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Abstract

AIM: To evaluate safety and possible efficacy of induction
of oral immune regulation using colitis extracted proteins
(CEP) in Crohn’s disease (CD) subjects.

METHODS: Ten CDs were treated orally with autologous
CEP thrice weekly for 16 wk. Subjects were monitored
for CDAI and IBDQ. Immune modulatory effect was
assessed by T-lymphocyte FACS analysis, CEP-specific
IFN ELISPOT assay and cytokine levels.

RESULTS: Induction of oral immune regulation significantly
ameliorated disease activity. All (10/10) subjects had
clinical response (CDAI ≤ 70) and 7/10 achieved clinical
remission (CDAI ≤ 150). Significant increase in mean IBDQ
score was noted (134±9 vs 164±12). No treatment-related
adverse events were noted. High levels of CEP-specific
IFN spot forming colonies were detected in five subjects
prior to treatment and in all five, a marked decrease was
observed. The CD4+/CD8+ lymphocyte ratio and peripheral
NKT cell numbers increased significantly, in 7/10 and in
5/10 subjects, respectively. Significant increase in serum
IL-10 and IL-4 levels was observed in 7/10 subjects during
treatment period.

CONCLUSION: Immune regulation via oral administration
of CEP is a safe and possibly effective treatment for subjects
with moderate CD and may provide means of antigen-specific
immune modulation.

© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Crohn’s disease (CD) is an immune mediated disorder. Both
an appropriate response to an injurious, exogenous agent,
or abnormal host responses to ubiquitous agents were
suggested to play a role in the pathogenesis of  the disease[1,2].
Abnormalities of  T-cell-mediated immunity, including
cutaneous anergy, and changes in T-cell subsets were
described in these patients[1]. In addition, patients with CD
have antibodies against components of colon cells and
several different bacterial antigens. Changes in mucosal-
cell-mediated immunity were identified, including alterations
in mucosal T-cell subsets and concentrations of  mucosal
IgG cells, suggesting chronic antigen stimulation. Exposure
of target antigens after infectious, immune, or toxic damage
leads to activation of mucosal immune cells, resulting in
cytokines that lead to mucosal inflammatory response[3-5].
An imbalance between Th1-pro-inflammatory and Th2-anti-
inflammatory subtype of immune response plays a role in
the pathogenesis of CD[6]. In both experimental colitis and
in patients with CD, the disease is a Th1-mediated immune
disorder resulting in a life-long inflammatory response against
gut epitopes. Anti-inflammatory cytokines such as IL-10
downregulate the pro-inflammatory effects of Th1-mediated
cytokines, thereby alleviating the disease[7-11].

Current treatments of CD, similar to that of other immune-
mediated disorders, require overcoming the immune response
towards disease-associated target antigens[12]. This involves
systemic immunosuppression. New modes of immune
modulatory treatments are not antigen specific, and
therefore are either not effective in a large number of
patients, or associated with unwanted side effects[12].

Oral immune regulation is a recognized procedure alteration
of the host immune response towards orally administered
antigens[13-15]. It was previously shown effective in preventing
immune-mediated disorders in animal models[16-20]. This
method was also tested in humans with various immune-
mediated disorders[21]. Recently it has been shown by us
and others that oral immune regulation can be used to
alleviate experimental colitis in a model system using mice
treated with 2,4,6-trinitrobenzene sulfonic acid (TNBS)[9,22-26].
TNBS induces an autoimmune response resembling CD in
humans[22]. Oral administration of low doses of colitis-
extracted proteins to mice with experimental colitis
significantly decreased the inflammatory response.

The aims of  the present study were to determine the
safety and tolerability of oral administration of autologous
colonic mucosal cells from CD patients, and to determine
the efficacy of this mode of treatment in patients with CD.
The effects of oral immune regulation towards colonic
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proteins on the immune system were studied. The results
show that immune regulation via oral administration of
proteins extracted from colonic mucosa was a safe and
possibly an effective treatment for subjects with moderate
to severe CD.

MATERIALS AND METHODS

Patients
Patient population  One group of 10 patients was followed
up in an open-labeled, non-randomized, one-center prospective
trial. All experiments were carried out in accordance with
the guidelines of the Hebrew-University-Hadassah
Institutional Committee for Human Clinical Trials and Good
Clinical Practice regulations. The Israel Ministry of Health
Committee for Human Trials approved all experiments.
Inclusion criteria  Eligible participants (men and women
>18 years) signed a written informed consent. The diagnosis
of CD with clinical evidence of active (symptomatic) disease
was based on clinical history, blood tests and/or histology,
or X-ray, or endoscopy, with a CDAI score >200 and <350.
Subjects receiving oral steroid therapy were requested to
have received a dose equivalent to or <25 mg of prednisone
per day, and to have been on a stable dose for 2 wk prior to
their first visit.
Exclusion criteria  Subjects who had undergone bowel
surgery within the last 3 mo; subjects who had a prior
colostomy, ileostomy, or colectomy with ileorectal anastomosis;
subjects likely to require emergency surgery for persistent
intestinal obstruction, bowel perforation, uncontrolled
bleeding or abdominal abscess or infection, toxic megacolon;
subjects whose symptoms were believed to be largely due
to the presence of fibrotic strictures; subjects with other
infectious or neoplastic diseases of the bowel; subjects with
an acute infectious disease; subjects receiving oral prednisone
at a dose of >25 mg/d (or equivalent); subjects who were
receiving an elemental diet or parenteral nutrition; subjects
who were receiving immunosuppressive drugs such as
azathioprine or 6-mercaptopurine; subjects who had either
received methotrexate or cyclosporine or anti-TNF or
who had participated in another clinical trial within the
last 3 mo; subjects with a history of major psychiatric
disturbance, or who were drug or alcohol abusers; subjects
with a history of GI tract malignancy or IBD-associated
malignant changes in the intestine; subjects with a history
of coagulopathy; women with child-bearing potential unless
surgically sterile or using adequate contraception (either IUD,
oral or depot contraceptive, or barrier plus spermicide); pregnant
or breastfeeding mothers were excluded from the study.
Oral antigen preparation and administration  Subjects
who fulfilled the inclusion/exclusion criteria for participation
in the study were scheduled for a colonoscopy during which
time colon biopsies were taken from the subject for preparation
of the colon-specific protein (study drug). The containing
extract was prepared according to Enzo Therapeutics, Inc.,
Specification Number L0060-00-0109, “Preparation of
Autologous Colon-Specific Antigen for Oral Immune
Regulation for IBD: Crohn’s Disease”. Additional tissue
samples were used for pathological analysis. Preliminary tests
showed that each intestinal biopsy yielded approximately

300 g protein. Thus, six biopsies produced approximately
1 800 g protein, which provided a supply of protein for
the entire study. The administered dose based on previous
studies in human subjects was between 18 and 30 g/dose.
Protein extract was divided into 50 doses in 5 mL of  normal
saline and stored at a temperature of -70 ℃. All subjects
were fed with antigen extracted from their own intestinal
mucosa. A 2-wk supply was given to the subject who at
each visit was instructed to maintain the vials in a refrigerator
at home. Each subject ingested 3 doses per week for 16 wk,
a total of  48 doses. Two of  the five milliliters of  vial doses
were kept as retained.
Clinical and laboratory follow-up  Study individuals were
monitored with a variety of safety, biologic and efficacy
parameters during the baseline, feeding, and post-feeding
periods. The safety parameters included general clinical
safety parameters to monitor the individual’s overall status
as well as specific organ systems, and antigen-specific
parameters relevant to the administration of the study drugs.

Safety and tolerability of oral administration of the study
drugs were determined by evaluation of  clinical parameters
as detailed by the subject in his/her diary entries; by biweekly
physical examinations and medical history, and biweekly
laboratory evaluations. A designated physician involved in
the study was accountable for interim history, vital signs,
body weight, adverse event assessment and physical
examination. Complete blood counts (CBC), sedimentation
rate (ESR) and standard chemistries (SMA) were performed
every 2 wk throughout the study. Evaluation of the effect
of oral administration of the study drug on amelioration
of the immune-mediated intestinal and extraintestinal injury
in subjects with CD was assessed by following the biweekly
CDAI score. IBDQ was evaluated at baseline and at the
end of  treatment period (16 wk). Response was determined
if  any of  the following occurred: a decrease in CDAI score
from time 0 by 70 points, or a decrease to a level ≤150
points, which defines clinical remission.

Evaluation of the ability to induce immune regulation
by oral administration of the study drug was assessed by
monthly serum cytokine levels, and by analysis of  T-cell
subpopulations biweekly, as described below. IFN
ELISPOT assay was performed at wk 0 and 32.
Flow cytometry analysis for determination of  the effect
of oral immune regulation on CD4, CD8, NKT, CD3+/
45RA, CD3+/45RO, CD19+/45RA, CD25+/45RO,
CD4+/45RO, CD8+/45RO, CD44+/45RO, and
CD16+/56+ lymphocytes in peripheral blood  Blood
samples were collected throughout the study period.
Immediately after lymphocyte isolation, duplicates of
2-5×104 cells/500 L PBS were deposited into Falcon 2052
tubes incubated with 4 mL of 1% BSA for 10 min, and
centrifuged at 1 400 r/min for 5 min. Cells were resuspended
in 10 L FCS with 1:20 FITC-antihuman CD4, CD8, NKT,
CD3+/45RA, CD19+/45RA, CD25+/45RO, CD3+/45RO,
CD4+/45RO, CD8+/45RO, CD44+/45RO, or CD16+/56+
antibodies (Pharmingen, and R&D, USA), and mixed every
10 min for 30 min. Cells were washed twice in 1% BSA,
0.5 mL 1% paraformaldehyde was added, and kept at 4 ℃
until reading. For the control group, only 5 L of  1% BSA
was added. Analytical cell sorting was performed on 1×104
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cells from each group with a fluorescence-activated cell sorter
(FACSTAR plus, Becton Dickinson). Only live cells were
counted and background fluorescence from non-antibody-
treated lymphocytes was deducted from levels obtained.
IFN ELISPOT assays  IFN spot forming cells (SFC)
were determined using a colitis extracted protein (CEP)-
specific ELISPOT assay (Mabtech, Nacka, Sweden) as
described with the following modifications[27]. In brief, 96-
well filtration plates coated with high protein binding
hydrophobic PVDF membrane (polyvinylidene disulfide)
were used (Millipore Corp., Bedford, MA, USA). Plates were
coated with 1-D1K anti-IFN coating antibody (15 mg/mL,
Mabtech) for 24 h at 4 ℃. Peripheral blood mononuclear
cells (PBMCs) were isolated by Ficoll gradient separation
from 20 mL blood samples, collected in acid citrate dextrose
tubes, and processed within 1 h. PBMCs were washed twice
in RPMI 1640 with 10% fetal calf serum. Cells were
cultured in 96-well plates (1×105 cells/well) with RPMI 1640
and 10% FCS. Three triplicates were prepared with CEP
from each patient (50 g/mL), phytohemagglutinin (PHA,
2.5 g/mL), or RPMI without antigen. Plates were incubated
for 48 h at 37 ℃ and 50 mL/L CO2. Following washing,
dilute biotinylated antibodies (7-B6-1-biotin, Mabtech) were
added in filtered PBS with 0.5% FCS to 1 g/mL, in a total
volume of 100 L/well. Plates were incubated for 3 h at
room temperature. Following washing, 100 mL of
streptavidin-alkaline phosphatase was added, and plates were
incubated for 90 min at room temperature. After washing,
a substrate was added (BCIP/NBT, BioRad, Richmond,
USA) for 30 min until dark red purple spots emerged. Using
a dissection microscope, two independent investigators
counted dark spots, reflecting IFN-secreting clones. Results
are expressed as means of triplicate IFN-secreting cells
per 105 PBMCs, after subtracting the mean spots from
wells without viral antigens.
IFN and IL-4 serum levels  IL-4, IL-10, and IFN
serum levels were measured by a “sandwich” ELISA, using
Genzyme Diagnostics kits (Genzyme Diagnostics, MA,
USA) according to the manufacturer’s instructions.

Statistical analysis
Summary statistics by time point of all clinical and laboratory
variables were calculated, and statistical significance of
changes from baseline was assessed by Student’s t-test at
each time point.

RESULTS

Patient characteristics
One group of 10 patients was studied. They included six
males and four females with a mean age of 37 years (range
19-59 years). Mean duration of disease was 11 years (range
2-37 years). Disease site was the ileum in six patients, the
ileocolon in two patients, and the colon in two patients.
Two patients underwent prior intestinal resection; two
suffered from fistulae. Concomitant medications: Five
patients were treated with 5-ASA and five were treated with
corticosteroids. Steroid treatment was discontinued in two
patients and significantly reduced in one patient throughout
the study period.

Effect of oral immune regulation towards autologous colitis
extracted proteins on CDAI score
Administration of the study drug significantly ameliorated
disease activity. During the course of treatment, 10/10 subjects
had a clinical response (CDAI decrease of  at least 70 points),
and 7/10 subjects achieved clinical remission (CDAI ≤ 150).
Median time to response was 5 wk (Figures 1A and B). The
median decrease of  CDAI was -102 points in 6 wk (from
264 to 162 points, P = 0.003), and -129 points in 14 wk
(135 points, P = 0.0001). At the end of the non-treatment
16-wk follow-up period, CDAI score increased to 206 points.

Figure 1  Effect of the study drug on CDAI score. A: mean±SE CDAI scores
over time during the treatment period; B: CDAI scores of individual patients:
Baseline score (wk 0, open bars) as compared with score at time of maximal
decrease (black bars, no. of week appears for each patient in parenthesis
above bar).

Effect of oral immune regulation towards autologous colitis
extracted proteins on IBDQ score
Administration of the study drug significantly ameliorated
disease activity as measured by IBDQ score. A significant
increase in mean IBDQ score was noted at wk 16 as compared
to baseline (134±9 vs 164±12, P<0.05, Figures 2A and B).

Effect of oral immune regulation towards autologous colitis
extracted proteins on subpopulations of T lymphocytes
Administration of the study drug significantly induced a
significant increase in the CD4+/CD8+ lymphocyte ratio,
in 7/10 subjects (Figure 3). The peripheral NKT cell
number increased significantly in 5/10 subjects (Figure 4).
A significant increase in the CD3+/45RA (Figure 5),
CD19+/45RA (Figure 6), and CD25+/45RO (Figure 7)
lymphocytes was noted in the majority of treated subjects
(Figure 5). No major changes occurred in CD3+/45RO,
CD4+/45RO, CD8+/45RO, CD44+/45RO, and
CD16+/56+ lymphocytes subpopulations.
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Figure 2  Effect of the study drug on IBDQ scores. A: Mean IBDQ scores

(±SE) at baseline (wk 0, open bars) as compared to end of treatment (wk 16,
black bars); B: IBDQ score of individual patients at baseline as compared to

wk 16.

Figure 3  Peripheral CD4+/CD8+ lymphocyte ratio in 7/10 patients in whom a

significant increase was observed. Baseline ratio (open bars) as compared to
level of maximal increase (black bars, no. of week shown in parenthesis above

each bar).

Figure 4  Peripheral NKT lymphocyte percent in 5/10 patients in whom a
significant increase was observed during treatment. Baseline ratio (open bars)

as compared to level of maximal increase (black bars, no. of week shown in

parenthesis above each bar).

Figure 5  Peripheral CD3+/45RA lymphocyte ratio in 8/10 patients in whom a
significant increase was observed during treatment. Baseline ratio (open bars)
as compared to level of maximal increase (black bars).

Figure 6  Peripheral CD19+/45RA lymphocyte ratio in 7/10 patients in whom a
significant increase was observed during treatment. Baseline ratio (open bars)
as compared to level of maximal increase (black bars).

Figure 7  Peripheral CD25+/45RO lymphocyte ratio in 6/10 patients in whom a
significant increase was observed during treatment. Baseline ratio (open bars)
as compared to level of maximal increase (black bars).

Effect of oral immune regulation towards autologous colitis
extracted proteins on antigen specific IFN-producing T cell
clones
The antigen-specific effect of oral immune regulation on
IFN SFC was determined using a CEP-specific ELISPOT
assay. In five patients, positive T-cell clones were detected
prior to oral protein administration. In all five, a significant
decrease in the number of IFN-positive SFC was noted
(0.2-3.6 to 0-0.2 SFC).

Effect of oral immune regulation towards autologous colitis
extracted proteins on serum cytokine levels
A significant increase in IL-4 (from 0.17±0.1 to 0.63±0.15
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pg/mL, P<0.05), and IL-10 (from 1.7±0.61 to 3.5±1.02
pg/mL, P<0.05) serum levels was observed in 7/10 subjects
during treatment period (Figures 8 and 9). No significant
changes in serum IFN levels were observed.

Figure 8  Effect of the study drug on serum IL-4 levels in 7/10 patients in whom
a significant increase was observed during treatment. Baseline ratio (open bars)
as compared to level of maximal increase (black bars).

Figure 9  Effect of the study drug on serum IL-10 levels in 8/10 patients in whom
a significant increase was observed during treatment. Baseline ratio (open bars)
as compared to level of maximal increase (black bars).

Safety measures
Treatment was well tolerated by all patients. All 10 patients
completed the study and no major treatment-related adverse
reactions were noted. A physician followed up the interim
history, vital signs, body weight, adverse event assessment
and performed a physical examination. CBC, ESR and
standard chemistries (SMA) were performed every 2 wk
throughout the study. No major treatment-related adverse
events were reported or observed in any of  the treated
patients during the feeding and follow-up periods. No major
changes in any of the extraintestinal systems monitored were
reported in any of the patients.

DISCUSSION

The results of  the present study suggest that induction of
oral immune regulation via oral administration of an autologous
colon-specific protein-containing extract is a safe and could
possibly be an effective treatment for subjects with mild to
moderate CD. Induction of oral immune regulation towards
CEP appeared to significantly ameliorate disease activity.
During the course of treatment period, 10/10 subjects had a
favorable clinical response (CDAI≤70), and 7/10 subjects

achieved clinical remission (CDAI≤150). Median time to
response was 5 wk. A significant increase in mean IBDQ score
was noted at wk 16 as compared to baseline. No treatment-
related adverse events were noted in any of the subjects.

The data of the present study provide a clue to the
mechanism associated with the clinical effects. High levels
of  CEP-specific IFN spot forming colonies were detected
in five subjects prior to treatment. In all five, a marked
decrease was observed. A significant increase in IL-10 and
IL-4 serum levels was observed in 7/10 subjects during the
treatment period. These results suggest that immune
regulation by the study drug could alter bowel-associated
antigen-specific immunity, and may induce a systemic Th1
to Th2 immune shift.

Successful treatment of IBD, similar to that of other
immune-mediated disorders, requires mitigation of the
immune response towards disease-associated target
antigens. This involves generalized immunosuppression,
which may bring undesirable side effects[1,12]. Several new
immunomodulatory treatments were tested in patients with
IBD over the last few years. These treatments are all non-
antigen specific[12]. This lack of disease-associated antigens’
specificity may explain the relatively low response rate, as
well as the relatively high levels of unwanted side effects.
In contrary, induction of antigen-specific oral immune
regulation towards autologous colon specific protein-containing
extracts could potentially enable long-term alleviation of  the
disease, while leaving the general immunological defense
of the recipient intact[9,22-26]. In addition, as all of the new
immune modulatory agents involve systemic immune
suppression, their long-term effects are yet to be tested.
On the contrary, antigen-specific oral immune regulation
is unlikely to have long-term effects in other systems.

Induction of oral immune regulation has been used
to alleviate several immune-mediated disorders in
animals, including collagen-induced arthritis, experimental
colitis, chronic graft vs host disease, and experimental
encephalomyelitis[13-20]. We have previously shown that oral
immune regulation towards adenoviral antigens can abrogate
the humoral and cellular components of the anti-viral
immunity[18,27]. It was also shown that oral administration
of  low-dose HBV-envelope proteins (BioHepB) induced
peripheral humoral immune tolerance towards HBV
epitopes in naive animals. In addition, tolerance induction
downregulated any pre-existing anti-HBV immune response,
and inhibited anti-HBs antibody production in mice with
secondary anti-viral immunity[27]. This mode of treatment
was tested in patients with rheumatoid arthritis, autoimmune
uveitis, type I diabetes mellitus, and multiple sclerosis[21,28-31].
We have recently shown that this method is effective in
patients with chronic HBV infection[32]. The results of these
studies showed that HBV-specific T-cell immune modulation
can be elicited via oral administration of HBV envelope proteins
to chronically infected individuals. In the experimental colitis
model, induction of oral immune regulation was shown by
several groups to alleviate the disease[22]. This response was
associated with a reverse of the cytokine secretion paradigm
with increased secretion of IL-4 and decreased secretion
of IFN. Adoptive transfer of tolerance by transplantation
of immune cells from orally-tolerized donors to sublethally
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irradiated recipients supports the existence of suppressor
cells in this setting[22].

As the intestinal damage in CD patients results mostly
from the host immune response, two explanations may
elucidate these results, the first being the principle of
induction of immune tolerization. Oral immune regulation
towards colitis proteins may have altered the immune
deviation, thereby removing a deleterious T-cell population
(such as those that secrete IFN), thus uncovering a more
efficacious sub-dominant response (secreting anti-inflammatory
cytokines such as IL-4 and IL-10). The second possible
explanation is induction of immunity. Oral immune regulation
may have enhanced the effect of a beneficial subset of T
cells towards the fed antigens in these patients, or of a
regulatory subtype of T lymphocytes that reintroduce the
required immunological balance in this setting. Correction
of an immunological imbalance can lead to an enhanced effect
on the part of  T-cell subtypes, rather than a clearance or
irreversible suppression of “unwanted” T cells. It is possible
that simultaneous downregulation of one subset of T cells
and augmentation of another occurs. Similar approaches were
recently described towards Schistosoma mansoni and HBV
infections, in which the immune response was responsible for
the disease[32,33]. Inherent in this concept is the understanding
that pathology is not essential for the development of  a
protective response. As it is not always possible to separate
pathology from “excessive” immune protection, it might not
always be possible to determine the role of  different antigens
and/or subsets of T cells in the induction of each response.

The data of the present study showed a significant
increase in the peripheral CD4+/CD8+ lymphocyte ratio
in 7/10 patients, and of the peripheral NKT cell numbers
in 5/10 subjects. Interestingly, in the experimental colitis
model, tolerance induction led to a significant increase in
NKT numbers[26,34-36]. The peripheral CD4+/CD8+ ratio
increased threefold in tolerized vs non-tolerized mice. An
opposite effect was observed in the intrahepatic CD4+/CD8+.
T lymphocytes expressing NK cell markers (NKT cells)
exist in low numbers in the peripheral blood and most other
tissues, but are abundant in the liver and bone marrow[37].
They are typified as CD4+ or CD4-CD8- and CD16-, and
express  TCRint. Upon in vivo and in vitro stimulations,
they produce large amounts of both IL-4 and IFN, exhibit
enhanced cytolytic activity, and have a regulatory role in
helper T (Th) cell differentiation[38-40]. NKT lymphocytes were
shown to play a regulatory role in immune-mediated disorders.
Others and we have recently shown that this subset of
lymphocytes may have a role in peripheral tolerance induction.
Induction of peripheral tolerance via oral administration of
an antigen, or FK506 treatment, was associated with significant
increases in intrahepatic NKT lymphocyte proportions and
cytotoxicity function[36]. Depletion of NKT lymphocytes
prevented the Th1 to Th2 immune shift, hindering the ability
to induce immune tolerance in experimental colitis[26]. The
results of  the present study suggest that oral immune
regulation induces a systemic immune shift in subpopulations
of T cells. However, based on the present data it is difficult
to draw conclusions on the exact role of subtypes of T
lymphocytes in the pathogenesis of CD, as well as on the
regulatory role of NKT cells in this setting.

Application of oral tolerance in some patients with
IBD may require the use of surrogate antigens. A similar
approach has been used in trials involving patients with
multiple sclerosis, diabetes, and rheumatoid arthritis[41-45]. A
bystander effect is known to play a role in oral immune
regulation[44]. It involves regulatory cells secreting non-
antigen-specific cytokines that suppress inflammation in the
microenvironment, where the fed antigen is localized.
Mucosal Th2/Th3 cells, secreting TGF generated by
intermittent feeding of  a low-dose antigen, may play a role
in bystander tolerance[13]. We have previously shown that
surrogate antigens derived from normal colonic wall and
those derived from other species induced a beneficial effect
in experimental colitis[35]. These results suggest that surrogate
antigens, related to the disease-target epitopes, may have a
similar immune modulating effect. They imply that closely
related proteins are being presented and processed by
gut-associated lymphoid tissue in a similar way. Both
administration of an antigenitically similar epitope, or of
an epitope distinct from the disease-target antigen but found
in the target organ, can regulate peripheral immune
activation. Geographical proximity and/or antigenic
similarity to the disease-target antigen may be held
responsible for these effects. In the present study, biopsies
were taken preferentially from inflamed areas in the colon,
or the terminal ileum. In some of  the patients, however,
biopsies were taken from mucosa of  a normal appearance.
In both, a clinical effect was noted.

During the periods of follow-up, 5 of the 10 patients
experienced a relapse of their symptoms. This loss of effect
may be due to the partial effect of oral immune regulation
on subtypes of regulatory T lymphocytes in this setting. It
may suggest that long-term treatment, and even continuous
exposure of the disease-associated antigens, are required in
these settings.

In summary, induction of oral immune regulation
towards colitis-extracted proteins is a safe and perhaps
effective new mode of therapy in patients with mild to
moderate CD. This novel method significantly alleviated
the disease while altering the antigen-specific immune
response. It had no undesirable effects in other systems. As
the present study was an open non-randomized trial, large-
scale double blind placebo trials would be required in order
to evaluate this new mode of treatment for CD patients.
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