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PREBIOTICS AND HUMAN IMMUNE FUNCTION
By Amy R Lomax

Prebiotics are defined as “non-digestible food ingredients that beneficially affect the
host by selectively stimulating the growth, and/or activity, of one or a limited number
of beneficial bacteria in the colon and thus improve host health”. Prebiotics include the
R2-1 fructans, molecules which contain fructosyl-fructose linkages. A review of studies
conducted in laboratory animals and in humans indicated that R2-1 fructans may
modulate some aspects of immune function, improve the host’s ability to respond to
certain intestinal infections, and to modify some inflammatory outcomes. Studies
looking at these same outcomes in humans supplemented with probiotics were also
reviewed, and overall, the picture that emerges from these studies is mixed and there
appear to be large species and strain differences in effects seen. This thesis describes
a study that investigated the effect of Orafti® Synergyl on the functioning of the
immune system in healthy human middle-aged adults, an age group that is
underrepresented in the literature. A pilot study was conducted initially in order to
develop a vaccination protocol, as response to vaccination has been identified as the
most meaningful measure of the immune response. This protocol was then used in an
intervention study to investigate the effect of R2-1 fructans on human immune
responses. Healthy adults aged 45 - 65 years {n = 22 in test group, n = 21 in placebo
group) were supplemented with Orafti® Synergyl (8 g/d for eight weeks) or
maltodextrin, and vaccinated with the 2008/2009 seasonal influenza vaccination after
four weeks. Fasting blood samples were taken at baseline (week zero) and weeks four,
six and eight for analysis of various systemic immune parameters; anti-vaccine
antibodies (the primary outcome), total antibody concentrations, immune cell
phenotypes, neutrophil and monocyte phagocytosis and oxidative burst, ex vivo
lymphocyte responsiveness (activation, proliferation and cytokine production) to the
mitogen concanavalin A (ConA) and the vaccine. Faecal bifidobacteria were measured
at weeks zero and four. Supplementation with Orafti® Synergyl (8 g/d) for four weeks
had a bifidogengic effect. However, no effect of the supplement was seen on immune
function measured in the absence of vaccination. Furthermore, few differences were
seen between groups in most immune outcomes measured post-vaccination. However,
two important and novel observations were made. First, the prebiotic supplement
enhanced the antibody response to the HAH3_UR strain of the vaccine (p = 0.0019),
and enhanced the IgGl-specific antibody response to the vaccine (p = 0.0019).
Therefore, it can be concluded that Orafti” Synergyl is able to alter some aspects of
immune function in healthy middle-aged adults.
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1.1 GENERAL STATEMENT

The objective of this research project is to identify the effect of R2-1 fructan-type
prebiotics on human immune function with the primary outcome being response to
influenza vaccination. The project has the following aims:

1.To identify, assemble, and critically review the existing literature on R2-1 fructans
with regard to immune function, infections, inflammation and inflammatory
conditions;

2.To identify, assemble, and critically review the existing literature on probiotics with
regard to immune function, infections, inflammation and inflammatory conditions in
humans;

3.To conduct a pilot study in order to establish an influenza vaccination protocol as a
useable experimental tool;

4.To conduct an intervention study with R2-1 fructans in human volunteers to
evaluate the effect on the immune response with the primary outcome being
response to influenza vaccination and secondary outcomes being faecal

bifidobacteria counts and a range of immune cell responses tested ex vivo.
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1.2 THE IMMUNE SYSTEM
1.2.1 INTRODUCTION

The function of the immune system is to protect the host from infectious agents which
exist in the environment (such as bacteria, viruses, fungi, parasites) and from other
noxious insults. The immune system has two functional divisions: the innate (or natural)
immune system and the acquired (also termed specific or adaptive) immune system (Table
1).

Natural (innate) immune Acquired (specific) immune
system system
Physicochemical Skin Cutaneous and mucosal immune
Barriers Acid pH of stomach systems
Commensal gut bacteria Antibodies in mucosal
Mucous membranes secretions
Circulating Complement Antibodies
Molecules
Cells Phagocytes Lymphocytes
Natural killer cells
Soluble mediators | Macrophage-derived cytokines | Lymphocyte-derived cytokines

Table 1 : Components of the innate and acquired immune systems (from Calder 2007)(1)

When present in the bloodstream, cells of the immune system are termed white blood
cells, or leukocytes, and there are two main categories of these: phagocytes (neutrophils,
other granulocytes, and monocytes) and lymphocytes (T lymphocytes, B lymphocytes and
natural killer (NK) cells). The relative contribution of the different cells of the immune

system to total blood leukocytes in humans is shown in Table 2.

Leukocyte type Contribution (%)
Neutrophils (% leukocytes) 50-70
Eosinophils (% leukocytes) 0-3
Basophils (% leukocytes) 0-1
Monocytes (% leukocytes) 1-10
Lymphocytes (% leukocytes) 20 - 40

- T cells (% lymphocytes) 70

- B cells (% lymphocytes) 10 - 20

Table 2 : Distribution of blood leukocytes in adult humans (from Abbas 1994)(2)
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upon activation, and secrete granule proteins capable of producing a transmembrane

plug in the membrane of the target cell.

Mast cells and basophils are functionally similar to one another. Mast cells contain
abundant granules containing inflammatory mediators (histamine), prostaglandins and
leukotrienes. These are released when either C3a or C5a binds (components of the
complement system, see section 1.2.2.5), or when immunoglobulin (Ig) E and antigen
bind to IgE receptors (FceRl) on the mast cell surface. There are two types of mast cell:
connective tissue mast cells and mucosal mast cells. Basophils also contain granules that

contain inflammatory mediators.

1.2.2.2.2 MONONUCLEAR PHAGOCYTES

Monocytes begin life as bone marrow monoblasts, which develop into promonocytes and
then monocytes, at which point they move into the peripheral circulation, where they can
circulate for between 36 and 104 hours (4). Monocytes are incompletely differentiated,
and can develop into macrophages. These are large, long-lived (they can live for months
or years) phagocytic cells. They are found in most tissues, lining serous cavities, lungs,
liver, blood vessels of the spleen and lymph nodes. They have different names according
to their location in the body; for example in the spleen they are called sinusoidal lining

cells, in the liver Kupffer cells, and in the bone osteoclasts.

Macrophages function in both the innate and adaptive immune responses. In the adaptive
immune system they act as both accessory and effector cells; in their accessory cell role
they act as antigen presenting cells, processing and presenting antigenic peptides to T

cells, and in their effector cell role they act as phagocytes.

Macrophages contain lysosomes, which contain many substances, such as enzymes,
neutral proteases and acid hydrolases, which enable the macrophage to carry out its
functions. Macrophages also produce cytokines (interleukin (IL)-1, IL-6, tumour necrosis
factor (TNF)-a and interferon (IFN)-y), prostaglandins, leukotrienes and thromboxanes,
which allow communication between the macrophage and other cells within or outside the

immune system,

1.2.2.3 PHAGOCYTOSIS

In a process known as phagocytosis, phagocytes can engulf pathogens, cell debris and
antigens and break them down. Phagocytic cells, the main effectors of innate immunity,
express surface receptors specific for bacterial surface antigens. These receptors are

known as pattern recognition receptors (PRRs) and they recognise and bind to pathogen-

5
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1.2.2.5 COMPLEMENT SYSTEM

Complement is a group of serum proteins that are involved in processes such as
opsonization of pathogens, damage to the membranes of pathogens, removal of immune
complexes and control of inflammation. The complement system is a cascade system, so
that the product of one reaction catalyses the next, and so on; therefore a small stimulus
is quickly amplified into a much larger response. There are different pathways by which
the system can be activated: the Classical pathway, the Alternative pathway and the Lectin
pathway. The most important protein in the complement system, both in quantity and in

function, is C3.

C3 is spontaneously activated under normal circumstances, but in the presence of
microbial polysaccharides (on the surface of microbes), the enzyme C3 is stabilised, and
this catalyses the activation of C3; thus the reaction is speeded up, and the cascade is
amplified. The functions of the complement system can be summarised as follows:
¢ (C3b can coat microbes. Phagocytes have receptors for C3b (called CR1 and CR3),
and so this results in the attraction of phagocytes to the microbe for destruction by
phagocytosis.
¢ (3a and C5a stimulate the respiratory burst of phagocytes, increase expression of
CR1 and CR3, and trigger release of mediators from mast cells and basophils. C3a
attracts eosinophils and C5a attracts neutrophils.
o A membrane attack complex is formed from other proteins in the complement

system, which can insert into the membrane of the target cell and cause cell lysis.

1.2.2.6 CYTOKINES

1.2.2.6.1 COMMUNICATION WITHIN THE IMMUNE SYSTEM

Direct cell-to-cell contact (e.g. via adhesion molecule pairs) between immune cells is one
way in which cells can communicate both within the acquired immune system and
between the innate and acquired systems. However, it would not be practical for this to
be the only way that different cells could communicate with each other, and thus there is
another mechanism by which this can occur; the cytokine system. Cytokines are proteins
produced mainly by leukocytes and which act as chemical messengers between cells of
the immune system (and also cells from outside of the immune system), inducing changes
in growth, development, or activity of the target cell. Each cytokine can have multiple
activities on different cell types (i.e. they are pleiotropic), and many cytokines have the
same, or similar, effects, although most cytokines have some functions which are unique.
Cytokines are able to influence the cells that produced them (i.e. they act in an autocrine
manner) or other cells of the immune system, thereby acting in a paracrine manner (if the
affected cell is nearby) or sometimes even in an endocrine manner (if the affected cell is

far away). There are different families of cytokines, such as the interleukin (IL) family
7
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(involved in communication between leukocytes), the colony stimulating factors (CSF;
involved in proliferation of haematopoietic precursors), the tumour necrosis factors (TNF;
cytotoxic to transformed cells) and the interferons (IFN; interfere with viral replication).
Cytokines act by binding to specific receptors on the cell surface. Upon binding of a
cytokine to its receptor, intracellular signalling pathways are activated (involving JAK and
STAT proteins) which result in the transcription of genes associated with the response of
the cytokine. Different JAKs and STATs are involved in the pathways induced by different
cytokines and receptors. Cytokines are not stored inside a cell, they are synthesized in
response to a stimulus. Given the actions of cytokines, it is important that the production
is tightly regulated, and the cytokines derived from lymphocytes do not often remain in

the circulation for prolonged periods of time.

1.2.2.6.2 CYTOKINES AND THE INNATE AND ADAPTIVE IMMUNE SYSTEMS

Cytokines mediate innate and acquired immunity, and are important in the
communication between these two systems. Of particular note are TNF-¢, IL-1 and IL-6.
These cytokines are among the most important to be produced by monocytes and
macrophages, and their actions include activation of neutrophils, monocytes and
macrophages in order to initiate bacterial and tumour cell killing, increased adhesion
molecule expression on the surface of neutrophils and endothelial cells, stimulation of T
and B lymphocyte proliferation and initiation of the production of other pro-inflammatory
cytokines (TNF induces production of IL-1 and IL-6, and IL-1 induces production of IL-6).

1.2.3 THE ACQUIRED IMMUNE SYSTEM

1.2.3.1 INTRODUCTION

Acquired immunity is characterized by specificity and memory. It involves the specific
recognition of molecules (antigens) on an invading pathogen which distinguish it as being
foreign to the host. Lymphocytes are the main cells involved in the acquired immune
response, and each:lymphocyte has surface receptors for a single antigen, resulting in
high specificity. Yet acquired immunity also accomplishes extreme diversity; the
lymphocyte repertoire in humans has been estimated to be able to recognise
approximately 10'" antigens. Thus, this results in only a relatively small number of
lymphocytes being able to recognise any given antigen, which potentially would be a
problem when the body encountered a pathogen which it needed to respond to. However,
the acquired immune system has developed the ability for clonal expansion; when a
lymphocyte interacts with its specific antigen the lymphocyte proliferates, so that a single
lymphocyte gives rise to a clone of lymphocytes. Each of these lymphocytes has the ability
to recognise and destroy the source of the antigen that caused the initial response.
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Because this process takes some time, the acquired immune response becomes effective
over several days after the initial activation, but it also persists for some time after the
removal of the initiating antigen. This gives rise to immunological memory, the second
characteristic feature of acquired immunity. If the host has encountered an antigen and
mounted an immune response to it, it would be beneficial if the host immune system
could remember this response, so the next time the same pathogen is encountered, a
stronger, more effective, and faster immune response is generated. This is the basis for
vaccination, where the host is exposed to a non-toxic form of the infectious agent (such
as killed, live attenuated, or subunits of the organism) to elicit a primary response to this
agent. If the host is subsequently exposed to a natural form of the infection, they will
generate a secondary immune response and thus will be protected from developing this
disease. Eventually, the immune system will re-establish homeostasis using self-regulatory

mechanisms which involves communication between cells.

Lymphocytes, which are subdivided into T and B lymphocytes, effect this form of
immunity. B lymphocytes undergo development and maturation in the bone marrow
before being released into the circulation, whilst T lymphocytes, although derived from
the bone marrow, mature in the thymus. From the bloodstream, lymphocytes can enter
peripheral lymphoid organs, which include lymph nodes, the spleen, mucosal lymphoid
tissue, tonsils and gut-associated lymphoid tissue. Immune responses occur largely in
these lymphoid organs, which are highly organized to promote the interaction of cells and

invading pathogens,

1.2.3.2 B CELLS AND ANTIBODY PRODUCTION

B lymphocytes are characterized by their ability to produce antibodies, or antigen-specific
immunoglobulins (Ig), which confer antigen specificity to the acquired immune system
(i.e. the antibodies produced by B lymphocytes are specific for individual antigens). This
form of protection against infections is termed humoral immunity and is conducted
exclusively by B lymphocytes. B lymphocytes carry immunoglobulins, which are capable
of binding an antigen, on their cell surfaces. Binding of immunoglobulin with antigen
causes proliferation of the B lymphocyte and subsequent transformation into plasma cells
(Figure 3), which secrete large amounts of antibody (or immunoglobulin) with the same
structure as the membrane bound form, except that the secreted form lacks the

transmembrane and intra-cytoplasmic segments.
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chains make up the antigen binding site, and as the name suggests, this part of the
molecule differs from one antibody to another, thus allowing recognition of different
antigens. The regions where the amino acids making up the antibody differ are called
complementarity determining regions (CDRs). The constant (C) regions of the heavy and
light chains are largely conserved between antibodies, and are involved in the biological

functions of the antibody molecule.

Antibodies work in several ways to combat invading pathogens:
1) They can ‘neutralize’ toxins or micro-organisms by binding to them and preventing

their attachment to host cells;

2) Initiation of phagocytosis; immunoglobulins have binding sites for an antigen and
receptors on phagocytic cells, thus they can promote the interaction of these two
components by the process of opsonization. The type of phagocytic cell bound by
the antibody will be determined by the antibody class; macrophages and
neutrophils are specific for IgM and 1gG, whilst eosinophils, mast cells and

basophils are specific for IgE;

3) Activation of complement proteins in plasma, which in turn promote the destruction

of bacteria by phagocytes.

Thus antibodies communicate between the acquired and the innate immune response:
they are elicited through highly specific mechanisms, but can be translated to a form
which can be interpreted by the innate immune system, enabling it to destroy the

pathogen. The features of the different classes of antibodies are summarised in Table 3.
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Ig Form Primary location Functions
class
IgG Momomer Serum (~12 mg/ml); s Interaction with complement (Classical pathway)

Non-mucosal tissues « Binds to Fc receptors on macrophages + neutrophils
¢ Main antibody in the secondary immune résponse to most
pathogens

IgM | Pentamer Serum (~1.5 mg/ml) » Activates complement

» Main antibody component of response to T-cell
independent antigens

« First class to be produced during the development of the
immune system and in the primary immune response

IgA Monomer + | Serum (=3 mg/mi); s Links pathogens to effector cells via Fc receptors
dimer slgA is found in « Complement activation
(serum), seromucus secretions, | e slgA protects mucosal surfaces of the body against

dimer (sigA).| milk, colostrum + tears | attack by microorganisms

Igk Monomer Serum (0.05.pg/mi) * Binds to Fc receptors on mast cells + basophils, causing
IgE Fc receptors to cross link, and causing them to
release inflammatory mediators (e.g. histamine)

* No complement activation

» Modulates hypersensitivity reactions, such as asthma +
hay fever

gD | Monomer Serum (30 pg/mi);  Control of lymphocyte activation + suppression
Found on surface of eNo complement activation
B cells as an antigen . o . o
e Present on differentiating B cells following activation, but
receptor together

is absent from mature antibody-forming cells
with IgM

Table 3 : Antibody classes and their functions

1.2.3.3 T CELLS

Humoral immunity deals with extracellular pathogens. However not all pathogens are
extracellular. For example viruses and also some bacteria infect individuals by entering
cells. Therefore, humoral immunity will not eliminate these pathogens, and so there must
be another mechanism by which the body deals with these pathogens. This mechanism is
termed cell-mediated immunity, and is conferred by T lymphocytes. T cells can further be
divided into T-helper (Th) cells and cytotoxic T (Tc) cells, which can be differentiated
according to the cluster of differentiation (CD) molecules that they express. Th cells
express CD3 and CD4, while Tc cells express CD3 and CD8, and these molecules are
responsible for mediating the different kinds of immune response required to deal with

different types of pathogen.

1.2.3.3.1 THE T CELL RECEPTOR (TCR)
Resting T cells must be activated before they can take part in an immune response. The T

cell must move through the different stages of the cell cycle to become activated, and
12
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Tc cells contain cytotoxic granules, which themselves contain perforin and granzymes.
After the Tc cell becomes activated, these granules move along the microtubule system
inside the Tc cell, to the place where the Tc cell and its target cell meet. Exocytosis of the
cytotoxic granules results in the cytotoxic proteins arriving in the target cells cytosol, to
induce apoptosis. of the target cell, within about 60 minutes. The Tc cell can then detach
itself from the target cell and move away to perform the same function on another target
cell. The apoptotic-target cell is then engulfed by phagocytic cells, thus-ensuring that its
contents (maybe including viruses) do not leak out and damage surrounding cells. This
mechanism needs.to be switched off at the appropriate point, as to have this
inflammatory process inappropriately activated would clearly be:damaging to the host. IL-
10 is largely responsible for this, through its inhibitory effects on IL-1 and TNF release
from macrophages and Th1 cells, and IL-4 is also involved.

Tc cells can be divided into Tcl and Tc2, although all Tc cells have the same cytolytic
function. Clones of Tc1 cells have been shown to secrete IFN-y but not IL-4 and induce
Th1 cells when co-cultured with CD4* T cells, and clones of Tc2 cells have been shown to
secrete iL-4 but not:iIFN-y and induce Th2 cells when co-cultured with CD4* T cells.

1.2.3.3.4 T HELPER (Th) CELLS

Helper T lymphocytes can be sub-divided into two broad categories according to the
pattern of cytokines they produce, as described in Figure 8. Naive T cells produce mainly
IL-2 upon initial.encounter with antigen; and under the regulation of cytokines these cells
differentiate into ThO cells, and then further into either Th1 or Th2 cells. The type of
pathogen that the antigen presenting ceil has encountered determine the type of
cytokines it produces, and hence whether the ThO cell differentiates into.a Th1 or Th2
cell. Th1 and Th2 cells themselves have relatively restricted profiles of cytokine
production, as shown in Figure 8. Th1 cells are responsible for protection against
intraceliular infections via cell-mediated immunity, and Th2 cells are responsible for
protection against extracellular pathogens via humoral immunity, eosinophils-and mast

cells.
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the body does not mount an immune response against them, thus preventing chronic
intestinal inflammation from occurring. Unique subsets of antigen presenting cells in the
gut-associated lymphoid tissue (GALT) present antigen to CD4'CD25*TGF-B* T,egs and to

T,1 cells, which provide the necessary immuno-suppression (5).

1.2.4 VACCINATION
Vaccination is the active induction of protective immunity against a pathogen, and relies

on immunological memory. The objectives of vaccination are to:

1. Establish adequate levels of antibody against the vaccine antigen;
2. Establish a primed population of memory cells which will expand the next time the
body comes into contact with the antigen.

Vaccination, or the idea that it'is based on, has been practised throughout history, by
many different cultures. The modern history of vaccination began with jenner (1749 -
1823) who showed that cowpox vaccination (non-virulent to humans) protected humans
from contracting smallpox (the virulent form of the disease for humans). This type of
vaccine is- known as a living heterologous vaccine; these vaccines produce a milder but
cross-protecting form of the disease. Later on Pasteur (1822 - 1895) discovered that
attenuated viruses could offer protection against virulent forms of the disease. Live
attenuated vaccines:use organisms that have been modified in some way, but that still
mimic the behaviour of the live organism. Attenuation methods include using high
temperatures, anaerobic conditions and recombinant DNA technology. However, these
kinds of vaccines also have disadvantages, in that a virus could revert to its virulent form,
and there are difficulties with the storage of these vaccines. Other kinds of vaccination
include:

o Killed organisms - the microbes are no longer able to cause disease, but the
antigenic structure remains. These vaccines are generally safe, but not as effective
as a vaccination with a live organism.

¢  Subunitvaccines - many antigens make up a bacterium/parasite/virus, but not all of

them are involved in the protective response of the host, but they can still cause
problems (for.example, suppress the response to the protective antigens). So, by
isolating the protective antigens and vaccinating with only these will avoid these
complications. Influvac® is a vaccine against seasonal influenza. It was introduced
onto the market.inthe early 1950s, and since 1983 has been a sub-unit vaccine.
Influvac® contains purified surface antigens, haemagglutinin and neuraminidase
prepared from certain selected strains of the influenza virus and distributed by the
World Health Organisation: (WHO), on the basis of their latest recommendations.

Because the influenza virus has a high mutation rate, the composition of the vaccine
18
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has to be changed each year. The WHO has a Global Influenza Surveillance Network,
which has centres in 83 countries, whose role is to isolate the local influenza
viruses. The viruses are analysed and from this analysis, the WHO recommends
which strains of the virus are most likely to cause influenza outbreaks during the
coming winter, in both the Northern and Southern hemispheres. Current vaccines
are trivalent, and contain two subtypes of influenza A and one subtype of influenza
B, which are selected for the annual vaccine. For the 2007/2008 influenza season,
the strains used were: an A/Solomon Islands/3/2006(H1N1)-like virus, an
A/Wisconsin/67/2005 (H3N2)-like virus and a B/Malaysia/2506/2004-like virus. For
the 2008/2009 influenza season, the strains used were: an A/Brisbane/59/2007
(H1N1)-like virus, an A/Brisbane/10/2007 (H3N2)-like virus and a B/Florida/4/2006-

like virus.

1.2.5 THE GUT-ASSOCIATED LYMPHIOD TISSUE (GALT)

The mucosa-associated lymphoid tissues of the gut make up the gut-associated lymphoid
tissue (GALT). GALT includes specialised areas where immune cells are concentrated: the
lamina propria (where there are high numbers of lymphocytes) and the Peyer’s Patches
(where there are high numbers of IgA producing B cells and plasma cells; Figure 10). In
the columnar epithelium covering the GALT there are microfold “M” cells, which are
specialised antigen transporting cells. These cells take up antigen from the intestinal
lumen and transport it (by transcellular transport) to the Peyer’s Patches in the GALT
underneath. Antigen presenting cells then recognise antigen, process it and present it to

the appropriate lymphocytes, which then become activated.
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1.3 MARKERS TO MEASURE THE ACTIVITY OF THE HUMAN
IMMUNE SYSTEM

As described previously, the immune response involves a complex interaction between
many different cell types. Many factors influence the functioning of the immune system.
These include age (10), sex hormones, stage of the menstrual cycle, and pregnancy (11),
obesity (12), psychological stress (13), physical stress (14), composition of diet (15), and
previous history of exposure to pathogens. Therefore, it is important when measuring
immune function, that a variety of parameters are measured, and that the potentially
confounding factors are taken into account (10). The following paragraphs summarise
some of the available immune markers, with focus on those which will be used in this

study.

1.3.1 CONSIDERATIONS WHEN DESIGNING STUDIES AIMING TO MEASURE IMMUNE
FUNCTION

1.3.1.1 SUBJECT~SPECIFIC FACTORS AND THEIR RELEVANCE

Age - a specific age range should be specified, as many aspects of immune function have

been shown to vary with age (10).

Sex - this should be considered when recruiting subjects to ensure either recruitment of
one sex only or of an equal distribution of men and women across groups, to limit any

sex specific differences that may occur in immune function.

Obesity - unless the effect of obesity is being studied, recruitment should be restricted to
those within the normal BMl -range, as those defined as obese may show changes in

immune function (12):and inflammatory markers (16).

Bdckground diet - although-it is not normally possible to assess and control for a
subjects’ background diet, it is likely that this could affect their immune function. Where
possible important aspects of the background diet should be specified or controlled. For
example, if the effect of prebiotics is to be studied, then prebiotic (other than those under
study) and probiotic:containing foods should be eliminated from the diet:during the trial

period and preferably for.a pre-trial run-in period

Presence of infections or-other diseases - this can be controlled for at recruitment, with

the exclusion: of subjects presenting with these conditions.

Vaccination and infection history - for trials using a vaccination, this is crucial. Thus, for

example, in a trial involving seasonal influenza vaccination, individuals who have received
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an influenza vaccine previously should be evaluated for the year they received this, and
subsequently the strains used in the vaccine and in the study vaccine compared. If any
strains are the same, it is likely subjects will respond to the vaccine differently than
someone who has not received it before, and therefore they should not be included in the
trial.

Medications - anti-inflammatory drugs may affect the normal immune response.
Medications for other underlying conditions often indicate that the individual may not be
in optimal health, and thus should be considered on an individual basis to assess

suitability for inclusion.

Physical exercise, smoking, psychological stress, alcohol - these have all been shown to
affect the immune response (13, 14, 17, 18). However, it is more difficult to control for
these factors, as realistically it is not possible to ask people to change their whole lifestyle

for the duration of a study.

1.3.1.2 TECHNICAL FACTORS AND THEIR RELEVANCE

Subject population and controls - due to the subject-specific variations in immune
function described previously, ideally subjects should act as their own control. However,
in studies where a crossover design is not possible (e.g. when a subject is vaccinated), a

control group that is properly matched to the test group should be used instead.

Timing of sample collection - immune cells have a circadian rhythm (19), and thus to
avoid this confounding results, samples should be collected at a consistent time. This will
usually be in the morning, as blood samples generally need to be taken in the fasted
state. This also ensures that the fasting time before each sample is approximately the

same (approximately 10 - 12 hours since the evening meal).

Season - the season also affects immune function (19) so if possible the study should
account for this, although this is likely to be difficult in shorter studies. Each year, the
new seasonal influenza vaccines become available in the Northern Hemisphere from
September, with a shelf life lasting until the end of June. Therefore, it is not possible to
include the summer months, and most of the autumn, as no vaccine is available during

this time.

Length of intervention period - should be sufficient to see changes in immune function.
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Bioavailability of the nutrient or food ingredient being studied - should be assessed. For
prebiotics this is done by assessing the faecal microflora, as prebiotics have been shown
to increase levels of beneficial bacteria in the gut, which is reflected in levels in the stool.

1.3.2 ASSESSMENT OF MARKERS

The purpose of the following section is to summarise the markers which are to be used to
assess the immune system in this study. An Expert Group of the Nutrition and Immunity
in Man Task Force of the International Life Sciences Institute Europe, analysed all available
markers to measure the immune system in humans, and categorised them according to
their biological relevance, biological sensitivity and feasibility (10). Biological relevance
refers to how well the immune marker correlates with relevant clinical endpoints,
biological sensitivity refers to the ability to detect changes in immune function, taking
into account variation between and within subjects, and feasibility refers to how practical
the method is to carry out. Upon evaluation of these points, each marker was assigned a

suitability score of high, medium or low, and these are stated below.

1.3.2.1 IN VIVO -MEASURES

1.3.2.1.1 RESPONSE TO VACCINATION

The body’s response to an infection is the most relevant way in which to assess the
functioning of the immune system, and as this response occurs in vivo, it is an accurate
representation of how the immune system functions in a physiologically natural
environment. As natural exposure to pathogens is uncommon and deliberate infection is
unethical, a vaccination is.a convenient way in which to challenge the immune system.
This is considered to be the gold standard method for measuring the functioning of the

immune system (10).. Response to vaccination can be assessed in several ways:

i) By looking at vaccine-specific antibody concentrations in serum, plasma, or saliva.
These can be measured by haemagluttination assays or ELISA. It is-a good idea to
measure baseline responses to the vaccine, as factors such as natural infections can
result in high variability in the population. Repeated measurements can be used to
look at the kinetics of this.response over several weeks or months, and the study
period should encompass at least the time taken to reach the plateau phase of the
response. Between-subject variability is normally quite high for this: marker. This
method of assessing response to vaccination reflects an integrated, in vivo immune

function, and is categorised as having high suitability.

ii) Response to vaccination can also be assessed by vaccine-specific T cell responses,

ex vivo. T cells isolated from the blood can be stimulated with the vaccine antigen
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and various measurements, such as T cell proliferation, cytokine production and T

cell activation can be assessed.

iii) The delayed type hypersensitivity response is another in vivo measure that is used
to assess the cell-mediated immune response to the vaccine. This is an
intracutaneous test, where the skin is pricked, and a tiny amount of the antigen is
placed on the break in the skin. The inflammatory response to the antigen is then
assessed by measuring the size of the wheal 24 - 48 hours later. This could be used
in vaccination studies, several weeks or months after the vaccination was given and
the nutritional intervention completed, in order to see if the intervention had any
long-lasting effects on the immune response to vaccination. This marker is

considered to have high suitability.

1.3.2.2 EX VIVO MEASURES

This involves in vitro assays. The cells are studied outside of their environment, and thus
the physiological relevance of responses observed is not as clear as in vivo responses.
However, ex vivo measures are a useful and standardised way to assess immune function.
In cell culture work using immune cells from the blood, peripheral blood mononuclear
cells can be isolated, and then cryopreserved. Although desirable to use fresh cells, this is
not always possible due to technical and logistical reasons. Also, by cryopreserving cells
and using batch culture at the end of an intervention, day-to-day variability in the culture
conditions and in human technical error is limited. It has been shown previously that
cryopreservation and thawing does not distort mononuclear cell immune responses (20).
The cells are then cultured in some form of medium, frequently containing foetal calf

serum.

Only around 2% of lymphocytes are circulating in the blood at one time (21), thus
evaluation of the immune system in the blood may not be an accurate representation of
what is going on in other parts of the body. However, in humans, this is usually the only

possible way to look at immune function, due to ethical constraints.

1.3.2.2.1 PHAGOCYTIC FUNCTION
Phagocytosis by polymorphonuclear neutrophils and monocytes is an important aspect of
the host defence against bacterial or fungal infections. Modern methods to measure
phagocytosis use flow cytometry to analyse these functions in whole blood. A method
known as “Phagotest” measures leukocyte phagocytosis (ingestion of fluorescently
labelled E. coli), and both the percentage of phagocytes that ingest E. coli and the activity
of the phagocytes (the number of E. coli they ingest) can be measured. internalised
bacteria can be distinguished from membrane bound bacteria (22). Another method
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termed “Phagoburst” can measure leukocyte oxidative burst. Granulocytes and monocytes
produce reactive oxygen metabolites when stimulated, which destroy the fluorescently
labelled E. coli that have been internalised inside the phagosome. Dihydrorhodamine
(DHR) 123 is oxidised by these reactive oxidants, and so the addition.of DHR123 and its
oxidation to rhodamine 123 (which is fluorescent), mean that percentage of phagocytes
producing reactive oxidants (conversion of DHR123 to rhodamine 123), and their
enzymatic activity (amount of rhodamine 123: per cell) can be monitored. Both Phagotest
and Phagoburst require that the conditions of the assay are strictly controlled, such as the
incubation time of phagocytes with the E. coli, the temperature of the incubation, and
stimuli used. Phagotest is considered to have low suitability, while Phagoburst is

considered to have medium suitability.

1.3.2.2.2 LYMPHOCYTE PROLIFERATION

T cells can be stimulated by a variety of stimuli including the general stimulants
phytohaemaglutinin (PHA) and concanavalin A (ConA), antibody combinations such as
anti-CD3 and anti-CD28:that mimic physiological activation, and-specific stimulants, such
as vaccine antigens. Traditionally, *H-thymidine incorporation into the DNA of
proliferating cells has been used to measure this parameter, but this has its drawbacks,
such as high within-subject:variability and the handling of radioisotopes. An alternative
method has been developed; where the T cells are stained with carboxyfluorescein
diacetate succinimidyl-ester (CFSE). CFSE consists of a fluorescein molecule containing
two acetate moities and a succinimidyl ester functional group, and passively diffuses into
cells. It is colourless and non-fluorescent until the acetate groups are cleaved by
intracellular esterases to.yield highly fluorescent carboxyfluorescein succinimidyl ester.
The succinimidyl ester group reacts with intracellular amines, to form fluorescent
conjugates. Excess CFSE and by products passively diffuse to the extracellular medium,
where they are then washed away.

The fluorescent conjugates that have been formed in the labelled cells are retained by the
cells throughout development and meiosis, and so the label is inherited by daughter cells.
As cells divide, the CFSE is split equally between the daughter cells, which results in a
diminished CFSE signal detection, which occurs with each cell division. Assessment of

lymphocyte proliferation is considered to have medium suitability.

1.3.2.2.3 LYMPHOCYTE ACTIVATION

This can be assessed by cell culture using a variety of stimulants (again, vaccine-specific

stimulation can be used), and subsequent analysis of the cell surface expression of

activation markers. Activation markers:that.can be used include CD69 (an early:activation

marker), HLA-DR and CD95 (late activation markers); the length of culture depends upon
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which marker is being used. The analysis is performed via flow cytometry. This assay is

considered to have low suitability.

1.3.2.2.4 T CELL CYTOKINE PRODUCTION

The function of Th cells can be assessed by the production of cytokines; Th1 cells
produce predominantly IL-2, IL-3, IFN-y, and TNF-a, while Th2 cells produce predominantly
IL-3, IL-4, IL-5, IL-6, IL-10 and IL-13, and the level of production is related to the level of
activity of these cells. This is a good ex vivo measure of cell mediated immunity. Again,
the cells will be cultured, as above, and a variety of stimulants (including vaccine antigen)
can be used. The concentrations of cytokines in the supernatant can be measured. This
can be done using ELISA kits, or by flow cytometry using cytometric bead arrays (CBA).
CBA kits can be used to measure levels of multiple cytokines simultaneously in small
sample volumes. For each cytokine, a set of beads is coated with cytokine specific
antibodies, and each cytokine specific set of beads has a fluorescence intensity that is
different from the beads for other cytokines. The beads are incubated with the celi culture
supernatants, washed, and then incubated with another, phycoerythrin (PE) labelled,
cytokine antibody to distinguish between beads positive for cytokines in the kit or not in
the kit. This is then analysed by flow cytometry. This marker is considered to have

medium suitability.

1.3.2.2.5 ANTIBODY PRODUCTION

The jn vivo production of antibodies by B cells can be measured by ELISA, and the
detection of vaccine-specific antibodies is considered the easiest way to assess the
adaptive immune response to the vaccine antigen. Total antibody class (IgG, IgA, IgM etc),
and antibodies with a specific antigen specificity, such as anti-influenza specific

antibodies, can be measured. Antibody production has medium suitability.

1.3.2.2.6 BLOOD LYMPHOCYTE POPULATIONS

This is measured by flow cytometric analysis. Different populations of cells can be
enumerated on small amounts of whole blood using cell-specific fluorescent antibodies.
The information obtained is useful for the interpretation of functional assays that have

been done on the same samples, but has a low suitability as an immune function marker.

1.3.2,.2.7 SECRETORY IgA

IgA is the main immunoglobulin secreted at cell surfaces, and IgA secreted here is termed
secretory IgA (slgA), and is an indicator of mucosal immunity. Many factors have been
shown to affect sigA production, and so samples should be collected at a consistent time,

at rest, and in the fasted state (23). When flow rate increases due to chewing, salivary IgA
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concentration falls. slgA concentrations in saliva are measured by ELISA,; and both

vaccine-specific IgA and non-specific IgA are considered to have high suitability.

Although several of the markers described are classified as having low suitability, they
can still be valuable. It is best to use a combination of markers that look at the function of
one type of immune cell,;-and consider all these markers when analysing the function of
this particular cell. Also-using a.combination of markers to look at a variety of functions,

even if the markers are of different suitability, gives greater confidence in the findings.

1.4 PREBIOTICS

1.4.1 INTRODUCTION

Prebiotics have been defined as “non-digestible food ingredients that beneficially affect
the host by selectively stimulating the growth; and/or activity, of one or a limited humber
of beneficial bacteria in the colon and thus.improves host health” (24). Prebiotics may
include the R2-1 fructans (inulin (IN) and oligofructose (OF)), galactooligosaccharides
(GOS), glucooligosaccharides, isomaltooligosaccharides, lactulose,
mannanoligosaccharides (MOS), nigerooligosaccharides, oat R-glucans, raffinose, soybean
oligosaccharides, transgalacto-oligosaccharides and xylooligosaccharides. R2-1 fructans,
GOS, lactulose and transgalacto-oligosaccharides have all been shown to fulfil the criteria
for prebiotics (25). As the prebiotic used in the study described in this thesis is a
combination of IN and OF, the main focus of this section will be the R2-1 fructan family.

A fructan is defined as any molecule where fructosyl-fructose linkages constitute the
majority of linkages (26). Fructan-containing plants have been used as foods for as long
as 5000 years, and IN was discovered in the nineteenth century. Since the end of the
nineteenth century, scientific reports on the benefits of IN have been produced, and
research on the potential health benefits of prebiotics has occurred over the last 15 years
or so, with a recent interest in the effects on the immune system, the host’s ability to
fight infection, and inflammatory processes and conditions.

1.4.2 STRUCTURE OF R2-1 FRUCTANS

Chicory IN is a polydisperse carbohydrate molecule. It contains B-(2-1) fructosyl-fructose
linkages with a terminal glucose molecule (26), and may contain between 2 and 60
fructose residues (Figure 12), with an average of 12. Although IN was thought to be a
linear molecule, native chicory IN has a very small degree of branching (27). Partial
enzymatic hydrolysis (by endoinulinase) of IN yields OF, which can have a terminal
glucose or fructose residue (Figure 12). In OF there can be 2 to 7 (average 5) fructose

residues with a terminal glucose residue or a chain of 3 to 8 (average 5) fructose residues
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length varies between different plants, and even in the same plants during different
seasons and weather conditions and according to the age of the plant. Several
physiological roles of IN have been suggested, such as a long term carbohydrate storage
in underground over-wintering organisms, cryoprotection and osmotic regulation. IN has
been extracted from chicory roots, Jerusalem artichoke, artichoke, dahlias and dandelions

(31), although chicory is the main crop that is used for industrial IN production.

The typical daily intakes of IN for adults are estimated to be between 3 and 11 g/d in
Europe, and between 1 and 4 g/d in North America (30), the most common sources in

these diets being wheat, onion, banana, garlic and leeks.

Oligosaccharides, including some believed to be prebiotics, are present in human breast
milk (32). They can be found in concentrations of up to 12 g/L, making them the third
largest component of breast milk (33). The presence of oligosaccharides in large amounts
in breast milk suggests that these compounds may play an important role in early infant
development, perhaps of the gut, its microbiotia and the immune system. Breast milk
contains many compounds and substances that influence gut and immune maturation
and consequently has a protective role against infections (34) and possibly allergy
development (35). Oligosaccharides may contribute to these protective actions. It is
possible that the oligosaccharides are present in breast milk in the mix and
concentrations required for optimum protection, and for the development of the immune

system

1.4.4 MECHANISMS OF ACTION OF PREBIOTICS
R2-1 fructans fulfil the three criteria which must be met in order to be classified a
prebiotic, as defined by Gibson and Roberfroid (1995 (24)):

1. Resistance to hydrolysis or absorption in the upper gastrointestinal tract (as the R-
(2--1) osidic bond is not hydrolysed by mammalian digestive enzymes, which are
specific for a-glycosidic bonds). This was shown in early in vitro tests, where #2-1
fructans were incubated with rat pancreatic and small intestinal homogenates, and
shown to be poorly digested (36). Fulfilment of this criterion has also been
demonstrated in humans through the study of ileostomy subjects, where 87% of
dietary IN was recovered in ileum (37), thus establishing the survival of IN through
the upper gastrointestinal tract. The non-digestibility of 82-1 fructans in the small
intestine has also been demonstrated in healthy volunteers (38).

2. Fermented by the intestinal microbiotia. This has been demonstrated in
experiments in which 82-1 fructans were completely metabolised in microbial

fermentation cultures (30, 39).
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3. Selectively stimulate. the growth and/or activity of beneficial intestinal bacteria, such
as Lactobacillus species and Bifidobacterium species. Studies in laboratory animals
and humans show that prebiotics do.increase the numbers of these types of
bacteria in the intestinal tract (40-45). Other experiments establish that R2-1
fructans are selectively fermented by most Bifidobacterium species (46), and also by
some Lactobacillus species (47), as these bacteria produce the intracellular
fructosyl-fructofuranosidase that is needed for hydrolysis of the B-(2—1) osidic
bond in R2-1 fructans (28).

As a result of intestinal fermentation and promotion of growth of beneficial members of
the gut microbiotia, prebiotics may influence host defence (Figure 14). Firstly, by
increasing the number of bifidobacteria, there will be increased competition with
pathogenic bacteria for binding sites on the intestinal epithelium and for nutrients, thus
inhibiting survival of the pathogenic strains. Beneficial members of the gut microbiotia
may also.cross the:intestinal barrier.into the Peyer’s Patches (PPs), and activate immune
cells there (48). Others suggest that.it:is not the beneficial bacteria themselves-that cross
the barrier, but microbial substances such as cell wall. components and cytoplasmic
antigens (49). Bifidobacterium species and lactobacillus species are able to produce

antibacterial substances:that can inhibit the growth and survival of pathogens (50).

Secondly, the fermentation of prebiotics by the Bifidobacterium species produces short
chain fatty acids (SCFAs) (24), which have the following effects:

e Acidification of the colonic environment, which is detrimental to some pathogenic
strains of bacteria (51) such as some pathogenic species of bacteroides, clostridia
and coliforms (50).

e Acidification of the colon favouring mucin production (52). This is believed to
improve mucosal morphology, so decreasing pathogenic bacterial colonization and
translocation.

* - Binding.to SCFA receptors (G protein coupled receptors 41 and:43) on immune cells
within the GALT (53-55).

»  Butyrate decreases the requirement of epithelial ceils for glutamine, thus sparing
more for GALT (56).

o Butyrate may also alter epithelial cell gene expression, for example IL-8 and
monocyte chemoattractant protein 1.(MCP-1), and this in turn would- alter the
signalling of the epithelial cell to the mucosal immune system (57).

Finally, prebiotics may also influence host:immune function through alternative
mechanisms to the modulation of beneficial bacteria in the gut. It is hypothesised that

carbohydrate moieties on the prebiotic may interact with receptors on:immune cells.
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relevant outcomes that have been published since this review article was prepared
(February 2008) and up to June 2010 is included at the end of this section (Table 5).

1.4.5.1 R2-1 FRUCTANS AND IMMUNE FUNCTION
This section reviews: studies in experimental animals and in humans that investigate the

effects of increased consumption of 82-1 fructans on aspects of immune function.

1.4.5.1.1 STUDIES IN LABORATORY ANIMALS

Studies conducted in laboratory animals are useful because they can be highly controlled,
thus eliminating sources of variation in diet and in immune response. 35 studies of R2-1
fructans reporting immune outcomes were identified in mice, rats, pigs, dogs, fish and
chickens and are summarised-in Appendix 1 (Lomax and Calder 2009a(63)) and Table 5.
Many of these studies show benefits of R2-1 fructans to some aspects of immune
function, while showing no effect on other aspects. Thus, R2-1 fructans may have specific
effects upon different components of the immune system. Here, the studies are separated
into those which investigate the GALT and those which.investigate the systemic immune

system.

1.4.5.1.1.1 THE GUT-ASSOCIATED LYMPHIOD TISSUE: INNATE IMMUNE RESPONSE

The effect of R2-1 fructans upon macrophage number and function has been studied, with
the results suggesting that number (64) and function (65-67)) are enhanced by the
addition of R2-T1 fructans to the diet. However, in chickens supplemented with OF, there
was no.effect:on the proportion of functional phagocytes or percentage of macrophage
phenotypes in caecal tonsii (68). MHC Il expression was increased on:antigen presenting
cells (APCs) in the mesenteric lymph nodes (MLNs) of rats upon OF and IN
supplementation (65). NK cell activity in the GALT does not seem to be affected by R2-1
fructan supplementation (69, 70).

Thus, from the animal studies available, it appears that the innate immune system of the
gut may be improved by R2-1 fructan intake, which could result in a beneficial effect on
the host’s primary response to infection. However, studies measuring NK cell activity did
not find any effect upon this component of the innate immune system, which plays a
major role in the anti-tumour immunity and destruction of virus infected cells. Future
studies should build upon those reported here, to create a more complete picture of how

R2-1 fructans affect the innate immune system.
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1.4.5.1.1.2 THE GUT-ASSOCIATED LYMPHIOD TISSUE: ADAPTIVE IMMUNE RESPONSE
In healthy and endotoxemic mice supplemented for a short time with FOS, B cell numbers
were increased in the PPs (71). There was a decrease in percentage of B cell phenotypes in

caecal tonsil of chickens supplemented with OF (68).

Several studies report an increase in intestinal or faecal IgA levels upon £2-1 fructan
supplementation (67, 70, 72-75). As IgA present at the mucosal surface of the gut
prevents adherence of pathogens to the gut mucosa, these findings would indicate
improved health of the host upon 82-1 fructan supplementation. However, several other
studies do not show an effect of R2-1 fructan supplementation on intestinal or faecal IgA
levels (66-68, 74, 76-79). Thus, there is some disagreement about the effects of R2-1
fructans on IgA levels in the gastrointestinal tract, aithough four out of five mouse studies
show some enhancement (67, 72, 73, 75) and a single study reports no effect (66). These
studies were all conducted in young mice. None of the three studies that were conducted
in adult dogs showed an effect upon faecal IgA concentrations (74, 76, 78), but studies
regarding ileal IgA concentrations are inconclusive with one showing an effect (74), and
another reporting no effect (77). Thus it seems that the animal used and age may be
important in determining whether or not R2-1 fructan supplementation is beneficial on
this aspect of immune function. There may be a greater effect in younger animals as their
gut immune system is still developing and may therefore be more susceptible to
modulation. Other explanations for why there is disparity in the results reported could
include a) that faecal IgA may not be an accurate marker of what is happening inside the
gut, and b) that the level of IgA that is reported would depend, perhaps, on the site of the
gut at which IgA is measured. If R2-1 fructans enhance the immune system through
promotion of the growth of beneficial members of the gut microbiotia, and if a prebiotic,
by definition, is specific with respect to the beneficial bacteria it stimulates, then there
will be parts of the gut where these beneficial bacteria are most abundant and therefore
where the largest effect upon the immune response would be observed. This may partly

explain why results reporting IgA at different locations vary.

R2-1 fructan supplementation has been reported to have effects upon T cell subsets and
function, but these effects vary depending upon the anatomical site of origin of the celis,
and the animal model used (65, 68-71, 80).

FOS has been reported to increase the response of intraepithelial and MLN T cells to
mitogens, but this response was decreased for PP and lamina propria (LP) cells in dogs
supplemented with FOS plus fermentable fibres (69), and no effect of Orafti® Synergyl was

seen on MLN or PP lymphocyte proliferation in rats (70). There was a reduction in the
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stimulation index of caecal-tonsil lymphocytes when stimulated . with ConA in chickens
supplemented with OF (68).

Alteration of T cell cytokine production has been reported in the GALT with R2-1 fructan
supplementation (70, 72, 81-83). However, other studies have reported no effect (68, 70,
82, 84)). The site of measurement and the cytokines measured seem to be important in

determining the effect seen.

Taken together these findings do not present a clear picture of the effects of R2-1
fructans on T cell numbers in GALT or on T cell responses. It is possible that the effects of
prebiotic supplementation upon cell-mediated immunity in the GALT are dependent upon
the site of origin of the cells-and the animal model used.

1.4.5.1.1.3 THE SYSTEMIC IMMUNE SYSTEM: INNATE IMMUNE RESPONSE

The systemic immune system has been more widely studied in the context of R2-1 fructan
supplementation than the GALT. As observed in the GALT, after OF or IN
supplementation, MHCII expression was increased in antigen presenting cells (APCs) in
the spleen and thymus of male rats (65) and mean fluorescence intensity of MHCII* cells in
the spleen of mice also increased, although the percentage of MHCII* cells did not change
(67). In the systemic immune system, there seems to be little effect of R2-1 fructans upon
phagocytic function (70, 79), although when given in a synbiotic, whole blood phagocyte
activation was increased (79). There is also little effect on phagocyte numbers (74, 77,
85), although neutrophil numbers have been shown to decrease (76).

NK cytotoxicity in the peripheral blood was not altered by FOS supplementation in adult
dogs (69), similar to the effects seen in the GALT, although one study showed this
function to be non-significantly increased with Orafti® Synergy1 (70). In the spleen, NK cell
function appears to be enhanced by R2-1 fructans (66, 81). Thus, in the spleen, at least,
NK cell function may be enhanced by BR2-1 fructan supplementation.

1.4.5.1.1.4 THE SYSTEMIC IMMUNE SYSTEM: ADAPTIVE IMMUNE RESPONSE
In adult dogs, the proportion of B cells in the peripheral blood was decreased when a high
fermentable fibre diet including FOS was fed (69).

Several studies measuring the effect of R2-1 fructans on serum immunoglobulins show no
effect. This was observed in mice (42, 67, 72), rats (80) and dogs (74, 76-78, 85), with
supplementation of FOS and sc-FOS alone, FOS in combination with MOS, IN alone or IN in
combination OF or MOS or GOS. Antibodies measured included total serum
immunoglobulins, IgA, IgE, 1gG, IgG1, IgG2a, IgM, and vaccine-specific antibodies to
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influenza vaccine (total 1gG, igG1 and 1gG2a). One study reported a decrease in serum
antibody concentrations upon FOS supplementation (72), and a study in ovalbumin
sensitized mice showed a non-significant decrease in serum IgE with IN and short chain
GOS (86). Three studies report increases in systemic immunoglobulins (67, 68, 75) with
R2-1 fructans. Thus, the results from studies reporting the effect of R2-1 fructans on

systemic immunoglobulins are mixed.

T cell subpopulations may be altered with R2-1 fructan supplementation, with some
studies reporting that R2-1 fructan supplementation may alter T cell subpopulations in
the blood (69), spleen (65, 80, 81) and thymus (65). However, other studies report no
effect on these measurements in the blood (70), spleen (66, 67, 70, 80, 87, 88) and
thymus (66).

Lymphocyte proliferation in the spleen appears not to be susceptible to modification by
R2-1 fructans (42, 67, 70, 87).

As in the GALT, systemic T cell cytokine production may be altered with R2-1 fructan
supplementation. In the spleen, some alterations in cytokine production have been
observed (67, 72, 80) although several studies have reported no effect (67, 70, 81, 87). In
the blood, serum and plasma, some alterations in cytokine concentrations have been
observed (65, 84, 89) although several studies have reported no effect (84, 89, 90). Thus,
the limited number of studies reporting T cell-derived cytokine production in animals
receiving R2-1 fructans suggest that some modification occurs. Why T cell cytokine
production should be altered when T cell proliferation is not affected is not clear.

The delayed type hypersensitivity (DTH) response represents the summation of a cell-
mediated immune response to an antigenic challenge, largely representing APC and T cell
function. Therefore the observation that the DTH response to influenza vaccine was
increased when GOS and IN, or GOS/ Raftiline-HP and acidic oligosaccharides, were
supplemented to mice (42, 87) supports the findings of improved T cell cytokine

production with prebiotics.

1.4.5.1.2 STUDIES IN HUMANS
Twenty one studies that included supplementation with 82-1 fructans, either alone or in
combination with other components, on the human immune system were identified; these
have mainly measured aspects of the systemic immune system, via blood immune
markers and immune cell responses, and are summarised in Appendix 1 (Lomax and
Calder 2009(63)) and Table 5. Six of these studies investigated the effects of R2-1
fructans alone (43, 91-95) and seven investigated supplements that contained R2-1
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fructans combined with antioxidants, vitamins, minerals, other prebiotics or fats (96-102).
Thus, it is difficult to determine whether the effects that were observed were due to #2-1
fructans, or-to another component of the supplement, or to the specific combination. The

remaining eight studies investigated synbiotics (103-111)), and.are considered separately.

1.4.5.1.2.1 THE INNATE IMMUNE RESPONSE

A decrease in monocyte and granulocyte phagocytosis of E. coli was observed in elderly
nursing-home residents supplemented with short-chain FOS (43). This is in contrast to the
effect observed in senior dogs and adult rats, where no modification of blood monocyte
concentrations or phagocytosis was seen:with R2-1 fructans (70, 85) and to the findings
of Seidel-et al. (2007(98)) of no effect on phagocytosis of E. coli by granulocytes taken

from young adult males consuming bread containing IN.

No effect of OF (43) or IN (98)) has been observed on NK cell numbers in-human blood.
There have been no reports of the effect of a §2-1 fructan only supplement on human NK

cell activity.

1.4.5.1.2.2 THE ADAPTIVE IMMUNE RESPONSE
There is consistency in the findings from human studies regarding:an increase in B cell
numbers following R2-1 fructan supplementation (97, 98), but this'is in contrast to

observations in adult dogs, where B cell numbers in the blood were decreased (69).

A study in senior adults (92) found no effect of B2-1 fructans upon concentrations of
various classes of serum immunogiobulin, which is in agreement with several studies in
laboratory animals which show no effect of R2-1 fructans on these (42, 67,72, 74, 76-78,
80, 85). However, a study in children found a decrease in total IgE; 1gG1, 1gG2 and 1gG3
levels in plasma, but no.effect on total plasma IgG4 levels (101)) Two studies in newborn
infants supplemented with-a mixture of GOS and IN in their formula showed an increase
in faecal sigA levels (99, 102), which fits with the findings from animal studies which
show an enhancement of the antibody response in the GALT after R2-1 fructan
supplementation (67, 70, 72-75). No effect of Prebio1®(a mixture of OF and IN) was

observed upon salivary sigA levels in seniors (92).

The antibody response to vaccination is considered to be the gold standard for measuring

the functioning of the immune system in vivo, based on its biological relevance,

sensitivity and practical feasibility (10). Thus several human studies use this marker, but

these have.generated mixed results. A study in. eight month old infants supplemented

with Prebiol®reported an-increase in post-vaccination anti-measles IgG levels in the blood

(91), but in: Peruvian infants given:OF-enriched cereal;, and immunized against influenza,
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there was no effect of OF upon post-vaccination antibody titres to Haemophilus influenzae
type B (93). In healthy, free-living elderly adults, Prebiol® increased the antibody
response to influenza B virus and Streptococcus pneumoniae after vaccination, yet this
was also seen in the control group, and there was no effect of the supplementation upon
antibody titres against influenza A virus (92). In elderly adults, FOS supplementation
increased the number subjects with a four-fold or greater increase in serum antibody
titre, and an antibody titre of 40 or more, to the A/Beijing component of the influenza
vaccine six weeks after the vaccine was administered, but this was not seen to the other
components of the vaccine (96). In elderly adults resident in long-term care facilities and
vaccinated with the seasonal influenza vaccine, FOS supplementation did not alter the
geometric mean antibody titre, but did increase the number of subjects with an antibody
titre greater than 100 to the HIN1 component six weeks after the vaccine was given (97).
Taken together, these studies suggest that B2-1 fructans may increase the response to
some vaccines or vaccine components but not all. This conclusion is consistent with that

from animal studies (42), (67).

Some studies have reported alterations in various blood T cell populations upon R2-1
fructan supplementation (43, 94, 97, 98), whilst no effects were observed on other
populations (43, 97, 98). This mixed picture of effects of R2-1 fructans on blood

lymphocyte subsets is similar to that seen in laboratory animals (69, 70).

Lymphocyte proliferation to influenza vaccine components was increased in elderly adults
supplemented with FOS (96), but in another study in elderly adults, there was no effect of

Prebio1® upon vaccine stimulated lymphocyte proliferation (92).

Regarding cytokine expression, in elderly nursing home residents FOS supplementation
decreased IL-6 mRNA expression in blood mononuclear cells (43), and in elderly aduits
resident in long-term care facilities, IL-6 production by stimulated blood mononuclear
cells was decreased (97). IL-6 specific mRNA was decreased in blood mononuclear cells in
elderly adults supplemented with FOS, although there was no effect on plasma siL-6R
levels (94). As an increase in IL-6 is associated with the pro-inflammatory state associated
with aging (112), this could be considered a beneficial effect. In healthy free-living elderly
adults, there was no effect of IN and OF upon IFN-y and IL-4 secretion by cultured
mononuclear cells (92). This is in contrast to a study in rats that showed an increase in
blood IL-4 concentration (65). In patients with mild to moderate ulcerative colitis,
Synergy1 supplementation had no effect on IL-8 levels in rectal dialysis fluid (95). A trend
for a reduced IL-10 production from stimulated blood mononuclear cells was observed
upon FOS supplementation in the elderly (97). TNF-a specific mRNA was decreased in

blood mononuclear cells in elderly adults supplemented with FOS, but plasma TNF-a
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levels were not affected and neither were plasma IL-2R levels, or IL-2, IL.-1a or iNOS

specific mMRNA in blood mononuclear cells (94).

1.4.5.1.2.3 SYNBIOTICS AND THE IMMUNE SYSTEM IN HUMANS

in a study of adult colon cancer or polypectomized patients, Orafti® Synergyl was given in
combination with Lactobacillus rhamnosus GG and Bifidobacterium lactis Bb12. The
synbiotic prevented the increase in IL-2 secretion by mononuclear cells from
polypectomized patients that was seen in control patients, and also increased IFN-y
production by mononuclear cells in colon cancer patients (104, 105). However, the
synbiotic had:no effect on several other immune markers in either cancer or
polypectomized patients, including percentages of phagocytically active neutrophils and
monocytes and their phagocytic intensity, percentage of neutrophils producing reactive
oxygen species and the intensity of production, lytic-activity of NK cells or production of
IL-10, iL-12 and TNF-a by activated blood mononuclear cells (105). In patients with active
ulcerative colitis, supplementation with a synbiotic containing Orafti® Synergy1 reduced
IL-Ta and TNF-a mRNA levels in mucosal tissue, but had no effect on IL-10 mRNA levels
(108). In patients.undergoing-elective abdominal surgery (107) or elective colorectal
surgery (111), synbiotics containing OF had no effect on serum IL-6 levels. In adult
multiple trauma victims in surgical intensive care units, supplementation with inulin plus
other fibres and probiotics decreased serum [L-6 and TNF-a levels (109, 110). IN and OF
in combination with Lactobacillus paracasei prevented the decrease in IL-2 production by
mononuclear cells seen in controls after vaccination, and there was no effect upon TNF-a
production by stimulated mononuclear-cells before vaccination (103). Other findings from
this study include an increase in NK activity and no effect on IFN-y production with
influenza virus antigen stimulation. There was no effect on IL-6 or IL-1 production by
stimulated blood mononuclear cells, or on lymphocyte subpopulations (103). The
decrease in numbers of T cells with NK activity that was seen in the control group was
prevented with the supplementation (103)). After the vaccinations were given there was
no effect of the synbiotic on the magnitude of the increase in anti-influenza vaccine or
anti-pneumococcus vaccine-antibodies, or on the DTH response (103). In children
supplemented with IN-and OF plus L. acidophilus and L. casei, there was no effect upon

serum IgA, IgG IgE or IgM levels, or serum vaccine-specific antibody levels (1086).
1.4.5.2 82-1 FRUCTANS AND INFECTION

This section reviews studies in experimental animals and in humans that investigate the

effects of increased consumption of B2-1 fructans on infectious cutcomes.
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1.4.5.2.1 STUDIES IN LABORATORY ANIMALS
22 animal studies of infection were identified (four of which used synbiotics), and R2-1
fructan supplementation generally appears to be beneficial in the models used. These

studies are summarised in Appendix 1 (Lomax and Calder 2009a (63)) and Table 5.

A series of studies using piglets infected with Oesophagostomum dentatum or Trichuris
suis, showed decreases in Oesophagostomum dentatum and Trichuris suis faecal egg
counts, intestinal worm recovery, size of worms, and the female worm’s ability to
reproduce after IN supplementation (113-118). In models of Salmonella typhimurium
infection, R2-1 fructan supplementation appears to be beneficial (84, 119-123). R 2-1
fructan supplementation increased survival in a hamster model of Clostridium difficile
infection (124) and in murine models of Listeria monocytogenes {(120). FOS decreased
diarrhoea and increased survival rates in piglets infected with E. coli (125). These studies
provide a consistent picture that R2-1 fructans do improve host resistance to bacterial

infections.

In contrast to the studies described above, a series of studies investigating OF or IN
supplementation in calcium-deficient rats suggest increased Salmonella typhimurium
colonisation and translocation and increased mucosal irritation (126-129). These findings
may be explained by the calcium deficient state of the rats used, since a direct
comparison of OF in rats fed calcium deficient and calcium sufficient diets showed
different effects (128). While the calcium deficient animals displayed increased
susceptibility to S. typhimurium, calcium sufficient animals did not. Thus, the relevance of
the findings to animals or humans that are not calcium deficient is limited. However, a
study of GOS and IN supplementation to newborn rats reported increased incidence of
anaerobic and aerobic bacterial translocation towards the spleen, although several other
measures of bacterial translocation were not altered (130), and a study in S. typhimurium
infected mice fed IN or FOS found some indications that these supplements were not
beneficial (88).

Four studies have investigated the use of synbiotics in animal models of infection. A study
in mouse pups infected with rhesus rotavirus, demonstrated that OF in combination with
Bifidobacterium bifidum and Bifidobacterium infantis reduced the duration of diarrhoea,
although the synbiotic was no more effective than the probiotic alone (131). Rotavirus
infects the enterocytes of the small intestine, but prebiotics and probiotics have their
effects mainly in the large intestine. Thus, although improving the health of the large
intestine is likely to be useful in diarrhoea, prebiotics may not be more helpful than a
probiotic alone because of limited effects in the small intestine. Although piglets infected
with Salmonella typhimurium were shown to have decreased shedding of Salmonella
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typhimurium in faeces when supplemented with FOS, FOS given as part of a synbiotic had
no effect-on Salmonella typhimurium infection (121):.In mice infected with Salmonella, IN
given alone, in combination with L. acidophilus or L. acidophilus on its own all appeared
to protect mice against salmonella induced liver damage, but the probiotic was the most
effective, and there did not appear to be any synergistic effect between the prebiotic and
the probiotic (123). In rats infected with Toxoplasma gondii, FOS plus B..animalis

improved survival rates (90).

1.4.5.2.2 STUDIES IN HUMANS

1.4.5.2.2.1 INFANTS AND CHILDREN

Eleven studies have investigated the effect of FOS:upon infectious outcomes in humans.
Several studies have shown some benefit from R2-1 fructans on common childhood
diarrhoea in reducing severity (132, 133), and number of episodes (134), although some
studies have shown no effect on the occurrence or prevalence of diarrhoea (93, 132, 133)
or duration of diarrhoea (132, 133, 135). Duration (136) and incidence (137) of acute
diarrhoea have both been reduced with R2-1 fructan supplementation. Incidence of upper
respiratory tract infections was shown to be non-significantly reduced, and antibiotic use
was decreased (137)..A study in healthy infants supplemented with short chain- GOS (sc-
GOS) and IN for the first six months of life found benefits regarding different types of
infections, including. respiratory tract infections at six months and two years of age (138,
139)). Intestinal:-permeability has been shown to improve in one study:-with $2-1 fructans
(140), but not.in another (141). A study of preterm infants supplemented with a prebiotic
mixture containing IN reported a trend for lower incidence and risk-of infectious
morbidity (142).

An-additional four studies:have investigated the effect of synbiotic supplements
containing:R2-1 fructans on-infectious outcomes in children, and have found
improvements in Helicobacter pylori colonized children (143), and a non-significant trend
for a reduction in respiratory tract infections (144). However in severely malnourished
children, supplementation with a synbiotic containing IN seemed to increase the time with
severe diarrhoea and-vomiting in hospital, but tended to reduce the severity of diarrhoea
once children were discharged (145).-A synbiotic supplement containing IN and OF did

not alter number of .episodes. of infection, or days of fever in children (106).

Taken together data from studies using B2-1 fructans in infants and children are mixed,

but are suggestive of a reduction in incidence,; duration or severity of some infections.
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1.4.5.2.2.2 ADULTS

Eight studies were identified which investigated the effect on R2-1 fructans upon
infectious outcomes in adults. Two studies showed a benefit regarding a decrease in
relapse rate of in-patients with Clostridium difficile associated diarrhoea (146), and
decreased upper respiratory tract infections in older adults post-influenza vaccine (96).
Other studies report no benefit regarding antibiotic-associated diarrhoea in in-patients
receiving broad-spectrum antibiotics (147), severity or duration of infections in burns
patients (148), or travellers’ diarrhoea in people holidaying to areas of medium/high risk
of diarrhoea, although there was a non-significant decrease in diarrhoea and an increase

in feelings of well-being (149).

In healthy adults, OF appears to have no effect upon faecal mucin excretion (150), and in
men consuming a diet with limited calcium, intestinal permeability did not differ between
the control and OF supplement periods, although faecal mucin excretion was increased
with the addition of OF to the diet (151). In patients on an enteral diet, IN had no effect

upon intestinal permeability (152).

Ten trials have been conducted to investigate the effect on synbiotics upon infection in
adults, and most of these trials have been carried out in patients admitted to intensive
care or surgery wards. Synbiotics containing R2-1 fructans appear to exert some
beneficial effects on infections in these patients (109-111, 153, 154). In studies where
synbiotics containing IN have been compared with IN alone, synbiotics have been shown
to be more beneficial in terms of reducing bacterial infections and length of antibiotic
therapy in patients undergoing duodenal surgery (155) or liver transplantation (156).
However, some of these studies report no effects of the synbiotics on other outcomes
measured (110, 111, 153), and no benefits of synbiotics containing 82-1 fructans have
been observed in other studies (107, 157). Synbiotics containing 82-1 fructans have
produced several benefits on respiratory infections in healthy adults (158), and a study in
healthy elderly adults found reduced infections in the synbiotic group following

vaccination (103).

Overall, studies of R2-1 fructans in adults are less convincing of a benefit with respect to
infections compared with studies in infants and children. However it appears that R2-1
fructans are useful in this regard in some situations (96, 146) and perhaps as a

component of a synbiotic.

1.4.5.3 R2-1 FRUCTANS IN INFLAMMATORY CONDITIONS
This section reviews studies in experimental animals and in humans that investigate the

effects of increased consumption of R2-1 fructans on inflammatory diseases.
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1.4.5.3.1 STUDIES IN LABORATORY ANIMALS

14 studies were identified (two using synbiotics), with mostly consistent results, showing
positive effects of FOS on inflammation in animal models. These results are summarised
in Appendix 1. (Lomax and Calder 2009a (63)) and Table 5.

Considering the reported effects of B2-1 fructans on T cell numbers and function in
animal models described previously (65, 68-72, 80, 82, 83) it is not surprising that they
are effective in colitis: six out of seven.rodent studies of colitis report a decrease in
inflammatory markers and the severity of disease when animals were supplemented with
f2-1 fructans (40, 44, 83, 159-161). Just one study showed no effect of sc-FOS on
macroscopic or histological scores in a colitis model in male rats (162). R2-1 fructans
given in a synbiotic have also been shown to have beneficial effects in rat models of
colitis (45, 163).

Neonatal necrotising enterocolitis may be in part caused by interactions between
intestinal immaturity, inappropriate bacterial colonisation and infections (164). Thus,
from the known beneficial microbiotia-stimulating effects, and previously described
effects of R2-1 fructans on-the immune system, it is possible that 82-1 fructans could be
of benefit in this disease. Indeed, in a quail model of neonatal necrotising enterocolitis,
OF decreased the occurrence and severity of intestinal lesions, although:the clostridial
species.that was used to induce the colitis had an effect on the magnitude of this effect
(41, 165).

In a rat model of allergic airway eosinophilia there was no benefit of FOS (166). The lack
of effect of FOS on airways inflammation may be due to the distance of this compartment
from the gastrointestinal tract. However, in mice sensitized to ovalbumin, short-chain GOS
and IN decreased airway hyper-responsiveness, reduced the number of inflammatory cells
in broncho-alveolar lavage fluid; and non-significantly decreased serumIgE levels (86). In
an ovalbumin sensitized rat model of food allergy, some immunological markers were

altered in the duodenum with FOS supplementation (167).

In pathogen free rats, a supplement of IN, sc-FOS and omega-3 fatty acids seemed to
protect the rats against systemic inflammatory response induced by LPS (89).

Thus, animal studies provide strong evidence of a protective effect of £2-1 fructans on
colitis and necrotising enterocolitis. The consistent findings may relate to the action of
prebiotics directly at the site of pathology. Effects of prebiotics on inflammatory

processes distant from the intestinal tract (e.g. the lung) may be smaller in.magnitude.
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1.4.5.3.2 STUDIES IN HUMANS
Thirteen studies of B2-1 fructans in human inflammatory conditions were identified (four
where synbiotics were used), of which eleven were conducted in adults. The results are

summarised in Appendix 1 (Lomax and Calder 2009a (63)) and Table 5.

In accordance with findings from animal experiments, R2-1 fructan supplementation was
shown to be beneficial in ulcerative colitis patients (95, 168). In patients with ileal pouch-
anal anastomosis, IN did not produce any effects on clinical symptom scores, but there
were reductions in total endoscopic and histological scores, mucous exudates and total
Pouchitis Disease Activity Index (169). In patients with ileo-colonic Crohn’s Disease,

Prebiol” supplementation improved several outcomes (170).

Trials in Irritable Bowel Syndrome (IBS) do not report beneficial effects of 82-1 fructans on
symptom scores (171, 172), perhaps due to the nature of the disease regarding the
relapse and remission pattern. However, a study in which patients with minor functional
bowel disorders were supplemented with sc-FOS showed improvements in some

symptoms (173).

In contrast to animal work which suggests that there is no benefit of 82-1 fructans on
allergic airway eosinophilia (166), two studies in infants at risk from atopy found a
reduction in the development of atopic dermatitis (101) and in cumulative incidence of
atopic dermatitis, recurrent wheezing and allergic urticaria at two years of age (138, 139).
Several reasons could be given to explain this inconsistency in results. In the human
studies, the composition of the formulas containing 82-1 fructans and GOS was designed
to closely resemble the composition of oligosaccharides of the mothers’ milk, but as this
was not the case in the animal study it may be that the amount of prebiotic given was not
appropriate. Also, the rats were at a later stage of development than the infants in the
human study were, and so as their immune systems would have been more developed,
the prebiotics may have had less of an effect upon their immune system. Finally, the
infants were at risk from allergy because of parental allergy (i.e. genetics was most likely
an important factor), while in the animal model, the allergy was induced in the affected

animals.

Synbiotic therapy for inflammatory bowel diseases produces mixed results. Orafti°

Synergyl in combination with Bifidobacterium longum improved markers of inflammation

in patients with active ulcerative colitis (108). IN given in combination with other

fermentable fibres and four lactic acid bacteria had no effect on relapse rates (either

endoscopic or clinical) in Crohn’s Disease patients undergoing resection (174). In a study

of patients with acute pancreatitis, a synbiotic supplement containing IN and other fibres
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was found to be more beneficial than when IN and other fibres were given alone
regarding outcomes such as systemic inflammatory response and multi-organ failure
(175). Regarding IBS, a synbiotic containing IN resulted in significant reductions in

abdominal pain and distension, diarrhoea and constipation (176).
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* I Recovery in intestinal architecture ({ microscopic damage score)
# J. Macroscopic damage score

s . MPO activity

e Restoration in colonic glutathione levels

o LTB4

¢ ., Colonic iNOS expression

Arslanoglu
(2007)(138)
(2008 -
year
follow-up)(139)

and
two

scGOS/ in a
hypoallergenic

the first 6 m of life)

IcFOS = (8g/1

formula for

Healthy term infants with a
parental history of atopic

eczema,  allergic rhinitis or

asthma; n = 102 in test
group; n = 104 in placebo
group; (n = 66 in
experimental group and n =
68 in placebo  group
completed  the ‘two vyear
follow-up)

During the first 6 m of life the test group had:

» I Number of episodes of all types of infections combined

« | Cumulative incidence of having at least one episode of any infection, any recurrent infection, .or
recurring upper respiratory tract infection

« ¢ Incidence of infections at 4 - 6 m

» Trend for ¢ in number of upper respiratory tract infectious episodes and in number of infections
requiring antibiotic treatment

No significant effect on:

« Number of episodes of otitis media, gastrointestinal infections of urinary tract infections

« Cumulative incidence of recurrent otitis media or urinary tract infection

s incidence of infections at <2 m,or2 -4 m

At the two year follow-up, the test group had:

+  Number of overall infections (assessed by both physician-diagnosed infections and number of fever
episodes)

» ., Infections requiring antibiotic prescriptions

» J, Episodes of upper respiratory tract infections

s Trend for { in urinary tract infections

« No effect on episodes of lower respiratory tract infections, otitis media or gastrointestinal infections

+ J Cumulative incidences of atopic dermatitis, recurrent wheezing and allergic urticaria
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Schiffrin
(2007)(94)

FOS (1.95 - 3.9g /d for 12 w,
given. in  a  nutritional

supplement)

Elderly adults (aged < 70 y);
75 % female;
dwelling - and. nursing home

community

residents; malnourished or at
risk of malnutrition; n = 37 in
test group; n = 37 in control
group; mean age = 84y

® J IL-6 and TNF-a specific mRNA in peripheral blood mononuclear cells in test group
® . Serum sCD14 in test group
¢ Tendency for 1 in total lymphocyte counts and all subsets (CD3+, CD4+, CD8+, CD19+, CD16+CD56+

and CD4/CD8 ratio)
No effect on:

e Erythrocyte or white blood cell counts
® levels of circulating cytokines (IL-2R, TNF-q, sIL-6R) in plasma

® iNOS, IL-2 or IL-1a specific mRNA in peripheral blood mononuclear cells

Spindler- Vesel

IN (2.5 g/sachet, number of

Patients with multiple injuries

¢ No effect on numbers of infections or rate of pneumonia between groups, but when Group D was

1 = 100% GOS/ Raftiline-HP®;
group 2 = 100 % AOS; group
3 = GOS/Raftiline-HP®:AQS in

influenza vaccine

(2007)(154) sachets / d not specified, | admitted to intensive care | compared with Groups A - C combined, rate of pneumonia and cumulative infection rates were
duration not given) plus R- | receiving enteral nutrition; n | decreased
glucan,  pectin,  resistant | = 32 in Group A (glutamine), ¢ 1 Injury Severity Score, Acute Physiological Chronic Health Evaluation Il scores, and gastric retention
starch and probiotics median age = 31 y; n=29%in volume than in Group D compared to Group A
Group B (fermentable fibre; ) o ) i o
guar gum), median age = 36 * | Procalcitonin value (blood levels rise in-severe infections), and lactulose/ mannitol index (measure
y: = 26 in Group C (peptide of intestinal permeability) in Group D versus group A or group C
diet), median age = 41 y; n = ¢ intestinal permeability 1 in all groups until day 7, except group D where lactulose/ mannitol index ,
26 in Group D (synbiotic diet | ond7
containing IN), median age = | ® No effect on mortality rates
48y
Vos GOS/Raftiline-HP® (9:1 ratio) | Mice (female, 6 w  old); | « £ DTH response in AOS and GOS/Raftiline-HP groups, and this was 4 in groups 3 and 4 who took the
(20073a)(87) at 2% of diet and given in | vaccinated -~ with  influenza combined supplements, suggesting the supplements may interact
different ratios to AOS (group | vaccine; DTH response 10 | Ngeffect.on:

* Splenocyte proliferation

s Spelenocyte cytokine production (IFN-y, 1L-2, IL-4, IL-5 or IL-10)
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Pregliasco
(2008)(158)

sc-FOS (given in a synbiotic,
for 90 d over the winter
season); group A consumed 3
g/d sc-FOS plus L. plantarum,
L. rhamnosus and B. lactis;
Group B consumed the same
as A plus lactoferrin; Group C
consumed 2.5 g/ d of GOS
plus 2 strains of L
plantarum, 2 strains of L.
rhamnosus  and - B. - lactis;
Group D consumed 3 g / d of
sc-FOS plus 2 strains of L.
plantarum, 2 strains of L

rhamnosus and B. lactis

Healthy volunteers; n = 721

altogether over 3 winter
seasons; in Trial 1, n = 122
in Group A, mean age = 39.4
y; n = 115 in placebo group,
mean age = 34.8 y; in Trial 2,
n =79 in Group A, mean age
= 38.5 y; n =79 in Group B,
mean age = 369y, n=76in
placebo group, mean age =
38.1 y; in Trial 3, n = 84 in
Group C, mean age = 42 y; n
= 84 in Group D, mean age =
45 y; n - = 82 in placebo
group, mean age =42y

Trial 1 (Group A versus placebo):

Improved bowel functions

e |, Overall number of acute respiratory tract infection episodes
¢ . Number of flu episodes

e} Overall number of days of iliness

¢ Number of days of illness/ individual subject

e, Number of overall acute respiratory infection episodes

e | Perceived severity for acute respiratory tract infectious episodes, upper respiratory tract infection

episodes and for influenza like illness

e Average length of overall acute respiratory infection episodes and in upper respiratory tract

infection episodes

* No significant effect on length of cold or influenza like iliness infection episodes
No effect on:

e Number of cold or upper respiratory tract infection episodes

® Perceived severity of colds

Trial 2 (Group A versus Group B versus placebo):
s Significantly improved bowel functions in Group A, and non- significantly improved in Group B

e, Overall number of days if illness and number of days of respiratory tract ilinesses/ individual

subject in groups Aand B
e, Of overall number of episodes and number of overall acute respiratory infections per person
o |, Total'number of acute respiratory infections in both groups
¢ |, Number of flu episodes in Group A

e Non - significant ¢ in number of flu episodes in Group B
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Scholtens scGOS/ICFOS (6 g/l at a ratio | Healthy term infants; n = 75 | « 4 Faecal slgA in test milk group compared to placebo milk group (the results from the subgroup of
(2008)(102) of 9:1 in a milk formula, for | in scGOS/IcFOS milk group; n | infants who were exclusively formula fed from birth were comparable to these results which considered
the first 6 m of life) = 81 in placebo milk group; n | the whole group, which included infants who may also have been breast-fed for some time)
= 31 in breast-fed group
Bruzzese GOS/ FOS (9:1 ratio, at a | Healthy term infants, aged | e, Rate of diarrhoeal episodes / child
(2009)(137) concentration of 0.4 g / 100 | between 15 - 120 d at start; ¢ ., Number of children with at least one episode of acute diarrhoea
ml) in infant formula, (for 12 | had begun formula feeding
m before starting the study: n e Non-significant 4, in number of episodes of upper respiratory tract infections (URTI)
= 169 in test group; n = 173 ¢ No effect on number of children with at least one episode of URT!
in control group e Among children with at least one episode of URTI, the number of children with recurrent URTI (more
than three episodes in 12 m) was non-significantly ¢
e |, Mean rate of antibiotic courses prescribed
* % of children receiving two or more antibiotic courses / y
Frece IN (1 % of diet) plus L. | Mice (4 m old, female, Swiss | e« 4 Faecal slgA in-all groups (probiotic alone, probiotics alone, and all synbiotics, but was the highest
(2009)(75) helveticus M92 albino) levels were seen in the probiotics plus iN group)
e 1 Total serum. lgA (probiotic alone and all synbiotics, but was the highest levels were seen in the
Also looked at synbiotics probiotics plus IN group)
containing lactulose or
raffinose instead of IN
Janardhana OF (0.5% of diet) Chickens (1 d old, male) o |, Stimulation index of caecal tonsil lymphocytes when stimulated with ConA
(2009)(68) e | % of B cell phenotypes in caecal tonsil
o 7 Plasma 1gG and IgM titres
No effect on:
s Frequency of 1gA-positive cells at the mucosal surfaces (duodenal)
o mRNA expression of IFN-y, IL-6 or IL-10 in caecal tonsil
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acidophlus or L. acidophilus
alone

0z (2009)89) | IN and sc-FOS (0.52% of diet, | Rats (male, specific | o Rats on the EPA-DHA-FOS diet were protected against LPS-induced systemic inflammatory response;
for - 6 d before LPS | pathogen-free, 4-6 w old); | |ost less weight, | alanine aminotransferase (marker of hepatocyte injury) concentrations, protected
administration),  diet  also | systemic inflammatory | against low hematocrit and hepatic pathology, 1 blood IL-10 levels, less prominent { in intrahepatic-
included EPA-DHA syndrome induced by LPS reduced GSH
e No effect on release of inflammatory cytokines (TNF-a, IFN-y or {L-6) in blood
Petersen IN (10%) or FOS (10%) Mice (BALB/c); infected with | e« 4 Numbers of S. typhimurium in liver, spleen and mesenteric lymph nodes of FOS group compared to
(2009)(88) S. typhimurium SL1344 control diet
e 1 Serum haptoglobin (a good marker for translocation of S. typhimurium) in FOS group
e Non-significant 1 in faecal and ileal counts of S. typhimurium in FOS group
o No effect of inulin on S. typhimurium counts in liver, spleen, mesenteric lymph nodes, ileum or faeces
e No effect on spleen immune cell percentages (CD4+, CD8+, NK, NKT, B or dendritic cells) and % of
neutrophils was 4 in infected animals compared to non-infected animals
Rishi IN (2 mg/d) alone, in | Mice (BALB/c); infected with | e Bacterial load in liver
(2009)(123) combination with L. | Salmonella enterica

e .l Serum aspartate aminotransferase -and alainine aminotransferase (liver damage markers) levels

before animals were challenged with Saimonella
e | Histological damage in liver
e |, Levels of oxidants (malondialdehyde levels) in liver
* |, Levels of nitrite in liver
o 1 Levels of antioxidants (superoxide dismutase and reduced glutathione) in liver

e These findings were most marked in the probiotic group, and there was no synergistic -effect of the
probiotic and prebiotic observed. Experiments were also carried out using FOS instead of (N, no
synergistic effect was seen here either

Ryz (2009)(80)

IN (5% of diet)

Rats (female, 3 weeks old)

ein the spleen, total cell number was {, proportion of TCRaB+CD4+ cells were 4, proportion and

numbers of TCRap+CD8+ cells were ., numbers of TCRys+ cells were {,, and there was no effect on
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¢ 1 in colonic GSH content (which was depleted in control animals)
e |, colonic TNF-a concentration

& Non-significant J in IL-1B concentration

No effect on colonic iNOS expression

dexamethasone treated and
infected . with . Toxoplasma

gondii

Perez IN (240 mg/d) and OF (950 | Children of a "low socio- | No effect (post-vaccination) on:
(2010)(106) mg/d), in combination with L. | economic status”, so living in | « Serum IgG, IgA, IgM, IgE or isoagglutinin levels
acidophilus strain CRL730 (95 | a less hygienic environment; | « Serum vaccine-specific antibody levels post-vaccination
x 10° cfu/d) and L. casei|aged 9 m - 10y, n =70 in | « Days of fever
strain CRL431 (95 x 10° test group (median ‘age = |« Number of episodes of infection (upper respiratory tract infections, gastroenteritis, varicela,
46.5 m); n = 70 in control neumonia
cfu/d)y for at least four m; . P )
group {median age = 45.5
both test and control )
m); received tetanus or
products contained S .
pneumococcal vaccine
thermophilus at 95 x 10° d .
epending upon age
cfu/d
Ribeiro FOS (50 mg/d) plus B. | Rats; female; specific | o All dexamethasone treated, T. Gondii infected, synbiotic supplemented rats survived until the end of
(2010)(90) animalis pathogen free; | the experiment (21 d), but dexamethasone treated, T. Gondii infected rats who did not receive the

synbiotic died betweend 5 - 8
®  Serum IFN-y levels in dexamethasone treated, T. Gondii infected, synbiotic supplemented rats at d
21 -compared to rats who were not treated with - dexamethasone

¢ No effect on serum {L-10 levels at d 15 or 21 between groups, but decreased progressively during the
study in all groups

d, day; h, hour; m, month; w, week; y, year ; OF, oligofructose; IN, inulin; FOS, fructooligosaccharides; sc-FOS, short chain fructooligosaccharides; 1c-FOS, long chain fructooligosaccharides;
GOS, galactooligosaccharides; sc- GOS, short-chain galactooligosaccharides; AOS, acidic oligosaccharides; SPS, soy polysaccharides; EPA, eicosapentanoic acid; DHA, docosahexaenoic acid: Ic-
PUFA, long chain polyunsaturated fatty acids; LPS, lipopolysaccharide; - URTI, upper respiratory tract infection; {CU, -intensive care unit; DAI, disease activity index; TNBS, trinitrobenzene

sulphonic acid; MPO, myeloperoxidase; GSH, glutathione peroxidase; LTB4, leukotriene B4

58



Amy R Lomax Chapter 1 Introduction

1.5 EFFECTS OF PROBIOTICS ON IMMUNE FUNCTION,
INFECTION AND INFLAMMATORY CONDITIONS

1.5.1 INTRODUCTION

Probiotics have been defined as “live micro-organisms which when administered in
adequate amounts confer a health benefit on the host” (Food and Agriculture
Organisation (178)). The most common probiotics are the bacteria bifidobacteria and
lactobacilli, but probiotics also include other bacteria such as enterococcus, bacillus and
escherichia and the yeast Saccharomyces boulardii. Research on the potential health
benefits of probiotics has occurred over a long period of time but has grown over the last
15 years or 5o, with a recent interest in the effects on the immune system, the host’s
ability to fight infection, and inflammatory processes and conditions. All studies
investigating the influence of probiotics on immunity, host defence and inflammatory
processes and conditions in humans have been collected and collated. The tables
generated are found in Appendix 2 (Lomax and Calder 2009b (179)), and a table
summarising studies investigating the effect of B2-1 fructans on these outcomes that
have been published since this review article was prepared (June 2008) and up to June
2010 is included at the end of this section (Table 6). This section will summarise the
results from all available human studies investigating the effect of probiotics on these
outcomes, and is a summary and update of a comprehensive review article published
elsewhere (Lomax and Calder 2009b (179)). Studies in model systems including
experimental animals are not considered here. Studies using the traditional yoghurt
cultures Streptococcus thermophilus and Lactobacilius delbruekii sp. bulgaricus are not
included here, as there is disagreement as to whether these organisms are considered to
be probiotic (180, 181).

1.5.2 OVERVIEW OF THE MECHANISM OF ACTION OF PROBIOTICS

In order to be effective, a probiotic must trave!l through the gastrointestinal tract,
resisting hydrolysis and digestion, and reach the colon. Here they must adhere to the
intestinal cells (182) and colonise the intestine, thus modulating the composition and
activity of the intestinal flora, and increasing the numbers of the beneficial bacteria in the

colon. This may have several beneficial effects, as summarized in Figure 15 and below:

1. Increased competition with pathogenic bacteria for nutrients and adhesion sites and
therefore reduced survival of pathogenic bacteria (183)

2. Production of antimicrobial substances such as bacteriocins that are harmful to
pathogenic bacteria (50)

3. Production of SCFAs by fermentation of carbohydrates. This may:
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studies in infants, but few effects have been seen in adults. There appears to be little
influence of probiotics upon intestinal production of other antibodies. Systemic levels of
antibodies are also little affected by probiotics. Antibody responses to vaccination have
been increased by probiotics in some, but not all, studies. Thus, the picture that emerges
from studies of probiotics on immune outcomes in humans is mixed, with some studies
showing improvements in some parameters but others showing no effect on these same
parameters. There appear to be species and strain differences in the effects seen. Other
reasons for differences in immune effects seen will include dose of probiotic organism
used, duration of supplementation, characteristics of the subjects studied (age,
background diet, healthy vs. diseased etc.), sample size, and technical differences in how

the measurements were made.

1.5.4 SUMMARY OF THE EFFECT OF PROBIOTICS ON INFECTIONS IN HUMANS
Studies describing the effect of probiotics upon infections in humans are summarised in
Appendix 2 (Lomax and Calder 2009b (179)) and Table 6.

In pre-term infants in intensive care, probiotics may have benefit on some clinical
outcomes. A range of probiotics administered to children with acute diarrhoea appear to
exert beneficial effects with regards to reducing duration. Results of studies investigating
the effects of probiotic supplementation on common childhood diarrhoea are mixed,
although most studies show some benefit. Most studies have shown that probiotic
supplementation, including certain lactobacilli and bifidobacteria, can reduce the risk of
developing antibiotic-associated diarrhoea, but mixed effects have been reported on
duration, and no effect is seen regarding severity. Results of studies investigating the
effect of probiotics on H. pylori infection and hospital-acquired diarrhoea in children have
reported mixed results. Several other studies have looked at different types of infection in

children, but as they are so varied it is difficult to draw conclusions.

Probiotic supplementation has been shown to reduce the incidence, risk, or frequency of
travellers’ diarrhoea in adults, but has not shown an effect on duration. In radiation-
induced diarrhoea or bowel symptoms, probiotics have shown mixed results. In patients
with chronic diarrhoea probiotics have produced several beneficial effects. Probiotic
supplementation in hospitalised patients seems to produce largely beneficial results
regarding infectious outcomes, but these patients are often weak and susceptible to
infection, so this should be considered. In patients with acute diarrhoea, mixed results
are reported regarding probiotic treatment. Little effect has been reported of probiotics
on common diarrhoea. The use of probiotics for antibiotic-associated diarrhoea has
produced mixed results; this seems to depend on what condition the patients were
receiving the antibiotics for. Mixed effects are reported regarding the effect of probiotics
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to eradicate H. pylori infection in adults, but most studies have shown an improvement in
symptoms or side effects. Probiotic supplementation in preventing occurrence, severity

and duration of common respiratory illnesses has produced mixed results.

1.5.5 SUMMARY OF THE EFFECTS OF PROBIOTICS ON INFLAMMATORY CONDITIONS
IN - HUMANS

Studies describing the effect of probiotics upon inflammatory diseases in humans are
summarised in Appendix 2 (Lomax and Calder 2009b (179)) and Table 6.

Studies investigating the effect of probiotics in children and adults with 1BS have produced
mixed results, with some showing clinical benefit. In children and adults with ulcerative
colitis, probiotics have been shown to be beneficial, although results from studies in adult
patients who had previously undergone surgery for this condition are less conclusive.
Probiotic supplementation in children and adults with Crohn’s Disease has produced
mixed results, and in children probiotics may be more effective if given when the disease
is active, rather than when the patients are in remission. Probiotics have little, if any,
effect in children and adults with arthritis. Probiotic supplementation to mothers during
pregnancy and/or lactation may reduce the risk of their infants becoming allergic,
although results of studies are mixed. When probiotics are given to infants at risk of
allergy, or to infants who had hay-fever, results are also mixed. In infants and children
with allergic dermatitis and/or cows’ milk allergy, again results are mixed but there are a
number of positive studies using lactobacilli and bifidobacteria supplementation. It may
be that allergic or food sensitized children are more receptive to probiotic therapy. in
adults, probiotic therapy to those with nasal allergies produces mixed results regarding
clinical outcomes, and probiotics may modify some cytokines in these subjects, although
mixed effects are seen on eosinophil numbers and eosinophil cationic protein, and little
effect is seen on IgE levels. In adults with food allergy or with several different allergies,
probiotic supplementation may be beneficial, and in adults with atopic dermatitis, mixed

results were observed with probiotic supplementation.
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(enteral nutrition + oat fibre
+ heat-killed Lactobacilli
diet), mean age =61y

e Length of stay in intensive care or total length of hospital stay (although this was longer in Group A compared to
Groups B and Q)

¢ No benefits of living lactobacilli compared to heat-killed lactobacilli, but benefits were observed in patients with
gastric and pancreas resections

Rayes L. plantarum 299 (2 x 10° | Adult patients undergoing | eMore infections in Group 1 compared to Group 2 (also 1 infections in Group 1 compared to Group 3 but this was
(2002b)(188) | pacreria/d for 12 d post- liver transplantation; n = 32 not significant) and cholangitis and pneumonia were the most frequent infections, and enterococci were the
surgery) in Group 1 (selective bowel predominant bacteria isolated
decontamination therapy), ¢ 1 Length of antibiotic therapy in Groups 1 and 3 compared to Group 2 (not significant)
Plus oat fibre mean age = 47 y; n =31 in No effect on:
Group 2 (enteral nutrition +
. s eukocyte counts (although lower in Group 2 compared to Groups 1.and 3)
live L. plantarum + oat
fibre), mean age = 50 y; n = #(D4:CD8 ratio (although higher in Group 2 compared to Groups 1 and 3)
32 in Group 3 {enteral e Length of stay in intensive care unit or total length of hospital stay (although length of both stays were longest in
nutrition + heat-killed L. Group 1)
plantarum + oat fibre), +Blood CRP or IgA levels
mean age = 50y eCD3+, CD4+, CD8+, CD19+, NK cell or CD45RA/CD45RO cell counts
Tursi VSL#3 (9 x 10V Patients with newly e 1 Number of patients who obtained remission in Group A compared to other groups
(2004)(189) diagnosed or recently

bacteria/d, for 8 w)

relapsed, mild to moderate
ulcerative colitis; n = 30 in
Group A {(Basalazide +
VSL#3), mean age = 41 y; n
= 30in Group B
(Basalazide), mean age = 38
y, n=30in Group C
(Mesalazine),mean age=44y

e Remission was achieved faster in Group A compared to other groups

eGroup A was better than other groups in all parameters measured (improved well-being, bowel frequency,
endoscopic scores and histological scores)

64




S9

SBN[RA DUHBSEQ WOy 5oMo] AjJuedijiubls 10U Sem ydiym uoniewwe|jul yd>nod 21dodSopus 21BJ3pOW 10 Pl jO m 7 105 Adessyy paepuels Asewind 3y1 pue W g 10)
SDUIPIAS PRY ING ‘UoisSsiwaL dDewoidwAs Ul 84om AsY] ‘W 8 dYI JO PUI 3YI 1B £#TSA UO pautewal siusiied g AjuQ e I P31eaI] “SIYINOd 15| 01 pauBISIP SeMm [
510944 wuspuadap -dnoiqiue yim 3yl ‘uaAib J0u BIIAIDR]G (£61)(5002)
3SI9APE JO |snhedaq 2 pue SUWO1dWAS 1Ud.LINDB JO 9SNBIIQ E£#T1SA PSNUIIU0DSIP pey mqu_qu £l ‘w 8 JOpUB Byl Iy e mucw_uma S11|0D BAIIRIDN 40 JAquinu .U\@@v SH#1SA uays
dnoib josuod
ou Q| = U'AZ9 - ¢ 2be
AUAIDE [ 3IN 4 ® | ‘sisasedesed onseds jesidon
(£0D/.9532.910D /AyredojpAw paieposse -
10 .WZOMN L 1AQ L HAD Ul LEUDXD LEYDIXD "wusw 8D UL AJOWBW / 101I814D 16y §AD UL J01IBYD ey §AD UL AlOWIBW 1-8dA1 snuja dydontoyduidj (M ¢ 10} p/etiaieq 0L (26 1)(5002)
e 8QD UL BAIRU 5, 80D (D) PaUnsesw sadAlouayd {190 | Aue JO J13qUINU 3INjOsqe 10 ADusnbaij U0 103)43 ON o }190-1 [BD1UIPD UM SIUBiRd | X 8) BIOHYS ulens 19sed 1 pleznsiep
AJIAIIDB 3SEPIXO 3UiWRIP winias uf sabueyd aaesadolsod e
O11B4 jOMUURW / 350|N1De} Ul SeBUBYD 9A13RIad0ISOd e A 6'y9 = abe ueaw 'dnoib
U0 123449 ON joNUoD U 7 =Uu’AG g =
1 p - | p aanessdoisod
SUOSeal obe ueaw ‘dnoub 1sar Uy {7
wouy buipasy
snnadessyl 104 sonoigiue Huisn siusied JO 9% PUe 35N J1I0IGIIUR JO 3DUIPIDUL SARINWND Ul ) uedjiubIS-UoN e = u ‘Awoisoun{sfoonedasy
fedius BIA (p/B Z21)
Ae3s fendsoy anieiado-150d Ul 4 eI HUBIS-UON Ylim uolidssal
SOD snjd(p/el1deq 01
suoednduiod snodajul aAnesadolsod jo 3dulpINU] P PP 3g dhedayenxe )
u ]
e o84l oAl 4 PRULT o PUE J3AI| PAUIGUIOD X £) DI04IYS UIRNS jaSPD
01 p aAnesadolsod U0 u9104d BAIDLILD) WNIRS P e 0B4opUN 01 PAINPALS 7 pue (p/eusieq 01 (161)(5002)
01 p 3nneladoisod uo SIUNOd DEM T e | ja5ue) AJBHIQ UM SIUBIIRY | X £) YMRA URAIS §ADAG g emezeury
Ww /4§ = abe uesw ‘dnoib
JOAIUCD Uj €8 = U ‘W £GP
BI0Y.IBID 40 YBrod ‘19A3) JO IDUIPIDUL UO 123440 ON e — 36e Leall ‘dnoib 155
AN4D33U) [BUISIIUL UO 10343 Ul |8 = U 'paysinoujew
OU 310J3J3Y) ‘S1531 uondiosqe-iebns Buimoj|oj (aBeLUED [BUIISIIUL JO BINSBIW) Ol1BJ [OUUUBL (350108| JO (3bRWEpP 10U ‘Ayljeay ‘W 09 - (p 0¢ 404 p/B1IBIDE] (06 1)(5002)
S111Seb JO BINSEILL) ORI ISOINIIB| 1BSOIINS AJRULIN 10 ‘UO1IDIIXD 3504015 10 ISO[NIDB| '[OHUUBL UO 123)j9 ON e 9¢ 3Be “4MBIRI Ul UBIPIYD 0101) DD sAyLgOILT wdpen

uofIdnpoaiu] | 19ndey)

XBWOT Y ALty




Amy R Lomax

Chapter 1 Introduction

outcome was the number
of patients who still
remained on VSL#3 at

this time)

before supplementation
began to induce remission;

n = 31; no control group

Sugawara
2006(194)

Preoperative treatment
{Group B): L. casei strain
Shirota (4 x 10"
bacteria/d) and B. breve
strain Yakult (1 x 10'°

bacteria / d) plus GOS (15
g/d) for 2 w before

surgery

Postoperative treatment
(Groups A & B): L. casei
strain Shirota (3 x 10°
bacteria/d) and B. breve
strain Yakult (3 x 10°

bacteria/d) and GOS (15
g/d) via enteral feeding
from postoperative d 1 -
d14

Patients with biliary cancer
who were undergoing
combined liver and
extrahepatic bile duct
resection with
hepaticojejunostomy; n =
40 in Group A, mean age =
63.2y;n=41inGroup B,
mean age = 63.1y

® 1 Peripheral blood NK cell one d before surgery in Group B compared to Group A, but not significantly. Following

surgery, changes in activity were similar in both groups (decreased followed by an increase to preoperative levels)

¢ 1 Lymphocyte counts one d before surgery in Group B compared to Group A, but not significantly. Following

surgery, changes in lymphocyte counts were similar between groups (decreased followed by an increase to

preoperative levels)

e | IL-6 one d before surgery in Group B compared to Group A, and at postoperative d 2, 7 and 21.

¢ |, WBC counts in Group B at postoperative d 2 and 7

¢ | Serum C-reactive protein in Group B at postoperative d 7 and 21
e | Postoperative infectious complications in Group B

* .|, Postoperative hospital stay in Group B

» |, Cumulative duration of antibiotic therapy in Group B

No difference between groups regarding:
e Perioperative changes in lactulose/ mannitol ratio

e Perioperative changes in serum diamine oxidase activity

Tursi
(2006)(195)

L. casei subsp. casei DG
(16 x 10° bacteria/ d for
15 d of each m, for 12 m)

Patients with symptomatic
uncomplicated diverticular
disease of the colon; mean
age = 67.5 y (range 39 - 84

¢ 76.7 % of Group M, 76.7% of Group L and 96% of Group LM were symptom-free at the end of follow-up, there were

statistically more of Group LM who were symptom-free compared to the other two groups
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Amy R Lomax

Chapter 1 Introduction

In a sub-group, breast milk
was analysed for several
immune components and
these findings were related
to the development of
eczema and sensitization in
the infants; n = 54 in test
group, mean age of
mothers =29 y; n= 55 in
placebo group, mean age
of mothers =31y

® The effect of the treatment was also assessed depending upon the parenteral atopic status. If only infants whose
mothers had allergic disease were included, then the effect of the treatment was more pronounced, with the effect
on igk-associated eczema (at 6 -12, 12 -24 and 0 -24 m), skin-prick test reactivity (at 24 m and 0 - 24 m) and
sensitization (at 24 m and O - 24 m) becoming significant

No effect on:

® Circulating IgE to other food allergens
* Number of infections up to 2 y of age
¢ Cumulative incidence of eczema

¢ Circulating IgE to food allergens {except egg white)

In the subgroup:

¢ . TGF-R2 levels in colostrum in test group

e 1 IL-10 levels in colostrum in test group

* No effect on levels of TGF-81, TNF, sCD14, total IgA or SigA in colostrum

* No effect on levels of TGF-B1, TGF-R2, TNF, IL-10, sCD14, total IgA or SigA in mature milk (1 m after delivery)

® Low levels of TGF-82 in colostrum were associated with 4 sensitization (positive skin prick test and/or
circulating allergen-specific IgE) during infancy, which was significant at 24 m of age, and a similar trend was
associated with TGF-R2 levels in mature milk

¢ Tendency for TGF-R2 levels in colostrum to be 1 in mothers of babies with IgE-associated eczema, and similar

trends were observed for TGF-R2 levels in mature milk

Gionchetti
(2007)(199)

VSL#3 (3.6 x 10"
bacteria/ d for 4 w, then
if patients were in
remission they received

Patients with active mild
pouchitis; n = 23; mean age
= 31.8 y; no control group

*69% of patients went into remission by the end of w 4, and all remained in remission at 6-m
¢ | Median bowel frequency

¢ | Median total Pouchitis Disease Activity Index score (due to ¢ in clinical, endoscopic and histological scores of

68




69

UOolUlAIRIL

W 9 3y3 HulNp SI1IB1UB04ISED 1O SUOIIIB)UI S B|PPIW ‘SUOIIIBYUI AIOTRIIASDI JO (BDUO 1SBI| 1B) 32UBLINII0 e

abe Jo w 7 - 9 Bunp suondiinsaid 2101GIUE JO ‘SUOIIIBJUL JBD 9|PPIW JO Si31IBIUB0AISED JO 9DUBSIINIIO e

(sniuya 01bas)je 1o ruyise 'Abus|je pPOOJ ‘BLLIIZII) JjOUM B SB SBSEISIP DIBIB)JR JO 3IUIPIDUI BAIBINWN ) e

A Z 10 W g 1B UOIBZISUIS JO DUIPIDUS BAIIRINWIND @

‘U0 123}J3 ON

abe JO w $Z - 9 wouy SuoIIdBUl Alotesidsal Jo Aouanbaig T e
uonuUIAIRIUL W g a3yl Buunp suondinsaud dnoigruy e

A Z 1e siinewusp 21dole JO 3dUBPIDUL BATRINWND N e

A Z 18 BWIAZDI JO SDUBPIDU] BARBINWND P e

A Z 1@ s3seasip (2idole) paiedosse-364 Jo 8dUIPIDUL BANRINWND e

dnoub ogsoeyd

Ul $9¢ = u ‘dnoib 153

ul |9¢ = U ‘(3seasip d1baa|e
pasoubeip-uedisAyd e yum
1usJted 3UO 1B B) Abus|je
40 3{S14 PIsSeaIdUl I8 SIURUL

bulAires siayiow weubaid

a1 pue Aianijep 24042q

M { - Z 104 SIY) PaWNsuod
si3ylow Yl (p /nyd 01 X
¥} 9404 WSQ Sf rupuiiays
"dss yyoraauapnad)
WniAa1ouqIuoldoad

pue (p/ny 01 X

P) 269€1 NSQ 6608 24249
‘g P /N3 ;01 X 1) 1902
NSQ S0LD1 snsouuivy4

7 (P/NP 0L X 1) E0LES
D21V DD snsouwpyd

(102)(£002)
uauoNY

BI0YJIRID PIIBIDOSSE )01 fi7 "D JO 3dUSPPU| D e

B20Y.LIBID PIIBIDOSSE DNI0IGHUR JO BDUIPIDU| D e

A 6§/ = 2be ueaw

‘dnoub ogaoe|d ur g9 = u
‘A £ ¢/ = abe ueaw ‘dnoub
1591 Ut 9 = U A QG J3A0
pabe ‘sopoiqrue buiaRIBl
siusiied pazijendsoH

P/
N0 0L X ¥6'L) snoLipbing

T pue (p/NP 0L X ¥6°1L)
SnIYdowi43y} S PIUBILOD
0sje (sonoiguue

Buiddols 1aye m | jaun
psnunuod pue ‘sdnoigiue
buiuels jo y gy

uiylim unbag 'p/nyd 04 x

¥6°1) 100 ¥ LL-NQ /asp2 ']

(002)(2000)
UOoSHIIH

auijaseq 01 pasedwiod APNis aU) JO PUD JY1 1B 3I0DS JIBULOIISINY DSESI |IMOY 3|qRMLI| uBIpajy panoidil)e

W g pue m ¢ 410q 18 (Xapu| AUAIDY 3SEISIJ SIHYINO4 3yl

(Adeiayl

IDUBUBIUIBW SR W 9

104 p /R11219BG , 01 X §'1

uopdnposiyl | 4a1deyd

XeWo7 Y Ay




Amy R Lomax

Chapter 1 Introduction

infants received half this
dose for 6 m after birth,
along with 0.8g GOS

in a sub-group of 237 infants, faecal analysis was performed:
e Non-significant 4 in faecal IgA and TNF-a at 3 m, not a 6 m (antibiotic treatment abolished this effect)
s P Faecal al-antitrypsin at 3 m, not at 6 m (antibiotic treatment abolished this effect)

® 1 Faecal calprotectin-at 6 m, when adjusted for antibiotic use

Matsumoto B. animalis subsp. lactis | Adults with moderate o Serum IFN-¥ after consumption of test (by six-fold) and placebo (by three-fold) supplements
(2007)(202) M5 1 2x10° atopic dermatitis; n = 10,
LKM>12 (5.2 cfu/d i simprovement in itch in 4/10 in test and 1/10 in placebo (therefore tendency for greater improvement in test
for 4 w) also given with L. | average age =22.1y; group)
delbruekii subsp. crossover study ) o . ) ) )
eImprovement in burning in 3/8 in test and 2/8 in placebo (therefore tendency for greater improvement in test
bulgaricus and S.
group)
thermophilus which were
also present in the simprovement in pain in 2/6 in test and 3/6 in placebo
placebo supplement eimprovement of irritation in 1/8 in test and placebo
eimprovement in visual status in 3/10 in test and placebo
o No effect on serum iL-4, IL-5 or I1L-12 concentrations after either supplement, and IL-10 was below the levels of
detection
Myliyluoma L. rhamnosus GG, L. Patients referred for o | Serum gastrin-17 in H. pylori infected subjects {suggests a beneficial effect of probiotics on gastric function at
(2007)(203) rhamnosus LC705, diagnostic upper

Propionibacterium
freudenreichii ssp.
shermanii JS and B. lactis
Bb12 (2.5 x.10° cfu of
each/d for 8 w)

endoscopy; majority
female; n =7 H. pylori
positive subjects, mean age
~-51y; n=6H. pylori
negative subjects, mean
age =48y

the antrum level)

& |, *C- urea breath test values (non-significant)

No effect on:

o Serum Helicobacter igG antibody titres

s Chronic inflammation in antrum and corpus in H. pylori positive subjects, as measured by histology
o Serum Helicobacter 1gG antibody titres

e Gastric serum PGI, PGl and PGI/PGli ratio

70




4

A Gz 1e ABiajje usjjod sSeIB BABY O} N0 1581 Y1 JO S59] 10) PUII) B SeM

a1ay1 osje pue ‘A 'z 32 ABJajje 1w dABY Jjis 03 Al D 39M dNnoJB 1591 BY3 ‘A | 1B PAZIISUSS 3ISM OUM UIIP|IYD Uje

dnoub 3s93 Ul I SMOI 0] UOHIBZINSUBS ] 10) PUBI] e

(Bwyise ‘snnewsap ‘ABusjje pooy) aseasip 21BJa)e Jo a1k ay1 buiprebas sdnosb usamiag BDUBIBYIP ON s

{dnoub jonuos ur gz = u ‘dnosb 1sal ut 7/ = u) 36e jo A 57 du9M SiuBjul 3yl U3Ym pawiogiad sem Apnis dn-moyjoj v

341) J0 A 3541 3Y3 BULINP SU0ND3JUI WOl Pa1R10Ld 36B JO W | 1B 5{001S UJ Jj)/I6g01onT 3|GRININD 1Byl 3DUBPIAS ON

A 01 3591 3d1d Upfs 3A11Isod B dOjaASP 01 Aja1| IO 3UBM W § 1B 1JjIDBGOIDRT 3|qRINIIND

Ym us4piiyd 12y 1d30X3 'SaW02IN0 21Ul UBNbISGNS PUE W g 1B UONBZILO0J0) U3aMIS] dIYSUOIER|3] ON

dnoub Jayus uL A | 3 ABI3|je POO] [BOIUID 1O ‘LOIIRZINSUSS ‘SINTRWILp idoe 10 Aduanbauy pue abe jo w

1 78 5]001s Ul S81d3ds WJ0J10D 10 S31D3dS BLISIDRGOPIHG '$8153dSs SN{ISBGOIDRT JO UOIIIBBP U38M13(J UOIIBIDOSSE ON

wziae
SUOIIDBjUI [RUNSIIUIOASED JO SUOND3JUT 1SBYD 'SINOIYDUOIG ‘PIOD INOYIIM ybnos ‘suondajul e Aloyesdssl saddn

w g e ABisjje pooy (parelpaw-36)) onewoldiuAs Jo a1ey
abe jo w 7| 18 suewsap d1dole o A1BARS 10 1Y

ab® JO W 9 18 (SUOND3JUI [RUIISDIUI0ASED 1O UOIIDJUI

1SBUD 'SIHORIDUCIG *3Z8BYM "P|0D INOYIM YBNod 'uodaul 1Bl Aloleaidsal Jaddn) s3Ww01n0 feaiul 13yi0

sbe jo w g 1e snuewsap didole Jo siey

©

U0 103449 ON

pousad uonreuswsaiddns sy3 Buunp Jnoignue pue paquassid Buizg jo pooyiaji| ui J wwediiubis-uoN
W Z | pue g 3B SUONJaUL Jed Ul J Juedijiubis-uon

W z{ 1e buizasym jo a1ey |

W z 1 1e susbis|je uOWWOD 01 UONBZISUDS JO 31vY |

W Z1 1e 1533 ¥dud upjs aAlNsod pue siewiap Jidole yiim ua.uppyd jo uoinodold L

L

dnoub

1043U0D Ul 68 = U ‘dnoub
1531 Ul 68 = U AJBA|]Rp jo y
8t uiyum uoneuswsiddns
uebaq {(uabis|e

UOWWIOD 3UO 1583

1e 011831 D1d upys ansod
snjd BWazos 10 S1uyd
>1B13) e "ewyIse) SiayloW

J1busle 01 ulog siuejuy

(W g 10§ p/eLIBIIEG O] X

€) LV-DIAVT Sjiydopiop

(502)(8002)
1N0dsa1d pue

(#02)(£002)
JojAe ]

uoidnposyy | J3ideyd

XeWwol ¥ Awy




Amy R Lomax

Chapter 1 Introduction

e1n children who were not sensitized at 1y, the test group were less likely to have house dust mite allergy at 2.5y

e Rates of sensitization, positive skin prick test/atopic dermatitis, and wheezing were all 1 in the test group at 1y

of age, but this was no longer evident at 2.5 y of age
¢ |, Gl infections in the test group in the from 12 - 30 m of age

2.5 y summary: probiotic supplementation did not have any long-term effects on allergic outcomes

Xiao B. longum BB536 (10 x Adults with clinical history During exposure:
(2007)(206) | 10"/ dfor 4 w) of Japanese cedar » Ocular symptom scores were improved starting from 30 m after the beginning of exposure
pollinosis; n = 24, age 25 - | 4 No effect on scores for nasal symptom and disruption of normal activities
56 y; crossover trial; . . o
e No effect on scores for each nasal symptom: sneezing, nose blowing, nasal blockage, but scores for eye itching
exposed to Japanese cedar
) and watery eyes were reduced
pollen for 4 h, in a
After exposure:
controlled environment, at
the end of each e No effect on nasal and ocular symptom scores
supplementation period ¢ Throat symptoms tended to be lower the day after exposure
e Scores for disruption of normal activities tended to be lower on the two days after exposure
® No effect on number of subjects taking medications for relieving symptoms, but . prevalence for total counts of
the number of days for oral medication and eye drop usage and total medication
No effect on total and japanese cedar pollen- specific IgE in serum
Forestier L. casei rhamnosus strain .| Adults in intensive care e A Time to acquisition of respiratory tract infection with P. geruginosa
(2008)(207) 35 (2 x 10° cfu/ d from (mostly due to trauma,

third day after admission
to intensive care until
discharge or death)

respiratory distress or
admitted after surgery); fed
by nasogastric feeding
tube; n = 102 in test-group,
mean median age =60 y; n
=106 in placebo group,

e |, Number of patients with P. geruginosa infection when patients with P. ageruginosa in one or both isolates
(gastric or respiratory) were considered together

o After muitivariate Cox proportional hazards modelling, the absence of probiotic treatment 4 risk for P.
aeruginosa colonization in the respiratory tract

¢ Non-signficant J on ventilator-associated pneumonia due to P. geruginosa

No effect on:
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Chapter 1 Introduction

Klarin

L. plantarum 299v (16 x Patients in intensive care e LI-10atd8
(2008)(210) 10" cfu/d for first 3 d of | receiving enteral nutrition; ¢ | Colonisation with C. difficile (measured in faeces)
L . n =22 in test group,
stay inintensive care, . ® | White blood cell countsond7-9andd 12 - 14
then 8 x 10'° cfu/d for median age = 65.5 y; n =
22 in placebo group, e |, (improved) lactulose / rhamnose ratioon d 3 or 4
the remainder of the stay) .
median age = 64y
No effect on:
o CRP, TNF-q, IL-1R, IL-6 in blood
¢ | ength of stay in intensive care
¢ Number of days on ventilator
¢ |ntensive care and in-hospital deaths
Kopp L. rhamnosus GG ATCC Pregnant women and their * 1 Frequency of children with recurrent episodes of wheezing bronchitis (= 5 episodes) during the first 2 y of life

(2008)(211)

53103 (1 x 10'% cfu/ d
taken by the mother for 4
- 6 w before delivery. if
the mothers breast-fed,
they took the LGG for a
further 3 m postnatally,
and then their infants
took the LGG for a further
3 m (therefore 6 m
postnatally altogether). If
the mothers did not
breast-feed the infants
received LGG for 6 m

infants (who had a family
history of atopic disease [at
least one of their mother,
father or sibling had atopic
dermatitis, allergic rhinitis
or asthma and allergic
sensitization against an
inhalant allergen}); n = 50
in test group, mean age of
mothers = 32.9y; n=44in
placebo group; mean age
of mothers =33.8y

In a subgroup, cord blood

No effect on:

e Number of children who experienced upper respiratory infections, number of fever episodes or use of antibiotics
at 1y of age

e Total IgE concentrations or number of children with specific sensitization to inhalant allergens
e Rate of atopic dermatitis at 2 y of age

¢ Cumulative incidence of atopic symptoms at 2 y of age

e Severity of atopic dermatitis in affected children

e Number of children who experienced upper respiratory infections, number of fever episodes or use of antibiotics
at 1y of age

In the subgroup analysis:

* No effect of LGG on proliferative capacity of cord blood mononuclear cells or maternal peripheral blood
mononuclear cells in response to stimulation with iL-2, LGG or B-lactoglobulin
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Chapter 1 introduction

mesentericus JPC (3 x
10%/d), L. sporogenes (1.5
x 10%/d) plus vegetable
fibres (for up to 14 d)

control group

J Duration of IVF administration
4 Volume of oral rehydration saits (ORS) administration
4 Duration of ORS administration

4 Number of patients with rotaviral shedding at the time of discharge

Ouwehand Group 1 consumed B. Elderly; resident in nursing | s |, Serum IL-10 levels at the start and end of the intervention in Group 3 compared to Group 2
(2008)214) longum 2C and 8. longum _\_oam.mw w<m«mmm age = 84.3 e Strong trend for 4 serum IL-10 levels in Group 1 after 6 months compared to Group 2
46.(10° cfu/d,of each, for < majority female; .: =3 e No change in serum IL-10 in any treatment group during the study
6 m); Group 3 consumed in Group 1; n =67 in Group A
8. animalis ssp. lactis Bb- 2 (placebo); n = 86 in o 1 Serum TNF-a levels in Group 1 compared to Group 3 at 0, 3 and 6 months
12 (10° cfu/d. for 6 m) Group 3 o A Serum TNF-a levels in Group 2 compared to Group 3 at 0 and 6 months
® No change in serum TNF-a in any treatment group during the study
e No difference in serum TGF-R1 levels between groups, but 1 in all groups between the start and end of the study
(significantly in Groups 2 and 3)
Paineau Group Tcosumed B. lactis | Healthy adults aged 18 - 62 | & puring d 0 - 21 serum IgG tended to increase during probiotic consumption, this was significant in Groups 2 and
(2008)(215) | Bi-07; Group 2 consumed | y; vaccinated with oral 3 compared to placebo, and in Group 2 compared to values at d 0

B. lactis BI-04; Group 3
consumed L. acidophilus
La-14; Group 4 consumed
L. acidophilus NCFM®;
Group 5 consumed L.
plantarum Lp-115; Group
6 consumed L. paracasei
Lpc-37; Group 7
consumed L. salivarius

Ls-33 (2 x 10'° cfu/ d for

cholera vaccine at d 7 and
14;: n=9in Group 1, mean
age 35.3y; n=9in Group
2, meanage=380y;,n=9
in Group 3, mean age =
34.5y; n=9in Group 4,
mean age=406y;n=9in
Group 5, mean age =35.0 y;
n =9 in Group 6, mean age
=445 y;n=9in Group 7,
mean age = 35.5y; n= 20

During d 0 - 21 there was no change in serum IgA or IgM in any group
During d 0 - 21 there was a smaller change in salivary 1gA in Group 7 than in the placebo group

During d 21- 28 there was no change in serum IgG, IgA or IgM in any probiotic group compared to placebo, but
serum IgA and IgM increased in Group 4

During d 21 - 28 salivary IgA increased in the placebo group and Group 3

Overall vaccination titres (serum IgA, IgM and 1gG, and salivary 1gA) did not change during the study, although
Group 5 showed significantly lower fevels of serum IgM
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21 d)

in Group 8 (placebo), mean
age =345y

Prescott
(2008)(216)

L. rhamnosus HNOO1 (6 x
10° cfu/ d) or B. lactis
HNO19 (9 x 10° cfu/d) for
2 - 5 w before delivery,
and for 6 m after in
lactating women, and for
2 y in the infant

Pregnant women and their
infants (who were at risk of
allergy - at least one parent
had been treated for
asthma, allergic rhinitis or
eczema); n=34in L.
rhamnosus group; n = 35
in B. lactis group; n = 36 in
placebo group

A IFN- y levels in cord blood in mothers who had consumed a probiotic (significant for both groups combined and

the L. rhamnosus group, but not the B. lactis group)

No effect on cord blood levels of 1L-13, IL-10, 1L-6, IL-5, TGF-R1 or TNF-a

4 sCD14 fevels in cord blood in B. lactis group (significant) and in both groups combined (non-significant)

4 Likelihood of mothers having detectable levels of IgA in breast milk 1 w after birth in both probiotic groups

4 Likelihood of mothers having detectable levels of IgA in breast milk 3 m after birth in the combined group and

B. lactis group, but not the L. rhamnosus group

4 Likelihood of mothers having detectable levels of IgA in breast milk at 6 m after birth (in the combined group,
but not in the B. Jactis and L. rhamnosus groups considered separately)

M Absolute I1gA levels in breast milk at 1 w after birth in the B. lactis and L. rhamnosus groups

A Absolute IgA levels in breast milk at 3 m after birth in the L. rhamnosus group (significant) and the B. lactis
group {non-significant)

A TGF- R1 levels in breast milk at 1 w after birth in both groups combined and the B. Jactis group (significant)
and in the L. rhamnosus group {non-significant)

4 Number of women with detectable levels of IL-6 in breast milk 1 w after birth in the combined probiotics group,

and there was a trend for this in the B. lactis group

Trend for lower prevalence of atopic dermatitis in the children at 2 y of age who received L. rhamnosus compared
to controls and those who received B. lactis

No effect-on levels of IL-10, 1L-5, 1L-13, IFN- y or TNF- a in breast milk at 1 week after birth
No effect on levels of 1L-10, IL-5, IL-13, IFN-y, TNF- a, IL-6 or TGF- R1 at 3 m or 6 m after birth

No effect on levels of sCD14 levels in breast milk at any time point
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cfu/d, L. sporogenes 2 x

10° cfu/d

Probinul® n=17, mean
age=52y

Soo VSL#3 (1.8 x 10"/ d for | Adults with ulcerative * | Mean ulcerative colitis disease activity index scores
{2008)(219) 5 w) colitis; n = 15; mean age = & 1 Mucosal alkaline sphingomyelinase activity (| levels are found in ulcerative colitis)
52 y; no control group
West L. paracasei subsp. Healthy, full term infants; ¢ | Cumulative incidence of eczema at 13 m of age (also seen in the sub-group of infants who were at high risk of
(2008)(220) paracasel strain F19 immunized with DTaP allergy)
and (LF19) (1 x 108 (diphtheria, tetanus toxoid | « No effect on % of children diagnosed with asthma or allergic rhino-conjunctivitis (nor in the sub-group of infants
(2009)(221) CFU/serving of cereal, and acellular pertussis), at high risk of allergy)
consumed on average polio and Hib-conjugate « No effect on median serum total IgE or frequency of sensitization to cow’s milk, egg white, cat or dog, in the
juist Jess than one vaccines at 3, 5.5 and 12 whole group or in the sub-group of high-risk infants
serving/d, from 4 - 13 m m; n= 84 intest group; n= | &« At 5.5 mof age, no effect on IFN-a or IL-4 mRNA levels, or [FN-a / IL-4 mRNA ratio, from PBMCs stimulated in
of age) 87 in control group vitro with anti-CD4 and anti-CD28
e At 13 m of age, P IFN-a / IL-4 mRNA ratio in test group (in the high-risk sub-group of infants, this ratio was also
higher but non-significantly)
o No effect on IFN-a / IL-4 mRNA ratio from unstimulated cells at 5.5 or 13 m of age
Wickens L. rhamnosus HNOOY (6 x | Pregnant women and their | o 4 Risk of developing eczema by 2 y in L. rhamnosus group (hazard ratio was similar for those with IgE-associated
(2008)(222) 10° cfu/ d) or B. animalis | infants (who were at risk of

subsp lactis HNO19 (9 x
10° cfu/ d) mothers took
the supplement from 35
w gestation until 6 m if
breast- feeding, and the
infants took the
supplement from birth
untif 2y

allergic disease; i.e. their
mother or father had either
asthma, eczema or hay-
fever); n =144in L.
rhamnosus group; n =152
in B. .animalis group; n =
150 in placebo group

eczema [significant], and non-igE-associated eczema [non-significant])

4 Risk of developing SCORAD > 10 by 2 y in L. rhamnosus group

No effect of:

*

B. animalis on risk of developing eczema
B. animalis on risk of developing SCORAD 2 10 by 2y

L. rhamnosus or B. animalis on the likelihood of having a positive skin prick test result for any allergen or food
allergenat 2y
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Kuitunen L. rhamnosus GG (10 x Pregnant women and their At Sy of age:

(2009)(225) 107 cfu / d), L. infants (who were at risk of | & |n caesarean - delivered children, the test group had  IgE-associated allergic diseases (particularly eczema) and
rhamnosus LC705 (10 x allergic disease; i.e. their less IgE sensitization. In vaginally delivered children there were no significant differences between groups.
10° cfu/d), B. Breve Bb99 mother and / or father had | ng effect on:

(4 x 10° cfu/d) and m:.rwﬁ. asthma, m.:_mqmwn ® Percentage of children with allergic or igE-associated disease
rhinitis, or atopic eczema);

Propionibacterium n = 445 in test group, n = * Frequency of eczema, IgE-associated (atopic) eczema, asthma, allergic rhinitis or atopic sensitization

freudenreichii ssp 446 in placebo group

shermani JS (4 x 10°

cfu/d) (supplemented to

mothers from w 36 of

gestation until birth, then

the infants received half

this dose plus 0.8 g

GOS/d for 6 m)

Leyer L. acidophilus NCFM (1 x| Healthy children, aged 3-5. | o |, Number of children who were absent for at least one day from their day care, in both test groups

(2009)(226) | 10" cfu/d for 6 m) or L. | ¥; 0 =1101n L. acidophilus | | J Number of days absent in both test groups
acidophitus NCFM and 8. m_‘ocn..amw: age=37y;n ® |, Incidence and odds of having fever, cough and antibiotic use in L. acidophilus group
animalis subsp lactis Bi- = 112 in mixed group, v i . o . .

07 (both 5 x 10°cfu/d for | Meanage = 3.8y, n=104 ¢ | Incidence and odds of having fever, cough, rhinorrhoea and antibiotic use in the mixed group
in placebo group, mean age | ¢ |, Symptom duration {once corrected for age) in both test groups
6m) =41y No effect on number of visits to a physician
Miele VSL#3 (4.5 x 10" to 1.8 x | Children with newly ® 4 Number of patients who achieved remission following the steroid induction treatment (measured by Lichtiger
(2009)(227) diagnosed ulcerative colitis;

10'? bacteria/d
depending upon age, for
1y or until relapse)

mean age = 9.8 y (range
1.7 - 16.1 y); received
concomitant steroid

Colitis Activity Index)
¢ |, Number of patients who relapsed within one year

¢ |, Endoscopic and histological scores at 6 m, 12 m or at time of relapse
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Rautava L. rhamnosus GG 53103 | Healthy infants who began | ¢ |, incidence of early acute otitis media during first 7 m of life
(2009)(230) and B. lactis Bb12 (1 x to receive formula feeding o 4 Need for antibiotic treatment during first 7 m of life
10" cfu of each/d until before 2 m of age; B.mmz ¢ Incidence recurrent (3 or more episodes) respiratory infections during the first 12 m of life
the age of 12 m) age at start of study in test ‘ .
group = 38 d, and in e | Incidence of tympanostomy during first 12 m of life
control group = 35 d (range | No effecton:
2-654d) ¢ Incidence of respiratory or gastrointestinal infections during first 7 m of life
® Incidence of recurrent acute otitis media or antibiotic use during the first 12 m of life
Scalabrin L. rhamnosus GG (1 x 108 | Full-term formula-fed No effect on:
(2009)(231) cfu/g, from 14 - 120 d of infants, 14 d of age; n =70 |« Total serum igE
age) in control group s Serum cows milk protein specific-igE
(extensively hydrolysed « Serum diphtheria, tetanus, - Hemophilus influenzae type b, or poliovirus 1, 2 or 3 specific-igG
formuta); n = 63 in EHF-LGG
group (extensively
hydrolysed formula plus
LGG); n =77 in PHF-LGG
group (partially hydrolysed
formula plus LGG)
Shimizu B. breve (3 x 10°/d) and | Patients with severe » | Incidence of infectious complications (enteritis, pneumonia, bacteremia)
(2009)(232) systemic inflammatory

L. casei Shirota (3 x
10%/d) plus GOS (10 g /d)
from the day of
admission into hospital
until oral intake was
initiated

response syndrome; n'= 29
in test group, mean age =
55y; n=26in control
group, mean age = 55y

¢ Non-significant 4 in mortality due to multiple organ dysfunction syndrome

No effect on:
o Number of patients staying for more than 21 d
e incidence of urinary tract infections

e Ventilation-free days, or intensive care unit-free days at d 28
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Chapter 1 Introduction

type of common infectious disease

¢ Occurrence of common infectious diseases (the number of subjects having at least one common infectious
disease)

* Time to the first event or the severity of common infectious disease, intensity or duration of fever, or common
infectious disease-associated medication

¢ Quality of life scores

Hojsak L. rhamnosus GG (10° Hospitalized children older | o, Risk of gastrointestinal infections
(2010)(235) cfu/d for the duration of | than 12:m;n =376 in test ¢ |, Risk of respiratory tract infections
hospitalisation) WMMM_‘”_MWMMMM Mﬂmw_u_«\. "l 4 Risk of vomiting episodes
mean age = 10.6 y * |, Risk of diarrhoeal episodes

¢ |, Risk of episodes of gastrointestinal infections that lasted > 2 d

* |, Risk of episodes of respiratory tract infections that lasted > 3 d

o No effect on hospitalization duration
Luoto Lactobacillus rhamnosus Very low birth weight This was a retrospective study, establishing the incidence of neonatal necrotising enterocolitis (NEC) in all very low
(2010)(236) GG (6 x 10° cfu / d given | enterally fed infants in birth weight infants or infants with gestational age < 30 w in five hospitals in Finland: one hospital gave $L.GG

prophylactically from
birth until discharge) or
probiotics given “on
demand” for
gastrointestinal problems
(strain and dose not
given)

neonatal intensive care
units; n =418 in
prophylactic LGG group, n
=1024 in “probiotics on
demand “group; n= 1900
in “no probiotics” group

prophylactically to these infants, three hospitais gave probiotics “on demand” to infants with gastrointestinal
probiems, and the other hospital did not use probiotics. They found:
» Highest incidence of NEC in the hospital who used LGG prophylactically (4.6%), and lowest in the hospitals
who used probiotics on-demand (1:8%). in the hospital that used no probiotics, incidence of NEC was 3.2%.
The difference between groups was significant
« LGG had no effect onthe clinical course of NEC (age at onset of disease, need for surgery, incidence of bowel
perforation with NEC, focal intestinal perforation with or without other clinical signs of NEC, ‘or death cause
by NEC)

*VSL#3 is a compound containing Lactobacillus casei, L. plantarum, L. acidophilus, L. delbruekii subsp bulgaricus, Bifidobacteria longum, B. breve, B. infantis and Streptococcus salivarius subsp
thermophilus ~d, day; hr, hour; m, month; w, week; y, year; CRP, C-reactive protein; PGE2, prostaglandin E2; LPS, lipopolysaccharide; Cl, gastrointestinal
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1.6 CONCLUSIONS

This chapter has presented a description of the immune system and how its activity can
be measured, and has summarized the results from studies that have investigated the
effect that prebiotics and probiotics may have upon the functioning of the immune
system, and subsequently upon infection and inflammatory diseases. Overall the results
indicate that R2-1 fructans are able to modulate some aspects of immune function, to
improve the host’s ability to respond successfully to certain intestinal infections, and to
modify some inflammatory conditions. Overall, the picture that emerges from studies of
probiotics on immune, infectious and inflammatory outcomes in humans is mixed and
there appear to be large species and strain differences in effects seen. There are large
differences between the studies using both prebiotics and probiotics, regarding the
supplement given, the dose, duration of supplementation, characteristics of the subjects
used, sample size, differences in the outcomes measured, and technical differences in
how the measurements were made. It is important that future studies build upon the
evidence reported so far, and that the gaps in the existing literature are addressed. The
remainder of this thesis will describe a study that investigated the effect of Orafti°
Synergy! on the functioning of the immune system in healthy human middle-aged adults.
This is an important area to investigate, because although several studies in older adults
(43, 92, 94, 96, 97, 103) and one study in younger adults (98) have reported mixed
effects of prebiotics on the adaptive immune system, this will be the first study of this
type in middle-aged adults (45 - 65 years old). Orafti® Synergyl was used as it contains
both inulin and oligofructose. Inulin and oligofructose each promote the growth of
different types of bacteria that may be beneficial to health and they appear to be active at
different locations in the gut. Therefore to use the combination of inulin and

oligofructose may be superior than to use either inulin or oligofructose individually.
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CHAPTER 2

METHODS

87



Amy R Lomax Chapter 2 Methods

In this chapter the following methods are described:
1. The processing of samples collected as part of experimental protocols involving
human subjects
2. The analysis of blood immune cell phenotypes
3. The analysis of leukocyte phagocytic activity (Phagotest) and oxidative burst
(Phagoburst)
4.  Cell culture assays:
a. Resuscitation of cryopreserved blood mononuclear cells
b. Lymphocyte activation
c. Lymphocyte cytokine production
d. Lymphocyte proliferation (including development of the CFSE dilution
assay)
The analysis of serum and salivary immunoglobulin concentrations
The analysis of influenza vaccine strain-specific immunoglobulin concentrations
The analysis of influenza vaccine-specific, antibody class-specific immunoglobulin

concentrations

2.1 SAMPLE PROCESSING

2.1.1 PERIPHERAL BLOOD MONONUCLEAR CELL ISOLATION AND
CRYOPRESERVATION

Blood (35 ml) was collected from subjects in the fasting state; blood was collected into
heparin tubes and kept at room temperature until processing (which was within 8 hours
of blood collection). Whole blood was layered onto an equal volume of Histopaque,
density 1.077 g/ml (Sigima), and centrifuged (2000 rpm, 15 minutes, room temperature).
Plasma was removed from the top layer and frozen at -80°C. Peripheral blood
mononuclear cells (PBMCs) were removed from the interface and washed with RPMI-1640
medium (PAA) containing 0.5 ml penicillin and streptomycin (Sigma), and 2 ml of 200 mM
glutamine (Sigma) per 500 ml. The PBMCs were then re-suspended in RPMi plus 2% fetal
calf serum (FCS; PAA) and washed twice (1200 rpm, 10 minutes, room temperature). The
PBMCs were then re-suspended in 1mi of RPMI plus 2% FCS, counted using a
haemocytometer (Leica Galen lll) and adjusted to the appropriate cell concentration for
cryopreservation. An equal volume of freezing medium (FCS plus 15% dimethyl
sulphoxide [DMSO, Fischer] at 4°C) was added drop-wise to the cell suspension on ice to
make a final concentration of between 10 x 10° to 25 x 10° cells/ml. Cells were then
stored at -196°C in a liquid nitrogen tank until use in further experiments.
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2.1.2 SERUM PREPARATION

Blood (5 ml) was collected from subjects in the fasting state; blood was collected into
serum tubes and kept at room temperature until processing. The serum tubes were
centrifuged (2000 rpm, 10 minutes, 4°C), and serum was removed and stored at -80°C

until analysis.

2.1.3 SALIVA PREPARATION

Saliva samples were collected by asking volunteers to chew on a dental roll for
approximately 30 seconds; the dental rolls were then kept on ice until processing. Saliva
was collected by pressure: by pushing the dental roll through a 5ml syringe. Samples
were then centrifuged (2000 rpm, 10 minutes) to remove debris, and stored at -80°C until

analysis.

2.2 BLOOD IMMUNE CELL PHENOTYPES

To enumerate different immune cell phenotypes within heparinised whole blood, cells
were “stained” with various antibodies and analysed by flow cytometry. 100 pul of
heparinised whole blood was added to tubes that contained various fluorescently
conjugated antibodies to cell surface structures (Table 7), vortexed, and incubated at 4°C

for 30 minutes. All antibodies were purchased from AbD Serotec.

Tube | Stain Cell type Phenotype Volume (ul)

1 None Negative control (no stain)

2 Anti-CD3(FITC)/anti-CD4(RPE) | Th/inducer cells CD3-CD4+ 10

3 Anti-CD3(FITC)/anti-CD8(RPE) | Tc/suppressor cells CD3+CD8" 10

4 Anti-CD3(FITC)/anti- NK cells CD3CD16* 10
CD16(RPE)

5 Anti-CD3(FITC)/anti- B cells CD3CD19* 10
CD19(RPE)
Anti-CD14 (FITC) Monocytes CD14 10
Anti-CD4(FITC)/anti- T reg cells CD4*CD25C 10+5+20
CD25(PECy5)/anti-CD127(PE) D127v

8 Anti-CD3(FITC)/ 1gG1(RPE) CD3(FITC) and PE dual stain 10+10

controls

9 1gG2a(FITC) CD14+ control 10

10 Anti-CD4(FITC)/ T reg control 10+5+20
1gG1(RPECY5)/ 1gG1(RPE)

11 Anti-CD4(FITC)/anti- T reg control 10+5+20
CD25(PECy5)/ tgG1(PE)

Table 7 : Staining for blood immune cell phenotype analysis (fluorescein isothiosyanate
[FITC], phycoerythrin [PE] and PE-cyanine 5 [PECy5] indicate the fluorochrome conjugated
to the antibody)
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2.7.2.3.5 TRIPLICATE AND:SINGLE WELLS
Unlike *H-thymidine incorporation, there is little variation in CFSE dilution between
triplicate samples, as shown in Table 8. Therefore, singlet or duplicate wells can be used

and this will allow cells to be used in other experiments.

Control ConA PHA
D1 325.3 359.4 381.7
309.6 339.8 383.3
313.9 346.6 405.6
St Dev 8.1 10.0 13.3
Coefficient of variation 2.6% 2.9% 3.4%
D2 234.4 281.9 277.3
242.4 268.3 282.1
238.9 2971 259.8
St Dev 4.0 14.4 11.8
Coefficient of variation 1.7% 5.1% 4.3%

Table 8 : Intra-variability of triplicate samples of CFSE staining

2.7.2.3.6 DAY 0 READING

It was anticipated that Day O readings of both unlabelied and labelled cells would be
made so as to establish settings on the flow cytometer. However it was found that the
readings for day O are always very bright, due to the CFSE having just been added.
Therefore, it became clear that day 1 readings may be used to establish the settings, as

the brightness diminished somewhat by this point.

2.7.2.3.7 PROPIDIUM IODIDE (PI)

11l of PI (25 uyl-of a 1 mg/ml solution into 75 ul PBS) was added to the samples, in order
to exclude the dead cells. This was decided to be unnecessary, as there are very few dead
cells in the gated population being analysed (R1 in Figure 27). There are virtually no cells
appearing in the area of Plot 2 (gated on R1), where dead cells stained with Pl would be
expected to appear. Therefore, staining with Pl to exclude dead cells was deemed

unnecessary, and was not included in the final protocol.
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100 pl of Stop Solution was added to each well and the optical density of each well at 450
nm was measured using a microtitre plate reader (Thermo Labsystems, Original
Multiskan).

2.8.3 SERUM IgG

IgG ELISA kit immunodiagnostic, catalogue # K6510) was used to analyse the IgG
concentration of serum samples. Samples were analysed in singlet. Serum samples were
diluted 1:10,000 in 0.9 % NaCl. 10 pl of each sample was added to separate wells
containing 200 pl of NaCl, and samples were incubated for 60 minutes at room
temperature on a horizontal mixer. Wells were washed five times, and 200 pl conjugate
(rabbit-anti-lgG, peroxidise labelled) added to each well. Samples were incubated for 60
minutes at room temperature on a horizontal mixer. Wells were washed five times, and
200yl of substrate solution (tetramethyl benzidine) added to each well. Samples were
incubated for 10 - 15 minutes at room temperature, and 50 pl of stop solution added to
each well, and mixed shortly. The optical density of each well at 450 nm was measured

using a microtitre plate reader (Thermo Labsystems, Original Multiskan).

2.8.4 SALIVARY slgA

Secretory IgA ELISA (Demeditec, catalogue # DEXK276) was used to analyse the sigA
concentration of saliva samples. Samples were analysed in singlet. Saliva samples were
diluted 1:2000 in buffer. 100 pl of each sample was added to separate wells, mixed
shortly, and incubated for 90 minutes at 37°C. Wells were washed three times, and 100 pl
of conjugate (second antibodies directed towards the alpha-chain of slgA and labelled
with peroxidise enzyme) was added to each well. Samples were incubated for 30 minutes
at 37°C. Wells were washed five times and 100 pl of substrate (chromagen substrate
mixture) was added to each well. Samples were incubated for 15 minutes at 20 - 25 °C.
100 pl of stop solution was added to each well and the optical density of each well at 450
nm was measured using a microtitre plate reader (Thermo Labsystems, Original
Multiskan).

Total salivary protein content was measured using a Bradford assay. Samples were
analysed in singlet, and were diluted (1:10 for pilot study samples and 1:5 for main study
samples) in de-ionised water. 250 pl of Bradford’s reagent (Sigma) and 10ul of each
sample were added to wells in 96 well plates, and mixed. The optical density of each well
at 620 nm was measured using a microtitre plate reader (Thermo Labsystems, Original
Multiskan). Bovine serum albumin (Sigma Aldrich) was used as the standard.
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2.9 SERUM VACCINE-SPECIFIC ANTIBOBIES BY
HEMAGGLUTINATION INHIBITION ASSAY

Vaccine-specific antibodies in serum were measured externally by ViroClinics B. V. (The
Netherlands), using a hemagglutination inhibition (Hl) assay. This is based on the
principle that influenza viruses agglutinate erythrocytes of some avian species (including
turkeys), and incubation of the virus with virus-specific antibodies (present in serum of

subjects vaccinated) prior to this agglutination reaction will inhibit the agglutination.

Briefly, the method is as follows. Serum samples were pre-treated with cholera to remove
non-specific anti-hemagglutinin activity (serum was incubated with cholera filtrate for 16
hours at 37°C and then for a further 1 hour at 56°C to inactivate the cholera filtrate).
Turkey erythrocytes were collected and stored overnight at 4°C, and then prepared by
washing three times in PBS at 600 x g for 10 minutes at room temperature, and
leukocytes were removed after each wash. Turkey red blood cells were then diluted in PBS
to make a 1% solution. Virus antigen was then titrated (by incubating two-fold serial
dilutions of the virus with turkey erythrocytes and reading hemagglutination patterns) and
the working dilution of the virus antigens was determined. Pre-treated serum was then
serially diluted two-fold (from a 1:20 dilution to a 1:20480 dilution in rows in microtitre
plates) and 100 pl of serum was incubated with 25 pl of the working dilution of the virus
for 30 minutes at 37°C. 25 pl of turkey erythrocytes were then added, the solution mixed
and incubated for 1 hour at 4°C. Plates were then scored for inhibition of
hemagglutination as shown by the sedimentation of erythrocytes. In each row the highest
well number that showed complete inhibition was scored, starting with well number one
for the 1:20 dilution. If wells showed half or incomplete inhibition, the previous well
number was scored with the addition of “++”. The scored well humbers correspond to HI
titres which are read from Table 9, below. The antibody titre therefore, is the maximum
dilution of the serum able to inhibit agglutination of the turkey erythrocytes with the

influenza viruses under the above conditions.
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Score Inhibition of agglutination Corresponding titres

0 Not present <10

++ Half at dilution 1:20 10

] Complete at dilution 1:20 20

T++ Half at dilution 1:40 30

2 Complete at dilution 1:40 40

24+ Half at dilution 1:80 60

3 Complete at dilution 1:80 80

3++ Half at dilution 1:160 120

4 Complete at dilution 1:160 160

4++ Half at dilution 1:320 240

5 Complete at dilution 1:320 320

5++ Half at dilution 1:640 480

6 Complete at dilution 1:640 640

6++ Half at dilution 1:1280 960

7 Complete at dilution 1:1280 1280

7++ Half at dilution 1:2560 1920

8 Complete at dilution 1:2560 2560

8++ Half at dilution 1:5120 3840

9 Complete at dijution 1:5120 5120

9++ Half at dilution 1:10240 7680

10 Complete at dilution 1:10240 10240

10++ Half at dilution 1:20480 15360

11 Complete at dilution 1:20480 20480 or higher
Table 9 : Scoring of serum samples for inhibition of agglutination, and corresponding

antibody titres

2.10 MEASUREMENT OF ANTIBODY CLASS - SPECIFIC,
VACCINE - SPECIFIC ANTIBODIES BY ELISA

This method was developed based on the method described in Olivares et al. 2007 (237).

A 96 well Maxisorb ELISA plate (Fischer Scientific) was coated with a 500 ng/ml solution

of vaccine (Solvay Biologicals) in coating buffer (0.5 M Na,CO, [Sigma] in dH,0), 100

yl/well, and incubated overnight at 4°C. Plates were then washed three times with 250 pl
wash solution/well (wash solution: 50 mM TRIS (Aldrich), 0.14 M NaCl (Fischer), 1% BSA
(Sigma), 0.2% Tween-20 (Sigma), in dH,0). 100 pl block buffer (5 % BSA in PBS) was added

to each well and incubated at 37°C for 1 hour. Plates were then washed three times with

250 pl wash solution/well. 100 pl plasma was added to each well (neat for IgA, IgD, IgM,
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and diluted 1:100 in PBS for IgG1), and incubated at room temperature for 1 hour. Plates
were then washed three times with 250 pl wash solution/well. 100 pl antibody (mouse
anti-human IgA, IgD, IgG1, IgM; 0.5 mg/ml; AbD Serotec) was added to each well, and
incubated at room temperature for 1 hour. Plates were then washed three times with 250
pl wash solution/well. 100 pl goat anti-mouse 1gG (H/L):horseradish peroxidise (AbD
Serotec; diluted 1:10,000 in PBS) was added to each well, and incubated at room
temperature for 1 hour. Plates were then washed three times with 250 pl wash
solution/well. Staining was performed by adding 100 pl of 3,3°,5,5" tetramethylbenzidine
(Sigma) to each well and incubating at room temperature in the dark for 20 minutes. 100
pl of stop solution (Sigma) was added to each well, and plates read on a plate reader

{Thermo Labsystems, Original Multiskan) at 450 nm.
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PILOT STUDY OF SEASONAL INFLUENZA
VACCINATION



Amy R Lomax Chapter 3 Pilot Study

3.1 INTRODUCTION

The main aim of the research described in this thesis is to investigate the effects of a
prebiotic supplement (Orafti® Synergy1) on the functioning of the immune system in
healthy human aduits with the main outcome being the response to seasonal influenza
vaccination. There are numerous methods available for assessing the human immune
response (section 1.3). These have been evaluated by a panel of European experts (10).
Based on its biological relevance, sensitivity and practical feasibility, response to
vaccination was identified by this panel as the gold standard for measuring the
functioning of the immune system in vivo (10). However, although response to
vaccination is regarded as the “gold standard” method to measure the response of
immune system in vivo, and response to vaccination has been used numerous times as a
functional outcome (96, 97, 238-240), there are no standard protocols to follow for this
method. Therefore it was necessary to develop a standardised protocol. Thus, a pilot
study, involving a small number of subjects, was conducted to establish a seasonal
influenza vaccination protocol and the conditions to study ex vivo immune responses to
the vaccine. This chapter describes the design, methodology, and results of this pilot

study, and the conclusions drawn from it.

3.2 SUBJECTS, STUDY DESIGN AND METHODS

3.2.1 SUBJECTS

The study was approved by the Southampton and South West Hampshire Local Research
Ethics Committee (08/H0504/6) and clinical governance was provided by the
Southampton University Hospitals NHS Trust R&D. Healthy male and female volunteers,
aged 45 to 65 years, with a body mass index (BM!) between 20 and 32 kg/m’and not
consuming. prebiotic or probiotic supplements, were recruited. Subjects who were
diabetic, using any prescribed medications that could affect their participation in the
study, suffering from any infectious illness, or who had chronic gastrointestinal problems,
had recently donated blood or participated in another clinical trial, or had been vaccinated
with the current influenza vaccine were excluded. A total of six participants were

recruited, three male and three female, with ages ranging from 47 to 62 years.

3.2:2 STUDY DESIGN

The study outline is shown in Figure 28. Briefly, at the first appointment, subjects in the
fasting state gave a 30 ml blood sample (20 ml into heparin coated tubes and 10 ml into
a serum tube) and a saliva sample (obtained by chewing on dental roli for approximately
30 seconds, with saliva collected using a 5 ml syringe; see section 2.1.3). Subjects then

received the currently available influenza vaccination (2007/2008 Influvac® vaccine;
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3.2.3.2 STATISTICAL ANALYSIS

As this study involved a small number of subjects, and had the primary aim of identifying
experimental conditions to use in a later larger supplementation study, statistical analysis
was not carried out for most of the data. However, one-way ANOVA (fixed factor = time)
was carried out on antibody data, to explore the changes over time more thoroughly. All

analyses were performed using SPSS version 17.0.

3.3 RESULTS
3.3.1 SERUM VACCINE STRAIN-SPECIFIC ANTIBODY CONCENTRATIONS

Vaccine-specific antibodies were measured in serum from all subjects (n = 6). Data were
log transformed and analysed by one-way ANOVA (fixed factor: time), and results are
shown in Figure 30. The maximum vaccine-specific antibody response to all three strains
of the virus was seen at two weeks post-vaccination. Although there was no significant
difference between the response of HAH3_Wi-specific antibodies at the different time
points (one way ANOVA, effect of time; p = 0.112), the response of HAH1_SO- and
HAB_MA-specific antibodies was significantly different between the different time points
(p < 0.001 and p < 0.001 respectively, fixed factor: time, the effect of time on outcome).
There was a large variation in antibody responses between subjects; this large variation
and the small sample size most likely explain why there was no significant effect on

HAH3_Wi-specific antibodies despite the obvious large increases seen.
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3.3.3 TOTAL SERUM AND SALIVARY IMMUNOGLUBULIN CONCENTRATIONS
The total immunoglobulin concentrations in serum (IgA, IgM and IgC) and saliva (slgA) are

shown in Table 10.

Week Serum IgA Serum IgM Serum IgG Salivary sigA | Salivary sigA /
(ng/L) (ng/L) (mg/L) (pg/L) [total protein]

1082.01 844.34 530.20 345.06

0 (482.11) (658.68) 3.61(0.53) (532.15) (88.02)
1156.97 948.80 448.29 427.61

1 (331.69) (582.02) 4.52(1.13) (368.31) (210.08)
1526.64 1119.15 537.07 473.69

2 (298.77) (665.99) 4.16(0.51) (453.95) (344.97)
1474.78 1154.54 619.37 818.48

4 (509.09) (595.66) 3.77 (1.25) (648.03) (421.26)
1250.99 1040.05 549.15 811.53

6 (755.78) (862.90) 3.97 (1.07) (556.03) (861.83)

Table 10 : Total serum and salivary immunoglobulin concentrations. Data are mean of all

subjects (n = 6); standard deviation indicated in parentheses

Serum immunoglobulins and salivary sigA concentrations appeared to increase following
vaccination. The maximal serum igA response was seen at 2 weeks post-vaccination,
although there was no significant difference between the concentrations seen at the
different time points (one-way ANOVA effect of time: p = 0.52). The maximal serum IgM
response was seen at 2 to 4 weeks post-vaccination, although there was no significant
difference between the concentrations seen at the different time points {p = 0.94). The
maximal serum IgG response was seen at one week post-vaccination, although there was
no significant difference between the concentrations seen at the different time points (p =
0.52). The maximal salivary sigA response was seen at four weeks post-vaccination,
although there was no significant difference between the concentrations seen at the
different time points (p = 0.99). When sigA was adjusted for total protein content of the
saliva samples {(measured by Bradford assay) the maximal response was still seen at 4
weeks post-vaccination, although again there was no significant difference between the

concentrations seen at the different time points (p = 0.3).
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3.3.4.2 DETERMINING THE OPTIMUM CULTURE TIME FOR CYTOKINE PRODUCTION
The concentrations of several cytokines (IL-2, IL-4, IL-6, IL-10, IFN-y and TNF-q) in the
medium of PBMC cultures were measured by cytometric bead array; PBMCs were cultured
for 24, 48 or 72 hours with ConA, PHA or a variety of dilutions of dialysed or non-dialysed
vaccine, in order to determine the optimum duration of culture. Concentrations of these
cytokines in supernatants from unstimulated cultures and cultures stimulated with ConA
and PHA are shown in Table 11, Table 12 and Table 13.
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IL-2 1L-4 IL-6 iL-10 TNF-a IFN-y

Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD

Week 0 . Control 13.9 19.8 6.6 9.3 3838 3534 17.5 16.9 18.8 14.0 11 8
ConA 139.6° 1436 52.3 41.9 ) 21227 7413 | 236.1 140:3 | 4644 = 294.9 ) 38150 52269

PHA 102.8 51.6 34.1 27.8 5072 5508 | - 105.9 88.21. 168.] 47.4 443 460

Week 1 Control 38.9 49.0 11.9 15.0 4227 5474 50.8 64.8 35.9 45.8 259 362
ConA 94.6 38.8 39.9 19.71:23712 4367 | 2519 118.1 | 4173 82.7 | 24026 3158

PHA 425 42.8 22.4 24.3 765610097 { 1184 138.8| 104.3 1425 560 774

Week 2 - Control 5.9 4.4 1.8 0.9 2777 2880 8.7 6.4 8.2 8.1 10 11
ConA 50.3 22.6 18.8 12.2:1: 15982 5181 123.3 2261 1978 31.4 3311 2194

PHA 58.8 70.4 13.4 17.1 2974 2785 39.6 10.4 49.9 48.8 177 149

Week 4 Control 4.2 1.7 1.3 0.0 7416 8258 26.5 20.2 5.8 3.9 8 5
ConA 119.4 68.6 28.5 17.4:1 20539 12172 -223.6 20.1 | 426.9 1433 4336 = 2583

PHA 55.5 41.8 111 6.5 9608 8750 72.6 15.6 721 43.5 161 58

Week 6  Control 4.8 3.5 1.3 0.0 8973 12435 331 42.2 10.6 12.2 6 4
ConA 90.2 55.6 17.4 3.2 20512 12551 190.3 37.6.1..300.5 1336 3522 1966

PHA 39.0 42.3 6.9 46| 12188 13546 65.8 29.9 35.9 38.2 201 102

Table 12:: Cytokine concentrations in supernatants of unstimulated (control) blood mononuclear cells; and mitogen stimulated blood mononuclear cells,
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cultured for 48 hours (n=3)
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Amy R Lomax Chapter 3 Pilot Study

From these results it can be concluded that culturing cells for 24 hours is sufficient to see
a good cytokine response, and that culturing cells for longer than this time does not
result in a greater response, apart from for IFN-y which showed a greater concentration
after 48 hours of culture. Once again the response to ConA was greater than that to PHA,
confirming the findings from the T cell activation experiments. The cytokine response to
both non-dialysed and dialysed vaccine was tested, and results from 24 hour cultures
shown in Table 14 and Table 15 (values for corresponding unstimulated control cultures
are shown in Table 11, Table 12 and Table 13. Again, a response to both non-dialysed
and dialysed was observed, and the greatest response was seen with stimulation with a
1/10 dilution of the vaccine. Results from longer duration cultures (48 and 72 hours) with
vaccine are not shown. However for vaccine-stimulated cells, 24 hours of culture
produced the maximal response for IL-4, IL-10 and TNF-a, 48 hours of culture produced
the maximal response for IL-2, and 72 hours of culture produced the maximal response
for IFN-y. All time points produced similar results for IL-6.

Calculation of the ratio of the Th1-type to the Th2-type cytokine response, using the
concentrations of IFN-y and IL-4 revealed that the Th1-type response was favoured
particularly following ConA stimulation and that the response to the vaccine becomes

more Th1 polarised following vaccination (data not shown).

130



Lel

(€ = W) BUIDILA PSAIDIP-UOU YIIM PRIDINUINLS PUD SINOY b7 40) painljnd s|ja2 ApajJNUOUOW POOjq JO SIUBIBUABANS Ul SUOIIDJIUBIU0D BUINOIAD b | 240

00 9t t'ee yve 29/ Z2'(8 8608 6004 [ard 9¢ Pt 6L 000001t/
9'9¢ Lyl ey €9y L'pS 259 ¥09 1604 38 4 4 581 61l 000 0L/t
6t 6'8¢ £'8¢ 9'Sy 699 LLL 069 Svv/ Pit 26 9'0¢ 861 0001/t
961l 92/ 144 LYS 094 Z2'¢6 ¥249 WA YA €0t €L L'PS 6'¢te 00/t
P pSe 601¢ 44 6458 L'/ 198 12/9 ¥iLL (44 S's ¥801L 959 oL/t 9 }33M
134 9'8¢ 8°9¢ 4'8¢ 219 €09 €9SY 6LE¢ St 98 9'ie 9’61 00000t/1
43 £ee 8's¢ 8/¢ oS 1’88 8LLY 9L1S 2’9 L9 St RO 000 0t/1
vop [ras 43 8'8¢ et 1’501 9v?29 8ies 901 t'8 9'ec 961 0001L/1
¥ 651 266 ¥ £'9¢ 589 (i 255§ 009¢s LEL 101 1’64 4 00tL/1
v £0Z 29¢1 69t L'8¢ 8501 68 600§ LP8S LYy 0t 8¢El 616 0L/t b 1s3M
9°0¢ 2'S¢ 861 281 L8t £0¢ £691 tiet 6°¢Ct 7ol a4 [AN! 000001/t
1'88 6°59 £'8S 9'9% £El SET4! 65/9 £68Y €Lt 291 §/2 2'0¢ 000 0t/1
8¢S 9Ly Sy g'LE v'201 96/ /08 098¢ 81l 96 2ee YAVA 000t/1
498 489 133 $'6¢ 9'¢e9 9°0s $s6¢ 1 X434 191 yara /6 1L 00/t
6689 P i6v 9 1L 16§ 444 268 9¥9¢ 01/ [ tel 642  890¢ 01/1 Z)99M
619 1 WA4 ¥'89 L'ES £'6§ L9 8¥9¢ 9€£8¢ 6 /1 FASY! 9'0¢ 6'¢¢ 000001/1
6961 8'¢cvl VAN 206 8011 P18 165/ £L64S St St 0'ee ¥ 0¢Z 000 01/t
06L ¥'6S 929 9y 8¢/ 6°2S 4 743 ¥E8C Lee 26l 8'9¢ ylc 000L/1L
626y 172s¢ L 1ot 69/ 68 £/9 6805 256¢ S$91L 6°C1 /0L 818 001/t
96¢£8 V' v29 S5l v 201 42611 606 /89 961§ 46 96 9§le LU/t 0L/t I eam
00 9t 59zt 6°¢6 L4LL £°95 058y (4333 74 S5t 8°0¢ 6'S1 000001/
8¢9 91y 6°08 $7¢9 0¢L e 14434 £91¢ eet 201 £9¢2 661 000 Ot/1
FA V4 QA 2681 8201 L'¥01 §9¢Z €969 obL¥y 8'0Z 9/ Z'ES 6'8¢ 0001/1
8 1el 8001 $'9st 8ell 6'86 L'v/ Z218s yeey L9l 421 109 8ty 001/1
£'58¢ 6°18¢ 846 0'sZ 6798 £'59 Sv 1§ 608¢E §'S§t 9'st (A ¥ 9 ot/1 0 i33Mm
as uesy as uesiy as ueapy as uesiy as ue3p as uesiy
A-N4| D-4N1L oT-Ti 9-1 y-1i -1

Apms 1ojld ¢ 1dey)

XBWOT] Y Ay



Amy R Lomax

Chapter 3 Pilot Study

-2 IL-4 -6 iL-10 TNF-a IFN-y

Mean Sb Mean SD Mean SD Mean sb Mean SD Mean SD

Week O 1/10 18.9 30.6 16.1 25.7 22543 9424 3191 401.9 1725.9 1441.6 925.5 691.5
1/100 29.3 48.5 13.1 18.9 16422 5035 155.4 194.1 349.6 121 140.6 219:4

1/1000 15.9 25.2 7.5 10.7 4818 3876 44.8 57.1 61.8 45.9 35.2 54.9

1/10 000 14.8 235 10.9 16.8 3643 3104 311 34.7 335 26.7 3.6 0.0

1/100000 21.5 35.0 8.1 11.7 4166 3568 39.5 48.7 43.7 41.8 17.2 23.7

Week 1 1/10 44.2 72.3 15.6 231 24428 8228 502.9 4495 1793.9 1464.6 3583.8 5284.9
1/100 31.8 51.5 12.2 18.8 21073 3149 236.4 189.1 378.9 297.9 377.8 620.8

1/1000 28.7 38.7 121 15.2 4336 3714 54.5 69.8 36.8 31.0 67.7 90.7

1/10 000 7.4 8.6 10.2 12.6 4374 5770 63.9 83.7 47.7 58.4 63.1 84.2

1/100000 13.6 174 7.2 8.4 3448 4588 453 62.0 46.5 58.5 25.2 30.6

Week 2 1/10 49.7 64.9 7.1 9.9 22460 8805 446.6 636.7 1692.9 892.9 2109.9 1358:4
1/100 26.1 42.9 7.2 10.1 16006 2665 176.2 215.8 357.3 38.9 288.7 216.8

1/1000 9.1 13.5 7.2 9.1 4023 3601 39.3 45.8 333 21.5 30.3 23.2

1/10 000 9.1 13.5 8.9 1313 2858 2425 41.3 57.9 30.9 231 31.2 47.8

1/100000 7.2 10.2 9.1 135 3480 3155 48.3 70.5 37.6 29.7 5.2 2.8

Week 4 1/10 273 38.3 6.5 6.3 26678 7958 747.5 690.4 15411 911.7 828.8 554.2
1/100 19.6 30.4 71 8.7 13529 12482 192.2 294.0 204.8 178.6 99.9 130.2

1/1000 7.8 9.7 83 12.1 8254 6987 98.2 99.7 35.8 29.7 25.0 33.7

1/10 000 111 14.7 7.6 8.6 7479 6394 100.2 121.9 42.6 40.4 30.8 47.3

1/100000 9.9 12.8 12.1 16.9 5857 5410 66.9 67.5 30.9 244 22.6 331

Week 6 1/10 238 36:3 2.0 0.9 24951 7475 5319 545.4 10155 161:1 961.4 1426.9
1/100 12.7 193 86 12.6 17588 6240 254.7 203.5 312.9 1433 150.7 238.0

1/1000 1.3 0.0 6.5 6.9 7154 7543 80.4 68.9 32.5 235 14.8 19.5

1/10°000 15.1 23.9 9.9 14.9 8303 7273 92.3 77.6 46.6 43.0 46.3 741

1/100000 17.2 27.5 6.2 8.4 7092 6734 83.9 69.4 39.6 38.8 16.5 22.3

Table 15 : Cytokine concentrations in supernatants of biood mononuclear cells cultured for 24 hours and stimulated with dialysed vaccine (n = 3)
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3.3.4.3.2 CFSE Dilution

Due to limitations on the cell counts of the samples there were only sufficient cells to do
the full CFSE staining experiment for one participant, and sufficient cells from another
participant for part of the experiment. Therefore, sample size for the following results is

1 or 2. Results were analysed using Weasel software, and are shown in Figure 41, Figure
42 and Figure 43. ConA and PHA both produced good proliferative responses, and these
did not change greatly over time after vaccination. The dialysed and non-dialysed vaccines
produced similar responses to one another, and at week two it can be observed that some
cells had moved into further stages of proliferation. The non-dialysed vaccine did not
produce as big a proliferative response with CFSE staining as was observed when
measuring proliferation by *H-thymidine incorporation, probably because vaccine-
stimulated cells were cultured for a shorter time for CFSE staining compared with *H-
thymidine incorporation, and so cells stained with CFSE must be cultured for a longer

time period.
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3.4 DISCUSSION
3.4.1 ANTIBODY RESPONSES

Vaccination did not cause a statistically significant increase for two out of three strains of
vaccine-specific antibodies, although visual inspection of the time course suggests that
these did increase. Therefore, considering the small sample size and the large variation in
the antibody response to vaccination between individual subjects, it would be anticipated
that in a larger study, a statistically significant response for these antibodies would be
seen. From the results obtained it is clear that by two weeks post-vaccination, peak serum
concentrations of antibodies specific to all three strains of the influenza virus used in the
vaccine had been achieved. For the HAH3 and HAB strains, the serum antibody
concentrations remained relatively stable until four weeks, while the concentration of anti-
HAH1 antibodies had decreased by four weeks. Thus based on these results it seems that
two weeks post-vaccination would be the best time to measure this parameter in the main
study. However in the main study, which will investigate the effects of a prebiotic
supplement (Orafti® Synergy1), on the functioning of the immune system in healthy
human adults, the 2008/2009 seasonal influenza vaccine will be used. This will contain
different strains of the virus, and it is not certain that subjects will respond in exactly the
same way to these strains as subjects did to the strains used in the 2007/2008 vaccine
used in the pilot study. Thus, blood samples will be collected at both two and four weeks
post-vaccination in the main study in order to ensure that the peak antibody response is
not missed. From the results of this pilot study it is clear that four weeks post-vaccination
is sufficient to see the peak anti-vaccine antibody response, and so no time points beyond
this need to be considered. Vaccine-specific immunoglobulin class-specific antibody
concentrations had also all peaked by four weeks post vaccination. The only statistically
significant change over time was seen for specific IgM antibodies, although it appears that
for the other classes there are also changes, and again the small sample size and

variation between subjects must be considered.

Statistically, vaccination did not increase total antibody concentrations. However again,
considering the small sample size and the large variation in the total antibody
concentration between individual subjects, it would be anticipated that in a larger study,
statistically significant differences might be seen. The total serum concentration of IgA
peaked at two weeks post-vaccine, while that of serum IgM and of salivary sigA peaked at
four weeks post-vaccination, and so the proposed time points for the main study will be
suitable for these measurements. Total serum IgG peaked at one week post-vaccination,
but remained elevated at 2 weeks post-vaccination and so the proposed time points for

the main study should also be suitable for this measurement
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3.4.2 CELL CULTURE EXPERIEMENTS

PBMCs were cultured to measure T cell activation by CD69 expression (percentage
positive and mean fluorescence intensity), lymphocyte proliferation, and lymphocyte
cytokine production in response to two mitogens (ConA and PHA) and undialysed and

dialysed vaccine.

3.4.2.1 STIMULANTS

Comparing responses from stimulation by ConA with PHA, showed that ConA generally
produced the greater response, and so will be used as the general stimulant with which to
stimulate cells in the main study. Comparing responses from cultures stimulated with
dialysed vaccine and those from cultures stimulated with non-dialysed vaccine illustrated
that both forms of the vaccine were able to induce responses. To dialyse the vaccine
involves a process which could potentially introduce foreign antigens into the vaccine,
which could-then produce a response in cell cultures that is not related to the vaccine.
Therefore, it was considered appropriate to avoid this step if possible. As the non-
dialysed vaccine produced good responses, this will be used to stimulate cells in the main
study. The 1/10 dilution of the vaccine consistently produced the greatest responses in
all experiments, and will be adopted as the concentration of vaccine with which to

stimulate cells in the main study.

From results of cell culture experiments it is clear that there are cellular responses to
stimulation with the vaccine at week zero. This is an unexpected result, as presumably
the immune system had notyet been exposed to the vaccine antigen, and so there should
not be any vaccine specific lymphocytes which would respond to the vaccine antigen at
this time point. This observation cannot be easily explained, but perhaps is due to a
reaction to some other component of the vaccine, such as the chicken egg in which the

vaccine is grown.

3.4.2.2 TIMINGS

For the vaccine-stimulated cultures different culture times produced maximal responses
for the different cytokines: 24 hours of culture produced the maximal response for IL-4,
IL-10:and TNF-a, 48 hours of culture produced the maximal response forIL-2; and 72
hours of culture:produced the maximal response for IFN-y. All time points produced
similar results for IL-6. For mitogen stimulated cultures 24 (or in the case of IFN-y 48)
hours produced the maximal response. In the main study only one time point will be used
for logistical reasons. Thus; a culture time of 24 hours was chosen, as increased
production of all six cytokines was seen by this time point, for both vaccine and mitogen

stimulated cultures.

140



Amy R Lomax Chapter 3 Pilot Study

For lymphocyte proliferation measured by CFSE staining, on the small number of samples
available, 96 hours of culture with vaccine did not appear to be sufficient. 138-140 hours
produced good results regarding *H-thymidine incorporation. As using a longer culture
time will not be detrimental, in the main study cells will be stained with CFSE and then

cultured for 168 hours, to ensure that a good proliferative response is observed.

T cell activation and cytokine production tended to be highest soon after vaccination,
while lymphocyte proliferation tended to peak a little later. Therefore, the effect the
vaccination has upon T cell proliferative responses may take longer to become apparent
than the effect the vaccination has upon T cell activation, which seems to peak at two
weeks post-vaccination. In the 24 hour cultures, production of all cytokines was
{generally) highest early {one or two weeks) after vaccination, which fits well with results
from the T cell activation experiments.

3.5 CONCLUSIONS FROM THE PILOT STUDY AND THEIR
IMPLICATIONS FOR THE MAIN STUDY

The main decisions made based on the results of this pilot study, and their reasoning, are
given in Table 16. in conclusion:
¢ Vaccine-specific and total antibody measurements have shown that four weeks post-
vaccination will be suitable to see the maximum antibody response following
influenza vaccination in the main study, and taking a blood sample at two weeks
post-vaccination will also be necessary in order that the peak antibody response is
not missed.
e ConA will be used as a general stimulant in cell cultures, as this produced a greater
response than PHA in all experiments.
e Non-dialysed vaccine at a 1/10 dilution in RPMI will be used to stimulate cell
cultures.
» For cytokine production measurements, cells will be cultured for 24 hours before
the supernatants are harvested and frozen for later analysis.
e For lymphocyte proliferation measured by CFSE staining, cells will be cultured for
168 hours.
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Measurement Decision Reason

Serum anti-vaccine antibodies (strain-specific | Blood samples taken at two and four weeks | Four weeks is  sufficient to see a response, and the
and immunoglobulin class-specific) post-vaccination for measurement measurement should be taken at two weeks to ensure the
peak antibody response is not missed, as a different

vaccine will be used.

Total serum IgA, 1gG and IgM, and salivary | Blood samples taken at two and four weeks | Serum IgA peaks at two weeks post-vaccination and serum
slgA post-vaccination for measurement IgM and salivary silgA at four weeks, while serum IgG
peaks at one week post-vaccination but is still elevated at
two weeks. Therefore the time points of 2 and 4 weeks

post-vaccination should be suitable.

T cell activation - CD69 expression & percent Stimulate with ConA, but not PHA ConA produces a greater response.

positive e Use non-dialysed vaccine Dialysed :and non-dialysed both produce good responses,
but using the non-dialysed vaccine will reduce the risk of
introducing foreign antigens into the cultures.

e Use a 1/10 dilution of vaccine in RPMI This produces the biggest response

T cell proliferation - *H thymidine « Stimulate with ConA, but not PHA Both produce ‘a good response, but for other measures
ConA produces a better response.
¢ Use non-dialysed vaccine Dialysed and non-dialysed both produce good responses,

but using the non-dialysed vaccine will reduce the risk of
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Use a 1/10 dilution of vaccine in RPMI

Use 24 hours culture time

response. As the non-dialysed vaccine did produce results,
the non-dialysed vaccine will be used, to reduce the risk of
introducing foreign antigens into the cultures.

This produced the biggest response

For the non-dialysed vaccine, 24 hours of culture produces
the maximal response for IL-4, IL-10 and TNF, 48 hours of
culture produced the maximal response for IL-2, and 72
hours of culture produced the maximal response for IFN-y,
while all time points produced similar responses for IL-6.
An increase in cytokine production could be seen after 24

hours of culture.

Table 16 : The main decisions made based on the pilot study results
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CHAPTER 4

PREBIOTIC INTERVENTION STUDY: STUDY

- DESIGN, SUBJECT CHARACTERISTICS & IMPACT

OF ORAFTI® SYNERGY1 ON FAECAL
BIFIDOBACTERIA
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4.1 INTRODUCTION

R2-1 fructans, such as inulin and shorter-chain fructooligosaccharides, have been
reported to modulate the intestinal microbiotia (43, 241-245); they act to increase the
numbers of bifidobacteria and factobacilli. It is thought that these types of bacteria
influence the host immune system, improving its function. Indeed a small number of
studies performed to date indicate that R2-1 fructans can modulate aspects of immune
function (see Chapter 1). This has been reported in children (91, 99, 101, 102), the
elderly (43, 92, 94, 96, 97, 103), younger adults (98), and aduits with colon cancer (104,
105, 108)), active ulcerative colitis (108) and intensive care patients (109). However, few
studies have been performed using the golid standard response to vaccination as a tool to
examine immune function (91-93, 96, 97, 101, 103, 106). These studies were performed
in infants or children (91, 93, 101, 106), or in elderly adults (92, 96, 97, 103), and there
are no studies investigating the potential effects of R2-1 fructan-type prebiotics on
immune function in healthy middie aged adults. The four of the above studies carried out
in the elderly all used influenza vaccination as a challenge, but used varying times of R2-1
fructan supplementation before the vaccine was given, and duration of supplementation
after vaccination also differed. Only one of the studies carried out in the elderly used
solely #2-1 fructan supplementation (92), the remaining studies used supplements also
containing vitamins, minerals,; fats or probiotics: Therefore, it'is difficult to be clear about
the effect that the R2-1 fructans may have had. Despite there being eight studies which
use the response to vaccination as a way to determine the effect of R2-1 fructans upon
immune function, there are inconsistencies between the studies, thus making the results

somewhat difficult to interpret.

The overall aim of the main study described in this thesis is to evaluate the effect of a
mixture of inulin-and oligofructose (known as Orafti® Synergy1) on immune function,
including the response to seasonal influenza vaccination, in healthy middie aged subjects.
A pilot study was: performed in order to develop a vaccination protocol for use in
assessing the immune response (see Chapter 3). This chapter will describe the study
design, subject characteristics, compliance to the study, and gastrointestinal sensations
experienced by subjects when taking Orafti® Synergyl or placebo. The effect of Orafti”
Synergy1 upon the gut microbiotia will also be described. The remaining chapters of this
thesis will describe the effects of Orafti® Synergyl on immune function prior to (Chapter

5) and following (Chapter 6) influenza vaccination.

4.2 HYPOTHESIS

The hypothesis being tested in the work described in this chapter is that consumption of
Orafti® Synergy1 for four weeks will increase the number of bifidobacteria within the gut
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microbiotia and that bifidobacteria numbers will be greater than in the control group at

four weeks.

4.3 STUDY DESIGN, MATERIALS AND METHODS
4.3.1 STUDY DESIGN

The study was a randomised, double-blind, placebo controlled trial. It was registered as

“Prebiotics and Immune Function in Middle Aged Humans” on www.clinicaltrials.gov

(identifier: NCT00898599). The study was approved by the Southampton and South West
Hampshire Local Research Ethics Committee (09/H0504/2) and clinical governance was
provided by the Southampton University Hospitals NHS Trust R&D. All subjects provided
written informed consent and the study was performed according to Good Clinical
Practice. Orafti’ Synergy! and placebo were provided as powders within sealed paper
sachets (4 g/sachet) by Beneo-Orafti, and were identical in packaging (except for the
labelling, which was A or B) and in appearance. Orafti® Synergy1 contains inulin and
oligofructose in a ratio of one to one. The placebo was maltodextrin. Subjects were asked
to consume two sachets per day (one in the morning and one in the evening) by stirring
the contents into a glass of water. Subjects were given sufficient sachets for the study at
the clinic visits week zero and week four. Randomization to A or B was performed by
placing equal numbers of letter “A” and letter “B” into plain envelopes, and picking an
envelope at random upon inclusion of a volunteer into the study. Un-blinding was
performed upon completion of statistical analysis. Supplementation continued for eight
weeks (Figure 44) with blood and saliva samples being taken at weeks zero, four, six and
eight and faecal samples at weeks zero and four. The 2008/2009 seasonal influenza
vaccination (2008/2009 imuvac® vaccine; Solvay Healthcare, Southampton, UK) was given
at week four. All subject visits were at the Wellcome Trust Clinical Research Facility,
Southampton General Hospital. Blood and saliva were used for measures of immune
function (Figure 45) to be reported in Chapters 5 and 6. Faeces were used to determine

numbers of total and bifidobacteria, reported in this Chapter.

2008/2009 imuvac® vaccine
Prebiotic or placebo Prebiotic or placebo
Run-in supplementation supplementation

I T m 1

| | | |

| | | |

Week -2 0 4 6 8
Samples collected : Blood Blood Blood Blood
Saliva Saliva Saliva Saliva

Faeces Faeces

Figure 44 : Prebiotic intervention study design
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4.3.3 SUBJECTS
Healthy male and female volunteers, aged between 45 and 65 years, were recruited via
poster, word of mouth, e-mail and newspaper/magazine advertisements.
Inclusion criteria were:
1.Aged 45 - 65 years,
2.Body mass index (BMI) between 20 and 32 kg/m?,
3.Not consuming prebiotic or probiotic supplements, drinks or foods,
4.In general good health,
5.No antibiotic use in the two months prior to entering the study, or during the study,

6.Not vaccinated with the current seasons (2008/2009) influenza vaccination.

Exclusion criteria were:

1.Aged < 45 or > 65 years,

2.BMI < 20 or > 32 kg/m?,

3.Being diabetic (type 1 or type 2),

4. Displaying manifestations of allergy (asthma, hay-fever or dermatitis) or being
treated for these,

5.Being egg allergic,

6.Use of any prescribed medication (unless deemed acceptable by the Pl),

7.Suffering from any infectious illness,

8.Chronic gastrointestinal problems (e.g. irritable bowel syndrome, inflammatory
bowel disease, cancer),

9.Recent blood donation,

10. Participation in another clinical trial,

11. Use of prebiotic or probiotic supplements, foods or drinks,

12. Consuming vitamin, oil or mineral supplements,

13. Previously vaccinated with the 2008/2009 vaccination or a previous influenza

vaccination which contained any of the strains included in the 2008/2009 vaccine.

A total of 49 subjects were recruited, and the flow of subjects through the study is shown

in Figure 46.
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SUBJECTS RECRUITED AND
RANDOMISED
(n=49)
|
Prebiotic group Placebo group
n=25 n =24

‘Withidrawn before Withdravwn before
starting study starting study

n=2 n=3
Withdravm after Withdrawn after
starting stady fosrrinsmm— starting study

n=1 n=0

Completed study Completed study
n=122 n=21

Figure 46 : Flow of subjects through the prebiotic intervention study

Characteristics of the subjects who completed the study are given in Table 17.

Table 17 : Subject.characteristics

Prebiotic group Placebo group

N 22 21
Age (years); mean (range)* 54 (45 -62) 56 .(45 -~ 63)
Male : female** 3319 8:13

BMI; mean (range)*** 25.73(19.40 - 33.30) 24.98 (17.70 - 33.80)

*Not significantly different between groups (analysed by Mann-Whitney test, p = 0.131)
**Not significantly different between groups (analysed by Chi squared test, p = 0.066)
***Not significantly different between groups (analysed by independent T-test, p = 0.533)

Eight subjects (six in the prebiotic group and two in the placebo group) had been
vaccinated with an influenza vaccine in previous years (two subjects had received the
2007/2008 influenza vaccine, one in the prebiotic group and one in the placebo group).
There was no overlap in the strains used in the 2007/2008 vaccine and those used in the
2008/2009 vaccine. However, it is possible that previous exposure to a similar strain of
the virus may affect an individual’s response to the vaccine. But it is also possible that
subjects who had not been previously vaccinated had been exposed to similar strains of

the virus in the past, through:natural exposure.

It was considered appropriate to recruit participants with a wide range of BMis, as
overweight and obesity are prevalent in the general population. Therefore inclusion of
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overweight individuals as subjects increases the representativeness to the general
population of the study population. Individuals who were grossly obese (a BMI > 32
kg/m?) were excluded.

4.3.4 COMPLIANCE
Compliance was assessed by counting the number of returned sachets that had been
used, and subtracting this from the number of sachets which were given out at the

beginning of the trial.

4.3.5 SUBJECT SELF-REPORTED GASTROINTESTINAL SENSATIONS
At each clinic visit subjects were asked to report any gastrointestinal sensations or health

problems they had encountered since the previous clinic visit.

4.3.6 FLUORESCENCE IN SITU HYBRIDIZATION FOR ENUMERATION OF TOTAL
BACTERIA AND BIFIDOBACTERIA IN FAECAL SAMPLES
Storage: Faecal samples were stored at -80°C for approximately ten months following

collection.

Fixing: Samples were thawed and diluted 1:10 in phosphate-buffered saline (PBS). Samples
were homogenised in a stomacher for 120 seconds, decanted into a 50 ml tube, and
vortexed for 30 seconds. Samples were centrifuged at 1500 rpm for 2 minutes, to
separate the liquid and solid. Aliquots of the liquid were removed as follows:

e 375 ul for paraformaldehyde fixing (duplicate). 375 ul aliquots were placed into
1125 ul of cold 4% (w/v) paraformaldehyde, vortexed, and incubated at 4°C for 4
hours. Samples were centrifuged at 13000 rpm for 5 minutes, and then washed
twice in 1 mi PBS at 13000 rpm for 5 minutes. The washed cells were finally
suspended in a mixture of 150 pl of PBS and 150 ul ethanol, and stored at -20°C
until fluorescence in situ hybridisation (FISH) analysis.

e 375 ul for ethanol fixing (duplicate). Aliquots were centrifuged at 13000 rpm for 5
minutes. The cell pellet was finally suspended in a mixture of 150 pl of PBS and 150

ul ethanol, and stored at -20°C until FISH analysis.

FISH (Bifidobacteria, stained with Bif164): Ethanol-fixed samples were diluted in a suitable
volume of sterile PBS/10 % sodium dodecyl sulphate (SDS) in order to obtain the correct
number of cells per microscopic field of view (1:10 for week 0 samples, 1:20 for week 4
samples). 20 ul of each diluted sample was added to a separate well of a six-well slide
(Teflon/poly-L-lysine-coated, 6-well, 10-mm diameter well slides; Tekdon Ins., Myakka
City, FL, USA). Slides were dried for approximately 15 minutes at 46-50°C in a desktop

plate incubator. They were then dehydrated using an alcohol washing series (50, 80 and
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96 % [v/v] ethanol) for 3 minutes with each solution. Slides were dried for two minutes at
46-50°C in a desktop plate incubator to evaporate excess ethanol. A synthetic
oligonucleotide probe targeting specific regions of the 165 rRNA labelled with the
fluorescent dye Cy3 was used for the enumeration of the Bifidobacterium genus (Probe:
Bif 164, target sequence: CATCCGGCATTACCACCC). 50 ul of the hybridization buffer (5 pl
of the probe [50 ng/ul] and 50 pl of the hybridization buffer [1000ul: 799 pl ddH,0, 20
1 M Tris/HCI (pH 8.0), 180.ul.5 M NaCl and 1 ul SDS} was added to each well and
hybridised for 4 hours in a sealed slide tray inside a microarray hybridization incubator.
Following hybridisation, slides were washed in 50 ml of washing buffer (50 mi: 40 ml
ddH., O, 1 mi 1 M Tris/HCI (pH 8.0), 9 ml 5 M NaCl, and 20 pl of DAPI [4’,6-diamidino-2-
phenylindole; 50 ng /ul]) for 15 minutes at 50°C. Slides were dipped into ice-cold distilled
water for 2-3 seconds, and dried with compressed air. 5 pl of antifade reagent was added
to each well, and a cover-slip applied to the slide. Slides were stored in the dark at 4 °C
until analysis. Slides were counted using an epifluorescence Brunel microscope. Filters for
the DAPI stain (excitation at 550 nm and emission at 461 nm) and the Cy3 dye (excitation
at 550 nm and emission at 564 nm) were used. 15 fields of view were counted for each
sample. Bifidobacteria counts were determined using the following equation:

Bacteria/g of faeces = DF x ACC x 8702.47 x 50'x DF .
DF: the dilution factor = 8 (300 [volume of sample]/375 [volume of paraformaldehyde] x
10 [original dilution of stool sample into PBS])

ACC: the average cell count from the 15:fields of view

8702.47: the area of the well/the area of the field of view

50: returns the cell count back to per ml of sample

DFsample: the dilution of the sample used (10 for week 0 samples and 20 for week 4

samples)

FISH (total bacteria, stained with DAPI): Paraformaldehyde-fixed samples were diluted in a
suitable volume of sterile PBS/10 % SDS in order to obtain the correct number of cells per
microscopic field of view (1:400 or 1:1000). 20 pl of each diluted sample was added to a
separate well of a six-well slide (Teflon- and poly-L-lysine-coated, 6-well, 10-mm diameter
well slides; Tekdon inc., Myakka City, FL, USA). Slides were dried for approximately 15
minutes at 46-50°C in a desktop plate incubator. They were then dehydrated using an
alcohol washing series (50, 80 and 96 % [v/v] ethanol) for 3 minutes with each solution.
Slides were dried for two minutes at 46-50°C in a desktop plate incubator to evaporate
excess ethanol, Cells were stained with the nucleic acid stain DAPI. 50 ng/ul DAPI was

added to PBS at a dilution of 1:11, and 50 ul of this mixture was applied to each well.
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symptoms. There were no significant differences between the groups regarding these

events.

4.4.3 NUMBERS OF TOTAL BACTERIA AND BIFIDOBACTERIA
Figure 48 shows the numbers of total bacteria and bifidobacteria in the faeces of each

group at study entry (week 0) and after 4 weeks of supplementation.

4.4.3.1 COMPARING GROUPS AT EACH TIME POINT

At week O there were no differences between the prebiotic group and the placebo group
regarding bifidobacteria counts (1.33 x 10°and 1.58 x 10°/g faeces), total bacteria counts
(1.01 x 10" and 7.18 x 10'°/g faeces) or bifidobacteria counts expressed as a percentage
of total bacteria counts (1.26 % and 1.25 %).

At week 4, bifidobacteria counts were significantly higher (p = 0.001) in the prebiotic
group (median 2.82 x 10°/g faeces) compared to the placebo group (median 1.14 x 10°/g
faeces). There was no difference in the total bacteria counts between the prebiotic and
placebo groups (1.07 x 10" and 6.81 x 10'°/g faeces), or in bifidobacteria counts when

expressed as a percentage of total bacteria counts (2.64 % and 1.62 %).

4.4.3.2 COMPARING WITHIN GROUPS AT THE TWO TIME POINTS

In the prebiotic group, bifidobacteria counts were significantly higher (p < 0.001) at week
4 (median 2.82 x 10°/g faeces) compared to week 0 (median 1.33 x 10°/g faeces). In the
placebo group, there was no significant difference in number of bifidobacteria between
week 4 (median 1.14 x 10%/g faeces) and week O (median 1.58 x 10°/g faeces).

There was no significant change in either group for total bacteria counts at week 4
compared to week 0 (1.07 x 10'"and 1.01 x 10"'/g faeces in the prebioticgroup, and 6.81
x 10 and 7.18 x 10'%/g faeces in the placebo group).

In the prebiotic group, bifidobacteria expressed as a percentage of total bacteria were
significantly higher (p = 0.001) at week 4 (median 2.64%) compared to week 0 {median
1.26%). There was no significant difference in the placebo group: week 4 median = 1.62%

and week 0 median = 1.25%.

4.4.3.3 COMPARING CHANGES OVER TIME BETWEEN GROUPS
The change in bifidobacteria counts in the prebiotic group between week 0 and week 4
(median increase 1.26 x 10°/g faeces) was significantly different (p = 0.001) from the

change in the placebo group (median increase 3.37 x 107/g faeces). There was no
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difference in the change in total bacteria counts between the prebiotic group (median
increase = 6.31 x 107/g faeces) and the placebo group (median change = -8.43 x 10°/g
faeces). There was a signifigantly greater (p = 0.002) change in bifidobacteria counts
when expressed as a percentage of total bacteria in the prebiotic group (median increase
0.84 %) compared to the placebo group (median increase = 0.05 %).
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demonstrated an increase in bifidobacteria in the prebiotic group and that bifidobacteria
numbers were higher at 4 weeks in the prebiotic than in the control group. Therefore, the
results from this set of experiments enable the hypothesis to be accepted, and it can be
concluded that the prebiotic supplement has had a bifidogenic effect within the gut.
Other studies have also reported the bifidogenic properties of the R2-1 fructans (247),
inulin (241-244), oligofructose (43, 245, 248) and Orafti’ Synergyl (249). There was an
approximate doubling of bifidobacteria numbers in the Orafti® Synergyl group. A similar
size of effect has been observed in other studies using fructooligosaccharides (241, 242).
Several other studies have reported bigger increases (243-245, 248). Supplementation of
20 g/day of Orafti® Synergyl to healthy adults for 28 days reported an increase from 7.54
x 10" to 8.19 x 10" bacteria/g faeces (249). The increase in bifidobacteria seen in the
current study may be more modest in comparison to that seen in some other studies.
Differences in the extent of the bifidogenic effect between studies may be due to the type
of fructooligosaccharide used, the dose used, duration of supplementation, the
heterogeneity of subjects taking part, as well as the method used to measure the faecal

bifidobacteria.

Some studies have shown that the baseline levels of bifidobacteria in the individual can
affect the magnitude of the increase seen with prebiotic supplementation, with a higher
initial level of bifidobacteria being associated with a smaller increase (242, 243, 245).

This observation was not made in the current study, which is in agreement with a study
that found no effect of the relationship between baseline levels of bifidobacteria on the

bifidogenic effect of inulin (241).

Data presented in this chapter show that supplementation with 8 g/day Orafti® Synergy]
for four weeks has a bifidogenic effect on the gut in healthy middle aged adults. In light
of previous studies that have shown that prebiotic supplementation may modulate some
aspects of immune function (43, 91, 92, 94, 250, 251), an effect which is presumed to be
mediated by a change in gut microbiotia, it may therefore be anticipated that some
changes in immune function may be observed in these subjects. Chapters five and six of
this thesis will describe the effects that were observed on immune function in these

subjects.
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CHAPTER 5

PREBIOTIC INTERVENTION STUDY: IMPACT OF

ORAFTI® SYNERGY1 UPON IMMUNE FUNCTION
IN THE ABSENCE OF IMMUNE CHALLENGE

161



Amy R Lomax = Chapter S Prebiotic intervention Study: impact in the absence of immune challenge

5.1 INTRODUCTION

Published literature has shown alterations in immune parameters following R2-1 fructan
supplementation in children (91, 99, 101, 102), young adults (98), elderly adults (43, 92,
94, 96, 97, 103), adults with colon cancer (104, 105)), active ulcerative colitis (108) and
intensive care patients (109). These studies have used a variety of R2-1 fructans, often in
combination with other nutrients or probiotics; and have used different doses for
different lengths of time. Also, different immune outcomes have been measured in the
different studies. Therefore, although it-appears from looking at the literature as a whole
that R2-1: fructans do appear to alter some aspects of immune function, it is difficult to
tell what the effects really are and the extent of their impact ((63), see section 1.4.5.1.2).
In order to assess the effect that a nutritional supplement may have upon immune
function, it is important to look at a wide a range of markers (10), and in humans these

will generally be systemic immune markers (10).

Most of the above studies have been carried out in the young or the elderly, two
populations who may be particularly susceptible to modulation of their immune system.
Apart from one:study.in young healthy adults (98), there are no studies looking at the
effect of a B2-1 fructan supplement on immune function in healthy adults who might be
expected to have a near optimally functioning immune system. This'is an important
population to consider because if immune function could be improved before the onset of
the immunosenescence that occurs with ageing, then the impact of the age-associated

decline in immune function may be delayed.

It is considered that modification of host gut microbiotia is required in order for
prebiotics to influence the host immune response. In Chapter 4 it was shown that Orafti*
Synergy1 (8 g/day for four weeks) was able to increase faecal bifidobacteria counts in
healthy middle aged subjects; thereby confirming its prebiotic effect. Thus, it may be
anticipated that some changes in immune function may be observed following
supplementation with Orafti’ Synergy1. This chapter describes the results of experiments
measuring immune outcomes before and after four weeks of 8 g/day Orafti® Synergy1

supplementation and in the absence of an immune challenge.

5.2 HYPOTHESIS

The hypothesis being examined by the experiments described in this chapter is that
Orafti® Synergy1 (8:g/day for four weeks) will improve aspects of immune function in

healthy middle-aged subjects
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5.3 METHODS
5.3.1 STUDY DESIGN AND SUBJECT CHARACTERISTICS

The design of the study is described in Section 4.3 along with inclusion and exclusion
criteria, subject characteristics (see Table 17) and the sampling procedure (see Figure 45).
Here immune outcomes determined at study entry (week zero) and after four weeks of

Orafti® Synergy1 (8 g/day) are described.

5.3.2 MEASUREMENT OF IMMUNE PARAMETERS
The following immune outcomes were measured:

o Immune cell phenotypes in peripheral blood, as described in Section 2.2;

Neutrophil and monocyte phagocytosis of E. coli, as described in Section 2.3.1;

Neutrophil and monocyte oxidative burst in response to E. coli or phorbolmyristoyl
acetate (PMA), as described in Section 2.3.2;

Total serum IgA, IgG and IgM concentrations, as described in Sections 2.8.1 to
2.8.3;

e Total salivary slgA concentration, as described in Section 2.8.4;

L]

o T cell cytokine production in response to concanavalin A (ConA), as described in
Section 2.6;

T cell proliferation in response to ConA, as described on Section 2.7.2.2;

e T cell activation in response to ConA, as described in Section 2.5.

5.3.3 STATISTICAL ANALYSIS

Where data were not normally distributed, analysis was performed using the Mann-
Whitney test (comparing groups at each time point, and comparing changes over time
between groups), and Wilcoxon Signed Ranks test (comparing changes over time within
groups). Where data were normally distributed, analysis was performed using
independent samples T-test (comparing groups at each time point, and comparing
changes over time between groups) and dependent samples T-test (comparing changes

over time within groups). All analyses were performed using SPSS version 17.0.

5.4 RESULTS
5.4.1 IMMUNE CELL PHENOTYPES

Immune cell phenotypes were determined in whole blood. Data are expressed as
percentages of the gated population (e.g. of lymphocytes, of monocytes) and are shown
in Table 19. There was no effect of the prebiotic on CD3*/CD4*, CD4*, CD3/CD19*, or
CD14* cells as a percentage of total leukocytes, or on percentage of lymphocytes defined
as T cells (CD4°CD25°CD127"). The percentage of CD3*/CD8 cells was higher in the
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prebiotic group at week four compared to the placebo group (22.9% and 17.3%
respectively, p = 0.032) and the percentage of CD8* cells was higher in the prebiotic
group at week four compared to the placebo group (26.7% compared to 21.0%, p =
0.023). However, these differences seem to reflect inherent differences between the
groups that were present at study entry (Table 19) and are probably not due to the
prebiotic. The CD4:CD8 ratio was higher in the placebo group compared to the prebiotic
group at week four, which is due to the higher percentage of CD8" cells seen in the

prebiotic group at this time.

The percentage of CD3/CD16* cells decreased in the placebo group (from 10.7% to 9.4%,
p = 0.023), but this was not observed in the prebiotic group. CD14* expressed as a
percentage of monocytes was increased in the placebo group (63.9% to 77.9%, p = 0.020),
but this was not observed in the prebiotic group.

When comparing the change between week zero and week four in the prebiotic group, to
the change in the placebo group, there were no significant differences. Therefore, it must
be concluded that the prebiotic supplement had no effect upon immune cell phenotypes
in the blood.
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5.4.2 PHAGOCYTOSIS OF E. COLI BY NEUTROPHILS AND MONOCYTES

Results from experiments measuring neutrophil and monocyte phagocytosis (made using
Phagotest kits) in whole blood are shown in Table 20. Data are presented as percentage
of cells engaging in phagocytosis (referred to as percent positive) and the extent of
phagocytosis of those active cells (mean fluorescence intensity; MF1). No differences were
observed between the groups in any of the outcomes measured. However there were
differences within the groups, between week zero and week four. The percentage of
neutrophils engaging in phagocytosis (percent positive) was decreased from week zero to
week four in both groups (from 99.1% to 92.9% in the placebo group, p < 0.001, and from
99.1% to 92.2% in the prebiotic group, p = 0.003). The same pattern was observed for the
percentage of monocytes engaging in phagocytosis (85.6% to 71.9% in the placebo group,
p=0.013, and from 86.5% to 67.4% in the prebiotic group, p < 0.001). The MFI of
neutrophils (the activity of the cells) increased from week zero to week four in both
groups (from 210.0 to 334.1 in the placebo group, p = 0.005, and from 208.5 to 242.9 in
the prebiotic group = 0.031), and the MFI of monocytes was also increased between week
zero and week four, although this was only significant in the placebo group (123.0 to
194.9 in the placebo group, p = 0.001, and from 117.9 to 137.6 in the prebiotic group,
ns). However, when comparing the change between week zero and week four in the
prebiotic group, to the change in the placebo group there were no significant differences.
Therefore, it must be concluded that the prebiotic supplement had no effect upon blood
neutrophil and monocyte phagocytosis.
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Amy R Lomax  Chapter 5 Prebiotic Intervention Study: impact in the absence of immune challenge

5.4.3 OXIDATIVE BURST BY NEUTROPHILS AND MONOCYTES

Results from experiments measuring neutrophil and monocyte oxidative burst (made
using Phagoburst kits) in whole blood are shown in Table 21. Two different stimulants
were used: E. coli and the protein kinase C agonist PMA. The response to E. coli requires
the bacteria to be recognised and taken up by phagocytosis prior to the cell signalling
leading to oxidative burst occurring. PMA by-passes these early steps and directly
stimulates protein kinase C, initiating the signalling events leading to burst. The main
component of the oxidative bust is superoxide anions. Data are presented as percentage
of cells engaging in oxidative burst (referred to as percent positive) and the extent of
burst of those active cells (MFl). Few changes were observed either within or between
groups. However, a larger increase in the MFi of neutrophils incubated with E. coli was
seen between week zero and week four in the placebo group compared to the prebiotic
group (an increase of 29.7 in the placebo group, compared to 7.5 in the prebiotic group,
p = 0.044). The MFI of neutrophils incubated with E. coli was also greater at week four
compared with week zero in the placebo group (115.9, compared to 86.1,; p = 0.025).
Also in the placebo group, the MFI of monocytes incubated with E. coli was greater at
week four compared to week zero (26.9 versus 23.3, p = 0.050). There were no other
differences observed either within or between groups. When comparing the change
between week zero and week four in the prebiotic group to the change in the placebo
group, there were no significant differences; other than the greater increase seen in MFI
of neutrophils incubated with E. coli in the placebo group compared to the prebiotic
group. Therefore, it must be concluded that the prebiotic supplement had no effect upon
oxidative burst of blood monocytes and little effect on.the oxidative burst of blood

neutrophils.
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Amy R Lomax . Chapter 5 Prebiotic intervention Study: impact in the absence of immune challenge

5.4.4 TOTAL SERUM IMMUNOGLOBULIN AND SALIVARY IgA CONCENTRATIONS
Concentrations of IgA, 1gG and IigM were measured in serum and of slgA in saliva, and
results are shown in Table 22. There were no differences between the placebo group and

the prebiotic group. However, there were some differences observed within groups.

Total serum IgA decreased from week zero to week four in the prebiotic group (from 3.74
mg/ml to 2.29 mg/ml, p = 0.013) and there was also a decrease in the placebo group, but
this was not significant.

Total serum IgM decreased from week zero to week four in the placebo group (0.96
ng/mi to 0.90.ng/ml, p=0.011) and also in the prebiotic group (0.98 ng/ml to 0.88
ng/ml, p = 0.004).

Total serum igG increased from week zero to week four in the placebo group (16.34
mg/ml to 27.38 mg/ml, p = 0.042), and there was also an increase, but not significant, in

the prebiotic group.

There were no differences in salivary slgA concentrations, either expressed as adjusted

for total salivary protein, or unadjusted.

There were no other differences observed either within or between groups. When
comparing the change between week zero and week four in the prebiotic group to the
change in the placebo group, there were no significant differences. Therefore, it must be
concluded that the prebiotic supplement had no effect upon total immunoglobulin

concentrations in blood or on salivary slgA concentration.
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Amy R Lomax Chapter 5 Prebiotic Intervention Study: impact in the absence of immune challenge

5.4.5 LYMPHOCYTE PROLIFERATION MEASURED BY CFSE DILUTION

Lymphocyte proliferation was measured by CFSE dilution, and results are shown in Table
23. Data are presented in two ways. The first is as MFI {{[geometric] mean fluorescence
intensity); a lower MF| indicates greater proliferation since this is due to dilution of CFSE.
The second is as percentage of cells in the M1 and M2 regions of the flow cytometry
histogram (see Figure 21); movement of cells from M2 to M1 indicates proliferation. Thus
the reduced MFI, the increase in the proportion of cells in the M1 regioh and the decrease
in the proportion of cells in the M2 region are indicative of a proliferative response in the
cultures containing ConA. No differences were found either within or between groups
regarding the proliferation of lymphocytes. Therefore, it must be concluded that the
prebiotic supplement had no effect upon lymphocyte proliferation, measured by CFSE

dilution.
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Amy R Lomax  Chapter 5 Prebiotic Intervention Study: impact in the absence of immune challenge

5.4.6 CYTOKINE PRODUCTION BY LYMPHOCYTES

Cytokine production from blood mononuclear cell cultures was measured by cytometric
bead array kits, and results are shown in Table 24. Cells were cultured either
unstimulated or they were stimulated with the mitogen ConA which specifically activates T
lymphocytes. It is clear that all cytokine concentrations were much higher in the ConA-
stimulated cultures than in the unstimulated cultures. The approximate average increases
in concentration of cytokines after ConA stimulation were 45-fold for IL-2, 6-fold for IL-4,
5-fold for IL-6, 5-fold for IL-10, 10-fold for TNF-a, and 250-fold for IFN-y. IFN-y and IL-2 are
the prototypical Thl-type.cytokines-and the great increase in production of these
cytokines suggests that the response of lymphocytes within human PBMC cultures
stimulated with ConA is Th1 dominated.

Few differences were observed regarding cytokine concentrations in lymphocyte cultures.
No significant differences were noted in IL-2, IL-6, IL-10 and IFN-y concentrations, either

between or within groups.:

In control (i.e. unstimulated) cultures, TNF-a concentration was lower at week four
compared to week zero in the prebiotic group (23.3 pg/ml compared to 36.7 pg/ml, p =
0.013). The change over this time period was also greater in the prebiotic group (a
decrease of 13.5 pg/ml) compared to the placebo group where little change was observed

(an increase of 1.2 pg/ml; p =0.050).

IL-4 concentration in control cultures was lower in the: prebiotic group at week four
compared to the placebo group (1.3 pg/ml compared to 1.8 pg/ml, p = 0.040). IL-4
concentration in ConA stimulated cultures was lower in the prebiotic group at week zero

compared to the placebo group (8.6 pg/ml compared to 11.7 pg/ml, p = 0.012).

The Th1/Th2 ratio was also. calculated using the concentrations of the prototypical Thi-
type (IFN-y) and- Th2-type (IL-4) cytokines and is shown in

Table 25. No.differences between. or within groups. were observed, apart from that a
higher Th1/Th2 ratio was observed in the prebiotic group compared to the placebo group
at week zero (144.8 compared to 59.9, p = 0.044).

There were no other differences observed either within or between groups. When
comparing the change between week zero and week four in the prebiotic group, to the
change in the placebo group, there were no significant differences, apart from the greater
decrease in TNF-a concentration in control cultures in the prebiotic group compared to
the control group. Therefore, it must be concluded that the prebiotic supplement had

little effect upon cytokine production by lymphocytes in culture.
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Amy R Lomax

Chapter 5 Prebiotic Intervention Study: impact in the absence of immune challenge

Table 25 : The effect of four weeks supplementation of Orafti® Synergy1 or placebo upon ratio of Th1/Th2 (IFN-y/IL-4) type cytokine production by

lymphocytes
Placebo group Prebiotic group p p p
Week O Week 4 p Week O Week 4 p (placebo vs. | (placebo vs. (comparing
(week O vs. (week 0 prebiotic prebiotic changes between
week 4)* vs. week week 0)** week 4)** groups)**
4)*
Control | 2.1 2.7 ns 1.9 2.3 ns ns ns ns
(1.5-2.7) (1.9-4.1) (1.4 - 3.0) (1.2 - 3.4)
+ ConA | 59.9 50.4 ns 144.8 138.7 ns 0.044 ns ns
(19.5 - (26.5 - 223.5) (62.4 - 321.5) {(60.2 - 322.9)
148.8)

Data are expressed as medians (25" - 75" percentiles)

*Data analysed by Wilcoxon-Signed Ranks test

**Data analysed by Mann Whitney test
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5.4.7 LYMPHOCYTE ACTIVATION

Lymphocyte activation was measured by CD69 expression on CD3"CD4" cells, and results
are shown in Table 26. Data are presented as the percentage of cells expressing CD69
(percentage positive) and as MF! ([geometric] mean fluorescence intensity), an indication
of the extent of expression of CD69 on positive cells. Stimulation of cultures with ConA
resulted in an increase in CD69* cells from about 11% to about 60% and there was about a
doubling of MFI on positive cells, indicating a higher level of expression of CD69. No
differences were observed between or within groups, except for a decrease in the
prebiotic group in the percentage of CD3*CD4" cells staining positive for CD69 in ConA-
stimulated cultures from week zero to week four (64.8% to 55.9%, p = 0.031). There were
no other differences observed either within or between groups. When comparing the
change between week zero and week four in the prebiotic group, to the change in the
placebo group, there were no significant differences. Therefore, it must be concluded that
the prebiotic supplement had no effect upon lymphocyte activation, as measured by CD69
expression on CD3*CD4" cells.
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Table 26 : The effect of four weeks supplementation of Orafti® Synergy| or placebo upon T cell activation

Culture Placebo group Prebiotic group p p p (changes
condition Week 0 Week 4 p Week 0 Week 4 p (prebiotic | (prebiotic | over time
(week O (week O VS. vs. between
vs. vs. placebo) | placebo) groups)**
week week | week 0** | week 4**
4)* 4)*
Percent | Control 11.0 11.7 ns 18.7 12.3 ns ns ns ns
positive (8.8 - 18.3) (7.9 - 18.3) (10.7 - 24.4) (8.3 - 20.1)
MFI Control 42.4 44.3 ns 41.8 42.6 ns ns ns ns
(35.8 -47.2) (36.3 - 53.2) (38.9 - 47.2) (39.0 - 49.3)
Percent | + ConA 61.6 57.3 ns 64.8 55.9 0.031 ns ns ns
positive (56.0 - 72.6) (48.8 - 71.2) (56.8 - 69.3) (52.8 - 65.1)
MFI + ConA 100.8 93.9 ns 95.8 87.4 ns ns ns ns
(73.6 - 125.1) | (72.7 - 112.0) (76.8 - 112.9) | (74.8 - 113.4)

Data presented as medians (25" - 75" percentile)

Percent positive: Percentage of CD3*CD4" cells also expressing CD69
MFt: (geometric) mean fluorescence intensity
*Data analysed by Wilcoxon-Signed Ranks test - **Data analysed by Mann Whitney test

Note: Some distributions were normally distributed and were also analysed using parametric (independent t-test or dependent t-test) - these gave the same outcomes as the

non-parametric tests, and so for ease of data presentation, all data are presented as median (25" - 75% percentile) and analysed with non-parametric tests.
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5.5 DISCUSSION

This chapter described the effect of four weeks supplementation of Orafti® Synergyl upon
various systemic immune outcomes, in the absence of an immune challenge. Few effects
were seen, when the change between week zero and week four in the prebiotic group was
compared to the change between week zero and week four in the placebo group.
Therefore, it must be concluded that the prebiotic supplement had very little, if any,
effect upon systemic immune function in healthy middle aged adults, in the absence of an

immune challenge.

Little effect of the prebiotic supplement was noted upon the proportions of immune cell
phenotypes in whole blood. There was no effect on percentages of CD3*/CD4" or CD4"
cells. This is in agreement with two studies which found no effect of R2-1 fructans on

blood CD4" cell numbers or subsets (98, 103). However, one study has shown an increase

in percentage of peripheral blood CD4* cells in elderly adults after supplementation with
8 g/d of short-chain fructooligosaccharides (sc-FOS) (43), and another study saw a
tendency for increased CD4" cells in elderly adults following supplementation with 1.95 -
3.9 g/d FOS given in a nutritional supplement (94). Possible reasons for these differences
are that elderly subjects may be more sensitive to immune-modulating effects of 82-1
fructans than middle aged subjects as studied here, or that short-chain R2-1 fructans are
more active than longer chain; the mix used in the current study contained 50% inulin

which has a high degree of polymerisation.

The percentages of CD37/CD8" and CD8" cells were higher in the prebiotic group at week
four, compared to the placebo group. However, at baseline, values in the prebiotic group
were also higher than in the placebo group. Therefore, the difference observed at week

four is likely to only reflect baseline differences. An increase in the percentage of
peripheral blood CD8" cells was seen in elderly adults after supplementation with 8 g/d

sc-FOS (43). Another study showed a tendency for increased CD8" cells in elderly adults
following supplementation with FOS (94). However, no effect on CD8" T cell subsets or
numbers were reported in other studies using 6 g/d of oligofructose and inulin in the
elderly (103), or 9 g/d inulin plus other prebiotics with or without antioxidants in young
male adults (98). Again, these findings suggest that differences in study outcomes may

relate to the age of subjects studied or the precise composition of the R2-1 glucans used.

The only effect observed upon the CD4/CD8 ratio was a higher CD4/CD8 ratio at week
four in the placebo group compared to the prebiotic group. This general lack of effect on
this ratio is in agreement with three other studies (98, 100, 103), although one study
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found a tendency (not significant) for an increase in the CD4/CD8 ratio in blood of elderly
adults taking a nutrition supplement containing 1.95 - 3. 9 g/d of FOS (94).

There was no effect of Orafti® Synergyl on percentage of B cells (defined as CD3/CD19%).
This is in agreement with another study which showed no change in percentage of B cells
(defined.as CD207%).in the elderly after supplementation with 6 g/d oligofructose and
inulin in a ratio.of 2:1 (103). These findings differ from other studies which report
increases in numbers of CD19* B cells in elderly adults supplemented with 1.95 - 3.9 g/d

FOS in a nutritional supplement (94) and in young male adults supplemented with
approximately 9 g/d inulin-with other prebiotics with or without antioxidants (98).

There was no effect on CD14" as a percentage of total leukocytes. However, CD14% cells

as a percentage of monocytes increased from week zero to week four in the placebo
group, but not in the prebiotic group. When comparing the change between week zero
and week four in the prebiotic group, to the change between week zero and week four in

the placebo group; there were no significant differences. No change was seen in the
percentage of monocytes defined as CD14" cells in elderly adults supplemented with a

nutritional formula containing R2-1 fructans (103).

There was no effect on percentage of lymphocytes defined as Treg cells (defined as
CD4*CD25'CD127). The only other study that has assessed the effect of R2-1 fructans on

this outcome, found no effect on frequency of CD4*CD25"" T, cells in cord blood after

supplementation of pregnant women with 0.88 g/d inulin plus 8:8 g/d
galactooligosaccharides (100).

The percentage of NK cells (defined here as CD3/CD16" cells) decreased between week
zero and week four in the placebo group, but not in the prebiotic group. Thisis in
agreement with two other studies which also found no effect of R2-1 fructans on NK cell

numbers (43, 98, .103). However, one study reported an increase in NK cells (defined as

CD16'CD56" cells).in elderly adults supplemented with 1.95 - 3.9:g/d FOS in a nutritional

supplement (94), while another study.reported a decrease in CD3"NK" cells in young male

adults supplemented ‘with approximately 9 g/d of inulin plus other prebiotics, with or
without antioxidants (98).

There was little: effect of the prebiotic supplement upon neutrophil and monocyte
phagocytosis in whole blood. No differences were observed between the groups in any of

the outcomes measured. However there were differences within the groups, between
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week zero and week four. The percentage of neutrophils and monocytes having
undergone phagocytosis was decreased from week zero to week four in both groups. The
activity of neutrophils and monocytes was increased from week zero to week four in both
groups, but only significantly in the placebo group. This lack of effect of Orafti* Synergy]1
upon this outcome is similar to that reported from other studies. No effect of a synbiotic
supplement containing Orafti® Synergyl was found on the percentage of phagocytically
active neutrophils or monocytes, or their phagocytic intensity, in patients with cancer, or
polypectomised patients (104, 105). No effect on the phagocytosis of E. coli by
neutrophils was found in healthy males adults after supplementation with inulin (98).
However, in elderly adults in a care home, supplementation with 8 g/d sc-FOS decreased

monocyte and neutrophil phagocytosis of E. coli (43).

Few changes were observed either within or between groups regarding neutrophil and
monocyte oxidative burst. However, the MF! of neutrophils and monocytes incubated with
E. coliwas greater at week four compared with week zero in the placebo group. Also, a
bigger increase in the MFI of neutrophils incubated with E. coli was seen between week
zero and week four in the placebo group, compared to the prebiotic group. No other
differences between groups were seen. Therefore, there was little effect of Orafti®
Synergyl upon neutrophil and no effect on monocyte oxidative burst. This is similar to
the results from a study in cancer and polypectomised patients, where no effect of a
synbiotic supplement containing Orafti® Synergy1 was found on the percentage of
neutrophils that produced reactive oxygen species and the intensity of this production
(104, 105).

Concentrations of IgA, IgG and IgM were measured in serum, and sigA in saliva. There
were no differences between the placebo group and the prebiotic group, but some
differences observed within groups. Total serum IgA was decreased from week zero to
week four in the prebiotic group, and there was also a decrease in the placebo group, but
this was not significant. Total serum IgM was decreased from week zero to week four in
both groups. Total serum IgG was increased from week zero to week four in the placebo
group, and there was also an increase in the prebiotic group, but this was not significant.
There were no differences in salivary sigA concentrations, either expressed as adjusted
for protein, or unadjusted, although slgA as adjusted for total protein appeared to
increase in the prebiotic group between week zero and week four. An increase in slgA
may have been expected following prebiotic supplementation, as this is a measure of
mucosal immunity (10). This is more closely related to the site of action of the prebiotic
than the systemic immune system is, and so it may be anticipated that an effect would be

more likely to be seen.
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There is a lack of studies investigating the effect of 82-1 fructans on total serum-and
salivary immunolglobulin concentrations before vaccination, and so comparisons with the
literature are limited. A study in free living elderly adults found no effect of two weeks
supplementation of a mixture of 70.% oligofructose and 30% inulin upon serum IgA, 1gG
and IgM, or salivary slgA (92). Two studies have shown that in newborn infants,
galactooligosaccharide. plus inulin supplementation led to increased faecal slgA (99, 102),

another marker of mucosal immunity.

Three different.indicators.of lymphocyte responsiveness were measured: activation,
proliferation, and cytokine production. No differences were found either within or
between groups regarding the proliferation of lymphocytes, as measured by CFSE
dilution. No other studies have looked at the effect of R2-1 fructans on lymphocyte
proliferation prior to vaccination. Little effect of the prebiotic supplement was noted upon
lymphocyte cytokine production in culture. No effect was seen in this study on
lymphocyte production of 1L:2. Similarly, there was no effect on IL-2 specific mRNA in
PBMCs following FOS supplementation in elderly-adults (94). in polypectomized patients,
an increase in IL-2 secretion.in stimulated:PBMCs in:the control group was prevented with
synbiotic supplementation containing Orafti® Synergyl, but this was not seen in cancer
patients (104, .105): In-pregnant women:supplemented with 0.88 g/d inulin:plus 8.18 g/d
galactooligosaccharides; there was no effect upon IL-2: production from cord blood
cultures (100).

In this study, I.-4 production in control cultures was lower in the prebiotic group at week
four compared to the placebo. IL-4 production in ConA stimulated cultures was lower in
the prebiotic group at week zero compared to the placebo group. In pregnant women
supplemented with 0.88 g/d inulin plus 8.18 g/d galactooligosaccharides, there was no
effect upon IL-4 production from cord blood: cultures (100).

No. effect was seen in this study.on PBMC production of IL-6. This:is similar to that seen.in
another study in elderly adults supplemented with R2-1 fructans, where there was no
effect on LPS stimulated mononuclear cell production of IL-6 (103). In pregnant women
supplemented with 0.88.g/d-inulin plus 8.18 g/d:galactooligosaccharides, there was no
effect upon IL-6 production from cord blood: cultures: (100). In:patients undergoing
elective abdominal surgery (107).or elective colorectal surgery (111) there was no effect
of a synbiotic containing OF on serum IL-6 levels. However, other studies showed that I.-6
mRNA expression in PBMCs:was decreased after supplementation of elderly subjects with
8 9/d sc-FOS (43) or 1.95 - 3.9 g/d FOS (94). In adult multiple trauma victims in surgical
intensive care, supplementation of IN with other fibres and probiotics decreased serum IL-
6 levels (109).
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No effect was seen in this study on PBMC production of IL-10. This is in agreement with a
study which found no effect of synbiotic supplementation containing Orafti* Synergy1
upon IL-10 production from activated PBMCs in cancer or polypectomized patients (104,
105). In pregnant women supplemented with 0.88 g/d inulin plus 8.18 g/d
galactooligosaccharides, there was no effect upon iL-10 production from cord blood
cultures (100). In patients with active ulcerative colitis, synbiotic supplementation

containing Synergyl had no effect on IL-10 mRNA levels in mucosal tissue (108).

No effect was seen in this study on PBMC production of IFN-y. IFN-y production from
stimulated PBMCs in colon cancer patients was increased following synbiotic
supplementation containing Orafti® Synergy1, but not in polypectomized patients (104,
105). In pregnant women supplemented with 0.88 g/d inulin plus 8.18 g/d
galactooligosaccharides, there was no effect upon IFN-y production from cord blood

cultures (100).

In this study, in control cultures, TNF-a production was lower at week four compared to
week zero in the prebiotic group, and the decrease over this time period was also greater
in the prebiotic group compared to the placebo group, where little change was observed.
TNF-o is considered a pro-inflammatory cytokine so a reduction in its production may be
of benefit in inflammatory states (252). A decrease was also noted in other studies, where
TNF-a specific mRNA was decreased in PBMCs following FOS supplementation in elderly
adults (94), and in adult multiple trauma victims in surgical intensive care,
supplementation of IN with other fibres and probiotics decreased serum TNF-a levels
(109). In patients with active ulcerative colitis, TNF-a mRNA levels in mucosal tissue were
decreased following synbiotic supplementation containing Orafti® Synergy1 (108).
However, other studies have shown no effect of R2-1 fructan supplementation upon PBMC
production of TNF-a (103-105), or on circulating TNF-a in plasma (94). In pregnant women
supplemented with 0.88 g/d inulin plus 8.18 g/d galactooligosaccharides, there was no
effect upon TNF-a production from cord blood cultures (100).

No differences between or within groups were observed regarding Th1/Th2 type
cytokines (IFN-y/IL4), apart from that a higher Th1/Th2 ratio was observed in the prebiotic
group compared to the placebo group at week zero in ConA stimulated cultures. Other

studies have not loocked at this outcome.

No differences were observed between or within groups regarding CD3*CD4" activation
(measured by CD69 expression), except for a decrease in the prebiotic group in the

percentage of CD3*CD4" cells staining positive for CD69 in ConA-stimulated cultures from
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week zero to week four. Little effect has been reported from other studies, with no effect
of 8 g/d sc-FOS upon total number of activated T cells in the blood in elderly adults (43).
Activated T.cells, defined as CD3* HLA-DR' cells, were increased-after 9 g/d inulin
supplementation-plus other prebiotics with or without antioxidants in young male adults,
but there was no effect on CD4*CD25" or CD4*CD54" cells in this study (98). In pregnant
women supplemented with 0.88 g/d inulin plus 8.18 g/d galactooligosaccharides, there
was no effect on CD69 and CD25 expression on CD4* subsets in un-stimulated cord
blood (100).

5.6 CONCLUSIONS

in conclusion; few effects were observed of Orafti® Synergyl upon systemic immune
outcomes, in healthy middle aged adults, in the absence of an immune challenge. A
similar:lack of effect on some of the outcomes reported here, or related to these
outcomes, has been described in previous studies in the literature, although some
studies,; mainly in elderly subjects, do report some immune effects. Bifidobacteria counts
were shown to .increase over the four week time period studied here (see Chapter 4), so
the lack of effect of Orafti® Synergyl upon immune function cannot be due to an absence

of a prebiotic effect.

Several explanations could be offered for the lack of effect of Orafti’ Synergyl upon
systemic immune function. Firstly, in this population of healthy middle aged adults, it
could be that a prebiotic.supplement will not have any effect upon an immune system
that is already functioning optimally; the immune system of elderly subjects may be more
sensitive to'the effects of prebiotics. Secondly, the dose of prebiotic may be important. it
may be that immune effects are seen only with high doses of prebiotic. However, the dose
of 8 g/d used in this study is comparable to that used in other studies, which range from
0.88 g/d up to 12:g/d. Thirdly, the type of R2-1 fructan used may influence whether
effects on immune function are seen. As 82-1 fructans with different chain lengths are
fermented in different parts of the intestine, this may influence any effect they may have
on immune function. Fourthly, the sample size of the current study, although comparable
with several other studies of this type, is fairly small, and therefore, in a bigger study,
significant effects may have been observed. Finally, it is also possible that had the change
in bifidobacteria been greater, then a greater effect on immune function may have been

observed.

In order to further assess the effect of Orafti® Synergyl upon immune function these
subjects were vaccinated with a seasonal:influenza vaccination in order to challenge the
immune system; and results are presented in:Chapter 6.
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CHAPTER 6

PREBIOTIC INTERVENTION STUDY: IMPACT OF
ORAFTI® SYNERGY1 UPON IMMUNE FUNCTION
IN RESPONSE TO AN IMMUNE CHALLENGE
(SEASONAL INFLUENZA VACCINATION)
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6.1 INTRODUCTION

it is considered that modification of host gut microbiotia is required in order for
prebiotics to influence the host immune response. in Chapter 4 it was shown that Orafti’
Synergy1 (8 g/day for four weeks) was able to increase faecal bifidobacteria counts in
healthy middle aged subjects, thereby confirming its prebiotic effect. Few effects of
Orafti® Synergyl were observed upon systemic immune outcomes in these healthy middle
aged adults,; in the absence of an immune challenge (see Chapter 5). However, it may be
still be anticipated:-that some changes in immune function will be observed following a
controlled immune challenge (e.g. a seasonal influenza vaccination) following

supplementation with Orafti® Synergy1.

Response to vaccination has been evaluated as the gold standard method for measuring
the functioning of the immune system ((10); see section 1.3.2.1.1). Vaccination is a
controlled way to expose the body to a specific amount and type of antigen, so mimicking
infection, and the body’s response to this antigenic exposure is considered to be the
most relevant way in which to assess the functioning of the immune system (in the
absence of an infectious challenge). As this response occurs in vivo, it is an accurate
representation of how the immune system functions-in a physiologically natural
environment. Several studies have been performed to date using response to vaccination
as a tool to examine the effect of R2-1 fructans upon immune function (91-93, 96, 97,
101, 103,:106). Of these studies, four found an effect of R2-1 fructans upon the vaccine-
specific response (91, 92,96, 97), whilst four did not (93, 101, 103, 106). These studies
were performed in infants or children (91, 93, 101, 106), or in elderly adults (92, 96, 97,
103), and there are no studies investigating the potential effects of R2-1 fructan-type
prebiotics on immune function in healthy middle aged adults. Three out of four studies
conducted in elderly adults found an effect of the 82-1 fructans on response to
vaccination, suggesting that in this population B2-1 fructans may be able to modulate
some aspects of immune function. Of the four studies carried out in the elderly, only one
used R2-1 fructans alone (92),; the remaining studies used supplements also containing
vitamins, minerals, fats or probiotics. Thus there are few studies of 82-1 fructans alone on
the immune response to vaccination in adults and there are no studies in the middle-
aged. This chapter-describes the results from experiments measuring immune outcomes
after four, six and eight weeks of 8 g/day Orafti® Synergyl supplementation in healthy
middle-aged subjects, and following a.seasonal influenza vaccination (administered at
week four). In this chapter, for clarity and ease of explanation, these time points are
labelled 0, 2 and. 4 weeks post-vaccination (therefore, week 0 in Chapter 6 is the same

time point as week 4 in.Chapter 5).
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6.2 HYPOTHESIS

The prebiotic effect of Orafti® Synergy1 was confirmed by observing increased
bifidobacteria counts in the gut following four weeks supplementation (Chapter 4). Orafti’
Synergy1 did not have any major effects on immune function before vaccination (Chapter
5). It is hypothesised that Orafti® Synergy1 will improve the vaccine-specific antibody
response following seasonal influenza vaccination and further that Orafti® Synergy1 will
enhance responses of immune cells exposed to the vaccine ex vivo. The primary outcome
for the study was a difference in anti-vaccine antibody response between the two groups

(prebiotic versus placebo).

6.3 METHODS
6.3.1 STUDY DESIGN AND SUBJECT CHARACTERISTICS

The design of the study is described in Section 4.3 along with inclusion and exclusion
criteria, subject characteristics (see Table 17) and the sampling procedure (see Figure 29).
Here immune outcomes determined at vaccination (week 0) and two and four weeks later
(week 2 and week 4) are described. Supplementation of Orafti* Synergyl (8 g/day) was
continued throughout this period. Except for vaccine-specific antibody concentrations
(sections 6.4.1 and 6.4.2), results reported for week 0 are the same as the results

reported for week 4 in Chapter 5.

6.3.2 MEASUREMENT OF IMMUNE PARAMETERS
The following immune outcomes were measured:
e Immune cell phenotypes in peripheral blood, as described in Section 2.2,
» Neutrophil and monocyte phagocytosis of E. coli, as described in Section 2.3.1;
« Neutrophil and monocyte oxidative burst in response to E. coli or phorbolmyristoyl
acetate (PMA) as described in Section 2.3.2;
e T cell cytokine production in response to concanavalin A (ConA) and vaccine
antigen, as described in Section 2.6;

e T cell proliferation in response to ConA and vaccine antigen, as described in Section

2.7.2.2;

o T cell activation in response to ConA and vaccine antigen, as described in Section
2.5;

» Total serum IgA, IgG and IgM concentrations, as described in Sections 2.8.1 to
2.8.3;

o Total salivary slgA concentration, as described in Section 2.8.4;
e Serum vaccine viral strain-specific antibody concentrations, as described in Section
2.9;
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e Serum immunoglobulin class-specific antibodies to the vaccine, as described in
Section 2.10.

6.3.2 STATISTICAL ANALYSIS

Analysis was performed by adjusted ANOVA (fixed factors indicated in brackets) in the
first instance. If this indicated that there were some relationships in the data, data were
analysed further. Where data were not normally distributed, analysis was done by Mann-
Whitney test (comparing groups at each time point, and comparing changes over time
between groups), and Wilcoxon Signed Ranks test (comparing changes over time within
groups). Where data were normally distributed, analysis was done by independent T-test
(comparing groups at each time point, and comparing changes over time between groups)
and dependent T-test (comparing changes over time within groups). Seroconversion and
seroprotection rates were compared using Chi squared test and Fisher’s Exact test. All

analyses were performed using SPSS version 17.0.

6.4 RESULTS

6.4.1 ANTI-VACCINE ANTIBODY RESPONSE (VACCINE STRAIN-SPECIFIC RESPONSE)
6.4.1.1 ANTIBODY- TITRES

Vaccine-specific antibodies were measured in serum, and results shown in Table 27. It is
clear that there was a greatly increased anti-vaccine antibody titre (to all three viral
strains) post-vaccination. As the data were clearly not normally distributed they were log
transformed (Figure 50) and then analysed by adjusted ANOVA (fixed factors: time,
group). The antibody response to the HAH3_UR virus strain was enhanced in the prebiotic
group (effect of group p = 0.019). There was no effect of group on the antibody response
to the HAH1_BR or HAB_FL virus strains (effect of group p = 0.759 and p=0.176
respectively). The response to the HAH3_UR strain was higher by 1.25 log units at week 2
post-vaccination and by 1.44 log units at week 4 post-vaccination in the prebiotic group
compared to the placebo group. There was an increase of 4.54 log units from week 0 to
week 2 in the prebiotic group compared to an increase of 3.51 log units in the placebo
group, however the difference between groups was not significant (p = 0.266). There was
an increase of 4.38 log units between week 0 to week 4 in the prebiotic group compared
to an increase of 3.16 log units in the placebo group, however the difference between
groups was not significant (p = 0.173). Therefore, it can be concluded that the prebiotic
supplement improves the response to vaccination, although the response to only one of

three strains was enhanced.
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6.4.1.2 SERCONVERSION

Seroconversion is defined as the percentage of subjects showing at least a four-fold
increase in antibody titre (253). Results are shown in Figure 51, and are presented as the
percentage of subjects in each group who seroconverted between baseline (week 0) and 2
and 4 weeks post-vaccination. There were no significant differences in seroconversion
rates between groups at any time point, for any of the three viral strains. However, Figure
51 b shows that the seroconversion rate to the HAH3_UR strain of the virus is higher in
the prebiotic group compared to the placebo group between weeks 0 and 2 (90.5% and
70.0% respectively, p = 0.130) and weeks 0 and 4 (85.7 % and 66.7 % respectively, p =
0.147).
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6.4.1.3 SEROPROTECTION

Seroprotection is defined as an antibody titre of greater than or equal to 40 (253). Results
are shown in Figure 52, and are presented as the percentage of subjects in each group
who were seroprotected at baseline (week 0) and 2 and 4 weeks post-vaccination. There
were no significant differences in seroprotection rates between groups at any time point,
for any of the three viral strains. However, Figure 52 b suggests that the post-vaccination
seroprotection rate to the HAH3_UR strain of the virus is higher in the prebiotic group
compared to the placebo group at week 2 post-vaccination (90.9% and 75.0% respectively
p = 0.229) and week 4 post-vaccination (90.9% and 71.4% respectively p = 0.132).
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6.4.2 IMMUNOGLOBULIN CLASS~SPECIFIC ANTIBODIES TO THE VACCINE ANTIGEN
Antibodies to the vaccine antigen, which were immunoglobulin-specific (IgA, IgM, 1gG1
and IgD) were measured in serum, and results are shown in Table 28. All vaccine-specific
Ig concentrations increased post-vaccination. There was no effect of the prebiotic
supplement upon the concentrations of IgA-, IgM- or IgD-specific antibodies to the vaccine
antigen. However, the concentration of IgG1-specific antibodies was enhanced in the

prebiotic group (p = 0.019, adjusted ANOVA, fixed factors: group, time).

The responses of each immunoglobulin class were analysed further, and groups were
compared at each time point. No differences were noted for igA, IgM or igD. However, at
week 2 post-vaccination, IgG1 was higher in the prebiotic group compared to the placebo

group (2.25 OD units versus 1.88 OD units, p = 0.028, analysed by independent T-test).

The changes over time between groups were analysed. No differences were noted for IgA,
IgM or IgD. However, between baseline (week 0) to week 2 post-vaccination, the change
in IgG1 was greater in the prebiotic group (increase of 0.99 OD units) compared to the
placebo group (increase of 0.70 OD units, p = 0.036, analysed by independent T test).

The changes between time points within each group were analysed, and changes between
time points were found to be significant for all classes. The only exceptions were between
week 2 and week 4 post-vaccination for IgM in both groups, IgG1 in the prebiotic group,
and IgD in the placebo group (analysed by dependent T-test).

For vaccine-specific IgA, igM and IgD no differences between groups were noted,
therefore it must be concluded that the prebiotic supplement had no effect on these
classes of immunoglobulin. However, there was an enhancement of the IgG1-specific
response to the vaccine antigens in the prebiotic group, suggesting that the prebiotic

supplement had an effect on this immune outcome.
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Table 28 : The effect of supplementation with Orafti® Synergyl or placebo upon serum immunoglobulin-specific antibodies to vaccine antigen following a

seasonal influenza vaccination (administered at week 0)

Placebo group Prebiotic group p*
Week 0 Week 2 Week 4 Week 0 Week 2 Week 4
IgA 1.72 (0.88) 2.20 (1.00) 2.00 (0.97) 1.66 (0.62) 2.03 (0.79) 1.88 (0.82) ns
IgM 1.75(0.67) 2.73(0.73) 2.59(0.70) 1.85 (0.62) 3.03 (0.63) 2.74 (0.51) ns
IgG1 1.18 (0.39) 1.88 (0.57) 2.03 (0.63) 1.26 (0.48) 2.25(0.48) 2.24 (0.56) 0.019
IigD 0.47 (0.13) 0.58 (0.14) 0.60 (0.14) 0.51 (0.25) 0.58 (0.19) 0.60 (0.22) ns

Data are presented as mean (standard deviation) optical density units

*Analysed by adjusted ANOVA (fixed factors: group, time)
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6.4.3 TOTAL SERUM AND SALIVARY IMMUNOGLOBULIN CONCENTRATIONS
Concentrations of IgA, IgG and IgM were measured in serum, and of sigA in saliva, and

results are shown in Table 29.

6.4.3.1 SERUM IMMUNOGLOBULINS
No effect of the prebiotic supplement was seen upon levels of total serum IgA, IgG or IgM
(analysed by adjusted ANOVA [fixed factors = time, group]).

Data were analysed further, and no differences were found between the groups at any
time point, or when comparing changes between groups. Some changes were observed
within groups between some time points. IgM increased between baseline (week 0) and
week 2 post-vaccination in the prebiotic group (from 0.8 mg/ml to 0.9 mg/ml, p = 0.024),
decreased between baseline (week 0) and 4 weeks post-vaccination in the placebo group
(from 0.9 mg/ml to 0.7 mg/ml, p = 0.009), and decreased between weeks 2 and 4 post-
vaccination in both groups (from 0.9 mg/ml to 0.8 mg/ml in the prebiotic group [p =
0.008], and from 0.9 mg/ml to 0.7 mg/ml in the placebo group [p = 0.002]). I1gG
decreased between baseline (week 0) and week 2 post-vaccination in both groups (from
36.1 mg/ml to 16.2 mg/ml in the prebiotic group [p = 0.013], and from 30.3 mg/ml to
20.0 mg/ml in the placebo group, [p = 0.013]) and between baseline (week 0) and week 4
post-vaccination in the placebo group (from 30.3 mg/mli to 18.6 mg/ml, p = 0.025).

When comparing the changes between groups, there were no significant differences.
Therefore, it must be concluded that the prebiotic supplement had no effect upon total

immunoglobulin concentrations in blood.

6.4.3.2 SALIVARY IgA

When salivary sigA concentrations were not adjusted for total protein concentrations,
salivary slgA was decreased in both groups following the influenza vaccination. This
decrease was greater in the prebiotic group compared to the placebo group (p = 0.007,
analysed by adjusted ANOVA, fixed factors - time, group). When data were analysed
further, there was a significant difference between groups at week 2 post-vaccination
(162.8 ug/ml in the prebiotic group and 227.2 ug/ml in the placebo group, p = 0.031,
analysed by independent T-test). sigA concentrations were also lower at week 2 post-
vaccination compared to (baseline week 0) in the prebiotic group (162.8 pg/ml and 205.5

ug/ml, p = 0.010, analysed by dependent T-test).

When salivary slgA concentrations were adjusted for total protein, the group had no effect
upon the response (analysed by adjusted ANOVA, fixed factors: group, time; or by

parametric tests).

197



Amy R Lomax. Chapter 6 Prebiotic Intervention Study: impact in response to an immune challenge

When salivary slgA concentrations were not adjusted for total protein concentrations,
there was a greater decrease in the prebiotic group compared to the placebo group.
However this does not take into account the total protein content of the saliva, and so is a
less reliable method than adjusting for total protein, and this marker was not significantly
different between groups. Therefore, it must be concluded that the prebiotic supplement
had little or no effect upon total sigA concentrations in saliva.
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6.4.4 IMMUNE CELL PHENOTYPES

Immune cell phenotypes were determined in whole blood. Data are expressed as
percentages of the gated population (e.g. of lymphocytes, of monocytes) and are shown
in Table 30. There was no effect of the prebiotic on CD3*/CD4", CD4*, CD3'CD16*, CD3"

/CD19*, or CD14" cells as a percentage of monocytes or total leukocytes, or on
percentage of lymphocytes defined as Treg cells (CD4*CD25*CD127"°, or CD127" as a
percentage of CD4'CD25" cells) (analysed by adjusted ANOVA, fixed factors: group, time).

The percentages of CD3'CD8" and CD8" celis were higher in the prebiotic group (analysed
by adjusted ANOVA, fixed factors: group, time, p < 0.001 for both outcomes). However,
these differences seem to reflect inherent differences between the groups that were
present at baseline (week 0):and are probably not due to the prebiotic. The CD4:CD8 ratio
was higher in the placebo group compared to the prebiotic group (analysed by adjusted
ANOVA, fixed factors: group, time, p = 0.001), which is due to the higher percentage of

CD8" cells seen in the prebiotic group at this time.

Data were analysed further, and the percentage of CD3*/CD8" cells'was found to be
higher in the prebiotic group compared to the piacebo group at week 0 baseline (22.9 %
versus 17.3 %, p = 0.032), week 2 post-vaccination (22.7 % versus 17.2 %, p = 0.029), and
week 4 post-vaccination (23.2 % versus 17.8 %, p = 0.042, analysed by independent T-
test). The percentage of CD8" cells was higher in the prebiotic group at week 0 baseline

(26.7 % versus 21.0 %, p=0.023), week 2 (26.7 % versus 20.9 %, p = 0.021) and week 4
(27.1 % versus 21.4 %, p = 0.026, analysed by independent T-test). The change in

CD4'CD25*CD127" cells as a percentage of total lymphocytes between weeks 2 to 4 post-

vaccination was greater in the placebo group compared to the prebiotic group (an
increase of 0.16 % in the placebo group compared to a decrease of 0.11 % in the prebiotic

group, p = 0.021, analysed by independent T-test).

The percentage of CD3'CD19" cells decreased in both groups between baseline (week 0)
and week 4 post-vaccination (10.0 % to 9.1 % in the prebiotic group [p = 0.001] and 10.8
% t0 9.9 % in the placebo group [p = 0.006], analysed by independent T-test). CD14" cells
as a percentage of monocytes increased in the placebo group between baseline (week 0)
and week 4 post-vaccination (77.9 % to 84.3 %, p = 0.049, analysed by independent T-
test). The percentage of CD3'CD19* cells decreased in the placebo group between weeks

2 and 4 post-vaccination (10.6 %t0 9.9 %, p = 0.027).
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When comparing the changes between groups, the only significant differences found were
a greater proportion of CD8" cells in the prebiotic group, and also a greater increase in

CD4'CD25*CD127% cells as a percentage of total lymphocytes between weeks 2 to 4 post-

vaccination in the placebo group compared to the prebiotic group. Therefore, it must be
concluded that the prebiotic supplement had little effect upon immune cell phenotypes in

the blood following a seasonal influenza vaccination.
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Table 30 : The effect of supplementation with Orafti® Synergy1 or placebo upon immune cell phenotypes in whole blood following a seasonal influenza

vaccination (administered at week 0)

Placebo group Prebiotic group p*
Cell phenotype Week O Week 2 Week 4 Week 0 Week 2 Week 4
CD3*CD4* (% of lymphocytes) 50.5 (6.9) 51.8 (7.5) 51.7 (5.9) 50.1 (8.4) 50.7 (8.4) 51.2 (7.6) ns
CD4" (% of lymphocytes) 50.9 (7.1) 52.2 (7.6) 51.8 (5.9) 50.3 (8.3) 50.9 (8.3) 51.4(7.6) ns
CD3*CD8* (% of lymphocytes) 17.3 (7.1) 17.2 (6.6) 17.8 (6.9) 22.9 (8.9) 22.7 (9.0) 23.2 (9.4) <0.001
CD8* (% of lymphocytes) 21.0 (7.4) 20.9 (7.3) 21.4(7.2) 26.7 (8.0) 26.7 (8.1) 27.1 (8.5) <0.001
CD3CD16" (% of lymphocytes) 9.4 (3.7) 10.1 (4.4) 9.8 (5.1) 8.2 (5.5) 8.1 (5.9) 8.5 (5.9) ns
CD3CD19* (% of lymphocytes) 10.8 (3.7) 10.6 (3.4) 9.9 (3.3) 10.0 (3.9) 9.8 (3.8) 9.1 (3.8) ns
CD14* (% of monocytes) 77.9 (13.8) 78.3 (16.9) 84.3 (9.8) 76.9 (14.3) 81.7 (11.9) 81.9(11.9) ns
CD14" (% of leukocytes) 3.6 (1.5) 3.6 (1.0) 3.8 (1.2) 3.2 (0.6) 3.5 (1.1) 3.4 (0.9) ns
CD127" (% of CD4*CD25* cells) 73.4 (8.3) 71.9(11.4) 68.4(12.3) 73.1(8.6) 71.7 (8.1) 71.5 (9.4) ns
CD4*CD25*CD127" (% of total leukocytes) | 1.2 (0.6) 1.1 (0.4) 1.3 (0.5) 1.2 (0.5) 1.2 (0.5) 1.1 (0.4) ns
CD4:CD8 2.8 (1.1) 2.8 (1.3) 2.7 (1.0) 2.1 (0.9) 2.2 (0.9) 2.2.(0.9) 0.001

Data presented as means (standard deviation)

*Analysed by adjusted ANOVA (fixed factors: group, time), the effect of group on the outcome
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6.4.5 PHAGOCYTOSIS OF E. COLI BY NEUTROPHILS AND MONOCYTES

Results from experiments measuring neutrophil and monocyte phagocytosis (performed
using Phagotest kits) in whole blood are shown in Table 371. Data are presented as
percentage of cells engaging in phagocytosis (referred to as percent positive) and the
extent of phagocytosis of those active cells {mean fluorescence intensity; MFi). No
differences were observed between groups (adjusted ANOVA [fixed factors: group, time],
or independent T-tests). However, there were differences within the groups between some
time points (analysed by dependent T-tests). The percentage of neutrophils engaging in
phagocytosis (percent positive) was decreased between baseline (week 0) and week 2
post-vaccination in the placebo group (89.6 % to 81.9 %, p = 0.029). The percentage of
monocytes engaging in phagocytosis was also decreased between baseline (week 0) and
week 2 post-vaccination in the placebo group (71.9 % to 62.7 %, p = 0.013), but was
increased between weeks 2 and 4 post-vaccination in both groups (60.8 % to 69.7 % in the
prebiotic group [p = 0.030], and 62.7 % to 70.4 % in the placebo group [p = 0.011]). In the
placebo group, the MFI of neutrophils (the activity of the cells) decreased between
baseline (week 0) and week 4 post-vaccination (330.8 to 259.2, p = 0.005), and the same
pattern was observed for the MFl of monocytes between these times in this group (232.9
to 146.4, p = 0.009).

When comparing the changes between groups there were no significant differences.
Therefore, it must be concluded that the prebiotic supplement had no effect upon blood

neutrophil and monocyte phagocytosis.
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Table 31 : The effect of supplementation with Orafti® Synergy] or placebo upon blood neutrophil and granulocyte phagocytosis of E. coli following a

seasonal influenza vaccination (administered at week 0)

Placebo group Prebiotic group p*
Week O Week 2 Week 4 Week O Week 2 Week 4
Neutrophils (% positive) 89.6 (8.9) 81.9 (14.2) 84.7 (14.0) 86.4 (14.9) 83.0 (16.7) 87.1 (15.0) ns
Neutrophils (MFI) 330.8 (136.2) 311.9(182.4) 259.2 (71.0) 274.1 (114.7) | 288.8 (121.8) 241.1(68.5) ns
Monocytes (% positive) 71.9 (9.2) 62.7 (13.2) 70.4.(10.3) 65.5 (14.3) 60.8 (13.1) 69.7 (14.6) ns
Monocytes (MF1) 232.9 (126.6) 205.9 (159.1) 146.4 (71.5) 212.9 (159.3) | 227.6 (180.0) 169.9 (68.8) ns

Data are presented as means (standard deviation)

*Analysed by adjusted ANOVA (fixed factors: group, time), the effect of group on the outcome
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6.4.6 OXIDATIVE BURST BY NEUTROPHILS AND MONOCYTES

Results from experiments measuring neutrophil and monocyte oxidative burst (performed
using Phagoburst kits) in whole blood are shown in Table 32. Two different stimulants
were used: E. coli and the protein kinase C agonist PMA. The response to E. colirequires
the bacteria to be recognised and taken up by phagocytosis prior to the cell signalling
leading to oxidative burst occurring. PMA by-passes these early steps and directly
stimulates protein kinase C, initiating the signalling events leading to burst. The main
component of the oxidative bust is superoxide anions. Data are presented as percentage
of cells engaging in oxidative burst (referred to as percent positive) and the extent of
burst of those active cells (MFI). No differences were observed between groups (analysed
with adjusted ANOVA or by independent T-tests). However, there were differences within

the groups between some time points (analysed by dependent T-tests).

For neutrophils and monocytes incubated with E. coli, some differences within groups
between time points were observed. The percentage of neutrophils engaging in
phagocytosis (percent positive) was decreased between baseline (week 0) and week 2
post-vaccination in both groups (from 93.7 % to 88.5 % in the prebiotic group [p = 0.036],
and from 93.4 % to 86.7 % in the placebo group [p = 0.034]). The MF!I of neutrophils also
decreased from baseline (week 0) to week 2 post-vaccination in the placebo group (121.4
compared to 97.8, p = 0.022). The MF! of neutrophils decreased from baseline (week 0) to
week 4 post-vaccination in both groups (107.6 to 88.8 in the prebiotic group [p = 0.027],
and 121.4 to 98.3 in the placebo group [p = 0.007]). The MFI of monocytes decreased
between baseline (week 0) to week 2 (post-vaccination) in both groups (from 25.6 to 22.6
in the prebiotic group [p = 0.001], and from 27.0 to 23.5 in the placebo group [p =
0.007)). The MFI of monocytes decreased between baseline (week 0) to week 4 post-
vaccination in both groups (from 25.6 to 21.3 in the prebiotic group [p < 0.001], and
from 27.0 to 23.7 in the placebo group [p = 0.003)).

For neutrophils and monocytes incubated with PMA, some differences within groups
between time points were observed. The percentage of neutrophils engaging in
phagocytosis (percent positive) was decreased between baseline (week 0) and week 2
post-vaccination in the placebo group (from 98.9 % to 96.9 %, p = 0.025). The percentage
of neutrophils engaging in phagocytosis was decreased between baseline (week 0) to
week 4 post-vaccination in the prebiotic group (from 99.3 % to 96.4 %, p = 0.044). The
MF! of neutrophils also decreased from baseline (week 0) to week 2 post-vaccination in
both groups (from 298.9 to 239.7 in the prebiotic group [p= 0.004], and from 314.6 to
264.4 in the placebo group [p= 0.005]). The MFI of neutrophils was decreased from

baseline (week 0) to week four post-vaccination in both groups (from 298.9 to 215.8 in
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the prebiotic group [p < 0.000], and from 314.6 to 262.1 in the placebo group [p =
0.004]). The MFI of monocytes was decreased from baseline (week 0) to week 4 post-
vaccination in both groups (from 36.5 to 30.7 in the prebiotic group [p = 0.028], and
from 39.6 to 30.2 in the placebo group [p = 0.017]).

When comparing the changes between groups there were no significant differences.
Therefore, it must be concluded that the prebiotic supplement had no effect upon

oxidative burst of blood neutrophils or monocytes.
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6.4.7 LYMPHOCYTE PROLIFERATION MEASURED BY CFSE DILUTION

Lymphocyte proliferation was measured by CFSE dilution, and results are shown in Table
33. Data are presented in two ways. The first is as MFl ([geometric] mean fluorescence
intensity); a lower MF| indicates greater proliferation since this is due to dilution of CFSE.
The second is as percentage of cells in the M1 and M2 regions of the flow cytometry
histogram (see Figure 21); movement of cells from M2 to M1 indicates proliferation. Thus
a reduced MFI|, an increase in the proportion of cells in the M1 region-and a decrease in

the proportion of cells in the M2 region are indicative of a proliferative response.

Stimulating cells with ConA induced an approximate 3.5-fold decrease in MFI, indicating
that cells stimulated with this mitogen had undergone proliferation. The proportion of
cells in M1 increased from approximately 15 % in unstimulated cultures, to approximately
70 % in cultures stimulated with ConA. Correspondingly, the proportion of cells in M2
decreased from approximately 85 % in unstimulated cultures, to approximately 29 % in
cultures stimulated with ConA. In cultures stimulated with vaccine antigen, no differences
from the unstimulated cultures and no changes over time were noted in MFl or the

proportion of cells in M1 or M2, indicating a poor response to stimulation.

There was no effect of the prebiotic supplement upon lymphocyte proliferation in
unstimulated cultures, or cultures stimulated with ConA or vaccine antigen (analysed by
adjusted ANOVA, fixed factors: group and time). Therefore, it must be concluded that the
prebiotic supplement had no effect upon lymphocyte proliferation, measured by CFSE

dilution.

208



60¢

3WO031N0 3yl uo dnoib Jo 13949 3y} ‘(Bwil % dnoub :s10108) paxiy) VAONY paisnipe Ag pasAjeuy.,

(uoneIABP pJepuULlS) SUBBW Se paluasaid ale eieQ

Su (Zgt) 198 (£2) v'88 (L'v) 868 (£°5) 806 (2'8) 6v8 (6'9) 0'68 UIDOBA
su (9'61) £79¢ (€02 ¥'9¢ (6°€2) S°0¢ (290 S've (rsi) L'ee (L'v2) Teg Yuo) (z)
su (€°91) 298 (Ev1) 998 (961)2¢€8 (621) 1'v8 (9°5) 1'88 (6°12)6°18 9UON paressjijosd Jou %
su (e 9et 621l 6'v) 66 (£°5) 88 (€8 8Vl (6'9) 201 3UIDIeA
su (1'S2) ¥'69 (00 gL (6°€2) 769 (9°92) 6'v9 (F's1)99L (€¥2) ¥ 99 vuo)
su (€91) L€l (Lvl) L'EL (961) 591 (6°21) 251 (59911 (6°12) 821 SUON (L) paresayljoad %
su | (£'SO0v) L0S8 (S'¥0€) 67128 (#7452 6098 | (6°01%)9€08| (8¢€2e)8¢EvsL | (6£28) €618 JUIDIBA
su | (S'8S1) 1'80¢C (Lev) 8 vLe (§°€91) 202z | (1'S¥E) £85¢ (6'¥8) €891 | (692¢) ¥'S8C YuoD
su | (9°S€€) 2°S18 (6'662) 2841 (6'260) '€ | (L'vb¥y) €199 | (T€£2) 7€08 | (§91€) 8°9¢€L 9UON UueaW DIIBWO0dY
¥ AI3M ¢ {O3M 0 X93Mm ¥ 99M Z 99M 0 >93m
«d dnoub d1101qs4d dnoub ogadeld juRInwg

(0 X23M 1D PaIAISIUIUIPD) UOIIDUIDIDA BZUBNIJUI

|pUOSP3s B BUIMO|IO] (UONINJIP FS4D AG paInspaiu) Uuonpaajijoid 21A20yduwiA] uodn 0qasvjd 10 [ABADUAS ¢11Jp40 Jo uonpiuawiaiddns Jo 10afja a1 : €€ 2|qv)

abuajjeyd sunwiwl ue 01 asuodsad uj 1edwl (ApniS UOIIUBAIBIL| D110Igald g Ja1dey)

XBeWo] Y Auy




Amy R Lomax  Chapter 6 Prebiotic Intervention Study: impact in response to an immune challenge

6.4.8 CYTOKINE PRODUCTION BY LYMPHOCYTES

Cytokine production from blood mononuclear cell cultures was measured by cytometric
bead array kits, and results are shown in Table 34. Cells were cultured either
unstimulated or they were stimulated with the mitogen ConA which specifically activates T

lymphocytes, or with vaccine antigen.

it is clear that all cytokine concentrations were much higher in the ConA-stimulated
cultures than in the unstimulated cultures. The approximate average increases in
concentration of cytokines after ConA stimulation were 45-fold for IL-2, 5-fold for IL-4, 2-
fold for IL-6, 4-fold for IL-10, 9-fold for TNF-a, and 260-fold for IFN-y. IFN-y and IL-2 are
the prototypical Th1-type cytokines and the great increase in production of these
cytokines suggests that the response of lymphocytes within human PBMC cultures
stimulated with ConA is Th1 dominated.

The approximate average increases in concentrations of cytokines after vaccine antigen
stimulation were 13-fold for IL-2, 30-fold for IFN-y, no change for IL-4, IL-6, or IL-10, and
around a 30 % increase in TNF-a. This suggests that the response of lymphocytes within
human PBMC cultures stimulated with influenza vaccine antigen is also Th1 dominated,
but is smaller than the response induced by ConA. The effect of vaccine was evident at

week O (i.e. prior to vaccination) which was not an expected finding.

When time and group were taken into account, the prebiotic supplement had no effect on
IL-2 or IL-10 concentrations. IL-4 was lower in the prebiotic group in all culture conditions
(p = 0.004 for control cultures, p = 0.032 for ConA stimulated cultures, and p = 0.006 for
vaccine stimulated cultures, analysed by adjusted ANOVA, fixed factors: group and time).
Significant differences were seen between groups in ConA stimulated cultures for IL-6

(higher in the prebiotic group, p = 0.031), IFN-y (higher in the prebiotic group, p = 0.007)
and TNF-a (higher in the prebiotic group, p = 0.023). However these differences were

present prior to vaccination and so do not appear to represent an altered response to the

vaccination.

The Th1/Th2 ratio was also calculated using the concentrations of the prototypical Th1-
type (IFN-y) and Th2-type (IL-4) cytokines and is shown in Table 35. The prebiotic group
had a significantly higher Th1/Th2 ratio in ConA stimulated cultures (p = 0.004, analysed
by adjusted ANOVA, fixed factors: group and time). However again, this was seen prior to
vaccination and so does not appear to represent an altered response to the vaccination.

210



Amy R Lomax  Chapter 6 Prebiotic Intervention Study: impact in response to an immune challenge

Therefore, it appears that Orafti* Synergyl may be able to alter the patterns of production
of certain cytokines produced by cultured PBMCs (IL-4, IL-6, TNF-a, IFN-y), but not of

others (IL-2, IL-10), but this effect is not related to the vaccination response.

211



Amy R Lomax

Chapter 6 Prebiotic Intervention Study: impact in response to an immune challenge

Table 34 : The effect of supplementation of Orafti® Synergy] or placebo upon cytokine production by lymphocytes, following a seasonal influenza

vaccination (administered at week 0)

Cytokine | Stimulant Placebo group Prebiotic group P
Week 0 Week 2 Week 4 Week 0 Week 2 Week 4
IL-2 None | 2.1 (1.4) 1.9 (0.9) 1.7 (0.7) 1.9 (0.6) 2.1(1.9) 1.9(1.1) ns
ConA | 97.2 (81.1) 85.7 (81.2) 63.4 (48.7) 109.8 (68.5) 73.7 (55.3) 86.2 (66.1) ns
Vaccine | 21.2 (23.0) 25.7 (22.9) 22.9 (29.8) 24.8 (19.4) 24.9 (16.4) 32.5(22.1) ns
IL-4 None | 2.1 (1.0) 2.0 (0.9) 1.9 (1.0) 1.6 (0.5) 1.6 (0.4) 1.6 (0.7) 0.004
ConA | 12.2 (9.1) 11.9 (9.7) 10.1 (7.9) 10.8 (15.0) 6.3 (3.8) 6.5 (3.1) 0.032
Vaccine | 2.0 (1.2) 2.0 (0.8) 2.1 (0.9) 1.7 (0.5) 1.6 (0.7) 1.6 (0.4) 0.006
IL-6 None | 3036 (3337) 2112 (2275) 2323 (3058) 2639 (3145) 3856 (3415) 3108 .(2937) ns
ConA | 7235 (5105) 4913 (4058) 4588 (6110) 8310 (3876) 6003 (4371) 8944 (5095) 0.031
Vaccine | 3611 (3648.0) 2273 (2086) 1967 (3200) 2834 (2928.8) 3241 (3132) 2914 (2601) ns
IL-10 None | 16.2 (10.1) 12.9 (9.4) 23.9 (46.9) 18.3 (18.5) 24.7 (23.2) 24.9(37.3) ns
ConA | 76.2 (42.7) 74.2 (66.2) 75.1(91.8) 92.7 (75.4) 83.1(119.8) 69.1(36.1) ns
Vaccine | 17.9 (14.0) 17.4 (13.1) 26.2 (62.5) 17.4(12.8) 19.5 (15.6) 18.5 (15.8) ns
TNF-a None | 37.3 (31.0) 42.9 (76.1) 41.7 (43.3) 22.7 (16.8) 60.7 (63.9) 64.9 (75.3) ns
ConA | 333.9(232.6) 270.3 (229.6) 271.5(261.7) 434.4 (449.1) 388.9 (414.0) 486.5 (439.5) 0.023
Vaccine | 47.8 (44.5) 57.9(73.3) 56.8 (61.7) 40.7 (48.6) 65.8 (81.5) 75.9(93.2) ns
IFN-y None | 6.4 (4.4) 4.4 (2.3) 4.1(13) 4.6 (2.3) 11.1 (23.6) 3.7.(0.6) ns
ConA | 1056.3 (1028.9) | 662.9 (732.4) 723.7 (985.1) 2080.9 (3126.5) 1603.5 (2886.7) 1754.3 (2006.1) 0.007
Vaccine | 190.3 (317.8) 101.6 (141.7) 159.8 (328.9) 114.4 (212.0) 100.1 (105.8) 193.5(311.5) ns

Data are presented as means (standard deviation) pg/ml *Analysed by adjusted ANOVA (fixed factors: @mocv & time), the effect of group on the outcome
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6.4.9 LYMPHOCYTE ACTIVATION
Lymphocyte activation was measured by CD69 expression on CD3"CD4" cells, and results

are shown in Table 36. Data are presented as the percentage of cells expressing CD69
(percentage positive) and as MFI ([geometric] mean fluorescence intensity), an indication

of the extent of expression of CD69 on positive cells.

Stimulation of cultures with ConA resulted in an increase in CD69" cells from about 14%

to about 55% and there was about a doubling of MFI on positive cells, indicating a higher

level of expression of CD69.

Stimulation of cultures with vaccine antigen resulted in an increase in CD69" cells from
about 14% to about 30% and there was roughly a 30 % increase of MFl-on positive cells,
indicating a higher level of expression of CD69. The effect of vaccine was evident at week

0 (i.e. prior to vaccination) which was not an expected finding.

There was no effect of the prebiotic supplement upon CD69 T cell activation in control or
ConA stimulated cultures (analysed by adjusted ANOVA, fixed factors: group and time).
However, in vaccine stimulated cultures, there was a greater proportion of CD69" cells
and a higher MFI on positive cells in the prebiotic group (p = 0.015 and p = 0.070
respectively, analysed by -adjusted ANOVA, fixed factors: group and time). However, this
does not seem to be due to an improved response to the vaccine in the prebiotic group.
Before vaccination, values in both groups were similar. In the prebiotic group, proportion
of CD69" cells and MFI on positive cells did not change much after exposure to vaccine,
and the between group differences seem to be caused by the fall in both of these
measures in the placebo group following vaccination, which is an unexpected finding (MFI
on positive cells also decreased slightly in the prebiotic group following vaccination).
Therefore, it must be concluded that the prebiotic supplement had no effect upon

lymphocyte activation, as measured by CD69 expression on CD3*CD4" cells.
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6.5 DISCUSSION

This chapter described the effect of supplementation of Orafti® Synergy1 (8 g/day) upon
various systemic immune outcomes, at 2 and 4 weeks following a seasonal influenza
vaccination (administered at week 0). Few differences were seen between groups in most
immune outcomes measured. However, two important and novel observations were made.
First, the prebiotic supplement enhanced the antibody response to the HAH3_UR strain of
the vaccine, and secondly the IgG1-specific antibody response to the vaccine was also
enhanced in the prebiotic group. Therefore, although it must be concluded that the
prebiotic supplement did not alter many aspects of systemic immune function in healthy
middle aged adults following an immune challenge, it was able to enhance some aspects
of the antibody response to vaccination. Response to vaccination is considered to be the
most.valid marker of immune function (10). Results from this study are discussed in the
context of the eight studies in the literature that have looked at the response to
vaccination as a way to assess the effect of a 82-1 fructan supplement upon immune

function.

Although the antibody response to the HAH3_UR strain of the seasonal influenza vaccine
was enhanced following prebiotic supplementation, the responses to the HAH1_BR and
HAB_FL strains were not affected. Although there were no significant differences in
seroconversion or seroprotection rates between groups at any time point for any of the
three viral strains, both seroconversion and seroprotection to the HAH3_UR strain of the
vaccine were higher in the prebiotic group. It is possible that the high rates of
seroconversion and seroprotection seen in the placebo group could explain why no
significant differences were seen between the placebo and Orafti® Synergy1 groups. For
the HAH3_UR strain of the vaccine where seroconversion and seroprotection rates in the
placebo group were lower, some trends for an improvement with Orafti® Synergyl were
seen, These observations, particularly the significantly enhanced response to the
HAH3_UR strain mean that the principal hypothesis of the study (“that Orafti® Synergy1
will improve the vaccine-specific antibody response following seasonal influenza
vaccination”) can be accepted. However, it is not clear why the response to only one of the

three strains was improved.

Several studies have looked at the effect of a R2-1 fructan supplement upon the antibody
response following vaccination and some studies have reported some improvement. in
elderly adults supplemented with a formula in which FOS contributed 4.95 % of the
energy, and immunised against influenza, the response to the HIN1 strain of the vaccine
was improved at six weeks:post-vaccination (96). However, in common with the current

study, there was no effect of FOS on the response to the other two strains of the vaccine
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(H3N2 or B strains), or on any antibody response at 24 weeks post-vaccination (96). A
study using the same supplement in frail adults immunized with influenza found an
increase in the number of subjects with antibody titres of greater than 100 for the HIN1
component, and similar trends for the percentage of subjects with four-fold increases
against the B strain or with H3N2 antibody titres of 40 or more. However, there was no
effect on geometric mean antibody titres (97). In elderly adults supplemented with 6 g/d
of a mixture of 70 % oligofructose and 30 % inulin, there was an increase in the antibody
response to Influenza B virus and Streptococcus pneumonia at six weeks post-vaccination
in both control and prebiotic groups, but no change in the serum antibody titres against

influenza A virus at this time (92).

Other studies have found no effect of 82-1 fructans upon the antibody response to
vaccination. In Peruvian infants, supplemented with approximately 0.55 g/d of
oligofructose and vaccinated against Influenza B virus, there was no effect on the post-
vaccination antibody response measured one month post-vaccination (93). in elderly
adults supplemented with 6 g/d of oligofructose and inulin in a two to one ratio in a
nutritional supplement and vaccinated against influenza and pneumococcus, there was no
effect on the magnitude of the rise in influenza or pnuemococcus antibodies at two
months post-vaccination (103). In children supplemented with a synbiotic containing
inulin and oligofructose, there was no effect on serum vaccine-specific (tetanus or

pneumococcus) antibody levels (106).

The current study is quite unigue in measuring vaccine-specific immunoglobulins in
serum. These were elevated post-vaccination in both control and prebiotic groups. There
was no effect of prebiotic on vaccine-specific IgA, IgM or IgD. However, there was an
enhancement of the IgG1-specific response to the vaccine antigens in the prebiotic group.
This is in agreement with findings from a study in healthy infants, immunised against
measles, and supplemented with a mixture of 70 % oligofructose and 30 % inulin at 0.2
g/kg body weight/d, where an increase in post-vaccination IgG measles antibody levels in
blood at six weeks post-vaccination was seen (91). However, in infants at risk from atopy
and vaccinated with typical childhood vaccinations at three months of age, and given a
supplement of GOS and FOS in a nine to one ratio, there was no effect on the DTP
(diphtheria, tetanus, polio)-specific IgE, IgG1, IgG2 or IgG3 levels at three months post-

vaccination (101).

The prebiotic supplement had no effect upon total immunoglobulin (IgA, IgG or IgM)
concentrations in blood and these were not affected by the vaccination. Other studies
have also reported a lack of effect of R2-1 fructans upon total blood immunoglobulins. In
elderly adults supplemented with 6 g/d of a mixture of 70 % oligofructose and 30 %
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inulin, there was no effect on serum IgA, IgG or IgM 6 weeks post-vaccination (92). In
children supplemented with a synbiotic containing inulin and oligofructose, there was no
effect on serum IgG, IgA, IgM or IgE levels following tetanus or pneumococcal vaccination
(106). In infants at risk from atopy and given a supplement of GOS and FOS in a nine to
one ratio, there was a decrease in total plasma IgE, IgG1, 1gG2 and 1gG3 levels three
months post-vaccination, but no effect on total plasma IgG4 (101).

Salivary slgA is a marker of mucosal immunity (10), although it probably is more
representative of the upper respiratory tract mucosal immune system than the low
gastrointestinal immune system. When salivary slgA concentrations were not adjusted for
total protein concentrations, there was a greater decrease in the prebiotic group
compared to the placebo group. However this does not take into account the total protein
content of the saliva, and so is a less reliable method than when sigA concentrations are
adjusted for total protein, and this was not significantly different between groups.
Therefore, the prebiotic supplement had no effect upon total slgA concentrations in
saliva. In agreement with this finding, a study in elderly adults supplemented with 6 g/d
of a mixture of 70 % oligofructose and 30 % inulin, found no effect on salivary slgA six
weeks post-vaccination (92). It would be useful in future studies to measure faecal slgA as

a marker of gut mucosal immunity.

The enhancement in antibodies to the HAH3_UR strain and in vaccine-specific IgG1
suggests that Orafti® Synergy1 does impact on the host immune system. This may be the
result of the change in faecal (and so gut) microbiotia reported in Chapter 4. It is
important to identify which aspect of the immune response is affected by Orafti®
Synergy1. Possibilities include an alteration in the types of immune cells present and/or
an alteration in the function of one of more key cell types. Among the latter, candidates
are: antigen presenting cells and the processes of antigen uptake, processing and
presentation; T cells and the processes of activation, proliferation and cytokine
production; B cells and the process of antibody production. The current study focussed on
identifying whether Orafti® Synergy1 affected the profile of immune cells (in the
bloodstream) and the functional responses of T lymphocytes; activation, proliferation and
cytokine production were all examined. These processes were induced (ex vivo) using the
general T cell stimulant ConA and the influenza vaccine itself. ConA induced strong
activation, proliferation and cytokine responses. In addition some aspects of the innate
immune response (phagocytosis and respiratory burst), not previously examined in the

context of prebiotic supplementation and vaccination responses were examined.

There was no effect of the prebiotic upon immune cell phenotypes in the blood following
a seasonal influenza vaccination, apart from an increase in CD3*/CD8* and CD8" cells, and
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a decrease in the CD4/CD8 ratio, but this was likely due to differences already present at
week four. Only one other study has looked at the effect of a R2-1 fructan supplement
upon immune cell phenotypes following vaccination (97). This study was in elderly adults,
supplemented with a nutritional formula to which FOS contributed 4.95 % of the energy.

There was an increase in B cells, a decrease in cytotoxic memory T cells, non-significant
increases in NK T cells and naive Th cells, and no effect on CD4* or CD8" T cells six weeks

post-vaccination (97). It is concluded that, in the current study, the improved response to
vaccination seen with Orafti® Synergy1 does not involve an alteration in immune cell types
present. However, these were examined in the bloodstream and it is still possible that

immune cells types present in gut lymphoid tissue were affected by the prebiotic.

The prebiotic supplement had no effect upon blood neutrophil and monocyte
phagocytosis or upon oxidative burst of blood neutrophils or monocytes. No other
studies have looked at the effect of a R2-1 fructan supplement upon neutrophil and

monocyte phagocytosis or oxidative burst, following vaccination.

The prebiotic had no significant effect on lymphocyte activation, measured by enhanced
CD69 expression on Th lymphocytes (defined as CD3"CD4"). In frail elderly adults
supplemented with FOS as part of a nutritional formula, there was an increase in influenza

activated lymphocytes (CD69 and CD25) at six weeks post-vaccination, but no effect on
PHA-stimulated cells (97).

There was no effect of the prebiotic supplement upon lymphocyte proliferation in
unstimulated cultures, or cultures stimulated with ConA or vaccine antigen, measured by
CFSE dilution, although there was a poor response to the latter. This poor response may
be attributed to a low number of vaccine-specific T cells in the cultures or to the inability
of the method to detect a (small) vaccine-induced increase in lymphocyte proliferation
because of its insensitivity. Two other studies have looked at the effect of a B2-1 fructan
supplement upon lymphocyte proliferation, following vaccination. However these studies
did not use the CFSE dilution method to follow the proliferative response, instead they
used *H-thymidine incorporation (92, 96). One study in free-living elderly subjects
supplemented with 6 g/d of a mixture of 70 % oligofructose and 30 % inulin did not find
any effect of the supplement upon influenza antigen- or phytohaemmaglutinin (PHA)-
stimulated lymphocyte proliferation 6 weeks post-vaccination (92). A further study in
elderly adults supplemented with a formula in which FOS made up 4.95 % of the energy,
reported an increase in lymphocyte proliferation to influenza vaccine components at six

weeks but not at 24 weeks post-vaccination (96).
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It appears that supplementation with Orafti® Synergy1 is able to alter the patterns of
certain cytokines produced by cultured blood mononuclear cells (IL-4, IL-6, TNF, IFN-y),
but not others (IL-2 and IL-10). In the prebiotic group IL-4 was lower than in the control
group in all cultures conditions, and IL-6, TNF-a and IFN-y higher than in the control group
in ConA stimulated cultures; however this effect was present prior to vaccination and so
does not appear to represent an altered response to the vaccination. Several other studies
have looked at the effect of B2-1 fructans upon lymphocyte cytokine production following
vaccination, and report varying results. A study in elderly adults supplemented with 6 g/d
of a mixture of 70 % oligofructose and 30 % inulin found no effect on IL-4 and IFN-y
production by cultured blood mononuclear cells six weeks post-vaccination (92). In elderly
adults supplemented with 6 g/d of oligofructose and inulin in a two to one ratio in a
nutritional supplement, the decrease in IL-2 production from PHA-stimulated mononuclear
cells seen in the control group was prevented in the prebiotic group at two months post-
vaccination. There was no effect on IFN-y production by influenza antigen-stimulated
blood mononuclear cells (103). In frail elderly adults supplemented with FOS as part of a
nutritional formula, there was a decrease in IL-6 and a trend for a decrease in IL-10
production by PHA-stimulated mononuclear cells six weeks post-vaccination. However
there was no effect upon IL-2, IL-4, IFN-y or TNF-a production by PHA-stimulated
mononuclear cells, or upon IL-2, IL-4, IL-6, IL-10, IFN-y or TNF-a production by influenza

antigen stimulated mononuclear cells at this time point (97).

The lack of effect of Orafti® Synergy1 on lymphocyte activation, lymphocyte proliferation
and lymphocyte cytokine production post-vaccination suggests that the enhanced
antibody response may not involve an improvement in T cell function. However there are
two caveats to this. First, the response to ConA is a general T cell response and has no
antigen specificity and so it may not really be informative about how T cells respond to
vaccine. Secondly, the investigation of ex vivo T cell responses to vaccine proved to not
be very useful. T cell proliferation measured by CFSE dilution was not detectable in
response to the vaccine. As stated above, this may be attributed to a low number of
vaccine-specific T cells in the cultures, or to the inability of the method to detect a (small)
vaccine-induced increase in lymphocyte proliferation because of its insensitivity. In
contrast, a marked T cell activation (CD69 expression) and Th1-type cytokine response
was seen in cultures with vaccine: This suggests a T cell response to vaccine. However
this response was present in cultures from cells taken prior to vaccination (i.e. at baseline
- week 0). This was unexpected and means that the T cell responses seen post-vaccination
do not necessarily reflect the vaccination process. Rather they suggest that T cells from
these middle aged subjects are able to mount a response upon exposure to a seasonal
influenza vaccine to which the T cell donor has not been exposed. The T cell responses

may be due to some inherent property of the vaccine itself or may be due to a
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characteristic of the subjects. For example, the vaccine may contain a component which
can stimulate T cells; an examination of the manufacturer’s description of the
components of the vaccine did not reveal any potential candidates although the vaccine
dose contain a small amount of ovalbumin, because the influenza virus is grown in hens
eggs. A small proportion (eight) of the subjects had previously received a seasonal
influenza vaccination. However, it seems highly likely that all, or most, of them would
have been exposed to many different influenza viruses. They would have retained
immunological memory of such exposures, although the virus-specific antibody
concentrations would have been low. A small number of virus antigen-specific memory T
cells could have been responsible for the T cell responses seen upon exposure of PBMC
cultures to the vaccine. One way to examine this further would be to expose umbilical
cord blood T cells to the vaccine. These cells would be immunologically naive and so
would not mount any vaccine {or influenza virus) antigen-specific response. Thus, a lack
of response in cord blood cell cultures would indicate that in the study subjects there
were virus antigen specific memory T cells in the circufation. In contrast, a response in
cord blood cell cultures would indicate that the vaccine contains some sort of general T
cell stimulant; cord blood T cells response to such stimulants because the response does

not require a prior antigen exposure.

Despite these caveats, the findings presented here suggest that the enhanced antibody
response to the vaccine seen with Orafti® Synergyl probably does not involve an improved
T cell function. Thus an effect on antigen presenting cells or on B cells is possible. Future

studies might examine the functional activities of these cell types.

6.6 CONCLUSIONS

In conclusion, Orafti® Synergy1 (8 g/day for 4 weeks prior to vaccination and continuation
post-vaccination) enhanced the antibody response to one of the three strains of the
seasonal influenza vaccine and improved the anti-vaccine IgG1 response. There was also a
tendency for Orafti® Synergy! to enhance seroprotection and seroconversion rates to the
same strain of the vaccine to which the antibody response was enhanced. Orafti® Synergy]
did not affect the blood immune cell profile, a marker of mucosal immunity (salivary
sigA), innate immune responses, or T cell responses to general T cell stimulant, and ex
vivo T cell responses to vaccine were not useful. The enhanced antibody response with
Orafti’ Synergyl may not involve an effect on T cells. It is also possible that had the
change in bifidobacteria been greater, then a greater effect on immune function may have

been observed.
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CHAPTER 7

FINAL DISCUSSION
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Prebiotics are defined as “non-digestible food ingredients that beneficially affect the host
by selectively stimulating the growth, and/or activity, of one or a limited number of
beneficial bacteria in the colon and thus improve host health” (24). Prebiotics include the
R2-1 fructans, molecules which contain fructosyl-fructose linkages. A summary of the
existing literature revealed that R2-1 fructans are able to modulate some aspects of
immune function, to improve the host’s ability to respond successfully to certain
intestinal infections, and to modify some inflammatory conditions (63). The existing
literature describing probiotics on immune, infectious and inflammatory outcomes in
humans was also summarised, as this is related to the mechanism through which
prebiotics are believed to exert their beneficial effects. Results from this summary were
mixed, and there appear to be large species and strain differences in the effects seen
(179). There are large differences between the studies using both prebiotics and
probiotics, regarding the supplement given, the dose, the duration of supplementation,
heterogeneity of the subjects, sample size, differences in the outcomes measured, and
technical differences in how the measurements were made. Therefore it is difficult to
draw sound conclusions about the effects that prebiotics and probiotics exert on immune

function in humans.

Studies of prebiotics -and immune function in middle-aged adults are underrepresented in
the existing literature. Although several studies in older adults (43, 92, 94, 96, 97, 103)
and one study in younger adults (98) have reported mixed effects of prebiotics on the
adaptive immune system, there are no studies in healthy middle-aged adults. Therefore, a
study was performed to investigate the effect of supplementing healthy human middle-
aged adults with 8 g/day for eight weeks of Orafti® Synergy1 on the functioning of the

immune system.

Response to vaccination is regarded as the gold standard method to measure the
functioning of the immune system (10), but there are no standard procedures to follow
for this method. Therefore, a pilot study was carried out in order to develop a
standardised protocol for use in a prebiotic intervention study measuring immune
function. Volunteers were vaccinated with the 2007/2008 seasonal influenza vaccine and
provided blood and saliva samples for analysis at one, two, four and six weeks post-
vaccination. From the subsequent analysis, it was identified that vaccine-specific and total
antibody concentrations were maximal by four weeks post-vaccination and that cell

culture conditions could be optimised for measuring various immune outcomes.

The prebiotic intervention study itself was a randomised controlled trial in healthy middle-
aged adults who were supplemented with 8 g/day of Orafti*Synergy1 for eight weeks.

Four weeks into the trial they received the 2008/2009 seasonal influenza vaccine. Fewer
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subjects than initially planned were recruited to the trial; this was because of the expiry of
the 2008/2009 seasonal influenza vaccine which meant it could no longer be used.
Compliance, as determined by counting of returned sachets, was very good in both
groups. More subjects in the prebiotic group perceived gastrointestinal sensations,
particularly increased flatulence and increased regularity of bowel movements. Both of
these are suggestive of a change in gut microbiotia. Results using FISH clearly
demonstrated an increase in bifidobacteria in faeces of subjects in the prebiotic group (an
approximate doubling) and that bifidobacteria numbers were higher at week four in the
prebiotic than in the control group. Therefore, the prebiotic supplement had a bifidogenic
effect within the gut, which is in agreement with other studies that have also reported the
bifidogenic properties of 82-1 fructans (43, 241-245, 247, 248), although the increase in
this study may be considered to be quite modest. This could be related to the group that
was studied, who were healthy middle aged adults. Although diet wasn't assessed, it is
possible that this group of people consumed a fairly healthy diet, and had a “healthy” gut
microflora to begin with, making it difficult to modify this for the better. In the light of
previous studies that have shown that prebiotic supplementation may modulate some
aspects of immune function (43, 91, 92, 94, 96-99, 101-105, 108, 109, 250, 251), an
effect which is presumed to be mediated by a change in gut microbiotia, it was

anticipated that some changes in immune function would be observed in these subjects.

A range of systemic immune outcomes were measured in the subjects at before and after
four weeks of supplementation with Orafti® Synergy1 (in the absence of vaccination).
These included immune cell phenotypes, neutrophil and monocyte phagocytosis and
oxidative burst, total serum IgA, IgG and IgM concentrations, salivary slgA concentration
and lymphocyte responsiveness (activation, proliferation, and cytokine production). in
conclusion, few effects of Orafti® Synergyl upon systemic immune outcomes in the
absence of an immune challenge were observed. A similar lack of effect on some of the
outcomes reported here, or related to these outcomes, has been described in previous
studies in the literature looking at immune function in the absence of a vaccination
challenge. However, some studies in children (99, 102), young adults (98), the elderly (43,
94, 103), adults with colon cancer (104, 105), adults with active ulcerative colitis (108)

and adults in intensive care (109) do report some effects on immune function.

The same systemic immune outcomes were then measured in the subjects prior to and

then two and four weeks following vaccination. The main outcome was the effect that

supplementation with Orafti® Synergy1 had upon response to the seasonal influenza

vaccination, both upon the antibody response to vaccination and upon ex vivo T cell

responses to vaccine components. Few differences were seen between groups in most

immune outcomes measured. However, two important and novel observations were made.
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First, the prebiotic supplement significantly enhanced the antibody response to the
HAH3_UR strain of the vaccine; additionally, the seroconversion and seroprotection rates
to this strain of the virus were enhanced in the prebiotic group, although not significantly.
Secondly, the IgG1-specific antibody response to the vaccine was enhanced in the
prebiotic group. It appeared that this particular antibody response occurred more quickly
in the prebiotic group; by week 4 post-vaccination, the serum concentrations of IgG1-
specific antibodies to the vaccine had reached a plateau in the prebiotic group, but the
concentration was still increasing in the placebo group. Therefore, although it must be
concluded that the prebiotic supplement did not alter many aspects of systemic immune
function in healthy middle aged adults following an immune challenge, it was able to
enhance some aspects of the antibody response to vaccination, which is considered to be
the most valid marker of immune function (10). These observations, particularly the
significantly enhanced response to the HAH3_UR strain, mean that the principal
hypothesis of the study (“that Orafti® Synergy1 will improve the vaccine-specific antibody
response following seasonal influenza vaccination”).can be accepted. However, it is not
clear why the response to only one of the three strains was improved, although other
studies have reported varying effects of B2-1 fructan supplementation upon the different
viral strains in the influenza vaccination in elderly subjects (96, 97).

Therefore, this study is a valuable addition to the existing literature. It has investigated
the use of a R2-1 fructan supplement in a population which has not been studied before,
and has measured a range of immune markers, among them the gold standard method -

the response to vaccination.

Limitations and future work

It is acknowledged that the study reported in this thesis has limitations. Firstly, the
sample size of this study was smaller than initially planned (see section 4.3.2), although
still comparable with several other studies of this type (92, 96, 103). Immune function
varies widely between individuals, as demonstrated by the large standard deviations
reported for some of the outcomes measured. Some differences between the groups were
observed, confirming that the sample used was large enough to detect differences
between the groups for these outcomes. However, it may be that for some other
outcomes measured, the sample size was not large enough to detect differences between
the groups. Therefore, it is possible that in a larger study more differences may have
been detected between groups. This study is therefore a valuable addition to the
literature, and to people designing other studies of this type, as a guide when deciding
how large future studies need to be.
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Orafti*Synergy1 was shown to alter the faecal microbiotia, and it may therefore be
expected that changes in immune function may be most likely to be detected in the gut
associated lymphoid tissue. However, no markers of immune function in the gut were
measured in the current study, due to logistical and ethical constraints on sample
collection. However in future studies it would be useful to look at faecal markers of
immunity. It was expected in the current study that an alteration in salivary slgA (as a
marker of mucosal immunity) would be observed upon supplementation with Orafti’
Synergy1, but this was not found. However, as salivary slgA is more representative of the
upper respiratory tract immune system it would be more suitable to look at faecal slgA, as
a marker of the lower gastrointestinal immune system, as this is closer to the site of
action of prebiotics. Faecal sigA has been shown to increase in newborn infants
supplemented with a combination of GOS and FOS (99, 102). it may also be useful to look
at immune cell types at this site, to determine if any changes are observed. It is also
possible that had the change in bifidobacteria been greater, then a greater effect on

immune function may have been observed.

The enhancement in antibodies to the HAH3_UR strain and of vaccine-specific IgG1 shows
that Orafti®Synergy 1 does impact on the host immune system. This may be the result of
the change in faecal (and so gut) microbiotia reported in Chapter 4. It is important to
identify which aspect of the immune response is affected by Orafti”Synergy 1. The current
study focussed on identifying whether Orafti®Synergy1 could affect the profile of immune
cells in the bloodstream, and the functional responses of T cells (activation, proliferation,
cytokine production) induced ex vivo using the general stimulant ConA and the influenza
vaccine. ConA induced strong activation, proliferation and cytokine responses. There was
a lack of effect of Orafti"Synergy 1 on lymphocyte activation, lymphocyte proliferation and
lymphocyte cytokine production post-vaccination, suggesting that the enhanced antibody
response may not involve an improvement in T cell function. However, it is possible that
effects may be seen on antigen presenting cells and the process of antigen uptake,
processing and presentation, or on B cells and the process of antibody production. Future

studies should examine the functional activities of these cell types.

The response of T cells to the vaccine ex vivo was investigated by culturing blood
mononuclear cells with the vaccine antigen, with the aim of stimulating vaccine-specific T
cells and assessing the function of these cells. However, this method proved not to be
very useful as a response to the vaccine was observed in cells before vaccination,
suggesting that T cell responses seen to the vaccine post-vaccination do not necessarily
reflect the vaccination process, but that T cells from these subjects are able to mount a
response upon exposure to a seasonal influenza vaccine to which the subject has not

been exposed. Therefore, the information gained from these experiments may not
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provide a good insight into the effect that Orafti’Synegy1 had upon the response of T
cells to vaccination. This area clearly needs more development before the results gained
can be interpreted in a useful way. The T cell responses may be due to some inherent
property of the vaccine itself (a component which can stimulate T cells) or may be due to
a characteristic of the subjects (such as exposure to many different influenza viruses,
resulting in immunological memory of such exposures). Further work could investigate
the effect of exposing umbilical cord blood T cells (immunologically naive) to the vaccine.
A response seen‘in cord blood cells would indicate that the vaccine contains some sort of
general T cell stimulant that is stimulating the cells. In this case, purifying the vaccine
before use in cell culture work may improve the responses seen. However, a lack of
response in cord blood cell cultures would indicate that in the study subjects there were
virus antigen specific memory T cells in the circulation, in which case it would be difficult

to modify the method used.

The current study investigated the effects of a prebiotic supplement upon immune
function in healthy middle-aged human adults. Little effect was seen on the functioning of
the immune system in these subjects, and several explanations for this lack of effect are
given above. However, it may be that in this population, immune function is near optimal,
and cannot be enhanced. This idea is supported by a study in healthy male adults, which
reported only a small effect of inulin supplementation upon immune function (98).
Studies in children (91, 99, 101, 102) and the elderly (43, 92, 94, 96, 97, 103) have
shown that immune function can be altered in these populations, whose immune system
is more susceptible to modification. Therefore it may be interesting to investigate the
effect of prebiotics in these populations further and maybe to look at the effects that
prebiotics may have in slightly older (for example, school age) children, as the majority of
studies have been carried out in infants. Also it would be interesting to look at other
groups of people who may have suppressed immune systems, such as athletes
undergoing intensive training, or people under stress. Studies of probiotic
supplementation in such groups have found little effect in students taking exams (254)
and small effects on immune markers or infectious outcomes in distance runners and
recreational athletes (255-258), but as prebiotics have not been investigated in these
populations yet, it may be interesting to see if they might have an effect. This could
identify new target groups for prebiotics.

Final conclusions

This thesis has described a study that investigated the effect of Orafti® Synergy! on the
functioning of the immune system in healthy middle-aged adults, an age group that is
underrepresented in the literature. A pilot study was conducted initially in order to
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develop a vaccination protocol, as response to vaccination has been identified as the most
meaningful measure of the immune response. This protocol was then used in an
intervention study to investigate the effect of Orafti"Synergy1l (8 g/day for eight weeks) on
immune responses in healthy middle-aged adults, who were vaccinated with the
2008/2009 seasonal influenza vaccination after four weeks. Supplementation with Orafti®
Synergyl (8 g/day) for four weeks was shown to have a bifidogenic effect. No effect of the
supplement was seen on immune function measured in the absence of vaccination.
Furthermore, few differences were seen between groups in most immune outcomes
measured post-vaccination. However, two important and novel observations were made:
the prebiotic supplement enhanced the antibody response to the HAH3_UR strain of the
vaccine, and enhanced the IgG1-specific antibody response to the vaccine. Therefore, it
can be concluded that Orafti®Synergy1l is able to enhance some aspects of immune
function in healthy middle-aged adults. This is a valuable addition to the existing
literature on R2-1 fructans and immune function, but it is accepted that several

improvements could be made, which are suggested as future work in this area.
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