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Background and aims: The mucosa in ulcerative colitis (UC) is replete with antibody producing plasma B
cells and polymorphonuclear leucocytes (PMN). This combination of effector cells requires a crosslinking
antigen to evoke an antibody driven PMN inflammatory response via their Fc receptors. The stimulus for
activation is thought to be commensal bacteria colonising the gut mucosa. The aim of this investigation was
to compare the principal culturable bacterial populations on the rectal mucosa of UC patients, and to
determine whether specific antibodies towards these bacteria can activate infiltrating PMN through
opsonisation. This would provide an explanation for this chronic inflammatory condition.
Methods: Bacteria colonising rectal tissue were characterised using chemotaxonomic techniques. Systemic
antibody responses were measured against total antigens and surface antigens of these organisms in UC
and Crohn’s disease (CD) patients, together with healthy controls. Antibody enhancement of the
respiratory burst in PMN was also investigated, against a range of mucosal isolates.
Results: Distinct differences were observed in some bacterial populations in UC biopsies, which were
generally reflected in antibody responses towards these organisms. UC patients had higher IgG responses
to surface antigens, primarily IgG1, whereas the response in CD was mainly IgG2. Antibodies from UC
patients greatly enhanced the respiratory burst in PMN, in response to individual bacterial species.
Conclusions: Changes in mucosal bacteria, and a switch from internal to surface antigen/antibody
reactivity of a predominantly IgG1 type, leads to greater opsonisation of the respiratory burst in PMN,
providing a mechanism for maintaining the inflammatory state in UC.

I
nflammatory processes in ulcerative colitis (UC) usually
begin in the distal bowel, and progress proximally along
the mucosa, with crypt abscesses causing severe tissue

damage. The aetiology of UC is unknown but the mucosa
contains large numbers of polymorphonuclear leucocytes
(PMN) and immunoglobulin secreting plasma cells.1–4

Evidence from animal models suggests that an altered
immune response to the commensal microflora of the host
plays a central role in the development of the condition.3 5–8

Animal models of inflammatory bowel disease (IBD), using
knockout or transgenic mice, only acquire characteristic
lesions when their colon is populated with normal commen-
sal bacteria,9–15 while germ free mice with genetic suscept-
ibility do not develop disease.16 17

Unlike the normal mucosa, the UC mucosa contains large
numbers of IgG plasma cells, reminiscent of a typical
peripheral immune response towards an invading pathogen,
leading to local deposition of IgG on epithelial cells.18 Studies
on B cell receptor gene usage of these infiltrating IgG positive
lymphocytes demonstrate that they are of peripheral and not
mucosal origin in UC versus controls.19 20 This has led to the
proposal that the UC antibody response is a peripheral
response towards bacteria of the normal intestinal microflora
that has been translocated to the mucosa, replacing the
normal state of mucosal tolerance.20 Development of a
peripheral immune response in the mucosa is exacerbated
by large numbers of infiltrating PMN. The IgG subclass
observed in UC mucosa is predominately IgG1,18 which has
the highest affinity for Fc receptor c I, II, and III (FccRI,
FccRII, FccRIII), all of which are present on activated PMN.21

Fc receptor crosslinking by antibody/antigen complexes is a
potent signal for respiratory burst and free radical production
by PMN, as observed in IBD,22–26 suggesting that the chronic

inflammatory state in UC is due to PMN responding to IgG1
deposition in the mucosa. This is supported by animal models
where local IgG immune complex reactions induced in an
already damaged mucosa result in lesions indistinguishable
from UC.27 However, newer evidence indicates that pre-
existing physical damage to the mucosa is not necessary for
UC initiation as adult colonic epithelial cells express the
neonatal FcR (FcRn),28 which is able to transcytose IgG and
associated antigen bidirectionally across the epithelium.29

This would facilitate access of misplaced peripherally derived
IgG into the intestinal mucosa where it would interact with
bacteria colonising the epithelial surface, and following
transcytosis back into the mucosa it could initiate the
inflammatory response characteristic of UC. These events
would explain involvement of the normal gut microbiota as
immunogens in UC, both directly and by inducing cross-
reactive antibodies against host epithelial antigens.30–35

While the vast majority of intestinal bacteria occur in the
gut lumen, adherent communities exist in association with
the epithelium which are more likely to be involved in UC
aetiology but little is known of the species composition or
activities of these populations. Anecdotal evidence that
antibiotics occasionally induce remission in some UC patients
suggests that changes in microbiota species composition can
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Abbreviations: APC, antigen presenting cells; BSA, bovine serum
albumin; CD, Crohn’s disease; CFA, cellular fatty acids; ELISA, enzyme
linked immunosorbant assay; FccR, Fc c receptor; FcRn, neonatal Fc
receptor; FITC, fluorescine isothiocyanate; HBSS, Hank’s balanced salt
solution; HY, healthy controls; IBD, inflammatory bowel disease; PBS,
phosphate buffered saline; PMN, polymorphonuclear leucocytes; RLU,
relative light units; UC, ulcerative colitis; WCA, Wilkins-Chalgren agar
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affect the severity and duration of the condition.36–40 Previous
studies have addressed the possibility of changes in bacterial
composition on the UC rectal mucosa, contributing to
maintenance of the chronic inflammatory response,6 41–43

but they have either not identified the organisms to species
level41 or have focussed on particular groups of bacteria, such
as bacteroides and enterobacteria.41 43–45

If UC is viewed as a systemic immune response misdirected
towards the gut mucosa, it can be postulated that systemic
antibody responses should reflect changes in mucosal
bacterial colonisation in UC patients. As a major source of
tissue damage appears to be derived from PMN activation by
unknown stimuli, the hypothesis tested in this investigation
is that not only is the humoral immune response directed
towards mucosal bacteria in UC but that this antibody
response opsonises these bacteria, resulting in specific
enhancement of PMN respiratory burst.

METHODS
Patients and controls
To study mucosal bacterial populations, rectal biopsies were
taken from nine patients with active UC who had not
received any bowel preparation. None had taken antibiotics
in the 28 day period prior to biopsy. Five had pancolitis and
four had left sided or distal disease. Diagnosis was confirmed
in all cases at colonoscopy and by histology. Three of the nine
patients were women and the group had an mean age of
59 years (range 49–90). Mean duration of disease was
8.4 years (1–20). Biopsies were taken from the anterior rectal
wall, 5–10 cm from the anal verge. All subjects had actively
inflamed mucosa that was categorised as either mild or
moderately severe. All biopsies were of inflamed tissue. Ten
patients attending the gastroenterology clinic with gastro-
intestinal symptoms requiring sigmoidoscopy or colonoscopy
served as controls. One proved eventually to have Crohn’s
disease (CD) and was excluded, leaving nine (four females)
aged 42 years (range 19–64). The principal diagnoses were
irritable bowel (n = 2), rectal bleeding (n = 2), diverticular
disease (n = 1), fissure in ano (n = 1), antibiotic associated
diarrhoea (n = 1), polyp (n = 1), and abdominal pain (n = 1).
All nine had normal appearances on sigmoidoscopy, and
seven who had rectal biopsies all showed normal histology.

To determine antibody responses against the bacteria
identified from the rectal mucosa, banked serum from
Biochemical Medicine (Ninewells Hospital) was used.
Patients were identified as suffering from either UC
(n = 27) or CD (n = 24), primarily on the basis of pathology
reports of multiple colonic biopsies obtained at colonoscopy,
or of resection specimens. Notes from 46 of 51 patients were
traced and full clinical details obtained for these patients,
consistent with the date of blood sample, are summarised in
table 1. Eight patients had blood taken post-colectomy and
had only the rectum in situ.

Sera from normal healthy controls were obtained from
Dundee University Dental School Hospital, where they were
undergoing tooth extraction. None was taking antibiotics or
any other drugs prior to their visit to the Dental School.
Informed patient consent was obtained for these investiga-
tions which were approved by the Addenbrookes Hospital
Local Research Ethics Committee, Cambridge, and the
Tayside Committee on Medical Research Ethics, Dundee.

Experimental design
Mucosal associated bacteria were isolated and identified from
two groups of patients: nine UC and nine healthy controls.
These organisms were then used to determine whether a
peripheral humoral immune response was targeted against
them in three groups of previously diagnosed patients: 27 UC,
24 CD, and 15 healthy controls. The antibody response (IgG

and IgA) was determined for total bacterial antigens and
surface antigens. To determine whether these antibodies
specific for the bacterial surface were able to opsonise live
bacteria for PMN, respiratory burst experiments were carried
out using PMN isolated from normal healthy controls.
Selected bacteria, either untreated or coated with antibody
from the same patients, were then used for the opsonisation
experiments. Finally, the exact nature of the IgG subclass
response towards surface antigens of these organisms was
measured using purified IgG obtained by pooling the serum
from each of the three groups (UC n = 27, CD n = 24, healthy
controls n = 15).

Identification of bacteria colonising the rectal mucosa
Tissue samples were immediately placed in preweighed
sterile Bijoux bottles containing 4 ml sterile anaerobic
transport medium (Wilkins-Chalgren broth). The bottles
were pre-reduced in anaerobic gas jars (Don Whitley
Scientific, Shipley, UK). Dimensions of the tissue samples
were measured using a micrometer, after placing them in an
anaerobic chamber (atmosphere 10% H2, 10% CO2, 80% N2)
at 37 C̊. Weights and physical dimensions of the biopsy
materials were used to estimate bacterial cell densities per
unit area of epithelial surface.

Biopsies were then macerated using a sterile glass tissue
homogeniser. A sample of homogenate (1 ml) was serially
diluted (10-fold dilutions to 1025) in test tubes containing
9 ml half strength sterile anaerobic peptone water. Some of
the original sample (50 ml) and 100 ml of all dilutions to 1025

were plated in triplicate onto a range of selective and non-
selective culture media. Plates used for isolation of facultative
anaerobes were as follows: nutrient agar, total facultative
anaerobes; MacConkey agar No 2, lactose fermenting and
non-fermenting enterobacteria and enterococci; and Azide
blood agar base, facultatively anaerobic cocci. Isolation media
for strictly anaerobic bacteria were Wilkins-Chalgren agar
(WCA)—total anaerobes, anaerobic cocci, and clostridia;
WCA with addition of non-sporing anaerobe supplements;
WCA with Gram negative anaerobe supplements; MRS
medium, lactobacilli; Perfringens agar plus antibiotic supple-
ments, Clostridium perfringens. Bacteria belonging to the
Bacteroides fragilis group were enumerated using Bacteroides
mineral salts agar,46 while bifidobacteria were counted using
Beerens agar.47 Plates for aerobic incubation were removed
from the anaerobic chamber and incubated at 37 C̊ for two
days. Anaerobic plates were incubated for five days, with
periodic examination, before counting of colonies. Bacteria
were then characterised on the basis of their Gram staining
characteristics, cellular morphology, fermentation pro-

Table 1 Characteristics of the patients used for systemic
antibody responses and opsonisation experiments

Ulcerative colitis Crohn’s disease

n* 27 24
Sex (M/F) 12/15 11/13
Age (y)� 46 (17–74) 42 (23–72)
Duration of disease (y)� 7.9 (0–24) 5.8 (0–17)
Anatomical distribution 16 Pancolitis 9 Colon only

8 Left sided or distal 2 Ileal only
11 Ileocolonic

5-ASA drugs 14 7
Systemic or local steroids 4 8
Immunosuppressants 1 4
No IBD specific drugs 6 7

*Total number of patients. Age and sex data are for all patients (n = 51).
Other data are for patients for whom clinical information was available
(n = 46).
�Mean (range).
5-ASA, 5-aminosalicylic acid; IBD, inflammatory bowel disease.
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ducts,48 49 and cellular fatty acid (CFA) profiles. Bacterial CFA
are highly stable and reproducible taxonomic markers,
allowing phenotypic analysis of intestinal microorganisms
to be undertaken by extracting these substances and
comparing methyl ester profiles by gas chromatography
using the MIDI system (Microbial ID Inc., Newark, New
Jersey, USA). Colonies for further study were grown on agar
plates and removed with sterile swabs into 2 ml freezer vials
that were stored at 280 C̊. Unless otherwise stated, all
bacteriological culture media and associated antibiotic
supplements were obtained from Oxoid (Basingstoke,
Hamps, UK).

Bacteria used for immunological studies
Thirty six different bacterial isolates identified from the
biopsies were used for immunological analysis, comprising 24
different species. The full list of organisms used in these
experiments is shown in table 2.

Total IgG and IgA antibody measurements
Total IgG and IgA in each patient’s serum was determined
using a radial immnunodiffusion assay. Briefly, 1% (w/v)
agarose (Kramel Biotech, Northumberland, UK) containing
either antihuman IgG or antihuman IgA (Diagnostics
Scotland, Edinburgh, UK) was allowed to solidify on glass
plates. Either serum or a standard curve of IgG or IgA
(Hoffmann-La Roche Ltd, Basel, Switzerland) was applied to
holes punched in the agarose. Plates were incubated over-
night in a humidified chamber at 37 C̊, diffusion rings were
visualised with Coomassie blue dye (Sigma, St Louis,
Missouri, USA), and the unknown values were determined
from the standard curve on each plate.

IgG and IgA antibacterial enzyme linked
immunosorbant assay (ELISA)
Pure cultures of rectal bacteria (25 ml) were washed three
times in phosphate buffered saline (PBS) and resuspended in
PBS. Cells were lysed by two passages through a French
pressure cell (1.16105 kPa). Lysates were subsequently
coated onto 96 well flat bottomed Easywash EIA plates
(Corning Inc, New York, USA) at a 1/100 dilution (equivalent
to approximately 16105 cells per well) in carbonate coating
buffer at 4 C̊ overnight. Plates were washed four times with
PBS/0.05% (v/v) Tween 20, and then blocked using 1% bovine
serum albumin (BSA) solution in PBS/Tween 20. After one
hour at 37 C̊, plates were emptied and serum was added at a
1/100 dilution in assay buffer for the IgG ELISA, and at a 1/25
dilution for the IgA ELISA. Plates were incubated for one
hour at 37 C̊ and washed four times, followed by addition of
antihuman IgA (1/2000) or IgG (1/5000) horseradish
peroxidase conjugated antibody (Sigma). Plates were left
for a further hour at 37 C̊, washed as before, and the
substrate, TMB microwell (KPL, Maryland, USA), was added.
The colour was allowed to develop for five minutes and the
assay was read at 405/630 nm on a MRXII Microplate Reader
(Dynex Technologies, Virginia, USA). Antibody levels are
expressed as a ratio of absorbance over concentration of IgG
or IgA present in each serum.

Measurement of bacterial specific surface IgG and IgA
antibodies
Surface antibodies specific for each organism were deter-
mined using the ability of serum to stain the bacterial
surface. Bacteria (16106) were incubated at 4 C̊ with a 1/25
dilution of sera in PBS/1% fetal calf serum/0.05% sodium
azide for 30 minutes on ice. They were then washed five
times in the same buffer, and a secondary antibody was
added: either antihuman IgG fluorescine isothiocyanate
(FITC) or antihuman IgA FITC (Caltag Laboratories,
California, USA) and incubated for a further 30 minutes on
ice. Comparative levels of antibodies specific for the surface
of each bacterium were measured by determining the
amount of FITC (fluorescence intensity) on the cell surface
(FACScan, Becton Dickinson, USA) compared with a control
for each organism, which had no patient sera added. All
results are expressed as a ratio of positive fluorescence
intensity over total IgG or IgA concentration for each
sample.

Purification of IgG antibodies
Sera from patients with UC (n = 27), CD (n = 24), and
healthy controls (n = 14) were pooled (50 ml from each
patient). Total IgG was purified from serum using a protein G
column according to the manufacturer’s instructions
(Sigma). Purity was checked by sodium dodecyl sulphate-
polyacrylamide gel electrophoresis. Concentrations of total
IgG and IgG subclasses were determined as before, using
radial immunodiffusion (The Binding Site, Birmingham,
UK). This enabled standardisation of total IgG and IgG
subclasses 1, 2, 3, and 4.

Purification of PMN
Heparinised peripheral blood (20 ml) was obtained from a
healthy control and sedimented to remove red blood cells
over 6% (w/v) Dextran T70 (Amersham Pharmacia, Biotech,
Uppsala, Sweden) in sterile 0.9% saline. The resulting buffy
coat was then layered over Ficoll Hypaque (Amersham
Pharmacia), and the gradient was centrifuged at 1000 g for
17 minutes. Cells in the bottom layer were recovered and
resuspended in respiratory burst assay buffer at a concentra-
tion of 26106 cells/ml.

Table 2 Bacterial isolates tested for systemic antibody
responses and abilities to effect respiratory bursts

Bacterial isolate (strain number) Source

Peptostreptococcus anaerobius (16) UC
Pept anaerobius (22) UC
Pept prevotii UC
Enterococcus faecalis (3) UC
Ent faecalis (5) UC
Clostridium clostridioforme UC
Cl innocuum UC
Cl ramosum UC
Cl malenominatum UC
Cl bifermentans UC
Veillonella parvula UC
Escherichia coli (48) HY
E coli (49) HY
E coli (50) UC
E coli (51) UC
E coli (52) HY
E coli (53) HY
Collinsella aerofaciens UC
Eubacterium limosum UC
Eub rectale HY
Bacteroides fragilis UC
Bact vulgatus (25) HY
Bact vulgatus (32) UC
Bact thetaiotaomicron UC
Bifidobacterium longum UC
Bif breve UC
Bif pseudolongum UC
Bif angulatum UC
Bif bifidum UC
Bif adolescentis (33) HY
Bif adolescentis (21) HY
Bif adolescentis (24) HY
Bif adolescentis (74) HY
Bif adolescentis (75) HY
Lactobacillus paracasei HY
Streptococcus bovis UC

HY, healthy controls; UC, ulcerative colitis.
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Immune enhancing activity of specific bacterial
antibodies
The abilities of specific bacterial antibodies to enhance PMN
respiratory bursts against each organism were measured.
Bacteria (16106) were incubated with a 1/25 dilution of
patient serum in assay buffer comprising 16Hank’s balanced
salt solution (HBSS) (Invitrogen, Paisley, UK)/ 1 mmol/l
HEPES (Invitrogen), and 1% BSA for 30 minutes at room
temperature. Bacteria were then washed twice in HBSS and
applied at 56105/well to a 96 well plate (Microlite1
Removawell Strip, Dynex Technologies), previously blocked
with 1% BSA/PBS solution. Purified peripheral blood PMN
(16105) was added to each well with 100 mol/l luminol
(Sigma) in the assay buffer. Respiratory burst was measured
every minute for one hour by following release of lumines-
cence from the luminol. Results are expressed in relative light
units (RLU) and total respiratory burst was calculated as the
total area under the burst curve.

Antigen specificity of IgG1 and IgG2 subclasses
Eight different bacterial isolates (16106) were stained as
described above with either 25 mg of total IgG, IgG1, or IgG2.
Staining for total IgG was done as before. To measure bound
IgG subclasses, a secondary biotinylated mouse antihuman
IgG1 or IgG2 (Becton Dickinson) was incubated for
30 minutes on ice. Bacteria were then washed three times
and 10 mg/ml of streptavidin/FITC (Sigma) were incubated
and washed as previously. Bacteria were analysed by
FACScan. Results are expressed as a percentage greater than
the binding observed by the relevant IgG obtained from the
normal healthy serum pool.

Statistical analyses
Values for IgG and IgA were considered as continuous
variables for comparison. Bacteria in each patient with either
UC or CD were compared with a healthy control (that should
be defined early) using a Student’s t test that determined the
statistical significance of an observed difference between the
mean values of two study groups. The Student’s t test used a
two tailed test with groups of unequal variances. Statistical
significance was determined at a p value (0.05. Statistics
were performed using SAS, version 8 (Cary, North Carolina,
USA).

RESULTS
Bacteria isolated from UC and normal rectal biopsies
Figure 1 shows the principal groups of bacteria colonising
human rectal epithelia in UC patients and healthy subjects. A
diverse range of anaerobes and facultative anaerobes were
detected in both cohorts, with strict anaerobes belonging to
the genera Bacteroides, Prevotella, and Bifidobacterium being
numerically predominant in healthy individuals. Mucosal
populations in UC patients differed in that bifidobacteria and
Prevotella species were present in significantly lower numbers
in UC patients (p,0.05). Several other groups of anaerobes
were also detected, belonging to the genera Clostridium,
Lactobacillus, and Peptostreptococcus, although the latter group
were never found in healthy individuals. Similarly,
Enterococcus faecalis which is commonly found in faeces was
only detected in rectal tissue taken from UC patients (data
not shown).

Serum IgG and IgA concentrations
The UC patient group (n = 27) had 34.0 (17.7) mg/ml total
IgG and 2.4 (0.4) mg/ml total IgA. The CD group (n = 24)
had similar levels with 30.1 (16.0) mg/ml of serum IgG and
2.4 (0.6) mg/ml of total serum IgA. The normal healthy
control group (n = 14) had the lowest total IgG (26.0
(13.0) mg/ml) and IgA (2.3 (0.5) mg/ml) levels of the three

experimental cohorts. There was no significant difference in
total serum immunoglobulins in the three groups.

Antigen specific IgG and IgA antibody responses
The UC group had higher IgG responses for both Pept
anaerobius strains, Ent faecalis, three of the six clostridia
tested, and Streptococcus bovis. Significant differences in
responses against Pept anaerobius were found (p,0.05). The
remaining isolates tested had the highest IgG responses for
total bacterial antigens in the healthy control group, with the
response being significantly higher for both Bact fragilis and
Bact vulgatus (p,0.05) compared with the CD and UC groups
(fig 2A). This occurred irrespective of whether the organisms
originated from a UC patient or a healthy control. Of the 12
bacteria tested for total IgA antibacterial antigen responses
(fig 2B), seven (58%) had the highest levels in the healthy
control group, two were highest in the CD group, and three
had the highest responses in the UC group. Of the eight
organisms having the greatest IgG responses in the UC group,
only Pept anaerobius (both isolates) showed the same effect
with respect to IgA.

IgG and IgA surface antigen responses
Antibody mediated immune responsiveness to the cell
surface of mucosal bacteria was measured for both IgG and
IgA serum antibodies (fig 2C, D). Unlike the total antibacter-
ial response, the largest number of IgG high responders
occurred in the UC group, with 59% of the organisms tested
giving the highest responses. Only 12% of these isolates
showed the highest level of response in the healthy control
group compared with 78% for responses to total bacterial
antigens (fig 2C). Peptostreptococcus anaerobius IgG responses
were significantly higher in the UC cohort (p,0.05)
compared with the other groups. This was also true for
Veillonella parvula, Clostridium ramosum, E coli (strains 51 and
52), and Bif angulatum.

IgA responses to the surface of these bacteria were broadly
similar to IgG reactivities, with only one of the 34 organisms
tested showing the highest IgA response in the control group
(fig 2D). The UC group again had higher responses against
the surface of both Pept anaerobius strains, although they were
not statistically significant. Significant differences were
recorded for the Ent faecalis (strain 3) and E coli (strain 48)
(p,0.05) responses. However, for IgA, differences between

Figure 1 Numerically predominant groups of culturable bacteria
colonising the rectal mucosa in ulcerative colitis (UC) patients (n = 9) and
healthy subjects (Controls) (n = 11). Results are means (SD).
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UC and CD were minimal, with 18/34 showing the highest
responses for UC and 17/34 the highest responses for CD
(fig 2D). Many bacteria had p values approaching signifi-
cance (p,0.1) when comparing UC versus controls.

Enhancement of PMN respiratory bursts by UC patient
sera
Respiratory bursts were measured continuously over one
hour, and total burst was expressed as a percentage over
control, taken as 100% (table 3). Fourteen organisms were
assessed in this experiment, and representative respiratory
burst curves are shown in fig 3. Sera from UC patients
consistently demonstrated enhanced respiratory burst com-
pared with control patients (table 3) for all bacteria tested.
When the UC group was compared with the control group,
significant differences for Pept anaerobius, Bact fragilis, Bact
thetaiotaomicron, Ent faecalis, Bif pseudolongum, and Bif longum
were seen. The CD group had responses midway between the
other two groups. On comparison with the UC group,
significant differences occurred with Bact thetaiotaomicron,
Ent faecalis, Bif pseudolongum, and Cl clostridioforme (p,0.05).
Analysis of respiratory burst kinetics showed that the UC
enhanced burst had a higher peak of luminescence, and that
this was reached more rapidly than in either the CD or
healthy control groups (fig 3).

Binding of purified IgG to commensal organisms
To compare specific IgG subclass antibody responses and to
normalise concentrations of each antibody, it was necessary
to purify the IgG. This also removed competition of binding to
the same surface antigens by any IgA and IgM in the sera.
Results showed that UC total IgG bound at least 100% better
to the eight test organisms (table 4) compared with control
IgG at the same concentration. CD total IgG was bound better
than the control to some organisms and less well with others,
but never reached levels observed with UC IgG. Analysis of

binding by IgG1 antibodies to the surface of these bacteria
demonstrated enhanced binding with UC IgG compared with
controls (table 4) whereas the majority of CD IgG1 binding
was below that of healthy control patients (table 4). The
converse was found with IgG2 binding (table 4) where CD
IgG2 was directed towards surface antigens of these bacteria
to a far greater extent than UC IgG2.

DISCUSSION
Detailed identification of the bacteria colonising the rectal
mucosa of UC patients provides an insight into the changing
bacterial populations in a chronically inflamed colon. It also
allows determination of the levels of specific circulating
antibodies towards the actual colonising bacteria.
Furthermore, comparison of the response towards these
bacteria in UC and CD demonstrates the similarities between
two chronically inflamed conditions of the colon and high-
lights the differences in their immune activation. UC patients
had a significant reduction in bifidobacteria and prevotella,
together with higher numbers of clostridia and lactobacilli.
Moreover, peptostreptococci and Ent faecalis were uniquely
found on the rectal mucosa in UC although the latter had a
lower prevalence. Previous work has also reported that
peptostreptococci were only found on the rectal mucosa in
UC.41 Peptostreptococci and enterococci are normal members
of the faecal microflora50 but do not appear to be able to
colonise the mucosal surface in significant numbers in
healthy individuals. This could be due to increased bowel
movements of a looser composition in UC,1 allowing greater
deposition of faecal material on the rectal mucosa, or by
leakage of serum proteins and other nutrients across the gut.
Alternatively, the UC mucosa may provide a novel ecological
niche through expression of different cellular adhesion
factors or secreted active peptides such as defensins.51

Unlike other studies,45 we found no significant differences
in total mucosal bacterial numbers in UC.

Immunological studies demonstrated that the systemic
immune system has specific IgG and IgA responses to many
microorganisms colonising the bowel wall. Most of these
bacteria have no overt pathogenic role but it would appear
that the immune system monitors bacterial antigens in the
colon and raises a systemic immune response towards these
organisms. Systemic antibody responses towards total bac-
terial antigens in the UC group showed changes in the
immune response in these patients, such that there was
significant stimulation in immune reactivity towards Pept
anaerobius for both IgG and IgA. There were also non-
significant increases in IgG responses towards Ent faecalis,
three clostridial species, and Strep bovis, which were all
organisms showing increased colonisation in UC. The
existence of memory in the antibody response, and the
presence of long lasting circulating antibodies, means that it
is more likely to detect newly colonising organisms than the
loss of response to previously colonising species. The fact that
only IgG responses were affected is not surprising as it is
mainly this antibody that is increased in UC, specifically
IgG1.52 Not only does the antibody response towards mucosal
bacteria increase in UC, but its nature also changes, being
directed more towards surface antigens in the UC group.

Evidence from animal models and human studies shows
that B cells are needed for induction of full colitis.19 20 53 54 In
the T cell receptor alpha knockout mouse model, a systemic
oligoclonal antibody response develops towards the normal
gut microflora over time,54 suggesting that either mucosal B
cells are migrating to the periphery or peripheral B cells are
recruited to the mucosa and then recirculate back to the
periphery. Human studies also point to dysfunction in
homing of peripheral B lymphocytes to the mucosa where
B cell receptor JH gene usage, found in mucosal B cells in UC,
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Figure 2 Predominant antibody responsiveness to bacteria isolated
from the rectal mucosa. Total antibacterial IgG (A), total antibacterial
IgA (B), antibacterial surface antigens IgG (C), and antibacterial surface
antigens IgA (D). Thirty six organisms were studied (see table 2) and the
results show the percentage values of these species in each patient group
that elicited the highest response. CD, Crohn’s disease (n = 24); HY,
healthy controls (n = 15); UC, ulcerative colitis (n = 27).
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is associated with the peripheral repertoire, and not the
mucosal B cell repertoire.19 20 Moreover, the higher IgA1:IgA2
ratio and increase in IgG producing cells in the mucosa of UC
patients is characteristic of a more peripheral humoral
immune response.55 It has also been demonstrated that
adhesion molecules, expressed on the endothelium in IBD,
may preclude selection of peripheral lymphocytes for migra-
tion to the inflamed mucosa.56 57 Whether this is one of the
initiators of UC or a consequence of inflammation is unclear
but the destructive role of the antibodies produced is

evident.30–34 58 59 It has been suggested that mechanical
damage to tissue is required before bacterial invasion of the
mucosa in UC, but peripherally derived plasma cells produ-
cing IgG antibody towards members of the commensal
microflora could drive inflammatory processes, as IgG can
be transported across the epithelium by the FcRn receptor.28

This trafficking of IgG is bidirectional, unlike that of IgA,
allowing IgG to re-enter the mucosa, complete with any
bound antigen, thereby exacerbating the existing inflamma-
tory response.29 Levels of FcRn in UC epithelial cells are

Table 3 Modulation of polymorphonuclear leucocyte respiratory bursts by opsonisation
of bacteria isolated from the rectal mucosa using sera obtained from ulcerative colitis
patients*

Bacterial isolate (strain) UC (n = 21) CD (n = 15) HY (n = 10) UC v HY

Peptostreptococcus anaerobius (16) 290 (125) 255 (105) 193 (43) p = 0.0052
Bacteroides fragilis 351 (213) 276 (232) 171 (97) p = 0.0049
Bact vulgatus (32) 170 (103) 134 (21) 139 (22) NS
Bact thetaiotaomicron 150 (32) 128 (19) 129 (20) p = 0.0436
Enterococcus faecalis (3) 263 (66) 217 (37) 190 (29) p = 0.0004
Clostridium clostridioforme 259 (115) 198 (71) 197 (101) NS
Bifidobacterium adolescentis (74) 154 (23) 153 (30) 140 (13) NS
Bif bifidum 198 (43) 169 (52) 172 (39) NS
Bif pseudolongum 254 (75) 202 (44) 221 (19) p = 0.0875
Bif longum 160 (38) 146 (44) 107 (27) p = 0.0003
Bif breve 172 (33) 162 (52) 160 (30) NS
Lactobacillus paracasei 222 (104) 198 (101) 186 (67) NS
Escherichia coli (48) 277 (82) 159 (107) 138 (43) NS

*Polymorphonuclear leucocytes (PMN) were isolated from healthy donors. Results are expressed as a percentage of
the control respiratory burst (PMN with unopsonised bacteria were taken as 100%). The burst was calculated as the
total area under the respiratory burst curve. Results are expressed as the mean (SD) percentage value for each
group of patients.
CD, Crohn’s disease; HY, healthy controls; UC, ulcerative colitis.
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unknown but increased mucosal IgG could stimulate
expression of this receptor.

Mixing of mucosal and peripheral B cells may also be a
feature of the immune response as mice monoassociated with
either Lactobacillus paracasei or L johnsonii showed peripheral
and mucosal antibody responses to these organisms.60 The
specific IgG peripheral response depended on the organism
used whereby L johnsonii mainly induced IgG1 and L paracasei
induced IgG2a.60

The bacteria specific peripheral response in UC versus CD
also shows a split in IgG subclass responses but this appears
to be disease, rather than organism, specific. The antibacterial
IgG1 response was associated with UC and the IgG2 response
was higher in the CD group, reflecting the type of helper T cell
response predominating in these two conditions. UC and CD
may reflect two extremes resulting from a similar genetic
background, with disease outcome influenced by environ-
mental factors during initiation. This is supported by
observations that siblings of similar genetic susceptibility
for IBD develop CD or UC, depending on whether or not they
smoke.61

Antibacterial antibody enhancement of PMN innate
immune responses is called opsonisation. This study demon-
strated a higher level of (IgG1) antibodies towards surface
antigens in the UC group that would enhance the respiratory
burst against their own commensal organisms, thereby
maintaining the chronic inflammatory state. UC patients do
have increased opsonisation potential for mucosal bacteria.
While CD patients had increased antibody responses towards
surface antigens on some bacteria, notably Bacteroides fragilis,
UC patients manifested an increased ability to opsonise PMN
responses in all cases. This may be due to the higher affinity
of IgG1 for FccRII compared with IgG2.21 IgG2 recognition is
further restricted because only some FccRII allotypes are able
to bind.21 This may partly explain variations observed in the

respiratory burst results. The respiratory burst induced by
bacteria opsonised with UC serum was consistently more
rapid and of a higher magnitude, indicating greater numbers
of Fc receptors being ligated. Enhancement of respiratory
burst could be due to increased antigen specific IgG1 in the
UC samples. Physiologically, this potential for greatly
enhanced activation of PMN in the UC mucosa would lead
to release of inflammatory mediators.22–26 Recent work has
shown that faecal levels of calprotectin, a component of PMN
cytoplasm, could predict relapse in IBD.62

In conclusion, this investigation demonstrated differences
in bacterial colonisation of the rectal mucosa in UC patients
that was reflected in systemic IgG responses towards these
organisms. These antibodies opsonised mucosal bacteria
greatly enhancing PMN respiratory bursts. The existence of
circulating antibodies reflects changing B cell responses, both
in the mucosa where the antigen resides and in the periphery
where extraintestinal symptoms of UC, which are primarily
antibody driven, occur.58
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