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Circulating fibronectin and fibronectin receptor in
children with pertussis
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Abstract
Aim-To determine concentrations of
fibronectin and fibronectin receptor in
children with pertussis.
Methods-Concentrations of circulating
fibronectin and serum fibronectin recep-
tor were detected in eight children
affected by pertussis, eight children with
acute upper or lower respiratory tract
infections, and in 14 healthy control chil-
dren. The single radial immunodiffusion
technique and a solid phase enzyme
ummunoassay were used to detect cir-
culating serum concentrations of fibro-
nectin and fibronectin receptor.
Results-On admission, a significant
decrease in fibronectin was detected in
children with pertussis (p = 0.0006).
Significant and decreased concentrations
of fibronectin were also observed in chil-
dren with upper or lower respiratory
tract infections (p = 0.0002). On the other
hand, serum fibronectin receptor con-
centrations were significantly increased
in patients with pertussis, whereas
patients with upper or lower respiratory
tract infections had normal circulating
fibronectin receptor concentrations.
Conclusions-Fibronectin deficiency in
children with pertussis may be related to
diffusion and deposition of this protein in
bronchial and alveolar spaces to limit
infection, while increased fibronectin
receptor concentrations are probably the
expression of T ceil activation and cell-
mediated immunity during BordeteUa
pertussis infection.
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Bordetella pertussis, the causative agent of
pertussis, is a non-invasive pathogen which
attaches to respiratory epithelial cells and pro-
duces disease through the action of several
bacterial toxins, including pertussis toxin.'2
Three Bordetella pertussis proteins, filamentous
haemagglutinin, pertussis toxin, and per-
tactin, have been implicated as adhesins.34
Lawson found that in patients dying before
the fifth week of illness B pertussis could be
isolated more often from alveoli than from
trachea or bronchi.5 Cheers and Gray
observed that B pertussis persisted within the
respiratory tract and, in particular, the alveo-
lar macrophages of experimentally infected
mice.67 Several other studies have shown that
B pertussis may have invasive capabilities and

the ability to survive intracellularly in human
macrophages,8 and in human polymorphonu-
clear leucocytes.9 The intracellular localisa-
tion of B pertussis may be an important
survival mechanism in the disease process.
Fibronectin is a 440 kilodalton glycoprotein,
which is present both in soluble form in
plasma and other body fluids.'0 Although
many cell types can synthesise and secrete
fibronectin, most, if not all, circulating
fibronectin is produced by hepatocytes."1
Fibronectin is active in several cellular
processes, such as cell adhesion, cell migra-
tion, and phagocytosis."213 Fibronectin also
interacts with several bacteria, including
Staphylococcus aureus,14 Streptococcus pyogenes'5
and Gram negative bacilli (Pseudomonas
aeruginosa, Escherichia coli, and Serratia
marcescens). 17 Under normal conditions,
lungs contain fibronectin in the basal lamina
of alveolar capillaries and epithelium, and in
pleural and alveolar lining fluid.'8 Much of the
fibronectin detected in injured lungs is of
plasma origin.'8 However, fibronectin is also
locally synthesised by activated alveolar
macrophages, endothelial cells, and alveolar
type 2 and bronchial epithelial cells in injured
pulmonary tissues.'9 Fibronectin receptor is a
member of the integrin family of cell adhesion
molecule receptors. Specific adhesive interac-
tion between cells and substrata are crucial to a
wide range of biological processes, including
cell motility, phagocytosis, and immune
response.202'

Methods
From February 1989 to March 1992 eight of
the 13 children admitted to our hospital for
suspected pertussis were identified as having a
positive B pertussis culture, or direct fluores-
cence test result, or characteristic clinical
findings of pertussis and a contact with a cul-
ture proved pertussis. Supportive treatments
and antibiotics were given to all patients.
Eight children who also had acute bacterial
bronchitis or pneumonia were included in this
study. Fourteen healthy children served as
controls. Informed consent was obtained from
the parents of all subjects.

Blood samples from patients were collected
at admission, and seven and 15 days later.
Blood specimens were immediately cen-
trifuged and samples were frozen at -20°C
until assayed.

Fibronectin concentrations were deter-
mined using the single radial immunodiffu-
sion technique with a monospecific antiserum
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directed against human fibronectin (The
Binding Site Ltd, Birmingham, England).
The assay requires a 5 ,ul serum sample. The
plates were left at 25°C for 96 hours and the
diameters of the resulting precipitation rings
was measured.

Fibronectin receptor concentrations were
determined in the sera of our patients using a
solid enzyme immunoassay, based on a sand-
wich method that uses two mouse monoclonal
anti-fibronectin receptor antibodies (Takara
Shuzo, Kyoto, Japan). The amount of
fibronectin receptor was quantitated by mea-
suring the absorbance (at 492 nm) in a
microtitre plate reader.

Data are expressed as mean (SD).
Differences were evaluated for significance by
using the Mann-Whitney U test, and the
ANOVA test, when appropriate. A p value of
less than 005 was considered significant.

Results
Table 1 shows the clinical and demographic
characteristics of the patients evaluated in this

Table 1 Clinical and demographic characteristics of the
study population

Sex (MIF) Age (years)

Controls (n 14) 8/6 2-9 (3*5)
Patients with respiratory

tract infections (n 8) 4/4 3-6 (2 2)
Patients with pertussis (n 8) 3/5 1-5 (1-3)

Table 2 Circulatingfibronectin concentrations in the sera
of children with pertussis and with acute upper or lower
respiratory tract infections on admission

Fibronectin pglml p Value*

Controls (n 14) 334-5 (36-1)
Patients with

respiratory tract
infections (n 8) 220-5 (83 7) 0 0002

Patients with pertussis 266-6 (39-9) 0-0006

*Calculated using the Mann-Whitney U test.

Table 3 Circulatingfibronectin in six children with
pertussis seven and 15 days after admission to hospital

Fibronectin (pglml)

Patient 0 7 15 days

1 270 240 280
2 220 260 255
3 215 180 320
4 290 320 310
5 315 340 318
6 228 290 275
Mean (SD) values 256-3 (41-4) 271-6 (58-1) 293-0 (26 7)

ANOVA test: p = 0-3742

Table 4 Fibronectin receptor concentrations in the sera of
children with pertussis and with acute upper or lower
respiratory tract infections on admission

Fibronectin receptor
Patients ng/ml p Value*
Controls (n 14) 139-8 (58-2)
Patients with respiratory

tract infections (n 8) 122-9 (52-7) NS
Patients with pertussis (n 8) 576-6 (336-7) 0-0003

NS = not significant; *calculated using the Mann-Whitney U
test.

study. Table 2 indicates the fibronectin con-
centrations in eight children with pertussis. As
can be seen, a significant decrease in
fibronectin was observed in these patients (p
= 00006). Patients with acute upper or lower
respiratory tract infections had decreased
fibronectin concentrations as well (p =
00002).

Table 3 shows the fibronectin concentra-
tions in six children with pertussis, who were
followed up for 15 days. As shown, a moderate
but not significant increase in fibronectin con-
centrations was noted 15 days after admission
(ANOVA test: p = 03742). Table 4 shows
the serum concentrations of fibronectin recep-
tor in patients with pertussis and in those with
acute upper or lower respiratory tract infec-
tions. A significant increase in serum
fibronectin receptor concentrations was
observed in patients with pertussis (p =
00003). On the other hand, patients with
acute respiratory tract infections had normal
serum fibronectin receptor concentrations.

Discussion
The results of our study show that fibronectin
concentrations were significantly reduced in
children with pertussis; in contrast, serum
fibronectin receptor concentrations were
increased in the same patients. Monocytes
and macrophages bind fibronectin and such
proteins have been reported to enhance the
phagocytosis of gelatin-coated erythrocytes.2'
The decreased fibronectin concentrations
observed in our patients could be related to
opsonisation activity with a probable con-
sumption of fibronectin itself. On the other
hand, fibronectin may have a role in the pul-
monary colonisation and infection caused by
B pertussis. During B pertussis infection, in
view of local abundance of fibronectin in
bronchial and alveolar spaces, binding of
fibronectin to B pertussis might assist attach-
ment to bronchial and alveolar epithelial cells.
Fibronectin, acting as an opsonin, may bind B
pertussis through its adhesive sequence in
bronchial and alveolar spaces. Such opsonic
binding can lead to consumption of
fibronectin in order to stimulate phagocytosis
and killing of B pertussis and thus to limit
colonisation and consequent infection. In this
case fibronectin deficiency in children with
pertussis as well as in those with acute bacter-
ial respiratory tract infection may be due to
diffusion and deposition of fibronectin into
areas of inflammation, and in particular,
within bronchial and alveolar spaces, to limit
or block bacterial infection.

Fibronectin receptor belongs to an "inte-
grin superfamily", and as a serum integrin, is
involved in specific adhesive interaction
between mononuclear cells and extracellular
matrix.2' Fibronectin receptor has also been
identified as very late antigen-5 (VLA-5) of
the VLA integrin family. VLA-5 integrins are
expressed in activated human T cells as well
as in many other cell types, including mono-
cyte/macrophages. In recent years the role of
cell mediated immunity in protection against
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B pertussis infection has been investigated
thoroughly. Several investigators have shown
that a strong T cell mediated reactivity to B
pertussis bacteria develops in mice after aerosol
infection.2425 In particular, B pertussis specific
T cells induced by infection in mice are con-
fined to the CD4 positive T cell subpopula-
tion.'6 Increased serum concentrations of
circulating fibronectin receptor in children
with pertussis may be related to expression
and release of such integrin from human T
cells activated by whole B pertussis bacteria, or
its components, including pertussis toxin, fila-
mentous haemagglutinin, agglutinogens and
pertactin.

In conclusion, the multiple biological func-
tions of fibronectin suggest a role for it as a
defence protein in the early phase of infection.
In contrast, due to its interaction with micro-
organisms, fibronectin is also potentially
important in the adherence of bacteria to
epithelial cells and in the establishment of res-
piratory infection. However, further studies
are needed to elucidate the role of fibronectin
in binding B pertussis, allowing alveolar
macrophages to phagocytise and kill effi-
ciently the organism.
We thank Drs Giancarlo Lorusso and Roberto Giorgetti of the
Division of Paediatrics, General Hospital, Tradate (Italy), for
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