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Abstract

Inflammatory bowel diseases, ulcerative colitis, and
Crohn’s disease, are chronic intestinal disorders of
unknown etiology in which in genetically susceptible
individuals, the mucosal immune system shows an
aberrant response towards commensal bacteria.
The gastrointestinal tract has developed ingenious
mechanisms to coexist with its autologous microflora,
but rapidly responds to invading pathogens and then
returns to homeostasis with its commensal bacteria after
the pathogenic infection is cleared. In case of disruption
of this tightly-regulated homeostasis, chronic intestinal
inflammation may be induced. Previous studies showed
that some commensal bacteria are detrimental while
others have either no influence or have a protective
action. In addition, each host has a genetically
determined response to detrimental and protective
bacterial species. These suggest that therapeutic
manipulation of imbalance of microflora can influence
health and disease. This review focuses on new insights
into the role of commensal bacteria in gut health and
disease, and presents recent findings in innate and
adaptive immune interactions. Therapeutic approaches
to modulate balance of intestinal microflora and their
potential mechanisms of action are also discussed.
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INTRODUCTION

The continuous contact between commensal bacterial flora
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and the single epithelial cell layer of the mucosal tissue
is a characteristic feature of the gastrointestinal system.
In particular, interaction between commensal bacteria
and mucosal immune system plays an important role in
keeping health and disease development. Inflammatory
bowel diseases (IBD), ulcerative colitis (UC), and Crohn’s
disease (CD), ate chronic intestinal disorders of unknown
etiology in which in genetically susceptible individuals,
the mucosal immune system shows an aberrant response
towards luminal antigens such as dietary factors and/or
commensal bacteria. The relation between a dysregulated
bacterial ecosystem and mucosal inflammation in IBD
has been demonstrated in a vatiety of clinical and basic
literatures”™. For example, intestinal lesions of ITBD
predominate in the distal parts of the gastrointestinal tract
where the commensal bacteria are most abundant. The
presence of intestinal bacteria is essential for development
of experimental colitis in several animal models, such as
interleukin (IL)-10 gene knockout (KO) mice”, T cell
receptor q-deficient mice' and HILA-B27 transgenic rats'.
In CD, fecal stream diversion reduces gut inflammation
and induces mucosal healing in the excluded intestinal
segment, whereas infusion of intestinal contents rapidly
induced flare-up of disease.,

The gastrointestinal tract has developed elaborate
mechanisms to coexist with its autologous microflora,
but rapidly respond to invading pathogens and then
return to homeostasis with its commensal bacteria
after the pathogenic infection is cleared. If these tightly
regulated homeostatic mechanisms are disturbed, chronic
intestinal inflammation may be induced”. Previous
studies demonstrated that some commensal bacteria are
detrimental, and others have either no effect or have a
protective action. In addition, each host has a genetically
determined response to detrimental and protective
bacterial species. Environmental and genetic factors
modulate the relative balance of beneficial and detrimental
bacterial species, suggesting that therapeutic manipulation
of this balance can influence health and disease. This
review focuses on new insights into the role of commensal
bacteria in gut health and disease, and presents recent
advances in therapeutic approaches to modulate imbalance
of intestinal microflora in IBD patients.

THE INTESTINAL MICROFLORA IN HEALTH
AND DISEASE

The gastrointestinal tract host a complex and dynamic
microorganisms enviroment. Most members are from the
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domain bacteria, but there are also representatives from
archaca and eukarya, as well as virus'". The intestinal
habitat of an adult human individual contain more than
500 different species of bacteria, with 30-40 species
comprising up to 99% of the total population”, There is
a progressive increase in the number of bacteria along the
small bowel, from approximately 10" in the jejunum to 10
colony-forming units (CFU) per gram of luminal content
at the ileal end, with predominance of gram-negative
aerobes and some obligate anaerobes'"”. Anaerobes are
predominant in the colon, and bacterial counts reach
around 10" CFU per gram of luminal content. Bacteria
contribute to 60% of the fecal mass. Individuals exhibit
variation in the types and numbers of species within
their microflora. Conventional culturing techniques could
detect only -30% of total bacteria in the gut'", but the
use of molecular biologic techniques enhanced detection
capability of numbers and diversity of microflora™'".

Intestinal bacteria include native species that
permanently colonize the tract and a variable set of
microorganisms that transit temporarily through the
gastrointestinal tract. Native bacteria are primarily
acquired at birth and during the first year, but transient
bacteria ate being ingested continuously from the external
environment. The fetal gut is sterile, and bacterial
colonization, which is driven by contact between the infant
and its environment, is influenced by the mode of delivery,
hygiene levels and medications'. At a few days after birth
infant feces are rich in enterobacteria species, such as
E coli and Bifidobacterium, and these are soon influenced
by feeding habits. Early colonization may also depend on
genetic influences'. The pattern appear to be determined
in part by the host genotype, because similarity in fecal
bacterial species is much higher within twins than in
genetically unrelated couples who share environment and
dietary habits""”". Intestinal microflora plays an essential role
in the development of the gut immune system. Animals
bred in a germ-free environment possess architectural
abnormalities with crypt hyperplasia and lack of lymphoid
follicle development. Immediately after exposure to
microbes, the number of mucosal lymphocytes expands
in the lamina propria and increases the number of IgA-
secreting cells>",

Several studies using different methods have repeatedly
demonstrated that the fecal microflora as well as metabolic
activity differs between subjects with IBD and healthy
controls*"’, Recent molecular biology technique revealed
that in CD patients the proportion of enterobacteria is
increased"™'”, and this finding is compatible with previous
reports based in culture techniques'. A large part of
the dominant microflora (30%) was characterized in
undefined phylogenetic groups, indicating a presence of
major differences between CD and healthy individuals.
Other studies confirmed that Bacteroides vulgatus was the
only species shared by all CD patients in spite of unusual
dominant species. From the results of analyses of mucosa-
associated flora, Swidsinski ¢f a/ found high concentrations
of mucosal bacteria in patients with bowel inflammation,
but not in controls""”. The concentrations of mucosal
bacteria increased progressively with the severity of
disease, both in inflamed and non-inflamed colon"®. They

Bacterial counts (mean + SD) Positive rate (%)

uc Control uc Control

Total 6.63 +0.96 5.47 +0.96

Aerobes 6.23 +0.50 5.28 £2.47

Anaerobes 6.42+1.05 5.01+0.76
Clostridium 4.64 £2.07 3.74+2.02 61.1 429
Bacteroides 533+1.71 3.96 +1.66 94.4 85.7
Bifidobacterium 5.32+2.64 425+2.24 444 28.6
Eubacterium 473£2.13 2.73+1.53 333 57.1
Fusobacterium 0 414 +1.95 0 28.6
Actinomyces 2.28+0.83 0 55 0
Veillonella 4.82+1.79 0 111 0
Peptostreptococcus ~ 4.53 +2.17 1.80+1.14 38.8 28.6
Streptococcus 493 +233 3.03 £1.47 27.7 143
Peptococcus 3.35+1.34 0 11.1 0

logio numbers of organism/ g tissue. Reproduction from reference 20.

hypothesize that the healthy mucosa is capable of holding
back fecal bacteria and that this function is profoundly
disturbed in patients with IBD. These observations are
compatible with the report by Kleessen ef al™, They
demonstrated that more bacteria were detected on the
mucosal surface of IBD patients than on those of non-
IBD controls"”. Bacterial invasion of the mucosa was
evident in colonic specimens from the UC patients, in the
ileal and the colonic specimens from the CD patients, but
no bacteria were detected in the tissues of the controls.
Colonic UC specimens were colonized by a variety of
organisms, such as bacteria belonging to the gamma
subdivision of Proteobacteria, the Enterobacteriaceae, the
Bacteroides/ Prevotella clustet, the Clostridium histolyticum/
Clostridium lituseburense group, the Clostridium coccoides/
Eubacterium rectale group, high G + C Gram-positive
bacteria, or sulphate-reducing bacteria, while CD samples
harbored mainly bacteria belonging to the former three
groups. Previously, we also reported that the bacterial
counts for both aerobes and anaerobes increased in UC
patientslzoj. In particular, we detected the highest bacterial
counts of Bacteroides vunlgatus (Table 1). A high agglutination
titer against B. vulgatus, B. fragilis, and C. ramosum was
detected in most UC patients, and the percentage of
positive immunoreactivity was much higher in UC patients
than in healthy controls. The serum immunoreactivity (IgG)
against 26-kDa protein derived from B. wulgatus outer-
membrane was much higher in UC patients (53.8%) than
in the control sera (9.1%) (Figure 1). These results suggest
that B. wulgatus and a specific antibody response directed
against it may play an important role in the pathogenesis

of UC™

MUCOSAL RESPONSE TO LUMINAL
BACTERIA

General background

The search for specific pathogens that trigger intestinal
inflammation failed to produce conclusive results””!.
Instead, it has been found that reconstitution of germ-
free mice with commensal bacteria can be enough to

induce IBD in several gene-deficient as well as T cell
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Figure 1 Western blot analysis of serum antibodies (IgG) agaist outer-membrane
antigens of Bacteroides vulgatus isolated from an IBD patient. The arrow indicates
specific band. Reproduced from reference 20 with permission.

transfer models of IBD in mice™”". Therefore, instead
of a specific pathogen, a broad spectrum of bacteria may
contribute to the induction of intestinal inflammation.
Although metabolically active microbial cells and cell
wall components, such as lipopolysaccharide (LPS) and
peptidoglycan, present and contact to the host intestinal
mucosa, pro-inflammatory responses are absent in the
mucosa exposed to the resident luminal microflora. In
contrast, the capability to respond to luminal pathogenic
bacteria through recruitment of inflammatory cells
from systemic circulation is remaining. The probable
mechanisms underlying these responses are explained
by the standpoints of innate and adaptive immune
responselzq. In the intestine, components of innate
immunity are preexisting or rapidly activated, resulting
in induction or regulation of the highly specific adaptive
immune responses.

Recently, novel functions of mucosal dendritic cells
(DC) have been reported. Dendritic cells are critical to
innate and adaptive immunity as specialized antigen-
presenting cells. Hendrik e# 2/ showed that lamina propria
DCs form transepithelial dendrites which enable the cells
to directly sample antigens, such as commensal bacterial
componentsmj. It is likely that DCs take up directly
intestinal antigens through transepithelial dendrites and
activate an innate immune pathway that protects the
mucosa from pathogenic bacteria.

Toll-like receptors and their signaling

Highly conserved structures of pathogenic and commensal
bacteria, designated MAMPs (microbe-associated
molecular patterns), are recognized by pattern-recognition
receptors, such as TLR (Toll-like receptor)™". TLRs
comprise a family of pattern-recognition receptors that
detect conserved molecular products of microorganisms,
such as LPS and lipoteichoic acid (LTA), recognized by
TLR4 and TLR2, respectively. TLRs are expressed both
in epithelial cells and in phagocytic cells, thus functioning
as sensors of microbial infection. They are critical to
initiation of inflammatory and immune defense responses.
The bacterial ligands recognized by TLRs are not unique
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to pathogens, but are rather shared by entire classes of
bacteria, and are produced by commensal bacteria as well.
However, it remains unclear how the host distinguishes
between pathogenic and commensal bacteria. Two major
pathways are activated by TLRs*"* The first culminate
in activating the transcription factor NF-kB, which
acts as a master switch for inflammation. It regulates
the transcription of many genes that encode proteins
involved in immunity and inflammation. The second
leads to activation of MAP kinases p38 and Jun amino-
terminal kinase (JNK), which also participate in increased
transcription and regulate the stability of mRNAs that
contain AU repeats. With the exception of TLR3, all
TLRs activate NF-kB and MAP kinases via a pathway
that involves MyD88, IRAK (IL-1 receptor associated
kinase)-4 and TRAK-1"". There are specific differences
in the ultimate gene expression profile that results from
the activation of individual TLRs, although the precise
mechanisms are unclear. A set of adaptor proteins that
are differentially recruited to TLRs may be involved in the
molecular basis of this specific gene induction™”

MyD88 is an adaptor protein for TLRs, and similar
to TLRs, it has a Toll-TL-1 receptor (TTR) domain®"***,
Signaling may be initiated by recruitment of MyD88 to
TLRs through TIR-TIR interactions. Interaction between
MyD88 and TLRs leads to the recruitment of IRAK-4.
IRAK-4 becomes activated and is phosphorylated to
IRAK-1, resulting in activation of TRAF6P. TRAF6
activation results in activation of NF-kB and MAP kinases.
Other proteins, such as Tollip, ECSIT, Pellinos, MEKK1
and MEKKS3 have also been implicated in this pathway.

Recently, two different groups reported that MyD88-
deficient mice reveal an increased susceptibility to dextran
sodium sulfate (DSS) colitis”®**. MyD88-deficient mice
showed an increased mortality and morbidity, as well as
aggravation of colitis, following DSS administration. In
MyD88-deficient mice, mucosal proliferative zone was
expanded and number of proliferating cells increased,
indicating dysregulated proliferation and differentiation
of intestinal epithelium. Interestingly, similar responses
were also observed in TLR2- and TLR4-deficient mice.
Increased susceptibility to intestinal injury in MyD88-
deficient mice was accompanied with defective production
of cytoprotective and reparative factors, such as IL-6, TNE,
KC-1 and heat-shock proteins™. These findings indicate
that TLR signaling via the MyD88-dependent pathway
conferred protection from the mortality, morbidity and
colonic damage caused by the administration of the
injurious agent DSS. Since DSS is capable to induce severe
morbidity and mortality in wild mice where commensal
microflora had been depleted by antibiotics, , Authors have
concluded that recognition of commensal microflora by
TLRs is required for keeping intestinal homeostasis.

Several mechanisms have been proposed to explain how
the epithelium discriminates pathogens from commensals
in order to trigger TLR signaling, Although they express
similar MAMP, pathogens differ from commensals mainly
in their ability to colonize host mucosal surfaces and
invade the host. Differences attributed to the differential
expression of adhesion molecules. Recently-proposed
speculation is that in the gut, the commensal-specific
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TLR/MyD88 pathway permits the symbiotic relationship
between the microflora and the host, while pathogen-
specific virulence factors are required to trigger pro-
inflammatory responses via the usage of additional TLR
co-receptor and/or adaptor molecules for disease-causing

. [29,37]
organisms~ .

NOD2/CARD15

The putative intracellular peptidoglycan receptor NOD2
(CARD15) is a member of the Apaf-1/CARD supetfamily
and is composed of an N-terminal caspase recruitment
domain (CARD), a centrally located nucleotide-binding
oligomerization domain (NOD) and 10C-terminal-located
leucine-rich repeats (LRRS)BS’”]. NOD?2 was found to be
expressed in antigen-presenting cells such as monocytes/
macrophages, but more recent studies revealed abundant
presence of NOD2 in epithelial Paneth cells of the small
intestine as well as in other epithelial cells™*. NOD2
has been shown to recognize intracellular peptidoglycan
fragments (e.g. muramyl dipeptide, MDP) through its LRR
region leading to pro-inflammatory responses through
activation of NF-kB. NOD2 serves as an intracellular
pattern recognition receptor to enhance host defense by
inducing the production of antimicrobial peptides such as
human beta-defensin-2"".

Several studies have shown that mutations in the LRR
region of NODZ2 are associated with susceptibility to
Crohn’s disease™!. The molecular mechanisms by which
mutations in the NOD2 gene cause Crohn’s disease are
still emerging. However, it is supposed that decreased
production of antimicrobial peptides, such as defensins,
may promote bacterial-mediated inflammation in Crohn’
s disease”™. Recent study demonstrated that NOD?2
mutation in CD potenciates NF-xB activity and 1L-1
processing, suggesting initiation and/or promotion of

. . 42
mucosal inflammation!”,

THERAPEUTIC STRATEGIES TARGETING
MICROFLORA IN IBD

IBD continues to be an enigmatic disorder with obvious
potential to improve therapeutic target and outcomes™.
Established therapies for IBD include the aminosalicylates,
corticosteroids, and immunosuppressive drugs. An increas-
ing number of novel and alternative therapeutic approach-
es are in progressw. New biologic therapies include the
targeting of proinflaimmatory cytokines, enhancement or
infusion of anti-inflammatory cytokines, blocking intravas-
cular adhesion molecules, and modifying T-cell functions.
Recently, therapeutic approaches to modifying intestinal
microflora have been attempted by using prebiotics and
probiotics. In addition, antibiotic therapies continue to be
used >,

Prebiotics

Prebiotics are nondigestible food constituents that benefit
the host by selectively stimulating the growth or activity
of one or a limited number of bacterial species already
resident in the colon®”. Some examples of prebiotics are
dietary fiber and some types of oligosaccharides. Intake of

prebiotics can significantly alter the colonic microflora by
increasing the populations of certain bacteria and thereby
quantitatively changing the composition of the micro-
flora™*), These alterations may act beneficially, in part, by
causing a luminal reduction of short-chain fatty acids (SC-
FAs), which are both important nutrients for the intestine
and inducers of an acidic environment %, Among the
SCFAs, butyrate most effectively protects intestinal mu-
cosa against injury and promotes mucosal healing™”*’,
Lactosucrose: Lactosuctose, an indigestible oligosaccha-
ride, is a water-soluble dietary fiber with the potency of
modulating microflora. Ohkusa e a/ teported that a daily
6-gram intake of lactosucrose significantly increased the
percentage of Bifidobacterium sp and the total number
of bacteria in healthy subjects®™ . The treatment also
reduced fecal ammonia levels but had no effect on fecal
SCFA, pH, and water content. It has been reported that an
elemental diet or low-fat, low-residual diet decreases anaet-
obic bacteria and changes the composition of microflora
in IBD patients. Teramoto e a/ showed that the continuous
administration of lactosuctrose for 2 wk led to an increase
of Bifidobacterium and a decrease of Bacteroidaceae in
patients with IBD"”,

Oligofructose and inulin: Inulin and oligofructose are
comparable to dietary fiber in that they are composed of
multiple saccharide units, which are indigestible by the en-
zymes in mammalian small intestine. The saccharide chain
in inulin is longer than in oligofructose. Inulin and oligof-
ructose show similar physiological functions in the intes-
tine. It is generally recognized that inulin stimulates the
generation of butyrate and the growth of lactic acid bacte-
tia (LAB) in the colons of healthy subjects™*". Videla et a/
examined the efficacy of inulin in a dextran sodium sulfate
(DSS)-induced colitis model, demonstrating that it sig-
nificantly attenuates inflammation as assessed by mucosal
damage and both colonic eicosanoid and myeloperoxidase
concentrations” . The treatment also led to an increase of
Lactobacillus and a decrease of luminal pH and fecal water
content. To our knowledge, no clinical trials to confirm
the benefit from either inulin or oligofructose have been
performed.

Bran: The laxative effect of wheat bran has long been
recognized. Although not potent, bran is used widely be-
cause of its harmlessness. A Swedish group examined the
effect of wheat bran supplementation on the composition
of fecal bile acid and microflora in juvenile patients with
UC. Although the clinical activity was not described, wheat
bran significantly decreased the number of Bacteroides and
the concentration of total and unconjugated bile acid®™,
Psyllium: Psyllium, also called Ispaghula husk or Plan-
tago ovata, is a water-soluble dietary fiber. Buhman ez a/
suggested that psyllium has a hypocholesterolemic effect,
based on its hydrocolloid, a gel-forming potency””*,
Feeding of psyllium significantly decreases the cholesterol
content as well as the cholesterol 7-alpha hydroxylase ac-
tivity in the rat liver. Hallert e/ a/ published the first report
describing the clinical efficacy of psyllium in patients with
UC, Psyllium significantly attenuates clinical symptoms
compared with placebo treatment. After this first report
was published, a large-scale clinical trial was organized in
UC patients by Fernandez-Banares e/ al®. In this trial, they
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found no significant differences in the remission periods
of patients given psyllium treatment and patients given sul-
fasalazine treatment, although there was an increase in fe-
cal butyrate in the psyllium patients. The authors therefore
concluded that psyllium may be as effective as sulfasalazine
in maintaining remission in patients with CD.
Germinated barley foodstuff (GBF): GBFE, which is
derived from the aleuronic layer and scutellum fractions
of germinated barley, consists mainly of dietary fiber and
glutamine-rich protein***"*. The fiber fraction of GBF
consists mainly of low-lignified hemicellulose, which has
a large water-holding capacity™). GBF contains glutamine,
which is another important nutrient for epithelial

cells™™***% In germination process, GBF obtains these
two unique characteristics of being a glutamine-rich pro-
tein and having a conspicuous water holding capacity®
In the intestinal lumen, the dietary fiber fraction of GBF
is utilized efficiently by Bifidobacterium ot Lactobacillus and
converted to lactate and acetate. Coexistence of Bifidobacte-
rinm and Eubacterium limosum increases butyrate production
from GBF*, The endogenous bacterial butyrate pro-
duced from GBF is immediately absorbed by the intestinal
epithelial cells and utilized by them as an efficient fuel. The
watet holding capacity of GBF is much higher than other
representative watet-insoluble dietary fibers, for example,
wheat bran, cellulose powder, and sugar beet fiber.

Treatment of rat DSS colitis with GBF in a preventive
mode led to a significant improvement of the clinical and
pathological signs of colitis and a decrease in serum 11.-8
and alpha 1-acid-glycoprotein. The improvements were
associated with an induction of luminal butyrate and ben-
eficial organisms, such as Bifidobacterium and Eubacterinm.
In a therapeutic mode, GBF was comparably effective
against mucosal inflammation and more effective against
diarrhea when compared with sulfasalazine!™. The anti-
inflammatory action of GBF was markedly reduced by the
concomitant administration of SCFA B-oxidation inhibi-
tor (ibuprofen) and GBE, indicating a butyrate-dependent
anti-inflammatory mechanism'”. In addition to its role as a
preferential nutrient for colonocytes, the butyrate also acts
as an anti-inflammatory agent by functionally inactivating
nuclear factorkB®. Of the GBF constituents, the fiber
fraction, but not its protein fraction, drastically mitigated
mucosal damage with an increase of luminal butyrate.
GBF significantly increased the number of Eubacterium and
Bifidobacterinm, with a concomitant decrease in luminal pH.
In the HLLA-B27 transgenic rat, a representative model of
spontaneous colitis, GBF improves the clinical and patho-
logical signs of colitis with an increase in luminal butyrate
levels'™.

The first trial enrolled 10 patients with mild to modet-
ately active UC who had been unresponsive to ot intolet-
ant of standard treatment””. The patients consumed 30 g
of GBF 3 times daily for 4 wk in a nonrandomized, open-
label fashion. At 4 wk, treatment with GBF resulted in
clinical and endoscopic improvement with an increase in
fecal butyrate. Despite continued treatment with standard
drugs, the patients had an exacerbation of the disease with-
in 4 wk after discontinuing GBF treatment. A subsequent
multicenter trial with 28 patients conducted in the same
fashion showed a similar benefit from GBE Eighteen pa-

www.wjgnet.com

tients with mild to moderately active UC were divided into
two groups using a random allocation protocol. The con-
trol group (» = 7) were given a baseline anti-inflammatory
therapy, and the GBF-treated group (# = 11) received 20
to 30 g of GBF daily together with the baseline treatment.
After 4 wk of observation, the GBF group showed a sig-
nificant dectease in clinical activity index scores compared
with the control group. No side effects related to GBF
were observed™. GBF increased fecal concentrations of
Bifidobacterium and Eubacterinm limosum. Twenty-one patients
with moderately active UC patients were treated with 20-30
g/d of GBF for 24 wk. GBF signiﬁcantly reduced clinical
activity as compared to the control group”™. Furthermore,
GBF prolonged remission in UC patients”".

Probiotics

In the intestinal lumen of IBD patients, balance between
commensal and detrimental bacteria has been broken
down with secondary harm on immune system activities.
However, the changes in microbiotic composition may
be transient; and implantation of exogenous bacteria will
have a limited applicability'[2'44’46]. Probiotics are live micro-
organisms administered to alter the intestinal microflora
and confer a beneficial effect on health”. Potential mecha-
nisms of probiotic action include competitive interactions,
production of antimicrobial metabolites, influences on the
epithelium, and immune modulation***. However, such
changes may be transient, and therefore the implantation
of exogenous bacteria has a limited usefulness at present.
Restoring the microbial balance using probiotics may be
the most physiologic and non-toxic way to prevent and
treat IBD.

VSL#3: 11.-10 knockout mice develop colitis when they
are raised under conventional facilities but not under
germ-free conditions. Prior treatment of IL-10 knockout
mice with antibiotics prevented the subsequent onset of
colitis, suggesting that the exposure to intestinal bacteria
during the neonatal period influences later disease progres-
sion. The use of VSL#3, a probiotic preparation contain-
ing three strains of Bifidobacterium, four strains of Lactoba-
cill, and one strain of Streptococcus salivarius ssp. thermophilus
completely normalized the physiological transport function
and bartier integrity and also inhibited mucosal TNFq and
IFNy productlon . In vitro studies showed that epithelial
barrier function and resistance to Salmonella invasion
could be enhanced by exposure to a proteinaceous soluble
factor secreted by the bacteria found in the VSL#3
compound”. There are increasing number of reports
describing anti-inflammatory effects of VSL#3".

In a clinical trial, daily administration of VSL#3
prevented relapse of chronic pouchitis after induction
of remission by antibiotics. Moreover, every patients
relapsed Within 3 mo of stopping VSL#3"™!. These were
rephcated | and prospective study was perforrned[ 9 1In
this study, 2 of 20 patients (2%) receiving VSL#3 for one
year developed pouchitis versus 40% of placebo-treated
patients. Uncontrolled pilot studies have indicated that
VSL#3 maintained remission of UC in 75% of patients
> The results showed that this probiotic
preparation could colonize the intestine, and might be use-
ful in maintaining remission in UC. As another study, 32

over 12 mo
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ambulatory patients with active UC received open label
VSL#3, 3600 billion bacteria daily in two divided doses
for 6 wk. Treatment of patients with mild to moderate
UC, not responding to conventional therapy, with VSL#3
resulted in a combined induction of remission/response
rate of 77% with no adverse events. At least some of the
bacterial species incorporated in the probiotic product
reached the target site in amounts that could be detected'”.
Nissle1917: Previous trials have examined the efficacy
of a non-pathogenic strain of Escherichia coli originally
called Nissle1917. In the first pilot study, capsules contain-
ing this strain of E co/i wete compared with a placebo for
the maintenance of prednisolone-induced remission of
colonic CD"™. After 12 wk of treatment, there was no sig-
nificant difference between the Nissle and control groups.
Rembacken e# a/ described a single-center trial in which
116 patients with UC were randomized to receive either
mesalazine or this non-pathogenic E /i strain®™. Initial
responses to treatment were similar, with remission being
noted in 75% and 68% of those receiving mesalazine and
E coli, respectively. Even more impressive were the main-
tenance benefits; respectively, 73% and 67% of patients
remained in remission for 12 mo™.

Clostridium butyricum: Araki ef a/ reported that the anti-
colitis effect of Japanese microbial preparation (MIYA-
IRI-588) was examined in a dextran sulfate sodium (DSS)-
induced rodent colitis model®™. This preparation itself
did not display any therapeutic effect. Another probiotic
mixture (Lactobacillus, Clostridium butyricum and Streptococens
faecalis; Biothree: Towa Kasei Co., Ltd, Tokyo, Japan) was
also evaluated in a DSS colitis model, by Fukuda ez a/*”.
Although the benefits on colon histology were not signifi-
cant, diarrhea was significantly decreased by treatment in
comparison to the control group 66) Further trials in pa-
tients with IBD would be desirable.
Bifidobacterium-fermented milk: The preventive ef-
fect of lactic acid bacteria (LAB - Bifidobacterium breve,
Bifidobacterinm bifidum and Lactobacillus acidophilus)-fermented
milk was determined in SAMP1/Yit mice™. Administra-
tion of LAB-fermented milk to mice reduced histologi-
cal injury scores, compared with those in saline-treated
or unfermented milk-treated mice. Treatment with LAB-
fermented milk also reduced ileal tissue weight and my-
eloperoxidase activity. Moreover, the tissue contents of im-
munoglobulin such as IgG1 and IgG2a were lower in the
inflammatory regions in the LAB-fermented milk-treated
group than in the control group. A decreased release of
Info and TNFa with an increase of 1L-10 from mesentet-
ic lymph node cells were observed in the LAB-fermented
milk treated group.

Lactococci-secreting IL-10: Steidler ¢# a/ described the
use of transgenic Lactococcus lactis capable of secreting
bioactive 1L-10 in both the DSS and IL-10 knockout mod-
els of colitis™*, The authors observed an inhibition of
spontaneous colitis development in I11.-10 knockout mice
that was mediated by relatively low concentrations of the
Lactococcus-borne cytokine. These experiments provide
the basis for the use of genetically modified organisms
designed for delivery of biologically relevant therapeutic
molecules.

Synbiotics

A synbiotic is a combination of one or more probiotics
and prebiotics®*. Prebiotics may enhance the survival of
probiotic strains, as well as stimulating activity of the host’
s endogenous bacteria. Bengmark suggests that clinical
effects vary from modest effects to significant effects as
one goes from single-strain of probiotics < multistrain
probiotics < or - < single-strain/single fiber synbiotics
< multistrain/multifiber synbiotics®”. Kanamori e# a/ re-
ported that combination therapy with Bifidobacterinum breve,
Lactobacillus casei, and galactooligosaccharides dramatically
improved the intestinal function in a girl with short bowel
syndrome™™, Roller e# 2/ demonstrated that combination of
oligofructose-enriched inulin combined with Lactobacillus
and Bifidobacterium suppressed colon carcinogenesis by
modulating functions of gut-associated lymphoid tissue™.
They also reported that same synbiotic formula stimulated
secretion of secretory-IgA and IL-10 production in
the cecum"”. A symbiotic preparation of Bifidobacterinm
combined with galacto-oligosaccharides protects against
Salmonella infection in mice””. Thus, synbiotics modulate
mucosal immune responses and exert anti-inflammatory
effects. We are not aware of any trial design to evaluate
potential benefit of synbiotics in IBD patients.

Antibiotics

A few trials of antibacterial agents have been conducted
in UC with controversial results. Oral vancomycin and in-
travenous metronidazole were not beneficial in active UC
both as single or adjunctive given therapy””*. Tobramycin,
a nonabsorbable, gram-negative specificantibiotic , induced
a significant improvement in the short term compared to
placebo in UC. However, the improvement was lost at long
term follow-up. In addition, the association of tobramycin
and metronidazole did not implemented the outcome in
patients with severe UC treated by conventional therapy
(steroids)™. In a a, double-blind placebo-controlled trial
run on a small sample, the use of rifaximin (a nonabsorba-
ble, wide-spectrum antibiotic) led to a significant improve-
ment in both clinical and endoscopic activity”™,

A more definite role for antibiotics in UC is in the
treatment of pouchitis, where conditions are favourable to
bacterial overgrowthm. It has been suggested that anaer-
obes induce pouch inflammation, but some investigators
have found a relative increase of aerobic bacteria in pou-
chitis. In pouchitis, Bacteroides species are present in low
numbers, whereas E co/i numbers are increased, but not
correlated with the degree of inflammation. Luminal pH
is increased, enhancing proteolytic enzyme activity and
mucin degradation. Current data suggest that dysbiosis of
luminal organisms contributes to pouch inflammation in a
susceptible host. Treatment with metronidazole, ciproxin
and/or rifaximin leads to a significant decrease of the total
number of the following anaerobes and acrobes in fecal
samples: Enterococci, Lactobacilli, Bifidovacteria, and Bacter-
oides”™.

Antibiotics are largely used in clinical practice for
treating active CD and provide more satisfactory results.
Controlled trials have supported this treatment” Y. In a
placebo-controlled trial, both low-dose (10 mg/kg per day)
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and high-dose (20 mg/kg per day) metronidazole were
more effective than a placebo in colonic CD. In a control-
led trial to study the combination of metronidazole and
ciprofloxacin versus methylprednisolone for active CD,
after 12 wk there was no statistically significant difference
in remission rates of the two groups. More recently, cipro-
floxaxin was shown to be effective as mesalazine in induc-
ing remission in patients with active CD. Antibiotics do
have a role in at least a subset of cases; but we must keep
in mind that treatment with antibiotics may have some dis-
advantages, such as non-specific effect on the enteric flora,
the possibility of inducing an antibiotic resistance, and the
risk of Clostridium difficile superinfection.

In conclusion, the pathogenesis of IBD may be as-
sociated with imbalance in the intestinal microflora with a
relative predominance of "aggtessive" bacteria and paucity
of "protective" organisms. Manipulation of the intestinal
flora may represent a highly physiologic, nontoxic way to
prevent and treat IBD. Although these strategies appeat
promising and may be actually useful in specific settings,
more studies are are needed to establish the relevance of
these therapies.
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