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Inflammatory bowel disease (IBD) consists of two distinct clinical forms, ulcerative colitis (UC)
and Crohn’s disease (CD), with unknown aetiology, which nevertheless are considered to share almost
identical pathophysiological backgrounds. Up to date, a full coherent mechanistic explanation for
IBD is still lacking, but people start to realize that the pathogenesis of IBD involves four fundamental
components: the environment, gut microbiota, the immune system and the genome. As a consequence, IBD
development might be due to an altered immune response and a disrupted mechanism of host tolerance
to the non-pathogenic resident microbiota, leading to an elevated inflammatory response. Considering the
available data arising from the scientific literature, here reviewed, in CD, a benefit of probiotics remains
unproven; in UC, a benefit of probiotics remains unproven, even if E. coli Nissle 1917 seems promising
in maintaining remission and it could be considered an alternative in patients intolerant or resistant to
5-ASA preparations; in pouchitis, small controlled trials suggest a benefit from VSL#3 in the primary and
secondary prevention of pouchitis; in IBD-associated conditions, a benefit of probiotics remains unproven.
However, well-designed randomized control clinical trials are necessary to understand the undoubted role
of these agents in the management of gut physiology in health and disease.

Inflammatory bowel disease (IBD) consists of ulcerative colitis (UC) and Crohn’s disease
two distinct clinical forms with unknown aetiology, (CD) which nevertheless share almost identical
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pathophysiological backgrounds.

CD is predominantly associated with a type 1
helper-T-cell (Tht) and type 17 helper-T-cell (Th17)
immune responses, characterized by increased
production of interleukin IL-12, IL-23, IL-27,
interferon-y (IFN-y) and tumour necrosis factor
TNF-a. Diversely, UC seems to be associated with a
type 2 helper-T cell (Th2) immune response, mainly
leading to raised levels of IL-5 and transforming
growth factor-B (TGF-B). The etiology of IBD is
complex and multifactorial, where environmental,
genetic and immunological components appear to
play a role (1-3).

After the emergence of IBD about a century
ago, numerous hypotheses were suggested as the
possible mechanism, which included infection,
toxicants, psychogenic disturbances, nutritional
deficiencies, allergy to pollens or foods, abdominal
trauma, impaired vascular or lymphatic circulation,
lysozymes and other enzymes (4-7), or the excessive
ordeficientimmune response due to reduced exposure
to bacteria or helminthes (8-9). Most of them were
invalidated and forgotten. Up to date, a full coher-
ent mechanistic explanation for IBD is still lacking,
but people start to realize that the pathogenesis of
IBD involves four fundamental components: the
environment, gut microbiota, the immune system
and the genome (10-12).

As a consequence, IBD development might
be due to an altered immune response and a
disrupted mechanism of host tolerance to the
non-pathogenic resident microbiota, leading to
an elevated inflammatory response. The strength
of this hypothesis arises from many evidences,
such as the fact that inflammation mainly occurs
in the intestinal sites with the highest bacterial
concentration (in UC), that antibiotic treatment

often results in amelioration of disease symptoms .

(13), and that germ-free mice do not spontaneously
initiate colitis (14).

We analyzed the international literature about
the role of microbiota in IBD, using PubMed as
primary source, focusing on the use of probiotics as
complementary therapeutic approach in CD, UC and
pouchitis. Aim of this review is to summarize the
pathophysiological rationale for the use of probiotics
in IBD, and to focus on clinical trial of such emerging
therapeutic options.

Microbiota and etiopathogenesis of inflammatory
bowel disease

The human normal flora, or microbiota, is
extensive, both in its absolute quantitative mass and
qualitative diversity. Conventional microbiological
techniques fail to give a detailed inventory of
the normal microbiota, but the development of
recent high-throughput sequencing and molecular
taxonomic methodologies have greatly increased
our understanding of the population composition,
dynamics, and ecology of the gut microbiota.
The composition of intestinal flora is remarkably
stable at different anatomic locations along the
gut, but absolute numbers vary greatly, ranging
from 10" cells/g content in the ascending colon to
107 to 10® in the distal ileum and 10 to 10° in the
proximal ileum and jejunum; anaerobes are several
orders of magnitude more abundant than aerobes
in the bacterial community, and a majority of the
population (60-90%) comprises two divisions: the
Bacteroidetes and Firmicutes (15).

The composition of the microbiota has been
suggested to influence susceptibility to IBDs (16),
which are mediated by both innate and adaptive
arms of the host immune system. It is possible that
distinct members of the commensal microbiota
engage specific components of the immune system
and, in doing so, they regulate intestinal immune
homeostasis (15).

An important question is whether specific
commensal microorganisms regulate the homeostasis
ofeffector T cellsin the lamina propria. Forexample, it
has been reported that the gut commensal Bacteroides

fragilis affects systemic Thl responses through the

action of the bacterial-derived polysaccharide A
(PSA) (17). The lamina propria of the small intestine
at steady state contains two populations of CD4 T
cells, Th17 cells, and regulatory T cells (Treg); in
particular, the former has been assumed to play a role
in Crohn’s disease and ulcerative colitis (18, 19, 20).
Interestingly, Ivanov et al. (21) found that Th17 cells
could be induced in the lamina propria of the small
intestine in response to specific components of the
commensal microbiota belonging to the Cytophaga-—
Flavobacterium—Bacteroides phylum, suggesting
that the composition of the intestinal microbiota is
likely to influence intestinal immunity, tolerance,
and IBD susceptibility (22). More recently Ivanov et
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al. (23) showed that Segmented Filamentous Bacteria
(SFB) are potent inducers of Th17 cells in the lamina
propria of the small intestine of mice. In particular,
SFB colonization induced production of serum
amyloid A (SAA)in the terminal ileum and SAA acted
on dendritic cells in the lamina propria to promote
Th17 cell differentiation. Also, the aforementioned
CD4 Treg cells can be stimulated by commensal
microbiota as evidenced by O’Mahony et al. (24),
who showed that in mice the deliberate consumption
of the commensal organism Bifidobacterium infantis
35624 resulted in the induction of Treg cells, which
protected the host from excessive inflammation
during the course of infection caused by Salmonella
typhimurium.

In particular, the reduction in the phlogistic
response was achieved through the control of
excessive pathogen mediated activation of nuclear
factor kappa B, a transcription factor often involved
in innate proinflammatory signalling in response to
microbial exposure.

Natural killer (NK) cells play an important role
. in the innate immune system. It has been shown
(25) that, in a germ-free mice, NKp46p IL-22
producing cells were markedly reduced, suggesting
that an environmental niche, operative in the gut,
generated these unique effectors cells. Interestingly,
more recently, Takayama et al. (26) conducted a
clinical study that showed that NKp46p cells were
predominant in the intestinal mucosa of patients
with Crohn’s disease compared with controls or
patients with ulcerative colitis. Upon interaction
with intestinal inflammatory macrophages, these
cells were also activated via IL-23 and produced
IFNy. Another interesting point concerning intestinal
chronic diseases is the role of epithelial antimicrobial
proteins as innate immune effectors; they probably
play an important role in maintaining mutually
beneficial host-microbe relationships by restricting
contact between resident microbes and mucosal
surfaces, and their deficiencies are associated with
IBD. In particular, using a germ-free murine model,
it has been shown (27) that resident gut bacteria drive
intestinal epithelial expression of a C-type lectin that
binds peptidoglycan and has direct antimicrobial
activity; interestingly, the human counterpart of
this protein (HIP/PAP) is usually overexpressed
in intestinal mucosa of IBD patients (28) and it is

also believed to be a biomarker of pancreatic ductal
adenocarcinoma.

Commensal microbiota could also be implicated
in stimulating immunoregulatory pathways through
expression of specific heat shock proteins (HSPs).
Molecular chaperones of the HSP family are
evolutionarily conserved proteins that modulate
a variety of intracellular functions including the
folding of proteins, folding of multimeric proteins,
the translocation of proteins across membranes, the
degradation of proteins, and signal transduction.
Apart from their chaperone activities, HSPs are
involved in the regulation of innate immunity and
mucosal immunity. Several reports have shown
HSP reactive T cells to have an immunoregulatory
phenotype, indicating that HSPs, particularly HSP60
and HSP70, constitute a group of autoantigens with
the potential to trigger immunoregulatory pathways,
which can suppress immune responses that occur
in various human inflammatory diseases, such as
rheumatoid arthritis (29, 30), type 1 diabetic mellitus
(31, 32), atherosclerosis (33), and allergy (34).
Intragastric administration or nasal immunization
with HSPs was effective as preventive/therapeutic
interventions of atherosclerosis in animal models,
suggesting that mucosal immunization with HSPs is
valuable for the regulation of chronic inflammation
(35). Interestingly, it has been shown that the
bacterial HSP60 GroEL, whose production is related
to intestinal microflora, could generate CD4+CD25+
FoxP3+ T cells from naive T cells; owing to their
ability to secrete GroEL, intestinal flora could
be involved in intestinal homeostasis and UC
pathogenesis (36). Luminal bacteria may also exert
a protective role because some of their byproducts,
such as small-chain fatty acids (SCFAs), are able
to simulate intestinal expression of cytoprotective
HSP25 and HSP72 (37-41).

Our group also reported his experience in this
field. In a first work we investigated three heat shock
protein/molecular chaperones: HSP10, HSP70, and
HSP90. We found that the levels of these proteins
are increased in UC patients at the time of diagnosis
and decrease after therapy, supporting the notion
that these proteins deserve attention in the study
of the mechanisms that promote the development
and maintenance of IBD, and as biomarkers of this
disease (42). In another study we wanted to determine



922
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Authors, year | Study design  |Number | Regimen Rationale of the use of the Duration | OQutcomes
of patients probiotics employed (months)
Schultzetal,, |Randomized 11 Lactobacillu | - Inhibition of apoptosis of 6 No difference
2004 controlled trial s GG versus | intestinal epithelial cells. in obtaining
placebo - Decreased translocation of remission
commensal bacteria via the
o mesenteric lymph nodes and
liver,
Malchow et al., | Randomized 28 E. coli - Downregulation of the 12 No difference
1997 controlled trial Nissle 1917 |expansion of newly recruited in obtaining
Versus T cells into the mucosa maintenance of
placebo - Intestinal inflammation remission
regulation via TLR-2 and
TLR-4
- Restoration of disrupted
epithelial barrier in the
colonic epithelial cell line
T84
Guslandi et al., | Randomized 32 Saccharomy |- Limitation of infiltration of |6 Probiotics plus
2000 controlled trial ces T-helper 1 cells into the mesalamine
boulargii 1g | mucosa NF-kB blocking and were superior
daily plus | IL-8 downregulation in obtaining
mesalamine maintenance of
Versus remission,
mesalamine evaluated
alone through Crohn's
Disease
Activity Index
Schultz et al., |Randomized It Lactobacillu |- Inhibition of apoptosis of 6 No difference
2004 controlled trial s GG versus | intestinal epithelial cells in obtaining
placebo - Decreased translocation of maintenance of
commensal bacteria via the remission
mesenteric lymph nodes and
liver
Prantera et al., |Randomized 45 Lactobacillu | - Inhibition of apoptosis of 12 No difference
2002 controlled trial s GG versus | intestinal epithelial cells in preventing
placebo - Decreased translocation of clinical post-
commensal bacteria via the surgical
mesenteric lymph nodes and recurrence
liver
Marteau et al., |Randomized 98 Lactobacillu | - Upregulation of intestinal 6 No difference
2006 controlled trial s johnsonii | MUC3 and MUC3 mRNA in preventing
LAI versus |expression clinical post-
placebo surgical
recurrence
Van Gossum et | Randomized |70 Lactobacillu | Upregulation of intestinal 3 No difference
al., 2007 controlled trial s johnsonii | MUC3 and MUC3 mRNA in preventing
LAT versus |expression endoscopic
placebo post-surgical
recurrence

in colon mucosa of CD and ulcerative UC in relapse:
a) the levels of the chaperonins HSP60 and HSP10;
b) the quantity of inflammatory cells; and c) if the
levels of chaperonins parallel those of inflammation

cells. In this study, we found that HSP60 and HSP10
occurred in the cytoplasm of epithelial cells in CD
and UC but not in negative controls.

HSP60 and HSP10 co-localised to epithelial
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Tablell. Controlled trials of probiotics for the induction and maintenance of remission in adults with Ulcerative colitis.

controlled trial

mesalamine versus both

intestinal epithelial cells.

- Decreased translocation of
commensal bacleria via the
mesenteric flymph nodes and liver.

Authors, year Study design Number of Regimen Rationale of the use of the Duration Outcomes
patients probiotics employed (months)
Rembacken et al., Randomized 120 E. coli Nissle 1917 versus | - Downregulation of the expansion | 3 No difference in
1999 controlled trial mesalamine of newly recruited T cells inio the induction rates
mucosa, )
- Intestinal inflammation regulation p
via TLR-2 and TLR-4.
- Restoration of disrupted epithelial
barrier in the colonic epithelial cell
line T84.
Tursi et al., 2004 Randomized 90 VSL#3 plus balsalazide | -Reduction of secretion of TNF-a 2 Better significant
controlled trial versus balsalazide alone | and interferon-g . induction of remission
or mesalamine alone - Improvement of the*colonic in the probiotic group
barrier function.
- Inhibition of Salmonella Dublin
invasion into T-84 cells.
- Convertion of linoleic acid into
conjugated linoleic acid.
-Inhibition of TNF-a-induced
1L-8 secretion, mitogen-activated
protein kinase activation and NF-
kB activation in HT-29 cells (CpG
DNA).
- Upregulation of mucin expression.
Kato et al., 2004 Randomized 20 Probiootic milk - Increase in [L-10 seereted by 3 Significantly better
controlled trial (Bifidobacterium breve, | mesenteric lymph nodes change in clinical
Bifidobacterium bifidum | (Bifidobacterium-fermented milk) activity index,
and Lactobacillus - Reduction of MPO activity, histological score in
acidophilus 1) versus tissue contents of immunoglobulin, the probiotic group,
placebo TNF-a. in evaluating the
- Upregulation of intestinal MUC3 induction of remission
and MUC3 mRNA expression,
Furrie et al., 2005 Randomized 18 Symbiotic - Upregulation of [L-10 expression | | Improved
controlled trial (Bifidobacterium in dendritic cells. sigmoidoscopy scores
longum and - Inhibition of disorderd T-cell and cytokine profiles
fructooligosaccharide/ activation. in the probiotic group,
inulin mix) plus Standard in evaluating the
treatment versus Standard induction of remission
treatment alone
Kruis et al., 1997 Randomized 120 E. coli Nissle 1917 versus | Downregulation of the expansion | 3 No statistically
controlled trial mesalamine of newly recruited T cells into the significant difference
mucosa. in the relapse rate
- Intestinal inflammation regulation in evaluating the
via TLR-2 and TLR-4. maintenance of
- Restoration of disrupted epithelial remission
barrier in the colonic epithelial cell
line T84
Ishikawa et al., 2003 | Randomized 21 probiotic milk - Increase in [L-10 secreted 12 Fewer relapses in
controlled trial (Bifidobacterium Breve, | by mesenteric lymph nodes probiotic group,
Bifidobacterium Bifidum | (Bifidobacterium-fermented milk). ikn evaluating the
and - Reduction of MPO activity, tissue maintenance of
Lactobacillus contents of immunoglobulin, TNF-a remission
acidophilus) with - Upregulation of intestinal MUC3
Standard tretment versus | and MUC3 mRNA expression
Standard treatment alone
Kruis et al., 2004 Randomized 312 E. coli Nissle 1917 versus | - Downregulation of the expansion | 12 Equivalence in
equivalence trial mesalamine of newly recruited T cells into the the relapse rate,
mtuicosa. in evaluating the
- Intestinal inflammation regulation maintenance of
via TLR-2 and TLR-4. remission
- Restoration of disrupted epithelial
barrier in the colounic epithelial cell
line T84
Zocceo et al., 2006 Randomized 186 Lactobacillus GG versus | - Inhibition of apopiosis of 12 Lactobacillus GG is

showed to prolonge the
time of relapse
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Table 111, Controlled trials of probiotics for the induction and maintenance of remission in adults with pouchitis.

Author, year Study design Number of Regimen Rationale of the use of the probiotics Duration Outcomes
patients employed (months)
Gionchetli et al., 2003 | Randomized 40 VSL#3 versus -Reduction of secretion of TNF-a and 12 Significant reduction
controfled trial placebo interferon-y. in the onset of acute
- lmprovement of the colonic barrier pouchitis with
function. probiotic group
-Inhibition of Salmonella Dublin inevaluating the %
invasion into T-84 cells. prophylaxis
-Convertion of linoleic acid into
conjugated linoleic acid.
-Inhibition of TNF-a-induced L-8
secretion, mitogen-activated protein
kinase aclivation and NF-kB activation
in HT-29 cells (CpG DNA).
- Upregulation of mucin éxpression.
Gionchetti et al., 2000 | Randomized 40 VSL#3 versus - Reduction of secretion of TNF-a and 9 Significant decrease in
controlled trial placebo interferon-y. relapse in the probiotic
- Improvement of the colonic barrier group in evaluating
function. the maintenance of
- Inhibition of Salmonella Dublin remission
invasion into T-84 cells.
- Convertion of linoleic acid into
conjugated linoleic acid.
- Inhibition of TNF-a-induced [L-8
secretion, mitogen-activated protein
kinase activation and NF-kB activation
in HT-29 celis (CpG DNA).
- Upregulation of mucin expression.
Kuisma et al., 2003 Randomized 20 Lactobacillus GG - Inhibition of apoptosis of intestinal 3 No difference in
controlled versus placebo epithelial cells. disease activity
trial - Decreased translocation of commensal in evaluating the
bacteria via the mesenteric lymph nodes maintenance of
and liver. remission
Mimura et al., 2004 Randomized 36 VSL#3 versus -Reduction of secretion of TNF-a and 12 Significantly decreased
controlled trial placebo interferon-y. relapse in
- Improvement of the colonic barrier the probiotic group
function. in evaluating the
- Inhibition of Salmonella Dublin maintenance of
invasion into T-84 cells. remission
- Convertion of linoleic acid into
conjugated linoleic acid.
- Inhibition of TNF-a-induced [L-8
secretion,.mitogen-activated protein
kinase activation and NF-kB activation
in HT-29 cells (CpG DNA).
- Upregulation of mucin expression.

cells of mucosal glands but not always in connective
tissue cells of lamina propria, where only HSP60
or, less often, HSP10 was found; cells typical of
inflammation were significantly more abundant in CD
and UC than in negative controls. Since chaperoning
are key factors in the activation of the immune
system leading to inflammation, we propose that
they play a central role in the pathogenesis of the two
diseases, which, consequently, ought to be studied as
chaperonopathies (43). Furthermore, it is intriguing
the recent discovery of genetic polymorphisms
(involving pattern recognition receptor genes) related
to serum levels of anti-microbial antibodies in CD

patients but not in negative controls (44); on the basis
of this finding it could be postulated an abnormal
immunological response to alteration of microbiota
in patients carrying these polymorphisms.

Probiotics

Probiotics are microorganisms that have beneficial
properties for the host (45). Several mechanisms
of action of probiotics relative to prevention and
treatment of IBD have been reported, such as
antimicrobial activity and suppression of bacterial
growth, immunomodulation and initiation of an
immune response, improvement of intestinal barrier
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function, suppression of human T-cell proliferation
(46-50), and modulation of pain perception (51-
55). Probiotics have also been found to induce
their effect by means of their DNA, as shown by
experiments using probiotic DNA (56-58) and
subcutancous administration of probiotic DNA (59).
Derived originally from cultured food, especially
dairy products, this group includes Lactobacillus
species, Bifidobacterium species, E. coli Nissle 1917
(a nonpathogenic FE. coli strain), Saccharomyces
boulardii, Clostridium  butyricum, VSL#3 and
Lactococcus lactis genetically engineered to secrete
IL-10.

Probiotics in Crohn s Disease

The literature on the induction and maintenance
of remission in CD is heterogeneous and difficult
to interpret. The reasons for such heterogeneity are
several, as the different probiotics (and doses) used,
the differences in study duration, the features of the
included patients, and the measured endpoints.

In the setting of inducing remission, in a pivotal
study performed by Schultz and coworkers, with only
11 patients, probiotics provided no additional benefit
to steroids and antibiotics in inducing remission
(60). Subsequently, Fujimori and coworkers, in
an open-label study with 10 patients who were
refractory to standard therapies (prednisolone and
aminosalicylates), tried a combination of probiotics
(Bifidobacterium breve, Bifidobacterium longum,
and Lactobacillus casei) and a prebiotic (psyllium)
simultaneously. A complete response was found in 6
of 10 patients without any adverse events (61).

In the paediatric setting, Gupta and coworkers
used, in an open-label trial, Lactobacillus rhamnosus
GG (62). In this study, 3 of the 4 children were
reported to have improved Pediatric Crohn’s Disease
Index (PCDAI) scores or serial determinations over
the 6 months of the trial. Specifics with regards to
ESR or CRP are not reported even if the ESR is a
component of the PCDAI (63).

The placebo-controlled trial, using Lactobacillus
rhamnosus GG was the sole study included in a
Cochrane review, performed by Butterworth and
coworkers, concerning the efficacy of probiotic
supplementation for the induction of remission in CD
that met the inclusion criteria of being a randomized
controlled trials of participants with CD whose

disease was active at the time of entry into the study
(64). In the study 11 patients were enrolled; four of
5 patients in the probiotic group achieved remission
compared to 5 of 6 in the placebo group (OR 0.80;
95% CI 0.04 to 17.20). Thus, this one small study
did not show that probiotics had any effect in treating
active CD (64). More controlled studies have been
performed on the maintenance of remission in adults
with CD, but in general these studies fail to show
any benefit of probiotic administration (55).

Initial randomngized trials in CD were reported with
probiotics used as sole maintenance therapy following
corticosteroid therapy (65) or in combination with
lower does of 5-aminosalicylate therapy compared
to controls for maintenance therapy in those already
in remission (66). Subsequent trials have focused on
Lactobacillus rhamnosus strain GG for maintenance
therapy following induction of remission with
corticosteroids (60) and maintenance of remission
with probiotic used as additional maintenance
therapy (67).

In the largest maintenance trial to date, Bousvaros
and coworkers (68) also reported no difference
in the proportion of those developing relapse on
Lactobacillus rhamnosus strain GG 2 x 10 (10)
CFU/day (31%; 12 of 39) or placebo (17%; 6 of 36,
p=0.18) (60).

Data are also more robust on the prevention of
relapse following surgical intervention, but again
probiotics fail to prevent endoscopic and clinical
recurrence.

The meta-analysis performed by Doherty and
coworkers (69) of the effects of probiotics as a class
suggested that their effect was not different from
placebo. The relative risk of clinical recurrence with
any probiotic relative to placebo (7 = 213) was 1.41
(95% CI0.59 to 3.36), any endoscopic recurrence (1
= 333) was 0.98 (95% CI 0.74 to 1.29) and severe
endoscopic recurrence (7 = 213) was 0.96 (95% CI
0.58 to 1.59) (64). Table I shows the outcomes of
controlled trials of probiotics for the induction and
maintenance of remission in adult with CD.

Probiotics in Ulcerative Colitis

Although various probiotic species have shown
promising in the treatment of UC, given the small
number of patients in these studies and the risk
associated with probiotics, two systematic reviews
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have concluded that there is insufficient evidence
to support the use of probiotics for the induction or
maintenance of remission in ulcerative colitis (70,
71, 102).

In fact, several trials have been published
examining probiotics in the induction and remission
of UC, however, only few of these are randomized
controlled trials (RCTs). Most are with different
probiotic formulations and overall have been
performed in a relatively small number of patients.
For induction of remission, the first and largest
controlled trial to date performed by Remnacken
and coworkers showed no additional efficacy
of Escherichia coli Nissle 1917 than steroids,
mesalamine, and antibiotics (63).

Three additional trials, all small in number of
patients, and of short duration of therapy and with
variable standard of care, showed improvement
in various measures of disease activity and even
cytokine profiles (72-74, 55), whereas the rectal
administration of Escherichia Coli 1917 Nissle
enema has equivocal results (75). It was showed
that the combination of VSL#3™ plus balsalazide
was slightly more effective than balsalazide or
mesalamine alone, in a randomized trial of patients
with acute mild-to-moderate UC (75). Similar results
were found in the paediatric setting by Miele and
coworkers (76).

Further evidences show that VSL#3™ could
induce remission and reduce disease activity in
patients with mild-to-moderate active ulcerative
colitis (77-80). A randomized trial of 77 patients,
performed by Sood and coworkers, proved that
VSLH#3™ was more effective than placebo in
improving the ulcerative colitis disease activity
index (UCDAI) by 50 percent at week 6 (33%
versus 10%) and inducing remission at week 12
(43% versus 16%) (77). Another randomized trial
by Tursi and coworkers examined 144 patients
who were receiving a 5-ASA, azathioprine, and/
or methotrexate (80). This trial also showed that
patients receiving VSL#3™were more likely to
have at least a 50% decrease in UCDAI at week 8
compared with patients receiving placebo (63%
versus 41 %), with a similar increase in remission
rate in the VSL#3™group (48% versus 32%), even
if histologic scores were not significantly improved
with VSL#3™ therapy.

With regard to maintenance of UC remission,
probiotics have been tested in a larger number of
patients. One trial by Kruis and colleagues tested
Escherichia coli Nissle 1917 and found no difference
in relapse rates in patients on a probiotic versus
mesalamine (81). A trial by Zocco and colleagues
also found no difference in relapse rates at 6 or 12
months when comparing Lactobacillus GG with
mesalamine with a combination of the two (82).
Those patients who took the probiotic did appear to
have a longer time to relapse (55).

However, a small double-blind placebo controlled
trial showed no significant difference in the rates
of maintenance of remission in patients with left
sided UC randomized to 52 weeks of Lactobacillus
basilicus La-5 and Bifidobacterium animalis subsp.
Lactis Bb-12 or placebo (relapse rate 75% versus
92%) (65).

All of these studies support the idea that probiotics
may be as effective as mesalamine in maintaining
remission, almost in the short-term trial. Table I
shows the outcomes of controlled trials of probiotics
for the induction and maintenance of remission in
adult with UC.

Probiotics in pouchitis

With regard to the surgical treatment of UC and
familial adenomatous polyposis, proctocolectomy
with ileal pouch-anal anastomosis (IPAA) is
the favored alternative to proctocolectomy with
permanent ileostomy, since it preserves intestinal
continuity and sphincter function and removes almost
all of colorectal mucosa. After proctocolectomy with
IPAA, pouchitis or acute and chronic inflammation
of the ileal reservoir is the most frequent long-term
complication of this operation, occurring in up to
20% of patients at | year. Studies of the microflora in
the pouch have revealed deficiency of streptococcal
species (83, 55).

Most patients will develop this problem in the
short term (within the first year) and antibiotics may
be considered an effective form of therapy in many
(84, 85) but for those that do not respond other forms
of therapy are required (85). For some, antibiotics
improve the pouchitis but there is a relapsing course
of the pouchitis following the discontinuation of
antibiotics. As antibiotics can provide relief for
most with pouchitis, a basic assumption has been
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the importance of the microbiota of the pouch in
the development and chronicity of pouchitis. Thus,
alteration of the microbiota by addition of probiotics
was considered (65). In fact, the strongest evidence
for the use of probiotics in IBD is in prevention and
treatment of pouchitis (86-89).

Trials about the treatment of mild/moderate
pouchitis are few, with small numbers of adult
patients. Kuisma and coworkers (87) recruited
20 patients (10 intervention arm) for a trial of
Lactobacillus rhamnosus GG 2>x10" CFU/day for 3
months. Patients with chronic, active pouchitis were
excluded. The Pouchitis Disease Activity Index (90)
was utilized for evaluation of clinical effect. Prior to
study entry, the mean PDAI was in the mild range
(8.0£0.8) and there was no difference following the
intervention period with clinical response (defined
as a PDAI score reduction of >3) occurring in 1/10
(10%) patients in the probiotic group and 0/10 (0%)
patients in the placebo group (10% vs 0%, P=0.32).

In an open-label trial of 51 UC patients post ileal
pouch-anal anastomosis, performed by Laake and
coworkers, and using a fermented milk product with a
blend of probiotic strains (Lactobacillus acidophilus
strain La5 + Bifidobacterium lactis strain Bbl2)
containing 5% 10' CFU/day (91) however, there was
a repoited improvement in endoscopic evaluation. In
another open label trial by Gionchetti and coworkers,
twenty-three consecutive patients with mild pouchitis
as defined using Pouchitis Disease Activity Index
(scores 7-12) were treated with 3.6x1012 CFU/day
of VSL#3™ for 4 weeks (92). Sixteen of 23 patients
(69%) with mild pouchitis were in remission after
treatment and the median total Pouchitis Disease
Activity Index scores reported before therapy
improved following therapy (10 vs 4, P<0.01). Thus,
there is limited evidence for a role of probiotics as
monotherapy for mild to moderate pouchitis at the
present time.

Two trials have studied whether there is an
advantage to initiate probiotics immediately
following ileal pouch-anal anastomosis to evaluate
the eventual delay in onset of development of
pouchitis. Gionchetti and coworkers performed a
placebo-controlled trial (89) where, at the end of one
year, 2 of 20 (10%) of the patients in the intervention
arm had developed colitis as determined compared
to 8 of 20 (40%, no episodes 80% vs 60%, P=0.03)

of the control arm participants using the PDAI with
endoscopy. The Peto odds ratio for prevention of
pouchitis by VSL#3™ compared with placebo was
4.76, 95% CI 1.16 to 19.56 (93).

The other randomized trial or probiotics also
studied VSL#3™ in an open-label design performed
by Pronio and coworkers, that compared the probiotic
to no treatment over a 12 month period (94), where
none of the 16 patients in the group administered
probiotic compared to one of 12 (8.3%, no pouchitis
100% vs 92%, jp =0.24) developed pouchitis.

Small controlled trials have also suggested that at
least one probiotic preparation (VSL#3™) may be
effective in prevention of recurrent pouchitis after
antibiotic induction of remission.

The first randomized trial addressed to evaluate
this outcome, performed in the year 2000 by
Gionchetti and coworkers, included 40 patients
with a history of chronic, relapsing pouchitis who
were placed into clinical and endoscopic remission
with broad spectrum antibiotics (88). Patients were
randomly assigned to VSL#3™ 6 g/day or placebo.
After nine months of daily treatment, significantly
fewer patients in the probiotic group had experienced
a relapse (15% vs 100%). Within 3 months
of stopping treatment, all patients in the probiotic
group had relapsed. Interestingly, fecal Lactobacillus
and Bifidobacteria concentrations returned to
pretreatment levels within one month after therapy
withdrawal, indicating that permanent colonization
with the probiotic species did not occur.

A similar result was noted in another European
trial of VSL#3™ that also evaluating the prevention
of recurrence of pouchitis in relapsing or chronic
pouchitis patients (86). Remission of the pouchitis
was induced in these participants by administering 4
weeks of a combination of antibiotics (metronidazole
+ ciprofloxacin) that was followed by either
VSL#3™ or a placebo. In the treatment group
remission was maintained in 17 of 20 (85%) but only
1 of 16 (6%, p<0.0001) on placebo. The pooled Peto
odds ratio for these two studies for the combined rate
of maintenance of remission with probiotic bacteria
compared to placebo (97% versus 3%, P<0.0001)
was 25.39 (95% CI 10.37 to 62.17). The number
needed to treat with oral probiotic therapy to prevent
one additional relapse was 2 (92).

A third study included 40 consecutive patients
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who underwent IPAA for ulcerative colitis (89).
Patients were randomly assigned to receive VSL#3™
3 g/day or placebo immediately after ileostomy
closure for one year. Patients receiving the probiotic
had significantly fewer episodes of pouchitis (10%
versus 40%); furthermore, probiotic treatment was
also associated with significant improvement in
quality of life, compared to placebo.

In contrast, an open label trial by Shen and
colleagues (95) reported lesser responses. In their
trial, 31 subjects were prescribed a 2-week treatment
of a single antibiotic (ciprofloxacin) followed by
VSL#3™, Also in contrast to the other studies, the
VSL#3™ was bought by patients rather than be
supplied through the study. Probiotic therapy was
stopped by 9 of 31 (29%) seven weeks into therapy
and 25 of 31 (81%) by 8 months had discontinued
the probiotic because of failure to prevent pouchitis
(n=23) or side effects of the probiotic administration
(n=2). Only 6 of 31 (19%) did not develop clinical
evidence of pouchitis by the end of the 8-month trial
period. Even among these 6 subjects endoscopy
. revealed some level of pouch inflammation. In this
trial (95), there was a single antibiotic administered
and endoscopy was not performed prior to probiotic
administration to ensure pouch inflammation had
completely resolved.

A recent clinical practice guideline on
management of pouchitis (96) has suggested that for
those patients with prompt recurrence of pouchitis
following antibiotic usage or having multiple
recurrences of pouchitis despite antibiotics either
VSL#3™ or chronic use of antibiotics but does not
suggest probiotics for acute treatment of pouchitis.
Table III shows the outcomes of controlled trials
of probiotics for the induction and maintenance of
remission in adult with pouchitis.

3.4 Probiotics in extraintestinal manifestations of
IBD

3.4.1 Arthralgia: Karimiand coworkers performed
an open label trial where 16 patients with either CD
or UC completed a 3-month trial of ingesting 9x10
CFU/day of VSL#3™ to assess whether there was a
clinical improvement in arthralgia (97). Participants
had quiescent IBD at entry and no clinical or
laboratory evidence of arthritis, were not taking non-
steroidal anti-inflammatory medications and other

medications were unchanged. An improvement in
peripheral but not axial arthralgia was reported using
an articular index score (65).

3.4.2 Spondylarthropathy: In an interesting
internet-based randomized control ftrial (98) of
probiotic in patients with spondylarthropathy (7% of.
patients were IBD patients), Brophy and coworkers
aimed to determine whether an internet-based
trial of a complementary and alternative medicine
could fulfill the revised CONSORT (Consolidated
Standards of Reporting Trials) statement quality
checklist for reporting of RCTs. However a
secondary aim was to study the effect of probiotics
on improving well-being. Well-being was measured
by self-assessment using a visual analogue scale and
96 of 147 (65%) of people randomized to receive
a blend probiotic completed a 3-month trial. No
statistically or clinically significant difference
between placebo and probiotic groups in terms of
global well-being was found in this study (98).

3.4.3 Sclerosing Cholangitis: Vleggaar and
coworkers randomized fourteen patients with
concurrent IBD to treatment with a blend probiotic
(Lactobacillus acidophilus, Lactobacillus casei,
Lactobacillus  salivarius, Lactobacillus lactis,
Bifidobacterium bifidum and Bifidobacterium lactis,
total daily dose of 1010 CFU/day) or placebo during
3 months in a double-blind crossover design that
included a I-month washout period (99). The subjects
remained on their ursodeoxycholic acid. The results
of this study showed no evidence of a beneficial
effect of the probiotics on PSC-related symptoms,
serum liver biochemistry or liver function.

CONCLUSIONS AND PERSPECTIVES

Many concerns remain about the use of probiotics,
such as the optimal number of colony forming units
delivered into the gut, the survival of administered
probiotics as they transit into the gut, the best
method of delivery (e.g. yogurt versus milk), the
difference in the action of probiotics related to the
age of the patients, the use of combination or single
probiotic preparation, and the optimal duration
of the therapy. Other questions and concerns have
been raised, however, about the safety of probiotic
administration in the setting of a severe illness: for
example, worsening of Crohn’s disease (CD) in
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patients taking some probiotic formulations (100) or
exacerbation of indomethacin- induced enteropathy
in animal models by Lactobacillus GG had been
observed (101). As rare as these complications appear
to be, probiotic safety profile needs to be specifically
studied, particularly in hospitalized patients.

In conclusion, considering the available data
arising from the scientific literature:

— In IBD, probiotics could have a promising
therapeutic role, associated to conventional drugs.

— in UC, a benefit of probiotics remains
unproven, even if Escherichia coli Nissle 1917
shows promising in maintaining remission and could
be considered an alternative in patients intolerant or
resistant to 5-ASA preparations;

-~ in pouchitis, small controlled trials suggest
a benefit from VSL#3 in the primary and secondary
prevention of pouchitis;

Well-designed randomized control clinical trials
are necessary in order to understand the undoubted
role of these agents in the management of gut
physiology in health and disease.
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