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Abstract

Background—Helicobacter pylori infec-
tion is associated with a marked infil-
tration of the gastric epithelium by
neutrophils, macrophages, lymphocytes,
and plasma cells. Despite the presence of
phagocytes in close vicinty to H pylor:
microbes a great number of people are
unable to eradicate bacteria.

Aims—To investigate the involvement of
multiple bacterial ‘adhesins’ and some
phagocytic receptors in the process of the
ingestion of H pylori by macrophages.
Bacteria—H pylori strains differing in the
expression of sialic acid dependent (sHA)
or sialic acid independent (HA) haemag-
glutinin and heparan sulphate binding
were selected for the study.
Methods—The uptake of fluorescein
labelled H pylor: bacteria by a homo-
genous macrophage cell line J 774A.1 was
estimated in a quantitative fluorometric
assay.

Results—The ingestion of H pylori 17874
and 25 strains expressing sHA was inhibi-
ted by the pretreatment of the bacteria
with anti-sHA antibodies or fetuin as well
as by treatment of the macrophages with
neuraminidase. In contrast the uptake of
H pylori 17875 strain expressing HA
remained unchanged. The phagocytosis of
all investigated bacteria was inhibited
after the treatment with heparin,
hyaluronic acid or vitronectin with fresh
but not heat inactivated serum.
Conclusions—The results suggest that H
pylori surface compounds binding host
proteins such as fetuin, heparin/haparan
sulphate, hyaluronic acid, and vitronectin
in the presence of complement, could
allow the bacteria to avoid phagocytosis.
(Gur 1997; 40: 20-24)

Keywords: Helicobacter pylori, macrophages, fetuin,
heparin, vitronectin.

Helicobacter pylori has been recognised as a
common case of chronic, active type B gastritis
and peptic ulcer disease. The bacteria were also
considered to constitute a risk factor for the
development of gastric carcinoma and gastric
lymphoma.! As a result of H pylori induced
inflammatory response an accumulation of
neutrophils in gastric mucosa is followed by a
marked infiltration with macrophages as well as
lymphocytes and plasma cells.?> Despite
mobilisation of numerous phagocytes to
inflammatory foci in gastric mucosa a great
number of people are not able to eliminate the

bacteria. In this context, it is interesting to
consider how H pylori bacteria evade
destruction by phagocytic cells. It has been
established that H pylori strains express surface
haemagglutinins,* > and heparan sulphate
binding proteins,® 7 and that they differ in the
expression of these constituents. Recently, we
showed that these structures are involved in the
interaction of H pylori bacteria with phago-
cytes.® Human as well as murine neutrophils
and macrophages seemed to recognise mainly
haemagglutinins on the surface of some H pylori
strains and heparan sulphate binding proteins
on other strains of this species.’ Frequently the
attachment of the microorganisms to phago-
cytes leads to stimulation, ingestion, and
killing. However, we observed very strong
attachment to the macrophages and a compre-
hensive resistance to intracellular killing of a H
pylori strain 17874 expressing sialic acid depen-
dent haemagglutinin.!® The aim of this study
was to investigate in detail the involvement of
multiple ‘adhesins’ of H pylori bacteria and
some phagocytic receptors in the process of the
ingestion of H pylori strains by macrophages.

Methods

Bacterial strains

H pylori strains 17874 (NCTC 11637) and
17875 (NCTC 11638) were from the Culture
Collection University of Gothenburg, Sweden,
and H pylori 25 strain was a clinical isolate from
adenocarcinoma vertical case. The H pylori
strains 17874 and 25 produce sialic acid
dependent and H pylori strain 17875 sialic acid
independent haemagglutinins.* Although all
bacterial strains used bind heparan sulphate,
the H pylori 25 demonstrates a comparatively
strong and the H pylori 17874 comparatively
weak heparan sulphate binding activity.® The
bacteria were grown on 5% horse blood agar
for 36-48 hours at 37°C under microaerophilic
conditions.

Labelling of bacteria

The bacteria were heat killed (60°C for 30
minutes), washed once with phosphate
buffered saline (PBS) (150 mM Na(Cl, 3-4 mM
KCl, 10-1 mM Na,HPO,, 1-8 mM KH,PO,;
pH 7-3), and resuspended in carbonate buf-
fered saline (CBS) (70 mM Na,CO;, 93 mM
NaHCO;, 154 mM NaCl: pH 9:0) at 1x10°
cells/ml. To a bacterial suspension (on ice) an
equal volume of 1% DMSO in CBS containing
100 pg/ml fluorescein isothiocyanate (FITC;
Sigma St Louis, US) was added. The sus-
pension was agitated for 30 minutes at room
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temperature. The bacteria, after washing with
PBS, were resuspended in CBS containing 4%
bovine serum albumin (CBS-BSA) to bind
unconjugated FITC to BSA. After 15 minutes
at room temperature, the bacteria were washed
with CBS-BSA, PBS, and finally with RPMI-
1640 medium. Labelled bacteria were sus-
pended in RPMI-1640 medium with 20% fetal
calf serum (FCS) at 1X10° cellsyfml. They
could be stored at 4°C for two weeks without
loss of fluorescence. Before use in the phago-
cytosis assay, FITC labelled bacteria were
centrifuged and resuspended at 1X10° cells/ml
in RPMI-1640 medium.

Modulation of bacterial surface

FITC labelled bacteria in RPMI-1640 medium
(200 pl, 2X10°ml) were mixed with 200 pl of:
fetuin, asialofetuin, heparin, hyaluronic acid
(1000 pg/ml in RPMI-1640 medium; Sigma),
vitronectin (100 pg/ml in RPMI-1640
medium; Polyclone, Poland) alone or
vitronectin with fresh or heat-inactivated
(56°C, 30 min) normal rabbit serum or rabbit
antiserum against sHA (1:10). Bacterial
suspensions were agitated for one hour at 37°C
and then distributed (100 pl containing 1X 107
bacterial cells) into the wells of a microplate
containing macrphages.

Macrophages

The macrophage cell line J774A.1 (ATCC,
Rockville, MD) was used. The cells were grown
in RPMI-1640 medium supplemented with
10% heat inactivated FCS, 2 mM r-glutamine
and 50 pg/ml gentamicin, for three to four days
at 37°C in a humidified 5% CO, atmosphere.
For phagocytosis assay, 1X 10’ macrophages in
100 pl RPMI-1640 medium containing 10%
FCS was placed in each well of flat bottom 96
well microplates (Falcon, Becton, Dickinson,
CA) and allowed to adhere to the plastic within
18 hours (37°C, 5% CO,). Before the assay the
monolayers were washed three times with
RPMI-1640 medium.

Il Normal bacteria
& Fetuin

XX Asialo-fetuin
= Anti-sHA

H pylori strain

Figure 1: Sialic acid residue dependent phagocviosis of H pylori. The uptake of FITC
labelled bacteria, normal or coated with fetuin, asialofetuin or rabbit anti-sHA antibodies
was estimated by a quantitative fluorometric assay. The number of ingested bacteria was
expressed as relative fluorescence units (RFU), mean (SD).

In some wells, the macrophages were pre-
incubated for 30 minutes (37°C, 5% CO,) with
neuraminidase (0-3 U/ml) to remove surface
sialic acid components or with Fc fragment of
mouse IgG (10 pg/ml) to block macrophage Fc
receptors. The viability of pretreated and
untreated macrophages was in the range of
95-97% as estimated by trypan blue exclusion.
Determination of the number of macrophages
bound to the wells at the beginning and the end
of phagocytosis assay was based on selective
staining of the phagocyte nuclei with methy-
lene blue (Sigma), followed by extraction of the
stain.!' In each experiment the macrophages
pre-incubated for 60 minutes (37°C, 5% CO,)
with cytochalasin D (1-0 mg/ml; dissolved in
DMSO and diluted with RPMI-1640 medium)
were used in parallel with untreated cells.
Pretreatment of macrophages with cyto-
chalasin D completely inhibited phagocytic
activity of the cells without affecting their
viability.

Phagocytosis assay'?

The 100 pl aliquots of the FITC labelled
bacterial suspension (1X10% cells/ml) were
added to the macrophage monolayers. The cell
cultures were incubated for one hour at 37°C,
5% CO.,, and the medium was removed from
the wells. Extracellular fluorescence was
quenched with 100 pl/well of 0-2% trypan blue
in PBS. The wells containing FITC labelled
bacteria alone were used as control of
quenching effectiveness. The intensity of fluor-
escence was determined in relative fluor-
escence units (RFU), at 485 nm excitation and
530 nm emission wavelengths, in a fluor-
escence reader (Microplate fluorometer Model
7620, Cambridge Technology, Watertown,
MA) interfaced with a PC compatible
computer.

In each experiment standard curves for
quantitating FITC labelled H pviori strains
were prepared. H pylori bacteria suspensions
were serially diluted in RPMI-1640 medium,
distributed into microplate wells, and the
fluorescence of the bacteria was measured. The
values for fluorescence were plotted as a
function of the number of bacteria in each
well.

Statistical analysis

Data are expressed as (SD). Statistical signifi-
cance was determined by Student’s two tailed
¢ test and defined as p value.

Results

Stialic acid residues dependent ingestion of H
pvlori by macrophages

The involvement of the surface sialylated struc-
tures in the ingestion of H pviori bacteria was
investigated in two ways: by blocking bacterial
ligands recognised by macrophage receptors
containing sialic acid residues and by removing
such receptors from the macrophage surface.
Figure 1 shows a dramatic decrease (near 70%)
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Figure 2: Sialic acid residue dependent phagocytosis of H
pylori. The uptake of FITC labelled bacteria (normal or
coated with anti-sHA antibodies) :by normal or Fc IgG-
treated macrophages was estimated by fluorometric assay.
The number of ingested organisms was expressed as relative
fluorescence units (RFU), mean (SD).
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Figure 3: Sialic acid residue dependent phagocytosis of H
pylori. The ingestion of FITC labelled bacteria by normal
or neuraminidase treated macrophages was estimated by
Sfluorometric assay. The number of ingested microbes was
expressed as relative fluorescence units (RFU), mean

(SD).
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Figure 4: The role of glycosaminoglycans in the ingestion of H pylori by macrophages. The
uptake of FITC labelled bacteria, normal or coated with heparin or hyaluronic acid was
estimated by fluorometric assay. The number of ingested organisms was expressed as relative
fluorescence units (RFU), mean (SD).
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in the ingestion of fetuin treated H pylori 17874
and 25 strains compared with untreated
bacteria. The preincubation of those strains
with asialofetuin only slightly reduced (about
25%) their ingestion by the macrophages. Both
H pylori 17874 and 25 strains express sHA and
anti-sHA antibody diminished the engulfment
of those bacteria by normal macrophages by
about 40% (Fig 1). However, the inhibitory
effect of preincubation of H pylori 17874 and 25
strains with anti-sHA antibody was increased to
about 60% when the macrophages were treated
with the Fc fragments of mouse IgG before use
in the phagocytosis assay (Fig 2). In contrast
with H pylori 17874 and 25, H pylori 17875
bacteria expressing a sialic acid independent
haemagglutinin were ingested by normal
macrophages in the same numbers before and
after the treatment with fetuin or anti-sHA
antibody (Fig 1). Although, Fc fragments
treated macrophages engulfed slightly less
(p=0-0984) anti-sHA treated H pylori 17875
microorganisms than untreated bacteria (Fig 2).
The difference was marginally significant.

The removing of sialic acid residues from the
macrophage surface by neuraminidase de-
creased their ability to ingest H pylori 17874
and 25 bacteria by about 40% and H pylori
17875 microbes by 20% (Fig 3).

Role of glycosaminoglycans in ingestion of H
pylori by macrophages

Figure 4 shows the decrease in the susceptibil-
ity to the ingestion by macrophages of all three
H pylori strains treated with heparin. This de-
crease was slightly less evident in the case of H
pylori 17874 (inhibition 55%) expressing com-
paratively weak heparan sulphate binding
activity than in the case of H pylori 25
(inhibition 70%) showing relatively high
heparan sulphate adhesion. The engulfment of
hyaluronic acid treated H pylori bacteria by
macrophages was diminished by about 30%.

Influence of vitronectin and complement on
phagocytosis of H pylori

Data for H pylori 17874 strain were chosen for
presentation (Fig 5). The results for three
different H pylori strains were similar. The
preincubation of H pylori microorganisms with
vitronectin alone slightly reduced (p=0-0270)
and the pretreatment of the bacteria with fresh
serum slightly increased (p=0-0008) the
phagocytosis (Fig 5). However, the pre-
incubation of the bacteria in the medium con-
taining both vitronectin and fresh serum
decreased their ingestion by 46%—67%. No
inhibition of the phagocytosis was observed for
the bacteria preincubated in the medium
containing vitronectin and heat inactivated
serum.

Discussion

Phagocytic cells form an important defence
against invading microorganisms. These cells
recognise and subsequently ingest and kill
several infectious agents. Moreover, numerous
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Figure 5: The influence of vitronectin and complement on
phagocytosis of H pylori. The FITC labelled bacteria,
normal or preincubated with vitronectin (Vn) were
incubated with macrophages in medium containing both
vitronectin and fresh rabbit serum (Vn+fresh serum) or
fresh serum alone (fresh serum), vitronectin and heat
tnactivated serum (Vn+ia serum) or inactivated serum
alone (ia serum). The number of ingested bacteria was
estimated fluorometrically and expressed as relative
fluorescence units (RFU), mean (SD).

cytokines released by bacteria activated phago-
cytes regulate the effectiveness of the immune
network. In the process of phagocytosis, a
recognition of microorganisms by neutrophils
and macrophages plays a crucial part. In
general, two molecular mechanisms of recog-
nition of microbes by phagocytes are dis-
tinguished: opsonin dependent (indirect) and
opsonin independent (direct).!* The opsonins
such as antimicrobial IgG or the C3bi frag-
ments of C3 component of complement form
the bridges by binding to the surface of the
microorganisms at one end and to specific
receptors, FCR or C3R respectively, on the
phagocyte surface. The importance of opsonic
activity of the complement in the ingestion of
H pylori bacteria by neutrophils was shown by
McKinlay ez al.’> On the other hand, Rautelin
et al showed that about one third of H pylori
strains isolated from human gastric biopsy
specimens induced strong chemiluminescence
in neutrophils even without serum opsonins.®
For other strains complement was required,
although even then an oxidative burst induced
by them remained at a low level. The bacteria-
phagocyte interaction is also regulated by
serum opsonins, named collectins, such as
surphactant proteins, C reactive protein, and
mannose binding protein. These proteins com-
bine with complementary carbohydrates on the
microorganisms and with special collectin
receptors in the phagocytes.!” In contrast with
opsonic phagocytosis, the molecular mechan-
isms of opsonin independent phagocytosis
remain obscure. However, three forms of direct
recognition of the microorganisms by the
phagocytes have been described: lectinophago-
cytosis based on recognition between surface
lectins on one cell (microbial or phagocytic)
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and surface carbohydrates on the interacting
cell, protein-protein interactions between the
Arg-Gly-Asp (RGD) sequence of micro-
organisms and phagocytic integrins and hydro-
phobic interactions between microbes and
phagocytes.'*

In this study, the molecular basis of non-
opsonic phagocytosis of H pylori micro-
organisms by the macrophages was rather
complex as judged by the pattern of inhibition.
By using a homogenous macrophage cell line
we confirmed the differentiation of H pylori
strains with regard to the surface structures
regulating their interactions with the macro-
phages. Covering of surface sialic acid haemag-
glutinin on H pylori 17874 NCTC 11637) and
25 strains by treatment with fetuin or specific
anti-sHA antibodies inhibited the ingestion of
those bacteria by macrophages. The binding of
gold labelled fetuin to the surface of some H
pylori strains was shown by Kobayashi et al as
well as the inhibitory effect of fetuin on the
attachment of such strains to Hep-2 cells
derived from human larynx carcinoma.'® As we
showed in this study, the inhibitory effect of
fetuin on the ingestion of H pylori strains
expressing sHA was stronger compared with
the inhibition caused by anti-sHA antibodies.
This difference could be explained by an
increase in phagocytosis of H pylori by Fc
fragments of anti-sHA antibodies that are
recognised by FcR receptors of the macro-
phages. These results also suggested co-
operative action of both sHA-mediated non-
opsonic phagocytosis and FcR mediated
opsonic phagocytosis of H pylori bacteria. The
inhibition of the engulfment of H pylori 17874
and 25 bacteria by macrophage treated with
neuraminidase additionally proved the role of
the interaction between bacterial sHA and
macrophage sialic acid residues in the recog-
nition of sHA positive H pylori strains. How-
ever, the process of recognition of H pylori by
the macrophages was more complex and it
invovled the interaction between glycosamino-
glycans expressed on the surface of the macro-
phages and surface bacterial protein binding
heparin. The saturation of such proteins by the
treatment of H pylori bacteria with heparin
caused a dramatic decrease in the phago-
cytosis. A similar phenomenum was described
for Leishmania amastigotes.'® The ingestion of
H pylori strains was also inhibited by covering
the bacteria with hyaluronic acid. This
hydrophilic glycosaminoglycan could inhibit
the uptake of H pylori bacteria by decreasing
their surface hydrophobicity. It is known that
more hydrophobic bacteria are ingested to the
largest extent.?

The process of H pylori ingestion was also
influenced by vitronectin and complement.
Although vitronectin alone slightly reduced
and fresh serum as a source of complement
slightly increased the uptake of the bacteria by
macrophages, the simultaneous treatment of
the bacteria with vitronectin and complement
made them quite resistant to phagocytosis.
Vitronectin (or S- protein) is a highly glycosy-
lated protein of serum, tissues and extracellular
matrices, characterised as a cell attachment
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factor.?? This glycoprotein binds to many

bacteria among them to H pylori micro-
organisms.?? During complement activation,
vitronectin is incorporated into C5b-C7 com-
plex preventing formation of the membrane
attack complex of complement on a macro-
phage surface.?? » Therefore, vitronectin
binding bacteria can avoid bacteriolysis. On
the other hand, soluble S-C5b-C7 complexes
as well as S-C5b-C9 complexes can bind to
macrophage vitronectin receptors® and
heparin or heparan sulphate structures on
macrophages. It has been shown that vitro-
nectin as well as C6, C8 and C9 subunits of
complement bind to heparin.?® If so, such
complexes could prevent the interaction
between macrophage glycosaminoglycans and
bacterial heparin binding proteins. As we have
shown in this paper, this interaction was crucial
for H pylori phagocytosis and the preincubation
of the bacteria with heparin inhibited the
ingestion of the bacteria by 55%—70%.

In conclusion, this study shows that the
ingestion of H pylori bacteria by the macro-
phages is a cooperative process involving both
non-opsonic and opsonic mechanisms. How-
ever, direct, non-opsonic phagocytosis seems
to be a particularly effective way for the uptake
of H pylori bacteria by the macrophages and
considerable strain differences in the expres-
sion of structures recognised by macrophages
are found. Evidently, a deposition of sialic acid
containing compounds, heparin or vitronectin
in the presence of complement on bacterial
surface, made the bacteria resistant to the
phagocytosis. It is probable that in vivo,
especially in inflammatory milieu, absorbing of
such compounds by H pylori bacteria may
allow them to avoid phagocytosis. This may be
very important for the persistance of H pylori
microorganisms on inflammatory gastric
mucosa.
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