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Absence of complement fixing antibodies against
lipopolysaccharides from Escherichia coli in a
subgroup of patients with Crohn's disease
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SUMMARY Complement fixing antibodies against different Escherichia coli lipopolysaccharides
were determined in patients with Crohn's disease and in healthy individuals and compared with
antitetanus toxoid antibodies. All healthy individuals had antilipopolysaccharide antibodies, 10 of
27 patients with Crohn's disease had no antibodies and six had rapidly changing antibody titres.
These abnormalities were found in patients with disease in the colon, with arthropathy and fistula.
Antilipid A was found at lower titres in Crohn's disease. Neither antitetanus toxoid antibodies, nor
immunoglobulin concentrations were different in patients with or without antilipopolysaccharide
antibodies. There was no evidence for circulating immune complexes in patients lacking
antilipopolysaccharide antibodies. Certain subgroups of patients with Crohn's disease have altered
antibody levels to typical enteral antigens which most likely can be explained by local antibody
binding to lipopolysaccharides at inflammatory sites, or by changes in immunoregulation in this
disease.

Although the aetiology of Crohn's disease (CD)
is unknown, there is evidence that alterations in
immunoregulation and immune effector mechanisms
may be involved in disease pathogenesis. ' Studies of
T and B cell function in CD have not resulted in the
description of a well characterised abnormality.
Circulating B cells from CD patients have been
shown to spontaneously secrete more immuno-
globulins compared with controls."" Circulating and
gut derived lymphocyte populations have an in-
creased proliferation when exposed to B cell mito-
gens, such as lipopolysaccharides (LPS).' These
results correlate with the finding of raised antibody
titres that react with various dietary and faecal
microbital antigens in patients with inflammatory
bowel disease."' Several studies suggest, however,
that at least in a subgroup of CD pattients humoral
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immune responses can also be decreased."'" The
data on humoral immune responses to various stimuli
in patients with CD are therefore conflicting.

In the present study we took advantage of the fact
that healthy individuals usually have high titres of
circulating, complement fixing antibodies against
purified LPS preparations from various Escherichia
coli serotypes. To see ifCD patients have an altered
response to these enteral bacterial antigens, we
determined complement fixing circulating anti-LPS
antibodies and antilipid A antibodies in a follow up
period during and after flareup of the disease and
compared anti-LPS antibody titres with the presence
of IgG antitetanus toxoid antibodies. Three different
serotypes of E coli were investigated because of their
significance in human disease: serotype 014 posses-
ses the so-called enterobacterial common antigen of
Kunin which has crossreactivity with human colonic
epithelial cells,"'7 serotypes 075 and 0119 are
common in the human faecal flora and frequently
involved in urinary tract infections.
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Methods

PATI ENTS
The study was carried out in 27 patients with Crohn's
disease. The diagnosis was established by endoscopi-
cal, radiological and histological criteria. Eleven
men and 16 women were investigated; age ranged
between 15 and 56 years (median 32 years). The
study included eight patients with colonic disease, six
with small bowel disease and 13 with both colon and
small bowel involvement. The disease activity was
evaluated by the Crohn's disease activity index
(CDAI).'" Twelve patients were followed up over a
period of six months during and after treatment for
active disease. Patients (CDAI>200) were treated
with 6-methyl-prednisolone at a decreasing dose
starting with 48 mg and sulphasalazine 3 g/day (n=8)
or with continuous intraduodenal infusion of a peptide
diet (Peptisorb, Pfrimmer, FRG) through a filiform
tube with a peristaltic pump without any drug
treatment (n=4). The other 15 patients were on a
maintenance dose of prednisolone (dose ranging
between 10 and 20 mg per day) (n=8) and/or
sulphasalazine (3 g per day) (n=5), seven patients
had no drug treatment at the time of the study and
two patients received azathioprine 2 mg/kg body-
weight. Twenty age and sex matched normal subjects,
including blood bank donors and laboratory
personnel, were used as controls.

PREPARATION OF l.PS ANI) FREE L IPlI) A

Smooth form LPS from E coli 0119, 075, and 014
and alkali treated lipid A from electrodialysed
Salmonella minnesota R 959 LPS were isolated as
previously described."'-"

HAEMOI YTIC ASSAY

Washed sheep red blood cells (SRBC) were sensi-
tised by incubation with LPS or lipid A for 30 minutes
at 37°C. The sheep red blood cells were then washed
in PBS and suspended in veronal buffer (pH 7-2),
reaching a 0-5% suspension. All sera were pre-
absorbed with washed sheep red blood cells. The
assay was done on microtitre plates with a 1: I
mixture of different dilutions of the serum samples
and LPS- or lipid A-sensitised sheep red blood cells,
finally, 25 .tl guinea pig serum (preabsorbed with
sheep red blood cells) were added as a source of
complement. The plates were incubated for one hour
at 37°C and haemolysis was evaluated visually."
The specificity of the antibodies determined in the

haemolytic assay was confirmed by absorption tests.
Serum samples of 250 tl were incubated for one hour
at 37°C with 500 [tl packed sheep red blood cells
coated with different LPS. The sera were retested in
the haemolytic assay after centrifugation. After these

absorption procedures, the haemolytic titres were
abolished for the absorbing antigen but not for the
other LPS antigens, confirming the specificity of the
antibody for the absorbing antigen.

EL ISA FOR ANTITETANUS TOXOII) SPECIIIC IgG
Ninety six well flat bottom plates (Immulon I,
Dynatech Laboratories, Alexandria, VA, USA)
were coated with 100ltA tetanus toxoid (Wyeth
Laboratories Inc, Marietta, PA. USA) at at concen-
tration of 1 flocculation unit (If)/ml in 50 mmol/l
sodium carbonate buffer (pH 9-6). Plates were then
washed with PBS containing 0(05%' Tween 20) after
each of the following steps. Non-specific binding was
blocked with 100% bovine serum albumin. Serum
samples from each subject were incubated in four
dilutions, each dilution in duplicate, for two hours at
37°C. A 1: 1000 dilution of heavy chain specific goat
antihuman IgG conjugated to alkaline phosphatase
(Tago Inc, Burlingame, CA, USA) was aidded to
each well and the plates were incubated for two
hours. As the final step, 100pl( of a I mg/ml solution
of p-nitrophenyl phosphate (Sigma Chemical Comp.
St Louis, MO, USA) in 10% diethanolamine buffer
(pH 9 8) was added. Colour development was quan-
tified at a wavelength of 405 nm by using a spectro-
photometer (ImmunoReader NJ- 200, InterLab,
Thousand Oaks, CA, USA). Optical density values
were converted into immunoglobulin concentrations
by comparison with a standard serum with a known
amount of TT-specific IgG. The reference serum to
calculate the TV-specific IgG concentration in the
standard serum was kindly provided by Dr L G Lum,
Fred Hutchinson Cancer Research Center, Univer-
sity of Washington, School of Medicine, Seattle,
Washington, USA.'- Calculations were done using
regression analysis after log transformation of the
concentration values.

QUANTIFICATION OF IMMUNOGI OBUIAIN
CONCENTRATIONS
IgG, IgM and IgA were estimated as described by
Mancini et alP with commercial Partigen plates
(Behringwerke, Marburg, FRG).

DETERMINATION OF CIRCUILATING IMMUNE

COMPl EXES
Circulating immune complexes in sera of CD patients
were determined by the Clq binding assay as des-
cribed previously."

STATISTICAL ANAL YSIS
Results were expressed ats median, minimum, and
maximum and the Krukal-Wallis non-parametric
analysis of variance was done to compare more than
two different groups for significant differences.
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Table I Prevalence and litres ofcomplementfixing
antibodies against lipid A and purified lipopolysaccharide
(LPS) preparationsfrom three different E coli strains (0119,
075 and 014) as determined in the haemolvtic assay in
healthy individuals and in patients with Crohn 's disease

Controls (it =20) Croht 's disease (it =27)

Pos (n) Titires Pos (n) Titres

Lipid A 4/2* 1: 16it 3/27 1:3
(1:8-1:32)t (1:2-1:4)

LPS-EcotliOI19 20/20 1:128 11/27 1:128
(1:8-1:4098) (1:32-1024)

LPS-E coliO75 20/20 1:128 11/27 1:64,
(1: 161:20)48) (1: 16-1: IO')"

LPS-E coliO14 20/20 1:128 11/27 1:128
(1:64-1:2048) (1:64-16384)

*Number of hcalthy individuals or Crohn's discasc paticnts with
anti-LPS aintibodies/totail number invcstigated: tMedian; tRange
(minimum-maximum).

Results

ANTIBODIES AGAINST FREE LIPID A

Complement fixing, haemolytic antibodies against
free lipid A were detected in four of 20 healthy
individuals and only in low titres (Table 1). Only
three of 27 patients with CD had detectable amounts
of antilipid A; in these patients, antibody titres were
below those of the control group (Table 1). Patients
with antilipid A antibodies had active disease and the
disease was located in the colon and small bowel.
Two patients had perianal fistula.

ANTIBODIES AGAINST LIPOPOLYSACCHARIDES
FROM ECOLl0119, 075 AND014
Complement fixing antibodies against highly purified
LPS from three different E coli strains as detected in
a passive haemolytic assay could be shown in the sera
from all healthy individuals (Table 1). The frequency
and distribution of the serum titres in the control
group was comparable for the different E coli
serotypes (one representative example is shown in
Figure 1). In contrast, only 11 of 27 patients with CD
had haemolytic antibodies against LPS from E coli
01 19, 075, and 014 (Table 1). Ten patients had no
detectable antibodies in the haemolytic assay against
the different LPS preparations at any time point
during their follow up. In comparing the distribution
of antibody titres in CD patients and controls, it was
apparent that the patients fell into one of two groups:
one without antibodies (10 of 27 patients) and one
with a similar distribution of antibody titres as the
controls (17 of 27 patients) (Fig. 1). Patients with
active and inactive disease were distributed randomly
between the antibody positive and antibody negative
group suggesting that disease activity does not in-
fluence the presence of anti-LPS antibodies. In most
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Fig. I Distributionfrequency oftitres ofcomplementfixing
antibodies against lipopolysaccharidesfrom E coli 075 in
patients with Crohn's disease (n =27) and in healthy
individuals (n =20). Titres are expressed as logj-dilution and
patients with active disease (CDAI>200) are indicated.
Antilipopolysaccharide antibodies against E coli 075 are
shown as representative example, the distribution ofantibody
titres against lipopolysaccharidesfrom E coli 014 and 0119
were comparable with this example.

cases patients in these two antibody groups remained
in these groups upon repeat study. In six of 27 CD
patients studied, however, rapidly changing titres
were noted as indicated in the representative patient
antibody profile shown in Figure 2. The antibody titre
changes in this patient subgroup could not be related
to disease activity.

In the antibody positive group, three patients
were treated with 6-methyl-prednisolone, three with
6-methyl-prednisolone and sulphasalazine, one
patient received azathioprine in addition to predni-
solone and sulphasalazine, and five were without
treatment. In the antibody negative group, four
patients were treated with 6-methyl-prednisolone,
one with 6-methyl-prednisolone and sulphasalazine,
one only with sulphasalazine, two patients were on
a residue free oligopeptide diet alone and two had
no treatment. Three of six patients with rapidly
changing antibody titres were treated with 6-methyl-
prednisolone and sulphasalazine, one on azathio-
prine alone, one treated with an elemental diet alone
and one without treatment. Thus, the form of treat-
ment had no influence on the anti-LPS antibody
titres.

In Table 2, the influence of disease location within
the bowel, the presence of extraintestinal manifesta-
tions and the presence of fistula on anti-LPS antibody
titres is shown. Of the patients with colon involve-
ment one had normal titres of anti-LPS antibodies,
three had no detectable antibody titres and four had
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Fig. 2 Time course ofthe CDAI, ofantibody titres
against lipopolysaccharidesfrom E coli 014, 075
and OI19, and ofthe presence ofcirculating
immune complexes (CIC) in a patient with Crohn 's
disease ofthe colon. Therapy duringflare up ofthe
disease with 6-methyl-prednisolone (6-MPS) is
indicated in the upperpart ofthefigure.

rapidly changing antibody titres. A similar constella-
tion was found for patients with arthropathy: one of
eight patients had antibodies, three were antibody
negative, and four were rapidly changing. In the
group of patients with arthropathy, six had only colon
involvement and two had colon and small bowel
manifestations. Of the six patients with fistular
disease, one had no detectable antibodies and four
were rapidly changing. Of the six patients with small
bowel manifestation only, three had normal anti-LPS

Table 2 Prevaletce ofcomplement fixing antibodies
against purified lipopolysaccharides (LPS) Iromn three
different E coli strain1.s (011S9, 075 an,d 014) in dijferent
subgroups ofpatients with Crolin 's disease.

Mawifestations ofihe diseaise

c *lon1
Sintill ani1d simai

Anti-LPS Colton bowel bowel +Artlhrop)(ltlYl +hvitlht

0119 1/8 3/6 6/13 1/8 1/6
075 1/8 3/6 6/13 I/8 1/6
014 1/8 3/6 6/13 1/8 1/6
Noantibodics 3/8 3/6 5/13 3/8 1/6
Chainging

antibodics 4/8 ()/6 2/13 4/8 4/6

titres and three had no anti-LPS antibodies. It thus
appears that CD patients with manifestation of the
disease in the colon, with fistula, or with arthropathy
have either no detectable complement fixing anti-
LPS antibodies or their titres were rapidly changing.

ANTIBODIES AGAINST TETANUS TOXOII)

To investigate if the absence of LPS-specific anti-
bodies is restricted to these antigens, we determined
TT-specific IgG in the serum in our patients (Fig. 3).
In the total group, 14 of 24 patients (58%) had clearly
detectable amounts of TV-specific IgG (median 25 3
itg/ml, range 2-56-2 Rg/ml) and 10 had no detectable
amounts of anti-TV IgG. In the group with anti-LPS
antibodies (group 1 in Fig. 3) six of nine had
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Fig. 3 IgG-antibodies against tetanus toxoid as measured
by ELISA in the sera ofpatients with Crohn 's disease.
Group / refers to patients with haemolytic antibodies against
lipopolvsaccharidesfrom E coli; group 2 to patients without
antilipopolysaccharide antibodies; group 3to patients with
rapidly changing antilipopolysaccharide antibodies. No
significant differences between the three groups werefJund
with the Kruskal- Wallis test.
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Table 3 Serum immuinoglobuhlitn concentrations in three subgroups ofpatients with Crohn 's disease. Comparing the
Ig-concentraitioiis for the particullar i.otype.s between the three subgroups by the Kruskal- Walli.s viol-parametric analysis of
v'ariancc', no signiificanit differences were obtained.

Group 1 Group 2t GiroltpJ3

IgG IgM IgA IgG IgM IgA IgG IgM IgA

Mediain 13-1* 1-7 2-5 12-5 2-2 1-9 11-6 2-4 2-1
Raingc 7.5-23.7 1-0-2-3 1-5-7-9 8-0-16-9 1-1-3-2 1-3-38 10(2-12-8 18-4.1 1-7-3-4

"Paiticnts with haicmolytic atntibodics against lipopolysaccharidcs from E coli; tPatients without antilipopolysaccharidc antibodies; tPatients
with ratpidly chainging aintilipopolysaicchatride antibodies; WValucs aire givcn as gil.

detectable anti-TT IgG (median 27-3 .tg/ml, range 2-
55-6 [tg/ml), in the group without anti-LPS anti-
bodies (group 2 in Fig. 3) six of 10 individuals had
anti-TT IgG in the serum (median 14 1 tg/ml, range
36-56-2 sg/ml) and in six patients with rapidly
changing antibody titres against LPS from E coli
(group 3 in Fig. 3) two were found to have anti-IT
IgG (28.5 ,ug/ml and 48 ,ug/ml). Comparing the three
groups, no significant differences were found. The
failure to detect complement fixing anti-LPS
antibodies in patients with CD was not paralleled by
an absence of TT-specific IgG-antibodies.

SERUM IMMUNOGLOBULIN CONCENTRATIONS IN
PATIENTS WITH CROHN'S DISEASE
Serum concentrations of IgG, IgM and IgA in the
patients with CD fell within the reference values
except for three patients with slightly raised IgM
concentrations (3-19, 4-12 and 3-4 g/l, reference
range: 0(6-2-8 g/l), one patient with raised IgG
concentration (23.7 g/l), and one patient with a
slightly decreased IgG concentration (7.5 g/l, refer-
ence range for IgG: 8X0-18 g/l). Comparing total IgG,
IgM and IgA concentrations in the three subgroups
of CD patients defined by the presence of anti-LPS
antibodies, no significant differences were found
(Table 3). In those patients whose antibody titres
against LPS were rapidly changing, total immuno-
globulin concentrations remained constant during
the observation period (data not shown). The absence
of antibodies against LPS was, therefore, not
paralleled by changes in total immunoglobulin
concentration.

CIRCULATING IMMUNE COMPLEXES IN PATIENTS
WITH CROHN'S DISEASE
In nine patients with CD, circulating immune com-
plexes were determined by the Clq binding assay: in
one of three patients with high titres of complement
fixing antibodies to LPS from E coli there was
evidence for circulating immune complexes. None
of three patients without detectable anti-LPS
antibodies had evidence of circulating immune
complexes. In three patients with rapidly changing

anti-LPS antibody titres, circulating immune com-
plexes were measured in parallel and there was no
correlation between low or undetectable anti-LPS
antibodies and the presence of circulating immune
complexes (example shown in Fig. 2).

Discussion

In the present study we have investigated the presence
of complement fixing antibodies against purified LPS
preparations from three different E coli strains and
against free lipid A, the strain non-specific com-
ponent of bacterial lipopolysaccharides, in patients
with CD and in healthy individuals. The major
findings of this study are that (a) certain subgroups of
CD patients have an altered response pattern of anti-
LPS antibodies in comparison with healthy indivi-
duals and (b) that these alterations are not paralleled
by changes in specific antibodies to another common
antigen (IT), in total immunoglobulin concentra-
tions or by the presence of circulating immune
complexes. There is general agreement in most
previous studies that patients with inflammatory
bowel disease have an increased prevalence and
increased titres against faecal microbial antigens.="
This finding is attributed to an increased absorption
of bacterial antigens through the intestinal epi-
thelium damaged by the chronic inflammation. Our
own finding of decreased or absent complement
fixing anti-LPS antibodies in patients with CD there-
fore seems to be at variance with these previous
studies. One possible explanation is that different
antibody assays were used. In most previous studies
either agglutinating serum antibodies using bacterial
suspensions or haemagglutinating antibodies were
determined, whereas in our study complement fixing
haemolytic antibodies were measured. Another
possible explanation is that different antigenic pre-
parations were used. In our study we used purified
LPS preparations from three different E coli strains.
Complement fixing antibodies against these LPS
preparations were present in all healthy individuals
investigated, a finding which confirms earlier obser-
vations.'5
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Antibodies aigainst lipid A, the commmon antigenic
component of LPS-mnolecules from most cyrarn
negative bacteria, were rarely observed in either the
control group or in patients with CD. Without
exception, however, patients with CD had lower
antilipid A titres as compared with healthy indivi-
duals. This finding is in agreemnent with a recent study
showing decreased concentrations of antilipid A IgG
in patients with inflammatory bowel disease, especi-
ally in patients with extensive colon involvement.'
Conflicting datat were obtained in other studies in
which increased antilipid A antibody titres in paitients
with CD were found.2 " Because our study has
clearly shown that CD patients are heterogeneous in
their anti-LPS response, the difference may lie in the
fact that different patient populations were studied.
The absence of anti-LPS antibodies or the pres-

ence of rapidly changing antibody titres in subgroups
of CD patients can be explained in several ways.
First, patients with low antibody titres could have had
circulating LPS which bound the anti-LPS antibodies
aind interfered with our test system. In this case, one
would have expected the occurrence of circulating
immune complexes especially in the patients with
fluctuating intibody titres. In agreement with pre-
vious reports, however,"'; we found infrequently
evidence for circulating immune complexes in CD
patients aind the presence of these immune com-
plexes did not correlate with the failure to measure
anti-LPS antibodies. In addition, using dot blot
analysis to detect the antigenic determinants in
immune complexes, there was no evidence for LPS-
containing antigen antibody complexes in CD sera
(unpublished observiations). These findings maike it
unlikely that circulating LPS and immune complex
formation aiccount for our inability to meaisure anti-
LPS antibodies. Another possibility is that in patients
with low or absent LPS antibody titres the antibodies
atre bound in various tissue sites, especially those
located in the intestinal mucosa. In this view, patients
with certain types of disease or levels of diselse
alctivity allow entry of LPS atntigens into the mucosa
and this leads to depletioni of circulating anti-LPS
antitbodies as the serum passes the mucosa.
Another possibility is that the changes in anti-LPS

aintibody titres aire catused by changes in aintibody
synthesis and secretionl in certain patient subsets.
Thus, in a recent study it hias been shown that patients
with CD or Lllceriative colitis have a defective generia-
tion of tetianus toxoid specific aintibody producing B
cells after in i'iho immtlunisattion.'1 In abddition, while
ntornidil levels of l-synthesis in in vitro pokeweed
mitogen driveni systems of Linseparated peripherail
blood Iymphocytes in CD was found. iafter lvmpho-
cyte separation procedures circulating T cells that
could profounidly suppress lg-synthesis were detected

in many patients. It is therefore possible thait our
fillure to meaisure aintibodies aigaiinst LPS in soiiie
patients with CD is because of the occurrenice of
suppressor cells which suppress synthesis and/or
secretion of LPS-specific antibodies. A further poinit
is that a potential immllun.oregulatory defect in inflamn-
matory bowel disease is most likely to be located in
the mucosal lvmphoid system. This could explain thc
differences in the aintibody responise to -I-T and LPS
of CD paitients shown here as LPS fronm E co/i are
typical enteral antigens whereals YT is a systemilic
antigen.

In conclusion, our studv on com)plemilenit fixing
serum antibodies in patiielts with CD has provided
eyidence that certain subgroLIps of CD ptients
(piatients with colon involvemilenit only, patients with
tistula, or patients with arthropathy) haive ailtered
antibody levels to LPS obtiined fronm differenit E (oli
strains, whereas no such alteration Could be shiowIn
for inother. non-enteral alntigenl (TT). The fiact thait
we found no evidence for circulakting imminuie coili-
plexes which could explain our failure to meaiSure
Inti-LPS antibodies point to the possibility that
either local antibody binding to LPS alt inflarnimnatory
sites occurs or ai more fundamental immllulloregulak-
tory defect exists.
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