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Abstract: Uropathogenic Escherichia coli (UPEC) that cause urinary tract infections bind to target cells via several
distinet paris of adhesins and receptors. Tn this study we determine the role of type 1 pili in interaction of UPEC with
human neutrophils. Type 1 piliated and unpiliated strains (obtained by growth at a pilus-restrictive temperature) of
UPEC were used for determining the effect of this adhesin on migration of neutrophils towards bacteria in Boyden

chamber. The lectinophagocytosis and intracellular killing of bacteria with purified human neutrophils were
estimated by counting of the mumber of viable bacteria in 45 min. The results indicate that type 1 piliated UPEC
stimulated significantly greater chemotaxis than did unpiliated bacteria and bacteria m which the piliation was
suppressed. Phagocytosis of type 1 piliated UPEC occurred m the direct and opsonin-independent manner. In

contrast, unpiliated bacteria failed to bind to PMN.
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INTRODUCTION

Urinary tract mfections (UTI) are one of the
most common infectious diseases
prevalence strongly influenced by gender and age
(Schaefer et al., 2001). Uropathogenic E. coli (UPEC)
the most common pathogen m UTL Infection is mitiated
when UPEC binds to the superficial epithelial cells by
type 1 pili. Adherence of bacteria is critical to prevent
washout of the pathogen by the flow of urine. Tn addition
to binding, type 1 pili may promote bacterial invasion and
growth as a biofilm (Sakarya et al., 2003; Martinez et al.,
2000). However, binding and
also activates

m man with a

invasion of bacteria
a cascade of innate host defenses
(Mulvey et al., 2000). The presence of a large number of
polymorphenuclear leukocyts (PMN) in the urmne of
patients with UTI, suggests a phagocytic activity of
PMN constitutes a crucial defense mechanism n bladder
agamnst bacterial mfection (Svanborg et al., 1984). Type 1
pili mediate attachment of UPEC to phagocytic cells

by lection-carbohydrate interactions, resulting in
lectinophagocytosis  (Gbarah er al, 1991). Such
interaction stimulates nonopsomic  PMN  oxidative

metabolism and induces bacterial killing (Goetz and

Silveblatt, 1987; Steadman et al, 1988). Although the
mteraction of type 1 piliated UPEC with PMN was studied
by details, the effect of these pili on chemotaxis of PMN
has not been shown.

MATERIALS AND METHODS

Bacterial strains: The standard strams of E. coli,
ATCC 35218 which forms type 1 pili and ATCC 25922
which is unpiliated and three clinical Uropathogenic
E. coli isolates (N1, N2, N3) which formed type 1 pili,
based on hemagglutination (HA) assay, were used.

Hemagglutination assays: Formation of type 1 pili was
identified by mammose-sensitive hemagglutination
(MSHA) of 5% guinea pig erythrocytes suspension in
phosphate-buffered saline (PBS) (Johnson et al., 1997,
Steadman ez a/., 1988). The mnhibition effect mannose on
H was assessed by mcubating the LB grown bacteria in
PBS containing 1-2% mannose for 10 min at room
temperature before HA reaction (Lomberg et al., 1986).

Induction and repression of piliation: For inducing the
formation of type 1 pili, all strains were grown in LB broth
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at 37°C for 24 h. To repress the formation of pili, bacteria
were grown at 20°C instead of 37°C in the same medium
and for the same period of time (Hultgren et al., 1986).

Neutrophil isolation: PMNs were obtained from heparin
(20 U mL™") -anticoagulated venous blood of normal
healthy volunteer. PMNs were 1solated by Ficoll-Hypaque
density-gradient centrifugation, dextran sedimentation of
erythrocytes and selective lysis of residual erythrocytes
with 0.84% ammonium chloride for 7 min.

Chemotaxis assay: Chemotaxis of neutrophils towards
chemoattractants like type 1 pili was determined by using
Boyden chamber (Neuro Probe AP48) in which PMNs are
separated from the test substance by a membrane. The
Boyden chamber were loaded triplicate with 26 pL of
each LB grown piliated and unpiliated bacterial
(1.5%10° CFU mL™"), FMLP (N-formyl-L-methionyl-T.-
leucyl-L-phenylalanine, 107% Sigma) as the positive
control and HBSS as the negative control (random
migration).

A filter (Cellulose nitrate) was placed over the plate
and 50 uL of a suspension that contained 10° PMN mL ™'
was loaded onto the filter above each well. The chamber
was incubated at 37°C with 5% CQ, for 55 min. Excess cell
were removed, after which filters were stamned with
Hematoxylin and cleared with xylene. Cells at the lower
margin of the filter were counted under x100
magnification. Twenty fields were examined at random by
experienced observers. The result for each condition
was calculated by averaging triplicate determinations.
Migration under each condition was reported as the
percentage of cells at the margin after exposure to
FMLP.

Phagocytosis and killing: Each of piliated and unpiliated
strains was added separately to PMN suspension in
HBSS (3x10° cells mI.7") to yield a ratio of 10:1 and the
tubes were mcubated at 37°C on a gyratory shaker at
150 rpm. Aliquots were removed at time 0, 15, 30 and
45 min and diluted in 1 mL. ™" distilled water to disrupt
PMN. Then the number of viable bacteria was determined
by colony counting method on blood agar.

Statistics: Student-t test was used for the generation
of p<0.05 values.

RESULTS

Chemotaxis assay: FMLP served as the internal
laboratory reference and which all samples would be

compared. Chemotaxis in response to E. coli ATCC 35218

and three clinical isolates which posses type 1pili was
46-73% of that observed with FMLP. As shown in Fig. 1,
chemotaxis to HBSS (random migration) was 39.8% of
that mduced by FMLP. Differences among the piliated
stramns and HBSS were significant (p<0.05). In contrast,

chemotaxis induced by E. coli ATCC 25522 (unpihated
stramn) and bacteria in which the piliation was suppressed,
ranged 32-41% of that induced by FMLP. A difference
among the unpiliated strains and HBSS was not
significant. There was significant difference between
piliated strain (E. coli ATCC 35218) and uppiliated strain
(E. coli ATCC 25922). After suppression of pili,
chemotaxis induced by E. coli ATCC 35218 and three
clinical isolates was reduced significantly.

Bacterial phagocytic killing: Tine-dependent killing of
type 1 piliated strams occurred during incubation with
PMN: at 30 min, ~40-70% of microorgarisms were killed
(Table 1). In contrast, the nmumber of viable unpiliated E.
coli ATCC 25922 not only did not reduce, but also
increased. There were significant differences between
piliated bacteria and unpiliated. After suppression of pili,
killing of E. coli ATCC 35218 and three clinical isolates
did not occurred under these conditions (Table 2).
Differences between the numbers of viable bacteria in
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Fig. 1: Chemotaxis induced by piliated and unpiliated
UPEC. Percentage of chemotaxis stimulated by

FLMP
Table 1: PMN-mediated killing of type 1 piliated UPEC
Time (min)

Strain 0 15 30 45
ATCC 35218 10x10¢ 7.2x10¢ 3.6%10¢ 5.5%10¢
ATCC 25922 10x10¢ 14x1¢¢ 19104 25x10%
N1 10x10¢ 6.9x10¢ 5.0x10¢ 6.3%10¢
N2 10x10¢ 8.6x10¢ 6.8x10¢¢ 8.8x1¢¢
N3 10x10¢ 7.5x10¢ 5.5x1¢¢ 7.5x%1¢¢
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Table 2: PMN-mediated killing of unpiliated UPEC

Time (min)
Strain 0 15 30 45
ATCC 35218 10x10¢ 13x10° 18+10* 26x10°
ATCC 25922 10x10% 14=10* 19x10* 25x10°
N1 10x10¢ 14x10% 20%10* 27x10
N2 10x10% 13=10* 17x10* 23x10°
N3 10x10¢ 15x10* 21x10* 22x10¢

30 min in type 1 piliated strains in compared to the strains in which the
piliation was suppressed were significant (p<0.05).

DISCUSSION

The immate immune response provides an early
defense against bacterial infection, which serves to limit
bacterial proliferation, localized the infection and also
both activates and regulate the subsequent adaptive
mmmune response. After bacterial challenge and the
activation of uroepithelial cell, a chemotactic gradient of
cytokines and inflammatory mediators is created in
submucosa, which activates circulating neutrophils. The
results of this study showed that the type 1 piliated UPEC
could stimulate neutrophils directly. These data
demonstrated that the migration of neutrophils towards
type 1 piliated E. coli was significantly higher than
unpiliated bacteria (Fig. 1). The observation that the
blocking of type 1 pili affected significantly results of
chemotaxis assay (~14-32%) indicated that the type 1 pili
have a chemotatic effect.

The ability of human neutroptuls to kill UPEC in vitro
and the role of type 1 pili in this process were analyzed
by three sets of experiment. There was a difference in
susceptibility to killing between the type 1 piliated
bacteria and unpilated bacteria. We have determined that
type 1 pili promote direct, opsonin-independent binding
of UPEC to PMN. In the absence of anitibody and
complement, phagocytes may recognize bacteria by
lectin-carbohydrate mteractions (Hultgren et al, 1986;
Ofek and Sharon, 1988). The interaction of type 1 piliated
UPEC with PMNs involves mannose-containing
structures and leukocyte integring (CD11/18, CD66) act as
major receptors (Gbarah ef al, 1991; Rosen, 2004;
Sauter et al., 1993). As shown in Table 1, about 40-70% of
type 1 piliated micro organisms were killed at 30 min. The
increase of the number of viable type 1 piliated bacteria in
the last 15 min may be due to decrease in phagocytosis
rate and multiplying the remained bacteria in suspension
Tn contrast to type 1 piliated bacteria, unpiliated bacteria
were not react with PMN and resist to PMN-mediated
killing. As has been previously shown (Hultgren ef al.,
1986, Sauter et al., 1993), there was a positive correlation
between piliation and bacterial killing by PMN. The
histological studies on experimental UTI models have
demonstrated that PMN phagocytosis to take place in the

epithelial lining or subepithelial tissue (Bryant et al., 1973,
Connell et af., 2000). In the unine, the phagoceytic function
of PMN was suppressed by its extremes of osmolarity, pH
and urea concentrations (Ofek and Sharon, 1988; Twahi
and Tmada, 1988). Local production of T1.-6 and IT.-8 occurs
m response to mteraction of UPEC with uroepithelial cell,
which facilitated and enhanced of migration of PMN to
infection site (Wullt, 2003). Phagocytosis of bacteria
results in the release of toxic molecules that kill and digest
of bacteria. The extracellular release of toxic components
may oceur in this process that results in inflammation and
damage to host tissues. The outflow of a large number of
PMN 1n urine may be a response to prevent of these
events.
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