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Abbreviations:

Polysaccharide A (PSA) Antigen presenting cells (APCs)
Inflammatory bowel disease (IBD) Lipoteichoic acid (LTA)
Lactobacillus rhamnosus GG (LGGQG) Ulcerative colitis (UC)

Crohn’s disease (CD)

Introduction:

Despite the substantial progress made in research, the cause of Inflammatory
Bowel Disease (IBD) remains unknown. Genetic, environmental, and host immune
factors all seem to play a role in the pathophysiology of the disease. In the last two
decades, molecular tools have advanced to accurately identify and quantify different
intestinal bacteria "'\, With highly sensitive tools now available, many researchers have
focused on the environmental effects on the intestinal microflora in promoting
inflammation and disease. A disruption in the delicate balance of beneficial and
pathologic bacteria in the intestines can induce an inflammatory response, playing a
major role in pathogenesis. In light of this bacterial dysbiosis theory came the rise in
popularity of using probiotics in conjunction with standard IBD treatment. Probiotics
like Lactobacilus rhamnosus GG are thought to modulate immune responses to suppress
inflammation, compete with pathogenic bacteria for space to flourish, and maintain a
healthy mucosa *!. Although the mechanism by which these beneficial bacteria exert its
anti-inflammatory actions is not well understood, probiotics are commonly used in the
treatment of IBD. The efficacy of probiotics in maintaining and prolonging remission,
however, is still highly debated. Some studies show remarkable improvement in patients’
health when they take probiotics while others show no beneficial effect '*. The moderate
and sometimes inconclusive results of probiotics reflect just how little concrete
knowledge we possess on its immunomodulatory mechanisms.

In a recent article published in Nature of May 2008, a single bacterium previously
unknown to have anti-inflammatory actions was found to decrease inflammation in mice
through the production of a polysaccharide *!. Investigation into Bacteriodes fragilis and
polysaccharide A (PSA) revealed that PSA exerts its effects through the activation of T-
cells that corrects the imbalance of leukocytes and cytokines of the intestinal immune
system. The study of PSA has started off with a terrific bound with a great potential for
further research. The ultimate effect of probiotics and PSA seem similar, but stronger and
more concrete knowledge on how each interact and modulate the immune system will be
crucial in advancing IBD therapy.

Research on the probiotic Lactobacillus rhamnosus and its obstacles:

Lactobacillus rhamnosus GG (LGG) is a gram positive bacteria that is widely
used in probiotic therapy. Various studies propose different mechanisms by which LGG
promotes a healthy gut. Some propose that LGG dampens the body’s adaptive immune
response by decreasing the production of pro-inflammatory cytokines. For example,
some studies have found that LGG affects T-cell activity through the production of
chemical messages that modulate dendritic cell function, ultimately leading to T-cell
hyporesponsiveness 4 Other groups have found specific growth factors produced by
LGG, such as granulocyte colony stimulating factor (G-CSF), to induce signal



transducers and activators of transcription (STAT3) activation, reduce c-Jun-N-terminal
kinases (JNK) activation, and ultimately inhibit TNF o transcription by macrophages .
Other studies suggest that LGG stimulates the host’s innate immune response.
Inflammatory cytokines such as TNF a and IL-6 are increased with the introduction of
LGG, which is thought to protect the intestines from pathologic bacteria '*!. Clinical
trials have also revealed that LGG stimulates a nonspecific humoral response resulting in
an increase of antibody producing lymphocytes '®!.  Specific LGG DNA sequences also
have been found to stimulate pro-inflammatory cytokines by antigen presenting cells
(APCs) and B-cells . LGG modulates the immune system in various ways, making it
difficult to identify and distinguish more beneficial actions from less advantageous or
even harmful actions. The beneficial effects of LGG most likely arise from a
combination of different mechanism that alters the immune system.

The human immune system interacts with various LGG wall components and
secretions. Lipoteichoic acid (LTA) rather than capsular proteins and peptidoglycans
seem to promote a more significant immune response, although no concrete evidence has
been shown ®”. Soluble protein factors that are produced and secreted by LGG also
seem to act as antigens''”. The beneficial immune response of LGG is most likely
induced by the presentation of different antigens to APCs.

In refining probiotic research, it also may be necessary to rethink who really
benefits from probiotic organisms. Based on clinical trials, LGG seems to benefit
patients with ulcerative colitis (UC) much more than patients with Crohn’s disease (CD).
LGG alone successfully maintains remission in patients with UC, while having no benefit
in maintaining remission in patients with CD "', Whether or not the same probiotics
would benefit both patients with UC or CD is questionable, yet many physicians advise
their use. As in the case of LGG, certain bacteria may be more beneficial to one type of
IBD more then the other, raising the idea of specially formulated probiotics unique for
UC or CD (see Table 1) """, The difference in response to LGG may be due to the fact
that the inflammation of UC is predominantly mediated by Th2 T-cells while CD is a T-
cell Th1/Th17 inflammation ). Certain Lactobacillus strains have been noted to induce
regulatory T-cells to decrease inflammation 14" Inflammation in UC may benefit more
from the cytokines produced by regulatory T-cells. Such discoveries reinforce the
importance of understanding the mechanism of probiotics to better restrict its use only in
conditions that would truly benefit from its actions. Patients with IBD take many pills
ranging from vitamin supplements to steroids, and taking ten to twenty pills a day may
not be uncommon. Therefore proper identification of beneficial organisms is crucial in
relieving patients from unnecessary pills and medication.

Polysaccharide A and its Overall effects:

The recent discovery of the immunoregulatory actions of PSA has opened a door
to a completely new area of study, specifically on how polysaccharide bacterial antigens
are processed by the human immune system. B. fragilis produces and encases itself
within a capsular polysaccharide complex. There are two main polysaccharides, PSA and
PSB, that comprise this complex but it has been noted that this complex can contain up to
eight different types of polysaccharides "' PSA has a high molecular weight of



roughly 110kD and is made up of several hundred repeating units of a tetrasaccharide (7,

The unique immunomodulatory effects that PSA exhibits seem to come from the
zwitterionic nature of the sugar M4,
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Fig. 1. a) Single unit of PSA tetrasaccharide. b) 3-D model of four
tetrasaccharide units from PSA2 (a molecule similar to PSA that is produced by B.
fragilis). In the lower image, blue areas represent positive charges and red represents
negative charges. Adapted by permission from Macmillan Publishers Ltd: Nature
Reviews Immunology "), (2006).

Intestinal epithelia and leukocytes interact with bacteria to produce a variety of different
chemical messages that modulate inflammation. When disease animal models were
colonized with B. fragilis producing PSA, the expression of pro-inflammatory cytokines
TNF o, IL-23, and IL-17 were suppressed while the immunomodulatory cytokine IL-10
expression increased. Animals were also protected from body wasting due to diarrhea
and colonic hyperplasia secondary to inflammation ). Perhaps the most exciting
discovery in the studies of PSA is its active role in IL-10 production. IL-10 produced by
activated T-cells allows for control of APC activity by inhibiting the production of
inflammatory cytokines "*?”! This results in a large anti-inflammatory effect since
multiple cell types are affected and various inflammatory cytokines are reduced. LGG, on
the other hand, does not exert such strong control over APCs, thus the anti-inflammatory
effects it may have may be minute when compared to PSA. In short, IL-10 may be the
key player in modulating the immune system.

T-cell recognition of PSA:

PSA recognition by leukocytes seems to differ from the typical way in which
polysaccharides are detected. It does not act as a T-cell independent antigen or a
superantigen. PSA activates CD4 T-cells through presentation on APCs expressing
MHC-II. PSA is recognized by APCs (dendritic cells, macrophages, and B-cells) and is
engulfed into endosomes. It has been proposed that dendritic cells of the gut-associated
lymphoid tissue (GALT) detect PSA crossing the epithelia or actively sample PSA in the
gut by extending their arms through the epithelia !'®!. Once internalized, PSA is broken
down into smaller fragments through the action of nitric oxide synthase 2 (NOS2) and the
nitric oxide that it produces. Fragments are then presented on HLA-DR molecules on
MHC-II ! The zwitterionic nature of PSA is thought to play a critical role in its docking
to the MHC. The “groove —binding model” suggests that the repetitive positive and



negative units on each sugar unit twist the polysaccharide chain into a helical structure
with the charges facing the outside *'. Tt is proposed that PSA fragments fit within the
alpha-helices of the peptide-binding groove on the HLA-DR molecule of the MHC and
becomes displayed for T-cell activation. Thus presentation of PSA on APCs mimic
protein antigen presentation almost entirely, except for the difference in fragmentation, as
protein antigens are cleaved by proteolytic enzymes.

Publishers Ltd: Nature Reviews Immunology "'*!, (2006).

Once PSA is internalized, MHC-II molecules as well as co-stimulatory molecules
CD40, CD80, and/or CD86 are up-regulated to the dendritic cell surface [18]. The APC
travels through the lymph to the mesenteric lymph nodes where it meets naive T-cells. A
CD4 T-cell receptor physically interacts with the MHC molecule presenting the PSA
fragment, and along with the proper co-stimulatory signals, becomes activated. In animal
models, these mature CD4 T-cells protect the intestines from inflammation by regulating
inflammatory cytokine production "*.

Up until recently, the beneficial effects of B. fragilis have been unknown.
However, with the clear identification of PSA as an antigen, researchers will be able to
focus their studies on its interaction with the immune system. Further study of B. fragilis
and PSA may lead to future use of it in IBD therapy. Once the safety of purified PSA is
established, it may be evaluated in clinical trials for the treatment of IBD. Investigation
of other PSA induced responses such as unwanted side effects may be an interesting area
of study, along with how PSA is absorbed, distributed, metabolized, and excreted by the
body. LGG and B. fragilis are two different organisms, one widely used in IBD
treatment but with recent faltering popularity, and the other just entering the spotlight but
with immense potential. How each will prove its worth in the following years will
largely depend on what further research reveals.

Table 1 Major outcomes from three clinical trials with the probiotic Lactobacillus
rhamnosus (LGG).

Ref. # | Type of trial | Population | Treatment Duration | Clinical Outcome
size (n) groups monitoring




UC: Maintenance of remission

11

Randomized,
open label

187

LGG vs LGG
+ Mesalamine
vs Mesalamine

12 mo

Physical
examination

No difference
in % of pts in
remission

every 3 mo,
colonoscopy
at0, 6, & 12
mo.

among
treatment
groups.

CD: Inducing remission

22

LGG Vs
placebo

Randomized, | 11
double blind

Follow up
visits at 2, 4,
8,12, 18, &
24 wks.

inducing
remission.

CD: Maintenance of remission

12

Randomized, | 75
double blind

LGG Vs
placebo (with
concomitant
maintenance
drugs,
mesalamine, 6-
MP,
corticosteroids)

Follow
visits
physical
exam and
lab tests
every 3 mo.

2 yrs or
until
relapse

up
with | time

relapse

relapse.
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