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SUMMARY

 

Melioidosis is a life-threatening disease caused by 

 

Burkholderia pseudomallei

 

. The lung is the most com-
monly affected organ, resulting in abscess formation in patients with chronic melioidosis. Previous study
has shown that 

 

B. pseudomallei

 

 was able to invade and multiply in epithelial cells. In the present study,
we have demonstrated that 

 

B. pseudomallei

 

 is able to stimulate interleukin 8 (IL-8) production from the
human alveolar lung epithelium cell line A549. However, the level of IL-8 production was significantly
lower than when the cells were infected with other Gram-negative bacteria such as 

 

Salmonella enterica

 

serovar Typhi (

 

S. typhi

 

) which were used for comparison. The degree of I

 

k

 

B

 

a

 

 degradation in the 

 

B.
pseudomallei

 

-infected cells was lower than that of the 

 

S. typhi

 

-infected cells, suggesting that 

 

B.
pseudomallei

 

 is also a poorer cell activator. Inhibition of 

 

B. pseudomallei

 

 invasion by cytochalasin D did
not interfere with either IL-8 production or I

 

k

 

B

 

a

 

 degradation, indicating that bacterial uptake is not
required for the production of this chemokine. Thus, it appears that the signalling initiated by the inter-
action of 

 

B. pseudomallei

 

 with the epithelial cell surface is sufficient for epithelial cell activation.
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INTRODUCTION

 

Melioidosis is an important cause of sepsis in several tropical
areas, including South-east Asia and northern Australia [1,2].
In humans, the disease is usually acquired by skin inoculation
or inhalation of the dust contaminated with 

 

Burkholderia
pseudomallei

 

. The clinical features vary from an acute fulminate
septicaemia to chronic debilitating localized infection [1]. Abscess
formation can be found in any organ, with lung as the most com-
monly affected organ in those with chronic melioidosis [3,4]. The
patients often present themselves with cough and fever as a result
of primary lung abscess or secondary to septicaemia spread.

 

B. pseudomallei

 

 is a facultative intracellular Gram-negative
bacillus which can survive and multiply in both phagocytic and
non-phagocytic cells [5]. After internalization, the bacteria can
escape from membrane-bound phagosome into the cytoplasm
[5,6]. Internalized 

 

B. pseudomallei

 

 can also induce a cell-to-cell
fusion, resulting in a multinucleated giant cell (MNGC) formation
[6,7]. This unique phenomenon, which has never been observed in
any other bacteria, thus facilitates the spreading of bacterium

from one cell to another [7]. The presence of MNGC has also
been observed in the tissues of patients with melioidosis [8].

The mechanism by which 

 

B. pseudomallei

 

 is able to escape
host defence is not fully understood. However, we have reported
previously that the macrophages infected with this bacterium
failed to produce inducible nitric oxide synthase (iNOS), which is
a key enzyme in antibacterial activity of the macrophages [9].
Moreover, unlike other Gram-negative bacterium, including the
prototype 

 

S. typhi

 

 that has been studied more extensively in the
macrophages infected with 

 

B. pseudomallei

 

, produced signifi-
cantly less cytokines such as tumour necrosis factor-alpha (TNF-

 

a

 

) or beta interferon (IFN-

 

b

 

) [9,10]. These features may facilitate
the bacteria to survive inside the macrophages. In contrast to the
phagocytic cells, very little information is currently available for
the cytokine response in the non-phagocytic cells infected with 

 

B.
pseudomallei

 

. In the present study, we investigated the production
of interleukin 8 (IL-8) from 

 

B. pseudomallei

 

-infected human lung
epithelial cells.

 

MATERIALS AND METHODS

 

Bacterial isolation
B. pseudomallei

 

 strain 844 used in this study was isolated origi-
nally from a patient admitted to Srinagarind Hospital in the
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melioidosis-endemic Khon Kaen province of Thailand. The bac-
terium was identified originally as 

 

B. pseudomallei

 

 based on its
biochemical characteristics, colonial morphology on selective
media, antibiotic sensitivity profiles and reaction with polyclonal
antibody [11–13] and was used in our previous reports [9,10]. 

 

Sal-
monella enterica

 

 serovar Typhi (

 

S. typhi

 

) used for comparative
study were maintained at Ramathibodi Hospital (Mahidol Uni-
versity, Bangkok, Thailand) and kept as a stock culture in our lab-
oratory. For use in the experiments, the bacteria were cultured in
Trypticase soy broth at 37

 

∞

 

C with shaking at 120 r.p.m. The over-
night cultures were washed twice in phosphate-buffered saline
(PBS) and adjusted to a desired concentration by measurement of
the optical density at 650 nm and the colony-forming unit (CFU)
was calculated from the precalibrated standard curve.

 

Infection of human lung epithelial cell (A549)

 

Human lung epithelial cell line (A549) used in the experiments
was obtained from American Type Culture Collection (ATCC,
Rockville, MD, USA). The cells were cultured in Ham’s F-12
(HyClone, Logan, UT) supplemented with 10% fetal bovine
serum (FBS) (G

 

IBCO

 

 Laboratories, Grand Island, NY, USA) at
37

 

∞

 

C and 5% CO

 

2

 

 atmosphere. If not indicated otherwise, these
cells (5 

 

¥

 

 10

 

5

 

) were cultured in a six-well plate overnight before
exposure to the bacteria at a multiplicity of infection (MOI) of
10 : 1 for 2 h. To remove extracellular bacteria, the cells were
washed three times with 2 ml of PBS before replacing with the
medium containing 250 

 

m

 

g/ml kanamycin (G

 

IBCO

 

 Laboratories).
At the time indicated, the cells were lysed and subjected to immu-
noblotting while the supernatant was used for IL-8 analysis.

 

Bacterial uptake (internalization)

 

A standard antibiotic protection assay was performed to deter-
mine the degree of bacterial internalization by human lung epi-
thelial cell line. After the infected cells were incubated in the
medium containing 250 

 

m

 

g/ml of kanamycin for 1 h, the cells were
washed three times with PBS and intracellular bacteria were lib-
erated by lysing the cells with 0·1% Triton X-100 and plating the
released bacteria in tryptic soy agar. The number of intracellular
bacteria expressed as colony forming units (CFU), was deter-
mined by bacterial colony counting.

 

Reverse transcriptase-polymerase chain reaction (RT-PCR)

 

Total RNA was extracted from the infected cells according to the
manufacturer’s instructions (Eppendorf, Hamburg, Germany)
before being used for cDNA synthesis by cMaster RT Enzyme
(Eppendorf). The PCR reaction was conducted using cDNA as
template for IL-8 and actin and amplified by 

 

Taq

 

 DNA poly-
merase (Invitrogen, Carlsbad, CA, USA). The primers for IL-8
were: sense 5

 

¢

 

-ATG ACT TCC AAG CTG GCC GTG GCT-3

 

¢

 

,
antisense 5

 

¢

 

-TCT CAG CCC TCT TCA AAA ACT TCT C-3

 

¢

 

 and
those for actin were: sense 5

 

¢

 

-TGG CAT TGT TAC CAA CTG
GGA CG-3

 

¢

 

, antisense 5

 

¢

 

-GCT TCT CTT TGA TGT CAC GCA
CG-3

 

¢

 

. The amplified products were electrophoresed on 1·8%
agarose gel and stained with ethidium bromide before being visu-
alized under an ultraviolet lamp.

 

Immunoblotting

 

At time intervals, the infected cells were lysed in buffer con-
taining 20 m

 

M

 

 Tris, 100 m

 

M

 

 NaCl and 1% NP40. The lysates
containing 30 

 

m

 

g of protein were electrophoresed using 10% poly-
acrylamide and were then electrotransferred onto nitrocellulose

membrane (Schleicher & Schuell, Dassel, Germany). The mem-
brane was blocked with 5% milk for 1 h before incubating
overnight with polyclonal rabbit antibody to I

 

k

 

B

 

a

 

 (Santa Cruz,
Santa Cruz, CA, USA). Blots were then reacted with horseradish
peroxidase-conjugated swine antirabbit IgG (Dako, Glostrup,
Denmark). Protein bands were detected with an enhanced chemi-
luminescence kit (Roche Diagnostic, Mannheim, Germany).

 

Enzyme-linked immunosorbent assay (ELISA)

 

The concentrations of IL-8 in the supernatant of infected lung epi-
thelial cells were measured using an ELISA kit (BD Biosciences,
San Diego, CA, USA). The sensitivity of the assay system was
50 U/ml.

 

Statistical analysis

 

If not indicated otherwise, all experiments carried out in this
study were conducted at least three times

 

.

 

 The data shown are
representative results. Experimental values are expressed as
mean 

 

±

 

 standard errors. The statistical significance of differences
between two means was evaluated by Student’s 

 

t

 

-test, and a 

 

P

 

-
value 

 

£

 

0·01 was considered significant.

 

RESULTS

 

The quantity of IL-8 produced by the cells infected with either 

 

B.
pseudomallei

 

 or 

 

S. typhi

 

 correlated with the MOI used (Fig. 1).
However, comparing with 

 

S. typhi

 

, the level of IL-8 induced by 

 

B.
pseudomallei

 

 was significantly lower (Fig. 1). Kinetics of the IL-8
production from the cells infected with both bacteria was also
similar to one another. Results presented in Fig. 2a show that the
level of IL-8 increased gradually before reaching the maximum at
6 h. It should be mentioned that the viability of the cells infected
with either bacterium, judged by tryphan blue staining, were more
than 90% throughout the time-course of the experiments (data
not shown).

 

Fig. 1.

 

IL-8 production by infected human alveolar lung epithelial cell line
(A549). The cells (5 

 

¥

 

 10

 

5

 

 cells/well) were infected for 2 h with either 

 

B.
pseudomallei

 

 or 

 

S. typhi

 

 at MOI of 0·1 : 1, 1 : 1, 10 : 1 and 100 : 1. The
infected cells were washed with PBS three times before fresh culture
medium containing 250 

 

m

 

g/ml of kanamycin was added and cultured for
8 h. The supernatants were collected and used for IL-8 analysis by ELISA.
Data represent mean and standard errors of 3 separate experiments, each
carried out in duplicate. *

 

P

 

 

 

£

 

 0·01 by Student’s 

 

t-

 

test.
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The expression of IL-8 mRNA from the bacterial infected
cells could be detected as early as 30 min of infection before
reaching a maximum at 1 h (Fig. 2b). In parallel with the ELISA
results above, the level of IL-8 mRNA expression in the 

 

S. typhi

 

-
infected cells was considerably higher than in the 

 

B. pseudomallei

 

-
infected cells performed at the same MOI. In accord with these
observations, the level of I

 

k

 

B

 

a

 

 degradation was also higher in the

 

S. typhi

 

-infected cells, suggesting that 

 

S. typhi

 

 was a stronger cell
activator. The results presented in Fig. 2c showed that the I

 

k

 

B

 

a

 

 in

 

S. typhi

 

-infected cells was degraded after 30 min and then reap-
peared after 2 h of infection.

Several other cytokines have been reported to be produced by
epithelial cells. Some of these are known to be able to stimulate

IL-8 production from the epithelial cell [14]. In order to rule out
the possibility that the IL-8 detected in 

 

B. pseudomallei

 

-infected
cells might have been stimulated by other cytokines produced by
these infected cells, these cells were pretreated with cyclohexam-
ide to inhibit protein synthesis for 2 h before being infected with

 

B. pseudomallei

 

. The infected cells were then lysed and analysed
for IL-8 mRNA expression. The results in Fig. 3 showed that
under this condition, the 

 

B. pseudomallei

 

-infected cells were still
able to up-regulate IL-8 mRNA expression, suggesting that 

 

B.
pseudomallei

 

 was able to directly initiate the IL-8 production.
Because 

 

B. pseudomallei

 

 has been reported to be able to
invade and survive inside the non-phagocytic cells [7], it should be
of interest therefore to determine whether or not invasion would
be required to initiate the IL-8 production. In this series of exper-
iments, cytochalasin D was added to the test system to prevent
bacterial invasion [15]. Inhibition of bacterial entry by cytochala-
sin D did not reduce IL-8 production significantly (data not
shown). Moreover, as shown in Fig. 4a and b, inhibition of the
bacterial invasion interfered with neither expression of IL-8
mRNA nor I

 

k

 

B

 

a

 

 degradation. These results suggested that inva-
sion of 

 

B. pseudomallei

 

 was not necessary for cell activation and
IL-8 production. It should be noted that in the presence of cytoch-
alasin D, the number of internalized bacteria was reduced signif-
icantly to less than 8% compared with the cells tested in the
absence of this inhibitor (data not shown).

 

DISCUSSION

 

Burkholderia pseudomallei

 

 is a facultative intracellular bacterium
which can survive and multiply in both phagocytic and non-
phagocytic cells. The mechanism of this bacterium to evade host
defence is not understood fully. By comparing with other Gram-
negative bacteria such as 

 

S. typhi

 

, this bacterium appeared to be a
rather poor macrophage activator [9,10]. More importantly, this
bacterium failed to activate iNOS expression, which is a key
enzyme in macrophages defence against bacteria including 

 

B.
pseudomallei

 

 [9]. The failure to stimulate iNOS production would
allow the bacteria to survive and multiply inside the macrophages,

 

Fig. 2.

 

Kinetics of IL-8 production, IL-8 mRNA expression and I

 

k

 

B

 

a

 

degradation. The cells (5 

 

¥

 

 10

 

5

 

 cells/well) were infected with either 

 

B.
pseudomallei

 

 (

 

�

 

) or 

 

S. typhi

 

 (

 

�

 

) at an MOI of 10 : 1. Uninfected cells were
used as control (

 

�

 

). At times indicated, the supernatants were collected
and analysed for IL-8 by ELISA (a). The cells were then lysed and used
for analysis of IL-8 mRNA expression by RT-PCR (b) or for I

 

k

 

B degra-
dation by immunoblotting (c). Data represent mean and standard errors
of three separate experiments, each carried out in duplicate.
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Fig. 3.

 

Effects of cyclohexamide on the expression of IL-8 mRNA in 

 

B.
pseudomallei

 

-infected cells. The cells were pretreated with cyclohexamide
(5 

 

m

 

g/ml) for 2 h before being infected with the bacteria at MOI of 10 : 1.
After 2 h of incubation, the infected cells were washed with PBS and then
lysed. The expression of IL-8 mRNA was determined by RT-PCR as
described in Materials and methods.
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allowing infection of neighbouring cells by cell-to-cell spreading,
as we have reported previously [6,7].

Because lung is the most commonly affected organ found in
patients with melioidosis, in the present study we turned our
attention to the interaction of this bacterium with human alveolar
lung epithelium cells. Epithelial cells have the ability to produce
an array of chemokines, including IL-8, which is a potent
chemoattractant for polymorphonuclear cells and can direct
recruitment of these cells into the infected sites [16]. In this study
we have demonstrated that although B. pseudomallei could
induce the human lung epithelium to produce IL-8 (Fig. 1), the
level of cytokine and gene expression exhibited by B. pseudoma-
llei-infected cells was significantly lower than those exposed to
other Gram-negative bacteria such as S. typhi (Figs 1 and 2). One
possible mechanism that depresses the cytokine gene expression
in the infected cells involves nuclear translocation of transcription
factors. NF-kB is an important regulator of IL-8 gene expression
[17]. It is well documented that degradation of IkBa regulates
NF-kB activation by forming a complex with NF-kB, preventing
its translocation to the nucleus [18]. In response to stimuli, IkBa
is degraded by proteosome, thereby freeing NFkB which then
enters the nucleus. In normal circumstances, the IkBa is rapidly
resynthesized [18]. The data presented in Fig. 4, showing that the
IkBa from the B. pseudomallei-infected cells was degraded to a
lesser extent than those infected with S. typhi, suggested that B.
pseudomallei was not able to stimulate NF-kB translocation as

extensively as S. typhi (Fig. 2b). This could be one possible mech-
anism that causes the low IL-8 production in this model.

Several factors have been reported to play critical roles in the
activation of epithelial cells. Infection of HeLa cells with invasive
Shigella flexneri induced NF-kB translocation leading to the up-
regulation of IL-8 mRNA [19]. In contrast, non-invasive S. flex-
neri was unable to activate NF-kB and the expression of IL-8 gene
was impaired. Similarly, intracellular growth of Mycobacterium
tuberculosis was necessary to elicit IL-8 production by alveolar
epithelial cell [20]. However, the inhibition of B. pseudomallei
invasion by pretreatment of the cells with cytochalasin D did not
interfere with IL-8 production and gene expression (Fig. 4).
Moreover, the level of IkBa degradation was similar to the cells
which were not treated with this inhibitor (Fig. 4b). Altogether
these results suggested that the activation of lung epithelial cells
by B. pseudomallei did not require bacterial entry into the cells.
Recently, we demonstrated that B. pseudomallei was able to
adhere to the surface of human lung epithelial cells [21]. It is
therefore logical to conclude from the data presented in the
present study that adherence to the cell surface alone by B.
pseudomallei is sufficient to initiate a signal for IL-8 production.
Several components on the surface of Gram-negative bacteria,
e.g. lipopolysaccharide (LPS) have the ability to stimulate epithe-
lial cells which lead to NF-kB activation and IL-8 production [22].
One possible mechanism for the IL-8 production in our model is
the interaction of LPS of B. pseudomallei to the surface of the
human lung epithelial cells. Another bacterial product, the flagel-
lin, could also elicit IL-8 production in lung epithelial cells via
TLR5 [23]. The role of B. pseudomallei flagellin in lung epithelial
cell activation remains to be investigated.

Melioidosis presents itself as a febrile illness, ranging from
acute septicaemia to a chronic localized infection. This disease is
characterized by abscess formation in various organs. Airway
inflammation, characterized by influx and activation of neutro-
phils, plays a major role in the pathology of human melioidosis. In
this study we demonstrated that B. pseudomallei is able to stim-
ulate IL-8 release from lung epithelial cells. The production of this
chemokine may contribute to an influx of neutrophils that may
lead ultimately to the lung damage observed in the patients with
melioidosis. Accumulation of neutrophils may not only cause
pathology of lung tissue, but it may also enhance host defence
against B. pseudomallei. Even though the neutrophils were
reported to have little activity against B. pseudomallei, increased
neutrophil production by granulocyte colony-stimulating factor
(G-CSF) has been shown recently to decrease the mortality rate
significantly in patients with melioidosis [24,25]. Production of IL-
8 from lung epithelial cells infected with B. pseudomallei may be
sufficient to induce influx of neutrophils to the sites of infection
and provide a sufficient degree of protective inflammatory
response against B. pseudomallei infection.
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