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Abstract

Objective Pregnancy can influence the course of maternal
asthma, but the mechanisms are presently unknown. The
aim of the present study was to access maternal immune
cell profiles in the presence and absence of asthma and to
determine the effect of pregnancy-derived factors on epi-
thelial cell function.

Methods Cells from the human bronchial epithelial cell
line BEAS-2B were treated with plasma from pregnant or
nonpregnant asthmatic and nonasthmatic subjects. Cell
culture supernatants were collected after 24 h and assayed
for IL-6, IL-8, eotaxin, RANTES and sICAM-1 protein
using ELISA. Maternal immune cell count and peripheral
blood chemotactic response to plasma from pregnant and
non-pregnant asthmatic subjects were also assessed.
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Results The presence of maternal asthma during preg-
nancy was associated with increased monocyte and
neutrophil numbers, increased BEAS-2B cell production of
IL-8 and SICAM-1 (P < 0.05) and increased chemotactic
capacity relative to pregnant women without asthma.
Conclusion The results of this study suggest that circu-
lating pregnancy-related factors enhance chemotactic
mediators in epithelial cells in the presence of asthma. This
may be one mechanism that contributes to pregnancy-
induced changes in asthma.
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Introduction

Changes in the course of maternal asthma have been
observed during pregnancy with at least one-third of
women experiencing worsening asthma particularly in the
last trimester [1, 2]. The “one-third dogma” is likely to be
an underestimation as a recent prospective study reported
that 55% of women experience at least one asthma exac-
erbation during pregnancy [3]. The mechanisms that
contribute to worsening of asthma with pregnancy are not
fully characterised. We have been interested in how asthma
during pregnancy and pregnancy-related factors alter
maternal inflammatory pathways in the circulation and the
airways.

We have previously found that maternal asthma during
pregnancy is associated with numerous changes in circu-
lating proteins. A proteomic study of plasma collected
during pregnancy in asthmatic and non-asthmatic women
has shown that there are pregnancy- and asthma-specific
changes in the maternal and foetal protein profile [4].
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These circulating, unidentified, pregnancy-specific factors
may influence worsening asthma during pregnancy.

More recently we have demonstrated in bronchial
smooth muscle that maternal and foetal plasma from
patients with pregnancies complicated by asthma upregu-
lates inflammatory pathways by increasing cytokine and
chemokine production [5]. In particular, bronchial smooth
muscle cell production of RANTES (regulated on activa-
tion, normal T cell expressed and secreted), interleukin
(IL)-6, IL-8, SICAM-1 and eotaxin increased in response to
pregnancy-derived factors [5]. These inflammatory medi-
ators may promote immune cell recruitment, survival and
chemotaxis [6-9] and may in part contribute to worsening
asthma. The present study aims to extend this research in
the airway by examining changes observed in the bronchial
epithelium in response to pregnancy-derived factors from
asthmatics.

The epithelium is fundamentally disordered in chronic
asthma, manifested by increased fragility and an altered
phenotype to one that secretes mucus, mediators, cyto-
kines, chemokines and growth factors [10, 11]. For many
years, epithelial cells were considered to have the simple
role of a barrier participating in mucous secretion and
removal of noxious agents by their cilia. More recently
these cells were found to have a much broader activity
including the release of eicosanoids [10, 12], the degrading
of neuropeptides (NEP) by neural endopeptidases [13],
participation in the regeneration of normal epithelium,
production of cytokines [11, 14] and in addition, they
might have an immune function related to their capability
to present antigens [15].

IL-8, IL-6 and granulocyte—macrophage colony-stimu-
lating factor (GM-CSF) are produced by human bronchial
epithelial cells in response to IL-1f and tumour necrosis
factor-alpha (TNF-«) in vitro [11]. Current studies by Yoon
et al. [16] have shown that epithelial cell line BEAS-2B
cells infected with respiratory syncytial virus (RSV) pro-
duced high concentrations of IL-6, IL-8 and RANTES in
cell culture medium.

During pregnancy, alterations in circulating immune
cells and chemotactic capacity may also affect maternal
asthma. Sacks et al. [17] and others [18, 19] have
reported changes in maternal immune cell profiles during
normal pregnancy with increased numbers of circulating
neutrophils and monocytes and activation of the innate
immune system [17, 20-23]. In non-pregnant asthmatic
subjects, increased numbers of monocytes, neutrophils
and eosinophils have been reported in the circulation [24,
25] and are known to be associated with asthma severity.
We have previously found that monocyte concentrations
are increased with maternal asthma [26], suggesting that
changes in the maternal innate immune system during

pregnancy may contribute to worsening asthma. Our
previous work suggests that the lung may increase che-
mokine production in the response to pregnancy-derived
factors [5] and therefore activate chemotactic pathways.
We hypothesize that the changes in maternal immune cell
profile, chemotactic capacity and airway synthetic func-
tion in the presence of pregnancy-derived factors may
influence maternal asthma severity during pregnancy. In
the present study, we examined maternal immune cell
profiles in whole blood of asthmatic and non-asthmatic
pregnant women and then extracted the plasma to
examine the effect of pregnancy-derived factors on
bronchial epithelial cell synthetic function and immune
cell chemotaxis in the presence and absence of asthma.
This study is an initial investigation into the mechanisms
that may contribute to worsening maternal asthma during
pregnancy.

Methods
Assessment of glucocorticoid use

Cumulative, inhaled glucocorticoid dose was calculated for
each trimester and summarized as the mean daily dose of
beclomethasone dipropionate or equivalent used during the
pregnancy, where 1 pg beclomethasone dipropionate was
considered equal to 1 pg budesonide and to 0.5 pg fluti-
casone propionate. Subjects were then grouped into the
following categories, based on glucocorticoid dosage: Nil,
no glucocorticoid use; Glu, low to high dose glucocorti-
coid, with daily dose during pregnancy between 400 and
1,500 pg. Asthmatic women in the Nil group used a f2
agonist (ventolin) when required.

Assessment of asthma severity

Clinical asthma severity was rated as mild, moderate or
severe using the integrated severity score described in the
Australian Asthma Management Guidelines which closely
approximates the National Heart, Lungs and Blood Insti-
tute Guidelines [27]. Measurements of current daytime
symptoms, nocturnal and morning symptoms due to
asthma, bronchodilator use, forced expiratory volume at
1 s (FEV),), peak expiratory flow (PEF) and hospitalisa-
tions were used to assign the patient a severity rating of
mild, moderate or severe. For each category, the patient
was assigned the most severe grade that she experienced
during her pregnancy. Subjects with mild persistent asthma
exhibited any of the following characteristics: FEV,
greater than 80% predicted, no night-time asthma symp-
toms, no asthma symptoms on awakening, infrequent
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short-acting bronchodilator use, no severe attacks in the
past year, and only occasional daytime symptoms (fewer
than four times per week). Moderate asthma was defined by
symptoms on most days, short-acting 2 agonist require-
ments most days, night symptoms up to once per week,
FEV, greater than 60% and less than 80% predicted or PEF
variability less than 25%. In severe asthma, there were
daily symptoms, limited physical activity, frequent night-
time symptoms (more than once per week) and asthma on
awakening, FEV, less than 60% predicted or PEF vari-
ability greater than 25%. Subjects were managed according
to a standard treatment protocol (Asthma Management
Guidelines) in a combined antenatal/asthma management
clinic. Control subjects had spirometry monitored at 18
weeks gestation, whereas asthmatic women had two to
eight visits at the asthma management service, depending
on severity of asthma and individual needs. At the first
visit, a history of asthma control was recorded, including
number of emergency presentations, hospital admissions,
and oral glucocorticoid use in the previous 2 years before
pregnancy.

Each asthmatic study subject received instruction with
an asthma educator at 18 and 30 weeks gestation in asthma
control, management skills, and a crisis plan. The asthma
education visits allowed for the assessment of drug com-
pliance and asthma stability and control throughout
pregnancy [28].

Human bronchial epithelial cell line culture (BEAS-2B)

BEAS-2B, an SV40 adenovirus-transformed human bron-
chial epithelial cell line, was used in this study. The cells
were maintained in 75 cm? flasks at 37°C and 5% CO, in
RPMI/F12 medium containing 1% antibiotics and 2 mM
L-glutamine and 10% foetal calf serum. Medium was
replaced every second day, and cells were passaged when
>85% confluent by washing with Ca- and Mg-free PBS
and dislodging with 0.05% trypsin (Life Technologies,
Melbourne, Australia). BEAS-2B cells cultured between
passages 40—-60 were used for experimentation.

Stimulation of epithelial cells (BEAS-2B) in culture

Cells were seeded at a density of 5 x 10° cells on six-well
cluster plates (Costar, Cambridge, MA). When cells were
about 85% confluent, they were growth arrested in serum-
free medium for 24 h and treated with 20% plasma from
pregnant asthmatics, pregnant non-asthmatics, non-preg-
nant asthmatics and non-pregnant non-asthmatics.
Maternal plasma samples were collected as previously
described [5]. Cells in plasma-free medium were used as
control treatment.

Cytokine measurement
Measurement of RANTES, eotaxin, IL-6, IL-8 and sICAM-1

Cell culture supernatants were assayed for RANTES,
eotaxin, IL-6, IL-8 and sICAM-1 using commercial
enzyme-linked immunosorbent assay (ELISA) kits (R&D
Systems, Minneapolis, MN and Amersham Pharmacia
Biotech, England, UK). All ELISAs were performed using
matched antibody pairs according to the manufacturer’s
instructions. The sensitivity of the assay was 6.2 pg/ml for
eotaxin, 1.6 ng/ml for sICAM-1, 3.1 pg/ml for IL-8,
15.6 pg/ml for RANTES and 4.7 pg/ml for IL-6.

Maternal peripheral blood immune cell count

Venous blood was collected from women in the first tri-
mester (<15 weeks), second trimester (16-24 weeks) and
third trimester (>25 weeks) of gestation during their
antenatal visit. Blood samples were sent to the Hunter Area
Pathology Services (HAPS, Newcastle, Australia) for the
determination of the different number of white blood cells
including monocytes, lymphocytes, eosinophils, neutro-
phils and basophils.

Chemotaxis assay

Venous blood was obtained from non-pregnant (n = 6) and
pregnant (n = 10) subjects with or without asthma and
used for chemotaxis experiments. Blood samples were
collected into lithium-heparin tubes and centrifuged at
1,000 g for 15 min at 4°C to obtain plasma. Plasma sam-
ples were pooled together for each group. Blood collected
from the pregnant subjects in the third trimester was used.
Peripheral blood mononuclear (PBMN) cells were isolated
from a healthy non-asthmatic donor with no history of
allergy as previously described [29]. PBMN cells were
isolated by density-gradient centrifugation using ficoll.
PBMN cell chemotaxis was measured by using a 24-well
Micro Chemotaxis Transwell (Corning Costar, Cambridge,
MA, USA). The cells were resuspended at 1 x 10%/ml
RPMI medium then loaded into the upper chamber of the
Micro Chemotaxis chamber. The chemoattractant which
was the maternal plasma from our study subject group was
added to the lower chamber. In separate wells, FMLP
(Sigma-Aldrich, St Louis, MO, USA) and medium alone
were put in the lower chamber as a positive control and to
account for random movement of cells, respectively. The
lower and upper chambers were separated by a polycar-
bonate membrane (5-pum pore size). The transwell set up
was left for 3 h at 37°C in a humidified incubator with 5%
CO,. After the incubation period, the number of PBMN
cells that migrated to the lower compartment was
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determined by counting the cells with a haemocytometer.
PBMN cells counted in plasma were expressed as a per-
centage of cells that migrated into medium alone.

Statistical analysis

Data on maternal characteristics are expressed as median
with inter-quartile range or as mean with standard error of
the mean (SEM). Cytokine release from bronchial epithe-
lial cells and maternal immune cell count data are
expressed as mean and SEM. If data were normally dis-
tributed, a one-way ANOVA with post-hoc f-test using
Bonferroni correction was performed using GraphPad
Prism version 4.00 for Windows (GraphPad Software, San
Diego, CA, USA). However, if data were not normally
distributed, then Kruskal-Wallis with Dunnett’s multiple
comparison post test was used.

Results
Maternal characteristics

The details of the subject characteristics are outlined in
Table 1. The forced expiratory volume at 1 s (FEV)),

Table 1 Maternal and neonatal characteristics

which is an indicator of lung function, was significantly
lower in the asthmatic group using inhaled glucocorticoids
compared with the non-asthmatic control (ANOVA,
P < 0.05). The dose of inhaled glucocorticoid was signif-
icantly increased through pregnancy from first to third
trimester (Table 1).

The effect of maternal plasma on IL-6, IL-8, eotaxin,
s-ICAM-1 and RANTES

To examine the effect of pregnancy-derived factors on
BEAS-2B cell synthetic function, plasma from non-preg-
nant and pregnant women with or without asthma was
incubated with BEAS-2B cells in culture for 24 h. The
constitutive production of IL-6, IL-8, eotaxin, sICAM-1
and RANTES was detectable in culture supernatant after
24 h without any plasma treatment.

The production of IL-6 was significantly increased by
plasma from pregnant non-asthmatics [2,919 pg/ml
(2,805-3,200); P < 0.05] and from pregnant asthmatics
[3,385 pg/ml (2,154-3,880); P < 0.01] compared with
cells in plasma-free medium [87.7 pg/ml (54.8-120.9)] as
seen in Fig. la. Plasma from non-pregnant women did not
significantly increase IL-6 production relative to the con-
stitutive expression (Fig. 1a). Post-hoc analyses showed a

Non-asthmatic (control)

Asthmatics using inhaled
glucocorticoid

Asthmatics not using inhaled
glucocorticoids

Maternal age (years) 28 (25-31) (n = 137)

Parity 1 (0-1) (n = 161)
Gravidity 2 (2-3) (n = 133)
VC (1) 39+ 0.08 (n =51)
FEV; () 3.3 +£0.07 (n = 152)

Inhaled glucocorticoid dose (pg/day)  —

With mild asthma (%) -

With moderate asthma (%) -

With severe asthma (%) -

Smokers (%) 2

Non-smokers (%) 23

39.4 (38.4-42.2) (n = 135)
3,509 £ 58 (n = 135)
1:1.1

Gestational age at delivery (weeks)
Birth weight (g)

Ratio of female:male babies

27 (23-31) (n = 198)
1 (0-2) (n = 197)

2 (1-3) (n = 197)
37+ 0.05 (n = 184) 3.8 £ 0.04 (n = 143)
3.0 & 0.04* (n = 192) 31+ 04 (n=144)
Ist trimester: 583 4 42 (n = 196) -

2nd trimester: 763 + 46° (n = 196) -

3rd trimester: 920 &+ 43% (n = 195) -

25 (21-29) (n = 163)
1 (0-2) (n = 133)
2 (1-3) (n = 161)

17 31
11 3
29 9
9 12
32 22

39.4 (39-40) (n = 194)
3,465 £ 42 (n = 191)
1:1.1

40 (39-40) (n = 158)
3,482 £ 43 (n = 158)
1:0.9

VC Vital capacity, FEV; forced expiratory volume at 1 s

Data are reported as median (inter-quartile range) or as mean =+ standard error of the mean (SEM)

% Significantly different from Ist to 2nd trimester (ANOVA, P < 0.01)

% Significantly different from 1st to 3rd trimester (ANOVA, P < 0.001)

* Significantly different between groups (Kruskal-Wallis, P < 0.01)

The information presented in this table is pertinent to data presented in Fig. 3a—
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Fig. 1 The release of a IL-6, b IL-8, ¢ sICAM-1, d eotaxin and
e RANTES protein by BEAS-2B cells in plasma-free medium (striped
bars, n = 6); cells stimulated with plasma from non-pregnant (n = 3)
and pregnant (n = 10) non-asthmatic subjects (open bars); and cells
stimulated with plasma from non-pregnant (n = 3) and pregnant

significant increase in IL-6 production by plasma from
pregnant asthmatics compared with pregnant non-asth-
matics (P < 0.01). Similarly, in the non-asthmatic group,
plasma from pregnant women significantly increased IL-6
production compared with plasma from the non-pregnant
group (P < 0.001).

IL-8 was also significantly increased by plasma from
asthmatic pregnant subjects [3,763 pg/ml (2,268-4,685);
P < 0.05] relative to the constitutive expression [109 pg/ml
(100-109.8)] (Fig. 1b). Plasma from non-asthmatic preg-
nant and non-pregnant subjects did not significantly increase
IL-8 production. Post-hoc analyses identified a significant
increase in IL-8 production by plasma from pregnant asth-
matics compared with pregnant non-asthmatics (P < 0.001).
In the non-asthmatic group, plasma from pregnant women

Eotaxin (pgiml)
8

30007 E

20004

1000 4

RANTES (pg/ml)

Plasmafree Nonpregnant Pregnant

EAPlasma free
D Nonasthma
B Asthma

(n = 20) subjects with maternal asthma (shaded bars). This exper-
iment was repeated in two cell lines. Data are expressed as
mean =+ standard error of mean from triplicate wells and two
experiments. *Significant compared with plasma-free media
(ANOVA and Dunnett’s multiple comparison test)

significantly increased IL-8 production compared with
plasma from the non-pregnant group (P < 0.001).

The production of sSICAM-1 (Fig. 1c) was significantly
increased in the presence of plasma from both pregnant
[52.9 ng/ml (44.9-98.4); P < 0.05] and non-pregnant
[134 ng/ml (122-146); P < 0.01] women with asthma
compared with cells in plasma-free medium [0.8 ng/ml
(0.2-1.7)]. Interestingly sICAM-1 production was signifi-
cantly increased in response to the plasma from non-
pregnant asthmatics compared with plasma from pregnant
asthmatics (P < 0.05). Plasma from non-asthmatic preg-
nant and non-pregnant subjects did not significantly alter
SICAM-1 production.

Eotaxin production was increased by plasma from non-
pregnant non-asthmatics [38 pg/ml (36.8-39.5); P < 0.01]
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and asthmatics [27.4 pg/ml (27-27.9); P < 0.05] and not
significantly altered in the presence of plasma from preg-
nant subjects (Fig. 1d).

RANTES secretion (Fig. le) was significantly increased
by plasma from pregnant non-asthmatics [1,609 pg/ml
(1,138-2,238); P < 0.01] and pregnant asthmatics
[1,750 pg/ml (1,496-2,898); P < 0.001] in comparison to
cells in plasma-free medium [181 pg/ml (166-196.8)].
Similarly, RANTES was increased by treatment with
plasma from non-pregnant non-asthmatics [2,398 pg/ml
(2,098-2,698); P < 0.001] and asthmatics [2,553 pg/ml
(2,439-2,667); P < 0.001].

Chemotactic response of PBMN cells to plasma
from pregnant and non-pregnant of asthmatics
and non-asthmatics

PBMN cells from a normal non-pregnant donor were used
to examine the chemotactic response to plasma obtained
from pregnant and non-pregnant women with or without
asthma. The presence of pregnancy-derived factors in
plasma of non-asthmatic subjects significantly inhibited the
chemotactic response of PBMN cells (Fig. 2) when com-
pared to the other plasma samples (ANOVA P = 0.006).
Post-hoc #-test identified that the presence of asthma during
pregnancy did not significantly reduce the chemotactic
response of PBMN cells, and the response was comparable
to the non-pregnant samples (P > 0.05).

Immune cell profile during pregnancy

Total white blood cells were counted and subdivided into
the various cell types identifiable in the blood. Data in this

£ Nonasthma
=3 Asthma

S 8 &8 8
| N R T—]

% migrated cells
s

o

L]
Nonpregnant plasma Pregnantplasma

Fig. 2 Chemotactic response of peripheral blood mononuclear cells
to plasma from non-pregnant and pregnant women with asthma
(shaded bars) and without asthma (open bars). Plasma samples were
pooled from at least 5 subjects per group. Data are expressed as
mean =+ standard error of the mean of percentage of migrated cells
relative to medium alone (*P = 0.006, ANOVA). Bonferroni post
test, P < 0.05, pregnant non-asthma compared with pregnant asthma

section are reported as median number of cells with the
inter-quartile range. Monocytes (Fig. 3a) were significantly
increased in number from the first trimester [0.5 (0.4-
0.7) x 10°/1] to the third trimester [0.6 (0.6-0.9) x 10°/1]
of pregnancy in asthmatic women using inhaled gluco-
corticoid (Kruskal-Wallis ANOVA, P = 0.03). Within the
asthmatic group that were not using inhaled glucocorticoid
treatment, there was also an increase in monocytes with
pregnancy from first to third trimester [0.6 (0.4-0.7),
Kruskal-Wallis P < 0.001]. There was also a progressive
increase from second to third trimester (P < 0.01).

There was a significant increase in neutrophil numbers
(Fig. 3b) in control subjects from the first [6.4 (5.6—
7.7) x 10°/1] to third trimester [7.3 (6.6-9.7) x 10°/1;
P < 0.001]. Similarly, neutrophil numbers increased in
asthmatic glucocorticoid group [6.2 (5.2-7.3) to 7.7 (6.8—
9.1) x 10°/1; P < 0.001] and no glucocorticoid group [6.3
(5.2-7.8) to 8.0 (6.5-9.9) x 10°N; P < 0.01] throughout
pregnancy.

Eosinophil numbers (Fig. 3c) decreased significantly in
asthmatic women using inhaled glucocorticoid [0.3 (0.1-
0.4) to 0.1 (0.1-0.2) x 10°/1; P < 0.001] and those not
using inhaled glucocorticoid treatment [0.2 (0.1-0.2) to 0.1
(0.1-0.2) x 10°/1; P < 0.001] as pregnancy progressed.
Eosinophil numbers were significantly higher in asthmatics
than non-asthmatics throughout pregnancy (P < 0.001).

No changes were observed in lymphocyte and basophil
numbers throughout pregnancy in the asthmatic and non-
asthmatic groups (data not shown).

Discussion

In the present study, we have examined the maternal
immune cell profile in whole blood and then extracted the
plasma to examine the influence of pregnancy-derived
factors on chemotactic capacity and secretory function of
bronchial epithelial cell line in relation to pregnancy and
asthma. The presence of maternal asthma was associated
with increased concentrations of eosinophils, monocytes
and neutrophils relative to non-asthmatics during preg-
nancy. Exposure of BEAS-2B cells to plasma from normal
pregnancies resulted in an increased production of IL-6 and
RANTES suggesting that pregnancy alone can activate
synthetic function of cytokines and chemokines in the
airway. The production of chemokines from bronchial
epithelial cells was further enhanced in the presence of
asthma during pregnancy. We then assessed the chemo-
tactic response to pregnancy-derived factors in the
presence and absence of asthma and found chemotaxis was
suppressed by pregnancy-derived factors of normal preg-
nancies but enhanced in the presence of asthma and
pregnancy. These data suggest that pregnancy may
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promote worsening asthma via enhanced production of
systemic inflammatory cells of the innate immune system
in combination with increased chemotactic capacity and
local production of chemokines from airway cells.
Bronchial epithelial cells in vitro have been shown to
produce a number of Th-2-derived cytokines and chemo-
kines in response to a variety of stimuli including allergens,
viral particles, air pollutants and proinflammatory cytokines
[30-33]. Studies have shown that air pollutants such as
ozone, nitrogen dioxide and diesel exhaust particles [31, 32]
can increase IL-8, RANTES and sICAM-1 production in
human bronchial epithelial cells. In addition bronchial
epithelial cells increase IL-6 and IL-8 release in response to
RSV [16]. Airway epithelial cells stimulated with IL-1f or
TNF-o [34, 35] or neutrophil elastase [36] produce IL-8.
Th2 cells and their derived cytokines and chemokines play
an important role in airway inflammation. These not only
recruit eosinophils, neutrophils and other immune cell types
but also prolong their survival within the tissue [11, 37].
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n = 59) and asthmatic subjects using 2 agonist only (shaded bars;
Ist trimester n = 115, 2nd trimester n = 49, 3rd trimester n = 56).
Data are expressed as mean =+ standard error of the mean. *P < 0.05,
**P < 0.01, ***P < 0.001 between trimesters (Dunnett’s multiple
comparison test)

Both exogenous and external stimuli can trigger and
activate the bronchial epithelium to release inflammatory
factors. Our study is novel in that it suggests that systemic
circulating factors during pregnancy may influence airway
epithelial function via delivery of inflammatory stimuli
from maternal circulation. This can have implications for
women with asthma in enhancing the inflammatory pro-
cess. The inflammation occurring in asthma results in focal
or diffuse desquamation of the epithelial lining of the air-
ways [38, 39], vasodilatation and increased capillary
permeability of the blood supply to the airways. This leads
to increased plasma leakage [38, 40, 41]. The accumulation
of enriched plasma in the environment surrounding airways
may promote smooth muscle mitogenesis and hyperplasia
and cytokine release [42] and perpetuate the inflammatory
response in the airways. When stimulated, the BEAS-2B
epithelial cell line has a cytokine production profile similar
to isolated primary human epithelial cells in vitro [11, 16].
Certainly, a limitation of using BEAS-2B in culture is that



A. Osei-Kumabh et al.

these cells do not reflect the entire in vivo micro-environ-
ment or function of lung epithelial cells including mucous
production, but these cells are still a tool for defining
mechanisms such as the influence of human pregnancy on
airway cell function, which can then be addressed in vivo
with relevant animal models.

Chemotactic inflammatory mediators cause infiltration
of the airway walls with eosinophils and neutrophils which
produce epithelial injury, abnormal neural regulation of
airway tone, increased airway smooth muscle responsive-
ness, and airway obstruction [39, 43]. IL-8 is recognised
principally as a neutrophil chemoattractant and activator
[44] and has been shown to induce neutrophil adherence
and transendothelial migration [45]. IL-8 is also chemo-
tactic for T lymphocytes [46]. In the present study, asthma
with pregnancy was associated with increased secretion of
IL-8 by epithelial cells and an increased number of circu-
lating neutrophils. In non-pregnant asthmatic subjects,
activated neutrophils have been reported in the circulation
[20]. We propose that IL-8 and neutrophils may be con-
tributing factors to the pathology of asthma during
pregnancy.

We have previously shown that pregnant plasma from
both asthmatic and non-asthmatic women can increase
bronchial smooth muscle production of RANTES [5]. This
effect was also observed in the bronchial epithelium.
Increased levels of RANTES have been reported in bron-
choalveolar lavage (BAL) fluid from asthmatic subjects,
and the eosinophil chemoattractant activity of BAL fluid of
asthmatic subjects was blocked by antibodies to RANTES
[47, 48]. Epithelial cells preferentially secrete RANTES
through the apical cell surface [38], thereby establishing a
gradient which may potentiate chemotaxis across the epi-
thelium in asthmatic women. The increased RANTES
secretion during pregnancy may specifically promote
monocyte chemotaxis.

Fig. 4 Plasma from pregnant
asthmatic women initiates the
release of multiple chemotactic
mediators in the airway
epithelium. In addition,
pregnancy complicated by
asthma is associated with
increased circulating monocytes
resulting in possible recruitment
and activation of inflammatory
and immune effector cells.
These alterations may
contribute to worsening of
asthma during pregnancy in
susceptible individuals

Chemotactic mediators in the
epithelium

Effector cells in pregnancy

While RANTES is a potent chemotactic factor for mul-
tiple immune cells, eotaxin triggers eosinophil-selective
chemotaxis [6] and also induces release of eosinophils and
their progenitors from the bone marrow [49]. Eotaxin
immunoreactivity in the bronchial epithelium is increased
in patients with asthma, and stimulation of epithelial cells
with IL-1f or TNF-o induces eotaxin release [50]. How-
ever, in the current study, there were no changes in the
release of eotaxin in epithelial cells by pregnancy-derived
factors. Interestingly, the level of circulating eosinophils
was significantly elevated in the asthmatic group in the first
trimester of pregnancy. In this study, the effects of smoking
alone did not affect the number of circulating leukocytes.
The highest number of circulating eosinophils was observed
in the women who were on inhaled glucocorticoid treatment
in the beginning of pregnancy. Pre-pregnancy eosinophil
numbers are associated with asthma severity [51]. There-
fore, the increased number of eosinophils observed at the
beginning of pregnancy may perhaps be explained by the
high number of severe asthmatic patients within this cohort.
By the late stages of pregnancy, in the asthmatic women
that were using inhaled glucocorticoids for treatment, the
levels of eosinophils had significantly dropped to that
observed in the non-asthmatic group. These data suggest
that towards the end of pregnancy, non-eosinophilic path-
ways may in part induce worsening asthma.

Epithelial cells constitutively express ICAM-1, and
surface expression is enhanced with cytokine priming with
TNF-o, IFN-y or IL-1/ [52]. We have found that sSICAM-1,
which has the capacity to bind to activated immune cells,
was greatly increased by plasma from asthmatic women.
These data suggest the airway epithelium may have an
increased binding capacity for monocytes during preg-
nancy in women with asthma.

In the present study, we have shown that sSICAM-1, IL-8
and RANTES were increased by plasma from asthmatic

Pregnant plasma
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Nonasthmatic Asthmatic
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women. Increased circulating maternal monocytes and
neutrophils and increased production of adhesion mole-
cules and chemotactic factors by the bronchial epithelium
with pregnancy may contribute in part to changes in
maternal asthma (Fig. 4). The results of this study provide
evidence that systemic differences in innate immune cell
profiles between asthmatic and non-asthmatic women in
combination with alterations in airway epithelial synthetic
function and chemotactic capacity may contribute to
worsening of asthma during pregnancy in susceptible
individuals.
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