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Expression of binding of plasminogen,
thrombospondin, vitronectin, and fibrinogen, and
adhesive properties by Escherichia coli strains
isolated from patients with colonic diseases

W Shen, H Steinruick, A Ljungh

Abstract
Escherichia coli strains isolated from
patients with colonic disorders (n=27) and
strains isolated from the rectal mucosa of
healthy subjects (n=24) were compared
with respect to expression of cell surface
hydrophobicity, carriage ofintestinal viru-
lence factors, adhesion to tissue culture
cells, and expression ofbinding ofextracel-
lular matrix proteins and plasma proteins.
Strains isolated from patients with colonic
disease did not express a more hydropho-
bic cell surface than strains from healthy
subjects. Few strains from both groups car-
ried genes encoding for recognised viru-
lence factors of E coli. Only one strain,
carrying the eae gene induced actin poly-
merisation in tissue culture cells. Strains
from patients with colonic diseases
adhered to HT29 cells, which are ofintesti-
nal origin, to a higher extent than E coli
from healthy subjects. Significantly more
strains from patients with colonic disorders
than E coli from healthy subjects expressed
binding of fibronectin, collagens, la iin,
vitronectin, plasminogen, throbospondin,
and fibrinogen. Expression of binding of
these proteins may influence the pathogen-
esis ofcolonic disease by mediating binding
to ulcerated tissue, preventing complement
induced lysis of bacteria and by exerting
proteolytic activity. There was no correla-
tion between serotype, expression of cell
surface hydrophobicity, and binding of
extracellular matrix and plasma proteins.
(Gut 1995; 36: 401-406)
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Ulcerative colitis is a chronic, relapsing disease
usually affecting the distal colon. The aetiology
of the disease and causes of exacerbations are

still unknown. Because of the resemblance to
infectious colitis, several attempts have been
made to link a microbial agent to ulcerative col-
itis, such as the invasive organisms Shigella sp,
Salmonella sp, and Campylobacter jejuni.' Also
toxin producing bacteria such as Clostridium dif-
ficile have been isolated in connection with
relapse of ulcerative colitis.2 Shiga like toxin
(Vero toxin) producing Escherichia coli were iso-
lated from some patients during relapse and
may have aggravated the symptoms 7 but
shiga like toxin producing E coli were not more

frequently isolated from rectal biopsy speci-
mens of patients with ulcerative colitis than
from healthy subjects.48 No bacterial species
has been linked conclusively to the disease.
One hydrophobic adhesin mediating adhe-

sion to buccal cells was described by Burke and
Axon.9 In contrast, strains isolated from rectal
biopsy specimens of patients with ulcerative
colitis did not express higher cell surface
hydrophobicity than strains isolated from the
rectal mucosa of healthy subjects.6
A number of virulence factors have been

described in E coli causing infection of the
small intestine, such as enterotoxins, fimbrial
adhesins, and outer membrane proteins of
non-fimbrial nature.10 Very few virulence
factors of E coli causing colitis have been
characterised. Apart from the classic enteroin-
vasive E coli, where the invasive ability is con-
ferred by a 140 kDa plasmid, enteropathogenic
E coli strains have been shown to possess
invasive ability.11-13 Interestingly, immotile,
shigella like E coli were more commonly iso-
lated from patients than from healthy subjects,
though the difference was not statistically
significant.6 14 Whether these strains have inva-
sive properties is under investigation.
We have previously shown that strains from

patients with ulcerative colitis commonly
express binding of fibronectin, collagen type I,
and laminin.4 6 7 These extracellular matrix
proteins are certainly exposed in colonic ulcers
during a relapse of ulcerative colitis, and
expression of binding of these proteins could
represent a mechanism for anchoring bacteria
in the tissue. Whether these proteins are also
exposed in non-ulcerated colonic mucosa has
not been elucidated. The link protein of
colonic mucus was proposed to be an Fn frag-
ment but this has not been confirmed.15

This study was undertaken to analyse expres-
sion of binding of vitronectin, plasminogen,
thrombospondin, and fibrinogen by E coli
strains isolated from rectal biopsy specimens of
patients with ulcerative colitis and other colonic
diseases and healthy subjects, and to further
investigate adhesive properties of these strains.

Methods

BACTERIAL STRAINS
E coli strains isolated as the dominating strain
from rectal biopsy specimens of patients with
relapse of ulcerative colitis (n=20), Crohn's
disease (n= 2), colitis and proctitis ofunknown
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cause (n=5), and from rectal mucosa of
healthy subjects (n=24) were studied. The
strains were serotyped according to Orskov
and Orskov. 16 E coli E2348 was used as control
in phalloidin staining. Strains were stored in
tryptic soy broth with glycerol (20% w/v) at
- 800C. Unless otherwise stated strains were
cultured on colonisation factor agar at 37°C
overnight. 17

CELL SURFACE HYDROPHOBICITY
The cell surface hydrophobicity was determined
by the salt aggregation test as earlier
described.'8 The highest dilution ofammonium
sulphate (final concentration) in which visible
aggregation occurred is the salt aggregation test
value.

PROTEIN BINDING
Vitronectin, fibrinogen, thrombospondin,
plasminogen (Glu-Plg and Lys-Plg),
fibronectin, collagen type I and IV, and
laminin were radiolabelled with Iodobeads'9 to
a specific activity of around 4X 106 cpm/,ug
protein. One hundred gl of washed bacterial
cells (7 X 107) in phosphate buffered saline
(0.02 M sodium phosphate buffer, pH 6-8 in
0.15 M NaCl) was mixed with 100 gl (about
25 000 cpm) of 1251-labelled protein in phos-
phate buffered saline. Measurement of expres-
sion of binding was performed as previously
described.20 21 Results are expressed as mean
values of duplicate samples, and represent
amount ofbound protein in percentage of total
amount of added labelled protein. Less than
10% binding is considered negative, 10-15%
binding low, 15-40% binding moderate, and
>40% binding as high binding. E coli NG7C
was included as positive control and strain
PSS1 as negative control.20

HYBRIDISATION
Colony blot hybridisation was performed with
genes encoding for attachment effacing (eae)
and enteropathogenic E coli adherence factor,
(EAF), and synthetic oligonucleotides for heat
labile and heat stable enterotoxins, shiga like
toxin I and II, and enteroinvasivity (the 140
kDa plasmid).22 Hybridisation was performed
under stringent conditions.

ADHESION TESTS
Strains were tested for adhesion to HT29 and
HeLa cells according to Cravioto et al.23
Subconfluent monolayers of tissue culture cells
on 13 mm diameter glass cover slips were
placed in multiwell tissue culture plates with 1
ml HEPES buffered minimal essential medium
with 50/o fetal calf serum and O-.5/O D-man-
nose. Ten gl of an overnight colonisation
factor broth culture of bacterial strains was
added to each well and incubated for three
hours at 37°C in 5°/O carbon dioxide. The cover
slips were washed three times in phosphate
buffered saline and fixed for 20 minutes in 3%
formalin. The number of adhering bacteria to

at least 200 cells was counted. The data were
expressed as mean values. To study the effect
on the cytoskeleton, strains were incubated
with HEp-2 cells and HT29 cells and stained
with phalloidin as described by Knutton et al.24

CHEMICALS
Vitronectin was purified according to Yatohgo
et al,25 and fibronectin according to Vuento and
Vaheri.26 Lys-plasminogen and glu-plasmino-
gen were gifts from Dr U Hedner, Novo AS,
Copenhagen, Denmark, thrombospondin from
Dr J Lawler, Boston, USA, and laminin from
Dr K H Valkonen, University of Oulu, Oulu,
Finland. Collagen type I was purchased from
Collagen Research, Palo Alto, CA, USA, and
collagen type IV from Heyl AG, Germany. Agar
bases were purchased from LabM, Salford,
United Kingdom, fibrinogen from KABI-
Pharmacia, Uppsala, Sweden, Iodobeads from
Amersham International, Amersham, United
Kingdom, phalloidin, Tween 20 and bovine
serum albumin from Sigma Chemical, St
Louis, MO, USA, and gentamicin from
Schering Plough, Kenilworth, NJ, USA, tryptic
soy broth was from Difco Laboratories, Detroit,
MI. Salts were from Merck AG, Darmstadt,
Germany. Tissue culture media were from
Flow Laboratories, Rickmansworth, United
Kingdom. All chemicals were of analytical
grade.

STATISTICAL ANALYSES
The Mann-Whitney unpaired non-parametric
test was used for statistical analysis.

Results
Most of the strains isolated from healthy
subjects expressed moderate cell surface
hydrophobicity (salt aggregation test 0.5-1 6,
Table I) whereas most of the strains isolated
from patients with inflammatory bowel disease
or other colonic disorders expressed low
surface hydrophobicity (salt aggregation test 2
or >2, Table I).
The strains isolated from patients with

colonic disorders expressed binding of the pro-
teins to a high extent and only three strains did
not bind any of the proteins (Figure, Table II).
There was no significant difference in binding
of Lys-plasminogen or Glu-plasminogen. The
highest degree of binding was of fibrinogen in
that 14 strains expressed high binding, 10
moderate binding, one low binding, and three
strains did not bind fibrinogen. The lowest
degree of binding was with vitronectin. Two
strains from patients with colonic disease
expressed high binding, 17 moderate binding,
four strains low binding, and five strains did
not bind vitronectin. Six strains bound throm-
bospondin to a high degree, and two strains
plasminogen. In contrast, two strains isolated
from healthy rectal mucosa expressed high
binding of fibrinogen, one of thrombospondin,
and 18 strains did not bind any of the proteins
tested. The difference in expression of binding
between patients with colonic disorders and
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Protein binding expression and adhesive properties ofE coli strains

Serotype

ND3
08:H-
01 19:H54
0143:H4
ONT:H27
018:K1 :H7
O1:H-
O1:H4
07:H4
07:H4
02:K1 :H7
023:H-
012:H19
ONT:H37
07:H4
023:H16
053:H7
07:H1 5
086:K5:H10
ONT:H26
023:H16
ONT:H-
07:H4
0 1 59:H4
02:H-
099:H53
0147:H21
020
077:H?
06:H-
08:H1O
08:K42
0121
083:H?
0101:K103:H9
07:K1
020, 133:H-
O1:K1:H-
02
025:H rough
050:H5
07
08
0 1 54:H4
018ac, 53
02:K5 1 :H7
08:K29:H-
040
02:H7
087:H19
01 12ab

Hybridisation
with probe CSH*

2
>2
2

>2
>2
>2
2

SLTI >2
SLTI >2

>2
SLTI, eae 2

>2
1

SLTI 2
>2

SLTI 2
>2
2

SLTI+II >2
SLTI >2

>2
>2

SLTII >2
>2

1
SLTI 0.5

1-6
>2
>2
0-1

>2
>2

1-6
09
1-6
1-6
1-6
1-6
09
0-1
0.9

>2
<0-1
>2
0.9
1-6

>2
SLTI 1-6

1-6
>2

1-6

Adhesion to cell4

HeLa HT29

ND ND
5 10
17 15
12 5
7 5
5 5
5 5

100 100
35 5
12 25
35 15
35 15
25 10
7 5
25 25
5 25
12 15
12 10
25 25
12 10
35 40
15 15
7 15
12 15
35 25
35 15
ND ND
ND ND

7 5
6 8
7 15
5 10
5 ND

27 15
8 9
7 5
24 23
12 15
5 5

22 15
25 0
17 10
100 5
12 5
22 5
100 25
12 10
17 10
100 10
ND ND
18 10

*CSH=cell surface hydrophobicity as determined by salt aggregation test. tNumber of bacterial
cells/tissue culture cell. ND=not done; IBD=inflammatory bowel disease; UC=ulcerative
colitis.

healthy persons was highly significant
(p<000 1).

Also, binding of fibronectin, collagen type I
and IV, and laminin was more common among
strains isolated from patients with colonic dis-
orders than from healthy subjects (p<0001)
(Figure, Table II). Although several strains
expressed binding of more than one protein,
and some strains did not bind any protein,
expression of binding of the different extracel-
lular matrix proteins and fibrinogen does not
seem to be coregulated.
There was no correlation between either

serotype or cell surface hydrophobicity and
binding of the different proteins. The number
of patients in the ulcerative colitis group was
too small to permit correlations between
expression of protein binding and activity of
disease.
One strain isolated from a patient with

ulcerative colitis adhered at high numbers (100
bacteria/cell) to HT29 as well as to HeLa cells,
and three strains from healthy subjects adhered
at high numbers to HeLa cells but not to
HT29 cells (Table I). There was a poor cor-
relation between adhesion to HeLa and HT29
cells. Strains from ulcerative colitis patients,
however, adhered at significantly higher

numbers per cell to HT29 cells than strains
from healthy subjects (p=0-0199). There was
no correlation between expression of cell
surface hydrophobicity and adhesion to either
tissue culture cell line. Nor was there any cor-
relation between serotype and adhesion to the
cell lines.

Thirteen strains were stained with phalloidin
after incubation with HEp 2 and HT29 cells.
Only strain RL66, which hybridises with
probes for eae and SLTII gave the typical
accumulation of actin in HEp-2 cells. The
staining of HT29 cells was less pronounced
but all strains except one induced changes in
the cells. After incubation with one strain of
serotype 050, all cells were lysed. A typical
finding was that there were no normal actin
filament bundles in the cells.
No strain hybridised with the established E

coli virulence factors: heat labile or heat stable
enterotoxins, invasivity plasmid or enteropath-
ogenic E coli adherence factor. One strain
hybridised with eae, and seven strains isolated
from patients with colonic illness with SLTI
(Table I). One strain hybridised with the
SLTII probe, and one strain with both SLTI
and SLTII probes. One of the strains isolated
from healthy rectal mucosa hybridised with the
SLTI probe.

Discussion
Twenty years ago Cooke et al27 tried to link
virulence properties of E coli to the precipita-
tion of relapse of ulcerative colitis. We sub-
sequently described the isolation of shiga like
toxin producing E coli in patients with relapse
of ulcerative colitis.3 7 This was later confirmed
by others.5 In a study on the cause of infections
and non-infectious colitis, the incidence of
shiga like toxin producing E coli was similar
among strains isolated from rectal biopsy
specimens of patients with a first episode of
ulcerative colitis and with infectious colitis.28
In the same study very few strains were shown
to carry the hitherto described virulence factors
of E coli.28 This was to be expected as most of
these virulence factors play a part in infections
of the small intestine. Interestingly,
enteropathogenic E coli adherence factor and
attachment effacement factor (eae) have been
described to act both in the small and large
intestine.29 In our study, only one strain from a
patient with ulcerative colitis carried the eae
gene, which shows that neither of these viru-
lence factors are common in strains isolated
from patients with inflammatory bowel
disease. Our data, however, support the find-
ing by Knutton et al that strains carrying eae
induce actin accumulation in intestinal cells
from both the small and large intestine.24
We have further found that E coli strains

producing haemolysin but not colicin were
more commonly isolated from biopsy speci-
mens of patients with ulcerative colitis than
patients with infectious colitis.'4 These strains
may be similar to virulent Salmonella strains.30
The pathogenesis of ulcerative colitis and
relapse of ulcerative colitis is probably multi-
factorial, but a subset ofE coli strains adhering

TABLE I Characteristics ofE coli strains

Strain

RL3
RL4
RL10
RL36
RL41
RL49
RL50
RL51
RL64
RL65
RL66
RL70
RL74
RL78
RL81
RL90
RL92
RL96
RL99
RL100
RL109
RL11O
RL114
RL118
RL129
RL131
Ec 40
Ec 44
Ec 53
Ec 54
Ec 71
Ec 76
Ec 80
Ec 102
Ec 107
Ec 109
Ec 110
Ec 111
Ec 115
Ec 116
Ec 118
Ec 119
Ec 120
Ec 121
Ec 127
Ec 138
Ec 140
Ec 148
Ec 151
Ec 152
Ec194

Diagnosis

UC
UC
UC
UC
UC
UC
UC
UC
Crohn's disease
Proctitis
Uc
UC
UC
Crohn's disease
IBD
UC
Colitis
UC
UC
UC
UC
Colitis
UC
UC
Colitis
Proctitis
UC
Healthy
Healthy
Healthy
Healthy
Healthy
Healthy
Healthy
Healthy
Healthy
Healthy
Healthy
Healthy
Healthy
Healthy
Healthy
Healthy
Healthy
Healthy
Healthy
Healthy
Healthy
Healthy
Healthy
Healthy
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to colonic mucosa may express virulence deter-
minants, which may aggravate a relapse of
inflammatory bowel disease. Adhesion to
epithelial cells can be mediated by receptor
specific interactions, hydrophobic or charge
interactions. Strains isolated from the stools of
patients with ulcerative colitis were reported to
carry a hydrophobic surface protein mediating
adhesion to buccal cells.9 E coli strains isolated
from the stools of patients with ulcerative
colitis and Crohn's disease also adhered to
buccal cells to a significantly greater extent
than strains isolated from normal controls.8 In
contrast, we reported that strains isolated from
the rectal mucosa of healthy subjects expressed
high cell surface hydrophobicity to a larger

extent than strains isolated from rectal biopsy
specimens of patients with ulcerative colitis.6
The data in this study confirm our earlier find-
ings.

Although only one of the strains isolated
from patients with colonic diseases adhered to
a great extent (100 bacterial cells/tissue culture
cell) to HT29 cells and HeLa cells, and three
strains from healthy subjects adhered to HeLa
cells in high numbers, strains isolated from
patients with colonic disorders adhered in
significantly higher numbers to HT29 cells
than strains from healthy subjects (Table I).
HeLa cells are not of intestinal origin and
HT29 cells are malignant intestinal cells,
which may express surface structures differing
from those of patients with ulcerative colitis as

well as of healthy subjects. Similarly, the
adhesion to buccal cells of strains isolated
from patients with ulcerative colitis may not
be relevant for adhesion to cells from the
large intestine.8 9 The data on adhesiveness
presented here, however, could show that
adhesion plays a part in pathogenesis. This
should be explored using colonic cells, prefer-
ably from patients with colonic disorders as

well as from healthy subjects.
We have earlier shown that E coli strains of

intestinal and extraintestinal origin commonly
bind fibronectin, collagen, and vitronectin.20
In a study of E coli strains isolated from
patients with ulcerative colitis and other
colonic disorders most strains expressed bind-
ing of fibronectin, collagen, or laminin, or all
three.4 The data in this study support these
findings. In this study E coli strains were

further analysed for expression of binding of
vitronectin, fibrinogen, thrombospondin, and
plasminogen. Strains isolated from patients
with colonic disorders expressed binding of

TABLE II Binding offibronectin, collagen type I and IV, laminin, vitronectin, fibrinogen, thrombospondin, and
plasminogen by selected E coli isolatedfrom patients with ukerative colitis and healthy subjects

Percentage binding of

Collagen Collagen Lys- Glu-
Strain Fibronectin type I type II Laminin Vitronectin Fibrinogen Thrombospondin plasminogen plasminogen
RL4 70 78 70 60 3 4 3 5 7
RL10 76 76 76 73 50 80 60 45 37
RL36 19 20 24 23 8 23 9 6 10
RL41 14 33 34 31 23 47 46 34 33
RL49 54 46 52 36 19 58 37 28 26
RL50 50 44 16 16 1 3 4 2 5
RL66 55 60 43 43 14 64 16 11 12
RL74 18 26 20 18 11 30 4 5 7
RL78 29 35 23 23 12 41 47 33 30
RL81 37 39 49 33 12 25 13 6 10
RL90 53 64 49 44 16 69 3 4 5
RL96 39 51 41 25 17 30 38 13 15
RL99 32 48 28 35 14 47 18 7 9
RL100 54 43 43 34 13 39 35 14 15
RL109 14 32 24 16 10 23 17 12 8
RL110 13 30 25 28 11 44 10 8 10
RL118 44 46 35 29 10 50 50 28 25
RL129 3 2 3 9 49 63 73 51 40
Ec 40 7 8 6 <2 <2 2 3 2 3
Ec 53 22 4 2 ND 13 12 30 12 13
Ec 76 <2 <2 <2 3 2 <2 <2 <2 2
Ec80 <2 <2 <2 3 <2 3 2 <2 2
Ec 107 <2 <2 <2 <2 <2 <2 <2 <2 <2
Ec 115 <2 <2 <2 <2 3 9 9 8 9
Ec 116 <2 <2 <2 <2 6 10 17 9 13
Ec 118 <2 <2 <2 ND 24 55 52 34 30
Ec 127 <2 <2 <2 ND 5 18 18 10 14
Ec148 8 23 19 ND <2 4 4 2 5
Ec 151 36 41 36 ND 15 41 38 22 22
Ec 152 7 23 19 ND 5 <2 <2 3 3
Ec 194 3 17 12 12 3 <2 3 5 6

ND=not done. >40% binding denotes high binding, 15-40% moderate binding, and 10-15 /% low binding.
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these proteins to a significantly higher extent
than strains from healthy persons (Figure,
Table II). This may be of relevance in the
pathogenesis in different ways. Fibrinogen
binding by Staphylococcus aureus is well known
to induce fibrin formation and abscesses.
Furthermore, fibrin is exposed in intestinal
ulcers, hence expression of fibrinogen binding
may mediate binding of E coli to ulcers.
Fibrinogen is a 'sticky' protein and the
reported binding may not be caused by recep-
tor specific interaction. The pathogenetic
effects of binding, however - that is, transfor-
mation of fibrinogen to fibrin and adhesion to
fibrin in ulcerated mucosa - will probably
occur regardless of the character of the bind-
ing.

Vitronectin binds to complement factors
C5-9 and inhibits polymerisation of C9.31
Whether vitronectin binding by bacteria inter-
feres with this process has not been elucidated.
Binding of vitronectin and other extracellular
matrix proteins may represent a mechanism of
protection from complement induced cell
lysis, as earlier proposed for non-specific
immunoglobulin binding to protein A of S
aureus,32 and hence enhance survival in tissues.

Plasminogen binding of S aureus and strep-
tococci has been described earlier.33 34 When
Glu-plasminogen is bound to a bacterial
surface it is converted to plasmin. In this form,
it is protected from inactivation by inhibitors in
plasma and may thus continue to exert
proteolytic activity. Glu-plasminogen is more
active than Lys-plasminogen. In the study by
Ullberg et al, 35 E coli strains of non-intestinal
origin did not express plasminogen binding. It
is thus very interesting that most strains iso-
lated from patients with colonic diseases
expressed plasminogen binding. E coli strains
carrying S-fimbriae have been shown to form a
complex with plasminogen, generating bacte-
ria bound plasmin, which promoted bacterial
invasion and contributed to systemic activation
of fibrinolysis.36 IfE coli bind plasminogen also
in the colonic epithelium and similar effects are
obtained, proteolytic activity, which enhances
epithelial invasion or fibrinolytic activity, or
both should be explored.
Thrombospondin is an important platelet

glycoprotein and also forms part of the extra-
cellular matrix in response to inflammation
and injury. S aureus strains have earlier been
shown to express binding of thrombo-
spondin,37 and this was postulated to mediate
adhesion of staphylococcal cells to surfaces.
Microthrombi were shown to be prevalent in
intestinal biopsy specimens of patients with
ulcerative colitis.38 Binding of throm-
bospondin may well interfere with platelet
activation and formation of microthrombi, and
also represent a mechanism of tissue adher-
ence. This should be further explored in the
pathogenesis of ulcerative colitis.

Expression of fibronectin binding by E ccli is
enhanced in the presence of calcium ions and
suppressed in the presence of increased salt
concentration, and the growthi medium influ-
ences expression of collagen, vitronectin, and
laminin also.2' Whether or not the growth

environment in the colonic epithelium
enhances expression of extracellular matrix
binding properties has not been studied. In this
study, we show that strains isolated from
patients with colonic disease have the ability to
express binding of several extracellular matrix
proteins and fibrinogen expression of binding
of these proteins may enhance adhesion to
colonic mucosa and contribute to tissue
damage.
This study was supported by grants from the Swedish Medical
Research Council (1 6x-09929), the Nanna Svartz Foundation,
and the Royal Physiographic Society, Lund, Sweden. We grate-
fully acknowledge the kind gifts of plasminogen, throm-
bospondin, and laminin, as well as of oligonucleotides for
enterotoxins and shiga like toxin I and II from Dr 0 Olsvik,
CDC, Atlanta, GA, USA, and E coli E2348 from Dr S Knutton,
University of Birmingham, Birmingham, United Kingdom.
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