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Serological investigation into the association
between Streptococcus bovis and colonic cancer

R Daree, A P Gibb

Abstract
Aims-To determine if there was an

increase in antibody titre to Strepto-
coccus bovis in patients with colonic can-

cer, and if this might be a useful marker
ofthe presence for colonic cancer.

Methods-Serum samples from 16
patients and 16 age matched controls
were tested by immunoblot and enzyme
linked immunosorbent assay (ELISA)
against antigen preparations from two
strains of S bovis and one strain of
Enterococcusfaecalis.
Results-No distinction between cancer

patients and controls could be made
using immunoblots. ELISA did show an

increase in antibodies to S bovis, but
there was a greater increase in antibodies
to E faecalis. The increase in antibody
titres was greatest with antigens which
had been treated with periodate, and was
therefore thought not to be caused by
antibody to the shared group D carbohy-
drate antigen.
Conclusion-It may be possible to con-

struct a test for the detection of colonic
cancer based on the detection ofantibody
to S bovis or Efaecalis, though consider-
able further development of this concept
is required.
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Streptococcus bovis bacteraemia (in many cases

with endocarditis) is associated with colorec-
tal tumours in 25% to 80% of cases.'4 S bovis
bacteraemia and endocarditis have also been
reported in association with other tumours of
the gastrointestinal tract and with non-

neoplastic colonic lesions, but the association
with colorectal tumours is stronger, and the
finding of any form of S bovis infection
necessitates rigorous exclusion of colonic
neoplasia." 2 4

The mechanism underlying this association
is not known, but may be due to a specific
increase in the incidence of S bovis bacter-
aemia derived from the gut in patients with
colonic cancer. Colonic cancer is associated
with a roughly five-fold increase in the faecal
carriage rate of S bovis,7 which may in part
explain the increased incidence of bacter-
aemia with this organism. In patients with
coincidental cardiac valve lesions bacteraemia
could lead to endocarditis, but in most
patients the bacteraemia would be transient
and clinically silent.

Bacteraemia with S bovis may therefore be
more common than is realised in colorectal
cancer, and if this is the case there might be
an increase in antibodies to the organism.
Detection of such an antibody response might
be useful as a marker of colonic neoplasia.
We therefore set out to measure antibody

to crude preparations of S bovis in serum
samples from patients with colonic cancer
and age-matched controls, using immuno-
blots and ELISA. To distinguish a specific
antibody response from non-specific increase
in antibody to colonic bacteria we also
measured antibody to Enterococcus faecalis and
to a cocktail of Gram negative lipopolysac-
charide core antigens. S bovis and E faecalis
share the group D carbohydrate antigen
(which is sensitive to periodate8) and prepara-
tions treated with periodate were therefore
used in ELISA to aid the detection of anti-
bodies to species specific protein antigens.

Methods
For most experiments we used NCTC 8133
(S bovis biotype I); 10bl67 (a local blood cul-
ture isolate of S bovis biotype II from a
patient with endocarditis and colonic ade-
noma); and NCTC 10449 (Efaecalis). Other
strains were blood culture isolates.
Identification and biotype of the S bovis iso-
lates was confirmed by the Streptococcus
Reference Unit, Central Public Health
Laboratory, Colindale, London. Bacteria
were grown overnight at 37°C in Todd
Hewitt broth (THB; Oxoid) in a shaking
incubator, harvested by centrifugation at
3000 x g for 10 minutes, washed, and resus-
pended in distilled water.
A positive control serum was obtained,

during the course of treatment, from a patient
with S bovis endocarditis. Serum samples
from 16 patients admitted for primary surgery
for colonic cancer were collected, and age
matched control sera were selected from sam-
ples which had been submitted to this depart-
ment to be tested for rheumatoid factor and
anti-nuclear factor and found to be negative
for both. All sera were heat inactivated at
56°C for 30 minutes and stored at -20°C.

Mutanolysin preparations9 were made by
mixing 100 ,l bacterial suspension (in dis-
tilled water with an optical density (OD) of
10 at 660 nm) with 5 pl mutanolysin solution
(Sigma, 1000 U/ml in 0-1M HEPES, pH
7-2), 5 pl sodium azide (04% weight/volume)
and 5 ul phenylmethylsulphonyl fluoride
(0-02M in ethanol). The mixture was
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incubated at 37°C for 18 hou
at-20°C. French press extrac
from the growth obtained in
washed, and resuspended in 30
buffered saline (PBS) (0-05M
phate, 0- 15M sodium chloride,
organisms were fragmented in
cell at a pressure of 8000 to 9
square inch, repeated until mo
breakage was achieved, as d
phase-contrast microscopy. Th
fluid, after centrifugation at 1(
10 minutes, was collected an
content measured.'0

IMMUNOBLOTS
Antigen preparations were solul
equal volume of sample
weight/volume sodium dodecyl
volume/volume glycerol, 2% v
2-mercaptoethanol, 0-002% i

bromophenol blue, pH 6-8) at
minutes. Proteins (50 pg pro
mutanolysin preparation per
were separated on 10% polyaci
and transferred to nitrocellulo
(0-2 um pore size). 12 The nitr4
then washed for 10 minutes in
saline (TBS; 0-02M TRIS, I
chloride, pH 7 5), then in 30/
ume) gelatin in TBS for 45
incubated with serum diluted in
TBS for 3 hours. The nitrocelli
rinsed in distilled water and wE
Tween 20 (0-025% (volum
TBS), incubated for one hou
radish peroxidase anti-human
diluted one in 500 in 1% gel.
rinsed, and washed in Tween E

developed over 30 minutes wil
peroxidase colour reagent (Bio-]

ELISA
NUNG polysorb flat-bottom
strips were coated with 100

Figure 1 Immunoblot of
antigen preparations from
seven isolates ofS bovis
with serum from a patient
being treatedfor S bovis
endocarditis. All antigens
are mutanolysin
preparations except for lane
1, a French press
preparation. Strains used
are (1 and 2): NCTC
8133; (3): 11b275
(biotype 1); (4): 11b172
(biotype II); (5): 1Obl67
(biotype II); (6): 1Ob160
(biotype II); (7): 11b45
(biotype II); (8): 12b42
(biotype II, from the same
patient as the serum).

irs and stored French press antigen preparation (40 pg
:ts were made protein/ml) in 0-05M sodium carbonate,
1 litre THB, 0-02% weight/volume sodium azide, pH 9 6),
ml phosphate incubated at room temperature overnight.
sodium phos- Wells were then washed four times with wash
pH 7.4). The buffer (0 05% volume/volume Tween 20,
an ice cooled 0-05% sodium azide in PBS) in a Dynatech
)000 pounds a plate washer, shaken dry, and stored at
ore than 80% -20°C. To prepare periodate treated anti-
letermined by gen, strips coated with French press extract
le supernatant were incubated with 100 pl a well of sodium
) 000 x g for periodate (001M in PBS) for two hours at
Id the protein room temperature, then washed four times.

To perform antibody assays, 100pl of a
one in 1000 dilution of serum in antibody
diluent (4% weight/volume polyethylene

bilised with an glycol, 0 5% weight/volume bovine serum
buffer (4% albumin in wash buffer) was added to dupli-

sulphate, 20% cate wells and incubated for 90 minutes at
rolume/volume 37°C. Plates were then washed four times
weight/volume and incubated for 90 minutes at 37°C with
100°C for 10 lo p1 a well of alkaline phosphatase conju-

itein or 20pl gated anti-human IgG (ICN) or IgM (Miles-
5 mm track) Yeda) diluted 1 in 1000 in antibody diluent.
rylamide gels" Plates were again washed, 100,p1 a well of
se membrane alkaline phosphatase substrate (0-1%
ocellulose was weight/volume p-nitrophenyl phosphate
FRIS-buffered (Sigma) in 0'05M sodium carbonate, 1 mM
0W5M sodium magnesium chloride, pH 9-8) added, incu-
o0 (weight/vol- bated for 60 minutes at room temperature,
minutes, then and OD measured at 405 nm using an
1 % gelatin in Anthos plate reader with substraction of
alose was then blank readings from wells with no added
ashed twice in serum. All assays of IgG or IgM antibody to
e/volume) in each antigen preparation were performed as a
r with horse- batch.
IgG (Sigma, Anti-LPS core ELISA assays were per-

atin in TBS), formed by Dr GR Barclay using plates coated
as before, and with equal molar quantities of rough LPS
th horseradish from E coli K12, Kiebsiella pneumoniae MI Ob,
Rad). Pseudomonas aeruginosa PAC605 and

Salmonella typhimurium 878, complexed with
polymyxin.1 Results were expressed as

ed eight-well median units where 100 was the median
p1 a well of value determined from assays on 1000 blood

donor sera.
The approximate 95% confidence interval

(CI) of median values was calculated, as
described by Campbell and Gardner.'4 All p
values are derived from Mann-Whitney two

...... j ....

sample tests calculated using Epi Info
(Georgia, USA; USD Incorporated).'5

.......... ^. - Results
-''9;" 'BIMMUNOBLOTS

Serum from the patient with S bovis endo-
carditis reacted strongly in immunoblot with
whole cell protein preparations from several
S bovis isolates, although the pattern of bands
observed varied considerably among isolates
(fig 1). Reactivity of comparable strength was
also observed with an isolate of S mitior
(NCTC 10712) but not with individual blood
culture isolates of S morbillorum, S sanguis,
S mutans, or E faecalis (data not shown). For

12 3 4 5 6 7 8 further experiments we chose to use the
NCTC strains of E faecalis and S bovis,
together with the local isolate of S bovis (1Ob
167) which had reacted most strongly (fig 1).
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Figure 2 Immunoblot of sera from eight patients with colonic cancer (lanes 1-8), e
age matched controls (lanes 9-16), and one patient with S bovis endocarditis (lane
against antigens prepared by French press methodfrom S bovis 10b1 67.

Two batches of sera, each consistii
eight patients with colonic cancer, eight
trols, and serum from the patient with (
carditis, were blotted against whole
protein preparations from the selected S
and E faecalis strains, at a dilution of 1 i
No consistent pattern was detected.
sera from each group reacted with
bands from each organism, and no
could be identified with which the cance:
regularly reacted. Figure 2 shows the ri
of one such inconclusive experiment.
were subsequently carried out with sel
sera from each group at a range of h
dilutions (1 in 40, 1 in 80, and 1 in 160,
titres of reactivity could not be demonst
by this approach (data not shown).

a

0

Cl)

w

0.5

S bovis 1 S bovis 1 S bovis 2 S bovis 2 E faecalis E fae
French Periodate- French Periodate- French Perio
press treated press treated press trea

Figure 3 IgG antibody (ELISA OD) to six antigen preparations in 16 patients (opbars), 16 age matched controls (hatched bars), and one patient with S bovis endocar
Bars represent median values and error bars represent the 95% confidence intervals oj
median.

ELISA
Preliminary ELISA experiments were carried
out with plates coated with French press
extracts of S bovis NCTC 8133 to determine
suitable antigen coating concentration, serum
dilution, and assay conditions to maximise
the difference between the serum from the
patient with S bovis endocarditis and one of
the sera from the control group which showed
no bands in the immunoblot. Using these
conditions, IgG and IgM ELISAs were per-
formed against French press and periodate
treated French press antigen preparations
from each of the three selected bacterial
strains.
Serum from the patient with endocarditis

gave the highest reading in all of the assays
I with S bovis antigens. In this serum sample

the IgG antibody to periodate treated S bovis
antigen was almost as high as the antibody to
native S bovis antigen, suggesting that most of
the antibody was directed against protein
antigens (fig 3). The difference in IgG anti-
body to Efaecalis periodate treated and native

7ight antigens was much greater with this serum,
17), suggesting that much of the antibody to

E faecalis in this serum was directed against
carbohydrate antigens such as the group D

ng of antigen. Periodate treatment seemed, there-
con- fore, to have destroyed much of the common

endo- carbohydrate antigen but left the more species
cell specific protein antigens. Periodate treatment

bovis also led to a substantial reduction in the
in 20. detection of IgM antibody, which would be
Some expected to be directed against carbohydrate
some antigens to a greater extent than is IgG.
band The patients with colonic cancer had
r sera higher median IgG antibody titres to S bovis
esults and E faecalis preparations than did the con-
Blots trol patients (fig 3). This difference reached
Lected significance for both the S bovis NCTC 8133
iigher preparations (p = 0-001) and for the perio-
), but date treated preparations of S bovis 10b167
-rated (p = 0 0007) and Efaecalis (p < 0-0001). The

finding of increased IgG antibody to the peri-
odate treated antigen from both species
implies that the difference is not due to cross-
reactive antibody to group D carbohydrate.
IgM antibody to the French press S bovis 2
antigen was higher in the cancer group
(median 0-87, 95% CI 0-81 to 0 90) than in
the controls (median 0-78, 95% CI 0-76 to
0-83; p = 0 006). Significant differences
among IgM antibody were not observed in
any of the other assays.

Despite the differences among the groups
there was a considerable overlap, and it
would not have been possible to use any of
these tests to predict usefully the presence of

* cancer. The best predictive values obtained
were with the periodate treated Efaecalis anti-

j gen where 15 of the patients with cancer and
three controls gave an OD above an arbitrary
cutoff value of 0-4. This translates into a pre-ca/is dictive value for positive results (true posi-

ted tives - (true positives + false positives)) of
83%, and a predictive value for negative

ditis. results (true negatives - (true negatives +
f the false negatives)) of 93%.

Antibody to polymyxin-LPS-core cocktail
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did not differ significantly between the cancer
patients and controls. The IgG antibody titres
was higher in the cancer patients (median
298, 95% CI 166 to 459) than in the controls
(median 220, 95% CI 128 to 408). The IgM
antibody titres was also a little higher in the
cancer patients (median 131, 95% CI 67 to
180) than the controls (median 125, 95% CI
101 to 202).

Discussion
Previous studies of antibody response to
S bovis and other streptococci and entero-
cocci have found that antibody is detectable
in endocarditis but not in either clinically
insignificant bacteraemias 6 17 or colonic can-
cer.3 These studies used immunoblotting,
immunofluorescence, and crossed immuno-
electrophoresis. We have also found that
immunoblotting with whole cell proteins
from S bovis or Efaecalis was unable to distin-
guish between cancer patients and controls.
All of these studies were limited by the use of
relatively insensitive and non-quantitative
methods.

In the more sensitive and quantitative
ELISA we have shown an increase in IgG
antibody to S bovis in patients with colonic
cancer, and also found an increase in IgG
antibody titre to E faecalis. The increase in
IgG to E faecalis did not seem to be due to
antibody to shared carbohydrate antigens,
and may reflect increased antibody to species
specific protein antigens. If IgG antibody
titres reflect the incidence of bacteraemia
then this implies that both S bovis and E
faecalis bacteraemias are more common in
patients with colonic cancer. Cases of E
faecalis endocarditis have been associated
with colonic cancer, but the association is
much less strong than with S bovis.'8 This
may be because E faecalis endocarditis often
results from a primary focus of infection at
other sites, such as infection of the urinary
tract, or perhaps because S bovis bacteraemia
is more likely to go on to cause endocarditis.
It should be noted, however, that the antigen
preparations used were crude and may have
contained strain specific antigens or unrecog-
nised common antigens which would confuse
the interpretation of results. These questions
might therefore be resolved by the use of pure
antigens of known distribution among the rel-
evant organisms.
The lack of any consistent difference in

IgM antibody suggests that the increased
immune stimulation in these patients has
occurred over a long period of time, which is
perhaps not surprising given the slow devel-
opment of colonic cancer and the finding that
S bovis infection may be associated with the
preclinical stages.'418 The lack of difference
in antibody to LPS-core suggests that the
increase in antibody titre to S bovis and Efae-
calis in patients with colonic cancer patients is
not simply due to a non-specific increase in
antibody to gut bacteria.

There is a need for a good screening test
for colonic cancer, particularly a test which
could detect early lesions. Detection of faecal
occult blood is neither sensitive nor specific,
while carcinoembryonic antigen is regularly
detectable only in advanced disease.'9 The
results presented here suggest that it may be
possible to develop a test to screen patients
for the presence of colonic cancer by measur-
ing IgG antibody titre to S bovis or Efaecalis.
Further investigation is required to identify
antigens which would permit improved dis-
crimination between the groups, and to deter-
mine whether antibody is also raised in other
colonic diseases or in liver disease.

We are grateful to Dr A Miles for assistance in obtaining sera
from cancer patients, to Mr D Morrison for identifying the
S bovis strains, and to Dr GR Barclay for performing the
polymyxin-LPS-core antibody assays.
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