1¡4.2%) of MUC5AC+ epithe-
lial cells also expressed RELM-b. In the submucosa, RELM-b
immunoreactive cells comprised mainly of macrophages
(36.4¡4.9%), endothelial cells (31.7¡3.2%) and fibroblast-like
cells (19.9¡2.5%). In contrast, only small percentages of the total
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FIGURE 2. Resistin-like molecule (RELM)-b immunoreactivity in sections of bronchial biopsies. a) RELM-b+ cells (arrows) in sections of asthmatic bronchial biopsy; b)

negative control (absorbed antibody); c) CD68+ macrophage; and d) CD31+ endothelial cells with RELM-b immunoreactivity (red arrows). RELM-b+ cells within e) the entire

bronchial mucosa including the epithelium (results expressed as positive cells?mm-2 of biopsy) and g) the epithelium alone (results expressed as positive cells?mm-1 length

basement membrane (BM)). f) Correlation between total numbers of RELM-b+ cells in entire biopsies and forced expiratory volume in 1 s (FEV1) % predicted (% pred) in

asthmatics. h) Correlation between numbers of epithelial RELM-b+ and mucin (MUC)5AC+ cells in asthmatics. Mann–Whitney U-test and Spearman’s rank correlation. n520

per group. Bars show medians.
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RELM-b immunoreactive cells were accounted for by other
inflammatory cells (mast cells, 3.9¡1.4%; neutrophils, 3.1¡ 2.2%;
T-cells, 2.6¡1.2%; and eosinophils, 2.1¡2.1%). The results are
summarised in table 2.

HBECs express RELM-b, which increases their proliferation
Cultured HBECs spontaneously expressed RELM-b mRNA and
secreted the corresponding protein. Both were significantly
increased by IL-13 (fig. 3a and b). RELM-b increased prolifera-
tion of HBECs (fig. 3c) in a concentration-dependent fashion. In
contradistinction to IL-13, RELM-b-induced proliferation of
HBECs was completely abolished by the ERK inhibitor U0126,
but not the NF-kB inhibitor Bay11-7082 (fig. 3c).

RELM-b increases expression of mucin, TGF-b2, EGF and
VEGF, but not TGF-b1, by HBECs
RELM-b increased expression of mucin by cultured HBECs at
the level of both MUC5AC mRNA and secreted mucin pro-
tein. Again, the ERK inhibitor U0126 significantly attenuated
MUC5AC expression (fig. 4a and b). RELM-b also induced
HBEC expression, at the mRNA and protein levels, of TGF-b2
(fig. 4c and d) in a concentration-dependent manner. Addi-
tionally, RELM-b induced expression and secretion of EGF
(fig. 5a and b) and VEGF (fig. 5c and d) but not TGF-b1 (data
not shown).

RELM-b induces phosphorylation of ERK1/2, PI3K and Akt
RELM-b induced transient phosphorylation of ERK1/2, PI3K
and Akt in HBECs in a concentration-dependent fashion, which
was evident as early as 10 min after RELM-b exposure and
reverted towards, but was not completely back to ‘‘baseline’’,
within 60 min (fig. 6).

DISCUSSION
RELM family members are of increasing interest as mediators
of inflammation and remodelling, not only in the respiratory
tract but also in blood vessels and the mucosa of the gut.
Although RELM-b/FIZZ-2 expression has been reported in
murine asthma ‘‘models’’ [4, 7], there has been no systematic
investigation of its expression in human airways diseases
characterised by remodelling, most typically asthma, and its
possible effects on human airway epithelial cells.

In this study, using bronchial biopsies from human asthma
and primary cultures of human airways epithelial cells, we
have generated a body of data supporting the hypothesis that
RELM-b/FIZZ-2 plays a mechanistic role in airway remodelling
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FIGURE 3. Interleukin (IL)-13-induced expression of resistin-like molecule (RELM)-b, and the effect of RELM-b and IL-13 on proliferation of airway epithelial cells. Primary

human bronchial epithelial cells (HBECs) were cultured with and without IL-13 (10 ng?mL-1) for 24 (quantitative PCR) and 48 (ELISA) h. a) RELM-b mRNA and b) RELM-b

protein present in supernatants. c) RELM-b increases proliferation of HBECs concentration dependently, an effect abolished by the extracellular signal-regulated kinase

inhibitor U0126 (10 mM), but not the nuclear factor-kB inhibitor Bay11-7082 (2.5 mM), which inhibited IL-13-induced proliferation. Data are expressed as the mean¡SEM from

at least four independent experiments. Data were analysed using the t-test.

TABLE 2 Cellular sources of resistin-like molecule
(RELM)-b in the bronchial submucosa

Cell marker RELM-b localised# % Cells expressing RELM-b" %

CD68 (macrophage) 36.4¡4.9 56.3¡5.4

CD31 (endothelial cell) 31.7¡3.2 47.8¡3.9

5B5 (fibroblast) 19.9¡2.5 50.1¡4.5

Tryptase (mast cell) 3.9¡1.4 12.5¡4.1

Elastase (neutrophil) 3.1¡2.2 10.8¡3.7

CD3 (T-cell) 2.6¡1.2 6.7¡2.8

MBP (eosinophil) 2.1¡2.1 5.9¡2.2

Data are presented as mean¡SEM. MBP: major basic protein. #: percentages of

total RELM-b+ cells accounting for the stated phenotypes; ": percentages of

total cells of each phenotype expressing RELM-b immunoreactivity.
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in diseases, such as asthma. RELM-b/FIZZ-2 was over-
expressed in the bronchial mucosa of asthmatics to a degree
that correlated with impaired lung function and local epithelial
mucin production. Its presence in the lumen of the airways
suggests local release. The cytokine IL-13, considered to be an
important airway remodelling cytokine in humans, increased
the expression of RELM-b/FIZZ-2 by primary airway epithe-
lial cells, a phenomenon also described in animals [7]. This
provides one possible mechanistic link between T-helper cell
type 2 cytokine expression and RELM-b/FIZZ-2 induction.
In turn, RELM-b/FIZZ-2 increased proliferation of airway
epithelial cells and their secretion of TGF-b2, EGF and VEGF,
all of which are important remodelling mediators. Finally,
RELM-b induced production of mucin. The fact that epithelial
mucin production correlated with RELM-b/FIZZ-2 expression
suggests that the latter is an important driver, either directly or
indirectly, for the former process. The fact that RELM-b- and
MUC5AC-expressing cells were relatively distinct allows the
further hypothesis that they represent functional subgroups of
epithelial cells. Excessive sputum production and mucous
hyperplasia in the airway mucosa are, of course, cardinal
clinical and pathophysiological features of human asthma and

other obstructive airways diseases, as well as being important
causes of morbidity and mortality [16–18].

Of the 21 different mucin genes identified in human tissues
[19], in this study, we chose to measure the expression of
MUC5AC because it is one of the major secreted mucins in
the airways of asthma patients [20–22]. In addition, MUC5AC
is produced within the airways epithelium, while MUC5B
expression is restricted to cells of the submucosal glands
[23–25]. Although, in animals, direct delivery of RELM-b into
the airways has been reported to cause mucous hyperplasia
[7], there is a lack of direct evidence showing that RELM-b acts
directly on airway epithelial cells. Our data confirm this for the
first time in humans.

Our data are also consistent with the hypothesis that RELM-b/
FIZZ-2 mediates airway remodelling through induction of an
array of remodelling mediators, including TGF-b2, EGF and
VEGF, in airway epithelial cells. In further support of this
hypothesis, elevated TGF-b2 (but not TGF-b1) [26] and EGF
expression [27] have been linked with mucin production in
asthma. VEGF is also a well-established remodelling mediator
in asthma, inducing angiogenesis, among other effects. VEGF

2.5

2.0

a)

1.5

1.0

0.5

0

R
E

LM
-β

 m
R

N
A 

fo
ld

 c
on

tro
l

0 1
[RELM-β] ng·mL-1

10 1000 1
[RELM-β] ng·mL-1

10 100

320

280

240

d)

200

[T
G

F-
β 2

] p
g·

m
g-

1

p=0.025 p=0.006

RELM-β 100 ng·mL-1

U0126 10 µM
-
-

+
-

+
+

RELM-β 100 ng·mL-1

U0126 10 µM
-
-

+
-

+
+

15

10

5

b)

0

M
U

C
5A

C
 µ

g·
m

g 
to

ta
l p

ro
te

in
-1

p=0.03 p=0.03

p=0.04

p=0.03
2.5

2.0

c)

1.5

1.0

0.5

0

TG
F-

β 
m

R
N

A 
fo

ld
 c

on
tro

l p=0.04

p=0.03
p=0.01

FIGURE 4. Resistin-like molecule (RELM)-b increases human bronchial epithelial cell (HBEC) mucin and transforming growth factor (TGF)-b2 expression. RELM-b
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experiments and are analysed using the t-test.
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transgenic mice developed an asthma-like phenotype with
inflammation, parenchymal and vascular remodelling, oedema,
mucous metaplasia, and airway hyperresponsiveness [28]. Taken
together, these data suggest the possibility that RELM-b/FIZZ-2
induced mucin production in the present study, both directly and
indirectly, through induction of TGF-b2, EGF and VEGF. This
and the effects of RELM-b on other cells relevant to airway
remodelling are currently being explored in our group.

Finally, our data also suggest that the effects of RELM-b on
epithelial cells rely largely on ERK, but not NF-kB, signalling,
in contradistinction to those of IL-13. In view of a previous
report that RELM-b/FIZZ-2 acutely and markedly activated
ERK expression in primary cultured hepatocytes [29], we
sought and found a similar effect of RELM-b/FIZZ-2 rapidly
and transiently phosphorylating ERK1/2 in human airways
epithelial cells. RELM-b/FIZZ-2 also activated phosphoryla-
tion of PI3K and Akt. Together, these data suggest that ERK
and PI3K/Akt signalling play a role in RELM-b/FIZZ-2-
induced proliferation and differentiation of airways epithelial
cells, but since the receptor or receptors for RELM-b/FIZZ-2
remain to be identified, it cannot yet be determined whether
these effects are direct or indirect.

We are currently undertaking further studies to compare
RELM-b/FIZZ-2 expression with other remodelling changes in
the asthmatic bronchial mucosa ex vivo and to investigate its
possible production by other structural cells, such as fibroblasts
and endothelial cells, as our present data suggest. In this
context, a very recent study has suggested that RELM-b/FIZZ-2
plays a role in pulmonary fibrosis, possibly through inducing
production of type I collagen and smooth muscle-a actin by
fibroblasts [30]. Targeting RELM-b/FIZZ-2 or its molecular
signalling may prove an effective therapeutic strategy to reduce
mucus production in asthma and other chronic inflammatory
airways diseases where it is produced to excess, a potentially
fatal problem for which there is as yet no remedy.
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