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Abstract
Monocytes, recently classified as CD14++CD16- (classical), CD14++CD16+
(intermediate) and CD14dimCD16++ (non-classical) are considered to
play a role in the pathogenesis of inflammatory bowel diseases (IBD).
Anti-tumor necrosis factor (TNF)-α monoclonal antibodies (mAb) such
as infliximab (IFX) dampen inflammation in diseases such as IBD and
may in part exert their therapeutic effects via actions on cells that
synthesize TNFα such as monocytes. Although clinically effective in
many patients, anti-TNFα mAb do not work in some, and lose efficacy in
others. A more detailed understanding of the actions of IFX on blood
monocytes may provide important insights into the mechanism of
action of anti-TNFα mAb and mechanisms of drug resistance. We
therefore studied the acute effects of the anti-TNFα mAb IFX on blood
monocytes and other mononuclear cells in a cohort of IBD patients.
Multi-colour flow cytometry was used to analyse freshly isolated
peripheral blood mononuclear cells (PBMCs) from Healthy Controls
(HC), Crohn’s Disease (CD) and Ulcerative colitis (UC) patients not
receiving IFX and CD and UC patients before (trough) and immediately
after (peak) IFX infusion. An array of cytokines and chemokines
produced by stimulated PBMCs was assessed at trough and peak IFX
drug levels. Monocyte apoptosis (cleaved caspase-3) and
lipopolysaccharide (LPS) stimulated TNFα and interleukin (IL)-12
production by intracellular staining of the trough and peak IFX samples
were also examined.
Compared with the age matched HC group, CD and UC patients had a
more pro-inflammatory monocyte and lymphocyte phenotype. CD
patients had increased numbers of intermediate monocytes and
elevated expression of the inflammatory markers CD86 and CD163. The
UC patients had increased total monocyte and granulocyte numbers as
well as an expansion of the CD4+ T cells and the CD19+ B cells. IFX
caused a prompt reduction in all monocyte subsets in both the CD and
UC groups. The CD4+ and CD8+ T cells were significantly reduced in CD
patients only. Expression levels of the inflammatory surface markers
were not altered with this drug. Quantification of IFX drug levels in CD

xv

patients revealed a negative correlation between total monocyte and
classical monocyte numbers with increasing levels of IFX.
We could find no evidence of IFX-induction of apoptosis to explain the
reduction in the number of the circulating PBMCs. The remaining cells
secreted less of certain cytokines and chemokines following in-vitro
stimulation. The ex vivo production of TNFα and IL-12 by monocytes
following LPS stimulation was blunted in whole blood obtained from
patients at the post-IFX dosing timepoint, compared to pre-dose.
However, this blunting was not observed when isolated monocytes
were stimulated.
These results show that IBD is associated with a pro-inflammatory
monocyte and lymphocyte phenotype when compared to HC. IFX
therapy causes a reduction in the number of these circulating
monocytes, lymphocytes and respective subsets. This reduction in cell
number is not due to apoptosis. The remaining monocytes are
dysfunctional in their ability to produce cytokines when stimulated in a
whole blood assay but not when isolated cells were used. This
observation suggests that ‘reverse signalling’ seems to require the cells
to be in contact with other cells and when isolated the blunting effect of
IFX is diminished.
Overall, monocytes seem to be a key therapeutic target of IFX. The
monocytopenic and functional inhibitory actions of IFX on those cells
may underlie its clinical efficacy. Future work will be needed to
establish if resistance to IFX or other anti-TNFα mAb is mediated at the
level of those cells.
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Chapter 1: Introduction

xvii

1.0 Basic Monocyte Biology
Monocytes are white blood cells of the innate immune system. They
originate in the bone marrow from common myeloid progenitor cells
(CMPs) which are also progenitors for neutrophils, macrophages and
dendritic cells (DCs). Colony-stimulating factor (CSF)-1 promotes the
differentiation of the CMPs via the granulocyte/macrophage progenitor
and the macrophage/DC progenitor (MDP) route. The MDPs give rise to
monoblasts, pro-monocytes and eventual monocytes that are
subsequently released into the circulation [1-2].
The half life of monocytes in the circulation is 1-3 days and in a steady
state these cells do not proliferate. Monocytes function as immune
effector cells and are the body’s first responders to inflammatory
stimuli. They are equipped with adhesion and chemokine receptors that
aid in the migration of these cells from the blood through the
endothelial barrier and into the tissues [3]. There, they act as
phagocytes scavenging toxic compounds, digesting bacteria and
producing inflammatory mediators that kill parasites and viruses. They
are also successful accessory cells which link the innate and adaptive
immune system. However, their biggest known function to date is
being a reservoir of myeloid precursors for the renewal of tissue
macrophages and DCs [4].
The majority of information on monocyte biology is based around
mouse studies but more recently the focus has shifted to humans.
Recent years has seen an improved understanding of monocytes
function and lifecycle.

1

1.1

Monocyte Morphology and Classification

The mature monocytes that are found in the peripheral circulation
constitute ~10% of all leukocytes in humans. These cells are irregularly
shaped, vary in size and have an oval or kidney shaped nucleus. There
are different degrees of granularity seen in monocytes with a high
cytoplasm to nucleus ratio [2]. Due to their heterogeneity, these cells
can be confused with DCs, lymphocytes, natural killer (NK) cells and
granulocytes in the blood [1]. Accurate characterisation of monocytes
relies on the use of multi-parameter flow cytometry. This identifies
surface receptors on monocytes through fluorochrome conjugated
mAbs. Through this method monocytes can then be distinguished from
other cells of the innate immune system and can be sub-classified
according to their unique surface receptors [5-6].

Figure 1. PBMC populations in Whole Blood
Flow cytometry plot identifying lymphocyte, monocyte and neutrophil
populations in whole blood based on their forward (size) and side (granularity)
scatter characteristics.

2

All human monocytes highly express CD45 (a non-specific leukocyte
marker), HLA-DR (class II major histocompatability antigen) and have
varying expression levels of CD14 (part of the LPS receptor complex)
and CD16 (FCγ receptor III) [7].

1.2 Monocyte Subclassification
It is well known that peripheral blood monocytes are heterogenous in
nature, but consensus relating to the definition of these subpopulations
was lacking. In 2010, a monocyte research group proposed a
classification system based upon the cell surface expression of CD14
and CD16. This designation split the monocytes into three subsets;
classical, intermediate and non-classical [7], which bases the categories
on phenotype rather than function. Historically, differential expression
of CD14 and CD16 was used to define just two monocyte subsets [8]:
(Fig 2)
i) CD14high CD16neg (inflammatory monocytes)
ii) CD14+ CD16+ (resident monocytes)

Figure 2. Two Monocyte Subsets
Two colour immunofluorescence analysis of monocyte subpopulations [9].

3

In 2010, an official nomenclature, still principally based on phenotype
was proposed for the monocyte subclassification and has been
approved by the Nomenclature Committee of the International Union of
Immunological Societies (NC-IUIS). This defines three subpopulations
of monocytes:
1. Classical (CD14++ CD16-)
2. Intermediate (CD14++ CD16+)
3. Non-classical (CD14dim CD16++) [7]

Figure 3. The New Human Monocyte Subclassification
Human monocytes are classified according to their expression of the surface
markers CD14 and CD16; classical CD14++CD16-, intermediate CD14++CD16+ and
non-classical CD14dimCD16++. The light microscope pictures (adapted from Cros
et al 2010 [10] show the kidney shaped nuclei and granular cytoplasm. The scale
bar represents 20µm.
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1.3 Functional Characteristics of Human Monocyte
Subpopulations
Limitations occur when working with human monocytes due to the lack
of robust in vivo functional assays. The research that is known mainly
derives from in vitro experiments or from mouse models where
comparisons are made [10-11].
To safely investigate the development of human monocytes from their
origin in the bone marrow to their movement through the circulation
and on to tissues or spleen is quite difficult. This is why most studies
focus on the monocyte fraction in the peripheral blood. While
comparisons can be made between species, there is a major limiting
factor due to human monocytes being subdivided into three
populations and murine monocytes into two [7, 12].
In wild type mice, monocyte can be identified by their surface markers
CD115+, CD11b+, F4/80int and the monocyte subsets can be divided into
lymphocyte antigen (Ly) 6Chigh and Ly6Clow [12]. Current research does
suggest that the Ly6Chi and Ly6Clow subset represents the classical and
non-classical monocytes respectively.

1.3.1 Classical Monocytes
Studies comparing human and mouse monocytes express the greatest
homology between the classical and Ly6Chighcells. In humans, these cells
are the largest subset and account for 85% of blood monocytes under
normal steady state conditions. They show high surface expression of CC chemokine receptor type 2 (CCR2), CXC chemokine receptor type 4
(CXCR4), L-selectin (CD62L), toll-like receptor (TLR)-4 and the
scavenge receptor CD36 [8, 12].
This subset has high phagocytic activity and their gene expression
profiles link them to angiogenesis, wound healing and coagulation
implying tissue repair functions. The highest genes expressed include
the pro-inflammatory mediators; S100A12, S100A9 and S100A8. This
subset is highly versatile and responds to a number of external stimuli
including bacterial components, drugs, hormones, toxins and nutrient
levels [11].
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In terms of differentiation, the classical monocytes express genes that
show a proliferative and anti-apoptotic state which may suggest that
this subset is an immature precursor for the intermediate and nonclassical monocytes [11].
Stimulation studies have shown the classical monocytes to produce the
highest amount of cytokines in response to LPS. These include IL-6, 8
and 10 but interestingly not high levels of the proinflammatory
cytokines; TNFα and IL-β which are abundantly produced by the
Ly6Chigh ‘inflammatory’ mouse subset [10, 13].

1.3.2 Intermediate Monocytes
Until 2010, monocyte research in humans was based on two
populations; CD16- and CD16+. Since the discovery of the intermediates
(CD14++CD16+) the focus has been on defining this populations function
and origin. As seen from the flow cytometry plot in Fig 3, the
intermediate subset which accounts for 5-10% of all monocytes is a
continuation from the classical, up to the non-classicals. Therefore, a
careful gating strategy must be put in place so not to interfere with the
other subsets. With the use of fluorescence minus one (FMO) negative
control for CD16, one can figure out where the classicals end and the
intermediates begin [5], Fig 15.
Microarray analysis carried out by Wong et al., (2011) highlighted a
total of 1,554 genes that were common to all monocytes. The classical
and non-classical cells highly expressed the majority of these genes
(862 and 557 respectively) with the intermediate group highly
expressing 135. This subpopulation, however, did express the largest
majority of the genes and surface proteins but at levels in between the
other subsets. This data further establishes their role as intermediary
cells as seen at a molecular level [11].
There is conflicting data regarding the association of intermediate
monocytes with either the classical or non-classical subset. Cros et al.,
performed microarray studies and principal component analyses (PCA)
on monocyte subsets and when compared with murine cells, the
classical and intermediate subgroups were more closely linked to the
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Ly6Chigh monocytes [10]. Phenotypically, the intermediate subset shares
similar expression levels of CD163 and CD11b with the classicals but
also high levels of CX3CR1 similar to the non-classicals.
Functionally intermediate monocytes are the highest producers of
TNFα and IL-1β when stimulated with LPS. Similar to the classical
subset, they also release IL-6, 8 and 10 but differ in that they do not
produce high levels of reactive oxygen species (ROS) [10].
The gene expression profiles for this subset show enrichment for major
histocompatability complex (MHC) class II processing and presentation
genes. The co-stimulatory molecule CD40 showed its highest expression
in the intermediate monocytes. In terms of maturation, this subset
expresses high amounts of cell proliferation genes along with the nonclassicals [11]. This suggests a maturation of the intermediates from the
immature classicals which are CD16- to the mature non-classicals that
are CD16++.
Research from Wong et al. (2011) contradicted the findings by Cros et
al., and suggested that the intermediate monocytes cluster more closely
to non-classical subset in their multi-array data [11]. Ingersoll et al.,
concluded that the Ly6Clow murine population and human monocytes
expressing CD16 have a close resemblance [12]. This data was also
supported during analysis of the subsets in the macaque monkey which
showed close association with the intermediates and non-classicals.
To fully understand the lifecycle, function and origination of the
intermediate monocytes, in vivo experiments are crucial. However,
finding a mouse cell type similar to this subset is proving difficult for
researchers [14].

1.3.3 Non-Classical Monocytes
While this subset represents only 10% of all circulating monocytes,
there has been substantial research carried out on its phenotype,
function and similarity to the Ly6Clow murine cells. Cros et al.,
demonstrated the ability of the non-classicals to crawl along the
endothelium after being adoptively transferred into a mouse model,
giving them the name of ‘patrolling monocytes’ [10]. Their gene
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expression profiles show high levels of cytoskeleton rearrangement
genes; Rho GTPases, RHOC amd RHOF, which would aid in motility
along the endothelium [11].
These cells unlike the other subsets are weak phagocytes and
controversy exists regarding their ability to respond to LPS which in
part may be due to their low expression of CD14 (co-receptor for LPS
detection). While TLR-2 and -4 are expressed by non-classical
monocytes, they have higher expression of TLR-8 and -9 [10-11].
Research suggests that the non-classical monocytes exert a specific
effector function to viruses and nucleic acids in the inflammatory
response and consequently interact with T cells to influence and
interact with adaptive immunity. They are not thought to produce ROS
and there is evidence that they produce interferon (IFN)-γ when
exposed to viral elements and nucleic acids [10].
Questions relating to the myeloid lineage of non-classical monocytes
have recently been addressed in an elaborate human study in which
these cells were identified in individuals who have mutations in the Xlinked common γ chain and consequently lack lymphoid precursors
[10]. This study confirms that although the non-classicals and natural
killer cells share similar surface markers; CD16 and MHC class II they
develop from different lineages and have different precursors.
These cells express genes that indicate cell differentiation, proapoptosis and an anti-proliferative state. The CDKN1C gene which is a
potent cell cycle inhibitor was the third most highly expressed gene in
this subset which could argue that the non-classicals are the most
mature and developed cell population within the monocytes [11].
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1.4 Inflammatory Bowel Disease
The idiopathic IBD consists of two types of chronic intestinal disorders;
CD and UC. The hallmark of IBD is chronic uncontrolled inflammation of
the intestinal mucosa which can affect any part of the gastrointestinal
tract (GI). This disease is characterized by the presence of granulomas,
ulceration and infiltration of inflammatory cells in the bowel wall [15].
In the normal gut, chronic inflammation without tissue damage is a
regular feature. The intestine can become inflamed in response to
invading pathogens but it can then return to a state of tolerance once
the threat is removed. What distinguishes IBD from a healthy state is
the inability to down-regulate the immune responses therefore leading
to a chronically activated (inflamed) intestine [15].
The favoured hypothesis on the pathogenesis of IBD is an inappropriate
immune response to the commensal microbiota in a genetically
predisposed host and environmental factors that accelerate the onset or
reactivate the disease [16].

Figure 4. Factors that Contribute to Inflammatory Bowel Disease
The genetic susceptibility is influenced by the microbiota in the lumen. They
activate the immune response and the environmental factors either initiate or
reactivate the disease (Adapted from Sartor et al., 2006) [16].
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1.5

Crohn’s Disease and Ulcerative colitis

Although grouped under the same category of inflammatory diseases,
CD is different in many ways to UC. In CD, the inflammation is
transmural (it crosses the bowel wall) and can be present throughout
the entire gastrointestinal (GI) tract. The most common areas to be
affected are the ileum and proximal colon. In contrast UC’s
inflammation is limited to the mucosal layer. The inflammation in CD is
patchy with the possibility of granulomas and strictures (narrowing of
the bowel wall) which leads to sinus tracts, micro-perforations and
fistulae (abnormal connection between two hollow spaces). In UC, the
inflammation begins at the rectum, extends proximally with the
development of extensive superficial mucosal ulceration.

Figure 5. Anatomical distribution of Crohn's disease and Ulcerative
colitis (Adapted from gi.jhsps.org)

CD is sub-classified based on: severity of disease (mild, moderate, and
severe), clinical presentation, phenotype (inflammatory, penetrating,
structuring) and extent of involvement. Patients diagnosed with CD
suffer from diarrhoea, abdominal cramping, anaemia, fever, weight loss
and fatigue [17-18].
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1.6 Epidemiology of Inflammatory Bowel Disease
In the second half of the twentieth century, the prevalence of IBD in
Europe rapidly increased. This was also seen in the rest of the world as
countries began to adopt a Western lifestyle [19]. A systematic review
was carried out in 2012 to determine the changes in the prevalence and
incidence of IBD in different regions around the world with time [20].
Incidence refers to the rate of new (or newly diagnosed) cases of the
disease and prevalence refers to the number of cases of a disease in a
given population at a specific time.
The incidence of CD is highest in North America (20.2 per 100,000, per
person years) while the prevalence of CD is highest in Europe (322 per
100,000 per person years). CD is appearing more frequently in areas
like the People’s Republic of China, North Africa, India and Thailand due
to the industrialization and westernization of these countries [20].
Prevalence of CD is influenced by both incidence (new diagnosis) and
actual duration of the disease. Due to the fact that CD is a chronic
debilitating disorder with low mortality rates, prevalence rates may be
increasing because of earlier diagnosis and longer duration of the
disease.
Research suggested that trends in IBD had a north-south gradient in
Europe [21]and the US [22], however more recent data may argue
against this with higher incidence rates in countries such as Australia
[23] and New Zealand [19]. When IBD begins to appear in a developing
country it is UC that emerges first, followed by increasing numbers of
CD cases. This suggests that environmental factors and lifestyle are key
elements in the etiology of CD [24].
Industrialisation has affected people’s lives with the focus now being on
career and higher education. Improved domestic hygiene and
sanitation, exposure to air pollution, sedentary lifestyle, reduced
numbers of women breastfeeding, consumption of a westernized diet
(high sugar and fat content) and increased smoking have all been
implicated in CD [17].
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Figure 6. Environmental Factors that contribute to Inflammatory
Bowel Disease
The factors above are not sufficient to cause IBD, however, complex interactions
between these factors, genetics and immunology lead to IBD development
(adapted from Ananthakrishnan et al., 2015) [25].

In children CD is more common than UC. Interesting studies found that
geographic location can affect the development of CD in children.
Emigrants that relocate from a lower prevalence area to a higher
prevalence area can increase the person’s risk of disease. This was the
case with children who moved from South Asia to British Columbia
(BC), their incidence of IBD was actually higher than the rest of the
paediatric population in BC [26].
The age of onset of CD is between 15 and 40 years. Some earlier studies
saw a bimodal age distribution with a second peak between 50 and 80
years [27] however this peak has not been replicated in more recent
studies [28]. It is unclear whether the second peak related to a higher
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susceptibility due to old age, misdiagnosis or late expression due to an
earlier environmental exposure.
With regards to gender and CD susceptibility, little difference has been
shown between males and females. Some studies reveal a slightly
higher female predominance in CD especially among late adolescence
and early adulthood suggesting that hormones may play a role in
disease activity [29].

1.7 The Intestinal Immune System
1.7.1 Intestinal Microbiome
In IBD, studies suggest a role for gut bacteria as a cause of
inflammation. For example, antibiotics are effective in some patients
and mouse models of colitis require intestinal bacterial for
inflammation to occur [30]. It was also discovered that gut microbes
play a pivotal part in IBD when IBD susceptibility genes were
discovered, as many were involved in mediating host responses to gut
microbes such as NOD2 [31]. A number of invading pathogens like
Escherichia coli have been studied in IBD [32] but so far none have been
confirmed as causal. Experts now recognise that dysbiosis in the
intestine or the imbalance in the structure or function of the microbiota
can disrupt the intestinal homeostasis and this is integral to the
pathogenesis of IBD [31, 33].

1.7.2 Intestinal Epithelium
In a healthy state the intestinal epithelium is a protective barrier
between the intestinal microbiome and the lymphoid tissue. It reduces
the entry of harmful bacteria through intercellular and tight junctions
that seal the space between the adjacent epithelial cells. In IBD, this
barrier can be damaged leading to increased permeability and defective
regulation of the tight junctions, Fig 7. It is so far unknown whether
these incidents are the primary defects or an outcome of persistent
inflammation [33].
The intestinal epithelium also consists of specialised epithelial cells;
goblet cells and paneth cells that are equipped to defend against
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bacterial invasion. Goblet cells produce mucus and regulate factors that
aid in epithelial repair and inflammation. While paneth cells can secrete
anti-microbial peptides known as α-defensins. Epithelial regeneration
and repair are key for maintaining a healthy intestine. In IBD, the
inflammatory response results in continual damage to the epithelium
which causes ulceration, erosions and a decrease in the production of
defensins. This leads to increased exposure of microbes and the
intestinal lamina which further enhances the inflammatory response
[34].

Figure 7. Possible pathways in the Development of Crohn's Disease
Possible pathways in the development of CD. The normal intestine which is
covered in a mucus layer hosts a variety of bacteria (top panel). Multiple factors
including dietary, environmental and genetic may alter the gut microbiota (left
panel), which can increase the susceptibility of the host to infection (right panel).
Contrarily, an infection in the gut can alter the microbiota or cause epithelial
damage. Inappropriate immune responses (genetic defects) can cause a
reduction in the mucus membrane, disruption of the intestinal barrier, increased
translocation of the bacteria to the submucosal layer and impaired bacterial
recognition and killing. This all results in a chronically inflamed environment
which is characteristic of CD (bottom panel).
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1.7.3 The inflammatory response in IBD
The lamina propria is the connective tissue that underlies the
epithelium of the gut mucosa. It contains various myeloid and lymphoid
cells; macrophages, DCs, T and B Cells. This complex community of
immune cells balances between immune tolerance of luminal
microbiota with a need to defend against invading pathogens [2]. For
the development of CD, there are a number of possible pathways that
can be involved including altered gut microbiota, epithelial cell
dysfunction, genetic factor and dysregulated immune response.

1.7.4 Innate Immune Response in Crohn’s Disease
Pattern recognition receptors like TLRs and nucleotide binding domain
(NOD) like receptors allow for the innate immune cells located in the
intraepithelial and lamina propria mucosal spaces detect microbe
associated patterns [peptidoglycan associated muramyl dipeptide
(MDP), LPS, single and double stranded (ds) DNA]. DCs have the widest
range of these receptors and lead other immune cells towards
immunity or tolerance depending on the presence of certain microbes
[17]. Research has correlated disease activity of CD with distribution
and phenotype of DCs. Increased expression of TLR2 and 4 and
exaggerated response to LPS has also been shown in CD [35].
Polymorphisms in the cytosolic NOD2 receptor that is present on
epithelial cells, paneth cells, macrophages and DCs have been
implicated in CD [36-37]. This receptor senses MDP, a component of
bacteria cell walls and activates the nuclear factor kappa-light-chainenhancer of activated B cells (NFκB) and mitogen-activated protein
kinase (MAPK) signalling pathways leading to production of TNFα, IL1β and antimicrobial peptides [33].
Three mutations in NOD2 have been associated with CD and hosts
carrying these defects show poor response to bacteria and bacteria
derived ligands. These results suggest that inappropriate detection of
intracellular bacteria may be the initiation of CD. PBMCs from CD
patients with mutant NOD2 have an impaired ability to secrete a range
of cytokines (TNFα, IL-8, 10 and 12) in response to MDP [38]. These
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mutations also seem to hinder the efficient killing of Gram positive and
negative bacteria [39].

1.7.5 Immune Response in Ulcerative Colitis
Unlike CD, there is no clear evidence of specific defects in the innate
immune system in UC. The increase in TLR3 and TLR4 expression by
the colonic epithelial cells is thought to be as a result from the
inflammation [40]. There are, however, abnormalities in the adaptive
immune system in UC. This is seen in the CD4+ T cells, which were
initially divided into two lineages; Type 1 helper (Th1) and Th2 T cells.
It was proposed that CD was a Th1 like condition due to the increased
production of interferon (IFN)-γ [41]. UC represented a typical Th2
response due to the presence of IL-13 producing colonic non-classical
NK T cells which mediated epithelial-cell barrier dysfunction, apoptosis
and epithelial cell cytoxicity [42]. In UC, there is also the presence of
polarised Th2 cell which produce IL-5, Fig 8.
The balance between Th1 and Th2 has been used as a distinguishing
mark between CD and UC. However, this symmetry may be now altered
with the introduction of new T cell lineages (Th17 cells) which produce
abundant levels of the pro-inflammatory cytokine IL-17 that has been
seen in the mucosa of IBD patients [43].
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Figure 8. Pathophysiology of Ulcerative Colitis.
Increased permeability leads to increased uptake of luminal antigens due to
disruption of tight junctions and mucosal epithelial layer. Innate immune cells
(macrophages and DCs) come in contact with the commensal bacteria and
change their status from tolergenic to an activated phenotype. Activation of the
NFκB pathway produces pro-inflammatory cytokines (TNFα, IL-1β, 6, 12 and 23).
The innate immune cells present the microbial antigens to the naïve CD4+ T cells,
promoting differentiation in the Th2 effector cells which produce IL-4. NKT cells
produce IL-13 which is thought to damage the epithelial cell layer. The inflamed
intestine causes increased entry of gut specific T cells and upregulation of
inflammatory chemokines such as CXCL1, 3 and 8 which leads to further
recruitment of circulating lymphocytes. HLA; Human leukocyte antigen, Treg;
regulatory T cell, MADCAM; mucosal adressin cell adhesion molecule 1.
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1.8

Circulating Monocytes to Tissue Macrophages

One of the main principles of immunology is the differentiation of
monocytes into macrophages in the tissue. Emerging research now
indicates that in a steady state, tissue resident macrophage populations
including lung alveolar, splenic, Kuppfer and peritoneal are established
prior to birth and can maintain tissue integrity without replenishment
by blood monocytes [44]. This was discovered through fate mapping
analysis of the murine macrophage and monocyte compartments. It also
showed that the Ly6C+ cells during steady state are precursors of the
blood resident Ly6C- monocytes and CCR2 is critical for the Ly6C+ to
exit the bone marrow [45]. There is also a population of Ly6C- bone
marrow cells but knowledge of their precursor or development is not
fully known. A unique characteristic of the murine monocytes is the
ability of the Ly6C- cells to extend their lifespan in the circulation to
maintain a stable population in case of Ly6C+ shortage [45].
One of the exceptions to this new paradigm is the intestinal mucosa.
Although seeded early in life by embryonic precursors, the
macrophages in the colon of mice are entirely dependent on constant
replenishment by the Ly6C+ classical blood monocytes. This is a stark
contrast to the other tissues in the body; liver, kidney, spleen, brain and
epidermis where the tissue resident macrophages are enough to
maintain local homeostasis. The difference may be due to the presence
of microbiota where the intestine is continually exposed to
environmental stimuli which cause tonic low grade inflammation that
requires it to be replenished by highly plastic blood monocytes. The
role of the monocyte derived macrophage in the intestine is similar to
all other macrophages; to maintain a homeostatic environment. They do
this by their high phagocytic activity, integral production of TNFα and
IL-10, desensitization to TLR ligands and their loss of pro-inflammatory
IL-6 and inducible nitric oxide synthase (iNOS) [46].
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1.9 Intestinal Monocytes and Macrophages in Crohn’s
Disease
In mouse models of IBD, there is a disruption in the differentiation of
Ly6C+ monocytes that usually replenish the resting intestinal
macrophages. This leads to an accumulation of the TLR responsive proinflammatory cells in the mucosa that produce IL-6 and IL-23. How this
disruption occurs is not yet fully understood [47]. Some research
suggests that with time, these monocytes could differentiate into
migratory antigen presenting cells which could prime naïve T cells
similar to dendritic cells [48] and activate the adaptive immune
response.
In the human gut, resident macrophages (CD64+, MHC class II+ and
CD163+) express low levels of CD14 but there is a small population of
CD14++ cells also present in a healthy state. These cells may represent
emigrated CD14++ monocytes similar to the Ly6C+ cells seen in the
mouse [47]. During intestinal inflammation, there is an accumulation of
these CD14++ cells which display enhanced IL-1β, IL-6 and TNFα activity
[49-50]. Studies using transfer of autologous radio-labelled blood
monocytes have shown that these cells are derived from CD14++ blood
monocytes rather than resident gut macrophages [51].
A study by Marks et al., (2006) compared the inflammatory responses
of the innate immune cells of HC versus CD patients. They applied an
acute intestinal trauma (two intestinal biopsies at the same location, six
hours apart) and quantified neutrophil recruitment and cytokine
production. Interestingly, the second biopsy showed a lower cytokine
production and abnormally low neutrophil accumulation in CD patients
versus the HC. A lower immune response was also seen in CD patients
when trauma was applied locally to the skin of the arm. They also
showed that monocyte derived macrophages from CD patients which
were subjected to MDP stimulation had a downregulation of
inflammatory related genes (IL-8 and IL-1beta) when compared to HCs.
This data suggests that patients with CD have an impaired innate
immunity [52]. Some suggest that the weak innate immune system
could lead to an inadequate response to bacterial challenge at the
mucosal barrier, leading to an accumulation of pathogens in the lamina
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propria, an uncontrolled secondary reaction and an overall chronic
immune response in the gut. [53-54].

1.10 Circulating Monocytes and their Role in Crohn’s
Disease
Emerging research suggests a prominent role for circulating blood
monocytes in the inflammation seen in CD. These cells are the highest
producers of TNFα, a major cytokine in CD and are also thought to be
the therapeutic target for the anti-TNFα mAbs used in CD. The blood
monocyte research field has recently focused on the role of these cells
in CD.
In 2010, Koch et al., investigated the role of monocytes in IBD and found
that the number of CD16+ cells were expanded. There was also an
increase in the CD16+ cells within the non-inflamed regions of the
mucosal tissues of CD patients and these numbers were further
enhanced in the active disease tissues. These CD16+ biopsies also
stained for CD36 and expressed high levels of TNFα compared with the
CD16- colonic cells. Unfortunately, it was not determined whether these
colonic cells were intermediate or non-classical monocytes so the main
producers of TNFα still remain to be elucidated [55]
A study by Grip et al., saw a similar trend to Koch et al., where the
proportion of intermediate monocytes were significantly expanded in
active CD patients compared to HC. These expanded cells had similar
expression levels of CCR2 to the classicals and therefore was
significantly higher than the intermediate population of the HC [56].
High levels of CCL2 were detected in the colon of IBD patients and may
attract the CCR2 expressing monocytes to the inflamed site.
Interestingly, in this study, CCL2 correlated with disease severity of the
patients [57].
In CD, it is well known that high levels of TNFα have been associated
with disease progression and alleviation of symptoms can be achieved
by anti-TNFα mAb treatment [58] or leukocytaopheresis [59]. From
this, many studies have reported the specific removal of CD16+
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monocytes in IBD patients [60]. However, this process does not specific
if it is the intermediate or non-classical subset being removed so it is
still not determined which population is the main TNFα producer.
The reason for the expansion of the intermediate monocytes in
inflammatory conditions is still undetermined. Is their expansion a
cause or consequence of CD and what is their actual role in this disease?
One proposal for the origin of these cells is the upregulation of surface
CD16 on the classical subset [55].
Some research suggests that the intermediate monocytes are a more
mature version of the classical subpopulation based on their high
expression levels of proliferation-related genes [11]. Could the
inflammation in CD, therefore, cause the circulating monocytes to
mature at a greater rate than those on unaffected individuals?
One model of IBD pathogenesis put forth by Koch et al. (2010) is that
classical monocytes migrate into the tissues in response to
inflammatory stimuli. In the LP, the monocytes undergo a phenotype
switch which increases their expression of surface CD16. Some of the
CD16+ cells reverse transmigrate back into the circulation. This model
could explain the increase in intermediate monocytes that is observed
in blood samples from subjects with CD. In the mucosa, both the CD16and CD16+ monocytes perpetuate intestinal inflammation through
cytokine production [55].
Although the exact role of monocytes in IBD is unknown, their
expansion in inflammatory conditions and ability to produce proinflammatory cytokines suggests that these cells are key drivers in the
initiation and perpetuation of the inflammation seen in IBD.
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1.11 Therapies for Crohn’s Disease
Treatment for CD usually includes lifestyle alteration; cessation of
smoking, medical management and surgical intervention. An important
advance was the discovery of anti-TNFα mAbs which can be very
effective in CD. Their success highlights the pleiotropic effects of TNFα.
However, overtime loss of efficacy is seen in some patients [33].
The choice of an initial drug for CD patients is decided by phenotype,
disease activity, co-morbidities and other characteristics. The majority
of cases use a fast acting short term drug (steroids or anti-TNFαs)
which rapidly relieve symptoms, along with either thiopurine or
methotrexate for long term maintenance. There is no treatment
available that corrects the genetic basis of this chronic disease so it is
recommended that patients receive long term treatment [17]. Surgery
does not cure CD and should not be used as a last resort. Fistulas and
abscesses which are unresponsive to medical therapy, high grade
dysplasia and cancer are indications where surgery might be relevant
[17].
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1.11.1

Infliximab

The original anti-TNFα mAb used in IBD is IFX (Remicade™; Centocor,
Horsham, PA, USA), a full length bivalent immunoglobulin (Ig)G mAb,
Fig 9. It is a chimeric protein of which 75% human derived amino acids
make up the the Fc constant region and ~25% mouse derived amino
acids make up the VH and VL domains (Table 1). This intravenous drug
(150kDa), which was approved by the Federal Drug Administration
(FDA) in 1998 has been successful for patients maintaining refractory
luminal and fistulising CD. IFX is also effective for the treatment of
refractory UC and can lead to the induction of remission, decrease use
of steroids and mucosal healing [61-62].

Figure 9. The Molecular Structure of Infliximab.
Simplified diagram on the molecular structure of IFX. It is a mouse human
chimeric monoclonal anti-TNFα mAb.
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Table 1. Pharmacological Characteristics of the anti-TNFα Antibodies in use for
Inflammatory Bowel Disease.
Infliximab

Adalimumab

Golimumab

Certolizumab

Structure [63-66]

Chimeric mAb

Human mAb

Human mAb

mAb fragment

Production Method

Mouse/Human

Phage Display

Humanised

PEGylated Fab

Transgenic

fragment

IgG1k Chimera

[65-69]

Mouse

Molecular Weight

150 kDa

148 kDa

~150 kDa

~95 kDa

Intravenous

Subcutaneous

Subcutaneous Subcutaneous

Half life [70, 74-76]

8-10 days

10-20 days

7-20 days

14 days

Ligands [65-66, 68, 77]

sTNFα, tmTNFα

sTNFα,

sTNFα,

sTNFα,

tmTNFα

tmTNFα

tmTNFα

++

++

+++

+++

++

+

++

+++

CDCC [65, 68, 78-79]

+++

+++

+++

-

ADCC [65, 68, 77, 79]

+++

+++

+++

-

[68, +++

+++

?

+++

+++

++

-

[66, 70-72]
Route of Admin
[65, 68-69, 73]

Neutralising sTNFα
[65-66, 68, 77]
Binding to tmTNFα
[65, 68, 77-78]

Reverse

signalling

80-81]
Apoptosis [68, 77, 82-83]

+++

mAb, monoclonal antibody; IgG, immunoglobulin; PEG, polyethylene glycol; sTNFα, soluble TNFα;
tmTNFα, transmembrane TNFα; CDCC, complement-dependent cytotoxicity; ADCC, antibodydependent cellular cytotoxicity; + weak; ++ moderate; +++ strong, ? Unknown.
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1.11.2

Target Binding of Infliximab

The key pharmacological actions of IFX are its ability to neutralise
sTNFα and block the actions of tmTNFα. Early studies of the binding of
IFX to TNFα showed that this antibody interacted with high affinity and
stability to TNFα. Studies using flow cytometry and competition
experiments showed that IFX is capable of binding with high affinity to
monomeric TNFα subunits both in the soluble and transmembrane
forms [66]. Infliximab also binds to homotrimeric TNFα with very high
affinity, Ka 10-10M-1. Notably, competition experiments showed that the
binding of IFX to TNFα was stable and no dissociation could be
observed in the presence of excess TNFα.
Surface plasmon resonance can be used to measure the dissociation
equilibrium constant (KD) of sTNFα binding to IFX. The affinity of this
drug for tmTNFα as assessed by radioimmunoassay was substantially
less than its affinity to sTNFα:, IFX 1620 pM [65].
Assessing this drugs ability to bind tmTNFα has been problematic
because little tmTNFα can be detected on normal immune cells even
after stimulation, thought to be due to the fact that TNFα converting
enzyme (TACE) rapidly cleaves tmTNFα into its soluble form. This is
illustrated by the fact that IFX has the same binding affinity to
monocytes derived from normal peripheral blood with and without LPS
stimulation [78]. To overcome this problem, researchers have created
cell lines transfected with mutated (TACE-resistant) tmTNFα. Data from
experiments using these cell lines indicate that IFX binding to tmTNFα
is up to 3 times greater than other anti-TNFα mAbs; certolizumab pegol
(certo) [84]. This difference might reflect stiochiometric differences
rather than differences in affinity because up to three molecules of IFX
can bind to one tmTNFα. One consistent observation is that IFX’s
affinity for tmTNFα is 20 – 1400 fold lower than its affinity for sTNFα
[78]. This reduced affinity may be caused by a steric or charge
interference with the mAb binding due to the close proximity of the cell
membrane.
In 2012, the crystal structure of the IFX Fab fragment in complex with
TNFα was reported at a resolution of 2.6A. This work revealed how IFX
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binds with the E-F loop of TNFα and functions as a TNFα receptor
binding blocker. This unique structure has over 30 pairs of interactions
including van der Waals and hydrogen bonds which may account for
the high binding affinity between these two and the successfulness of
this inhibitor at blocking the actions of TNFα [85].
Altogether, the binding of TNFα by the available mAbs reveals high
affinity and stability of the interactions, and effective neutralization of
cytokine-receptor interactions. Affinity is greater for s- than tmTNFα,
which indicates that relative actions on cells expressing tmTNFα
depend on the availability of antibody unbound to sTNFα. Although
little data is available on the relative actions of anti-TNFα mAbs in vivo
against the two forms of TNFα, those differences may well be important
in understanding response and resistance to the antibodies.

1.11.3 Cellular and molecular effects of infliximab mediated
via tmTMFα
Some evidence indicates that the efficacy of anti-TNFα biologics in IBD
depends on actions mediated via binding to tmTNFα, rather than simple
neutralization of sTNFα. First, TNFα knockout mice are not protected
against the development of colitis in models of IBD [86], and etanercept
[86], the TNFα receptor fusion protein which neutralizes soluble TNFα
but does not bind tmTNFα is not effective in IBD patients [87]. This
indicates that simple neutralization of TNFα is an insufficient approach
to ameliorate chronic intestinal inflammation, and suggests that the
anti-TNFα Abs which are efficacious in IBD must have additional
mechanisms of action. Second, ample in vitro and in vivo experimental
evidence indicates that anti-TNFα Abs such as IFX bind tmTNFα and via
that effect can dampen cytokine production by those cells (principally
monocytes, macrophages and lymphocytes), as well as kill them by
apoptosis or cell lysis. No agent currently exists which selectively
targets proinflammatory cytokine producing cells via tmTNFα while not
reacting with sTNFα.
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1.11.4

Inhibition of tmTNFα – TNFR interaction

Although the phenomenon of binding to tmTNFα was recognized early
in the development of anti-TNFα Abs, the functional effects of such
binding of cells are still being elucidated. When TNFα forms trimeric
structures on the surface of activated cells, those trimers are capable of
binding to TNFR1 and TNFR2 and thus in signalling into those cells.
Therefore, the anti-inflammatory effects mediated through the
neutralization of conventional TNFα-mediated signalling via the two
receptors on target cells can be interrupted both by the binding of the
Abs to soluble as well as tmTNFα.
IFX can significantly block tmTNFα on K2 cells from up regulating Eselectin expression in human umbilical vein endothelial cells (HUVECs)
[66]. Using the human lung carcinoma cell line A549, IFX was shown to
inhibit tmTNFα mediated cell death [68]. However, it is not known to
what extent the anti-inflammatory actions of IFX depend on; blocking
sTNFα or tmTNFα interactions with the receptors.

1.11.5

Actions on cells expressing tmTNFα

A host of experimental work indicates that aggregated TNFα trimers on
the surface of cells can function as a receptor on those cells, resulting in
so-called outside-in or ‘reverse signalling’. When ligated by binding to
either TNF receptors or anti-TNFα Abs, a number of effects on cells
have been documented as illustrated in figures 10-12 and table 2.
There are at least three known mechanisms for the inhibition of
tmTNFα expressing cells by this mAb.
Antibody-dependent cellular cytotoxicity
IFX has an Fc region which is capable of binding to the Fc receptors
found on leukocytes and endothelial cells. This binding can lead to a
number of cellular functions such as degranulation, cytokine release,
phagocytosis and antibody-dependent cellular cytotoxicity (ADCC),
figure 10 [88].
To detect ADCC, Shealy et. al, used LPS-stimulated monocytes but found
no cell lysis following IFX contact. This may have been due to abundant
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sTNFα produced by these cells with little tmTNFα remaining on the
surface. However, when they used a K2 cell line that continuously
expresses tmTNFα, this lead to ADCC once in the presence IFX [65]. In
other studies, by using transfected Jurkat T cells as a target, IFX showed
ADCC activity. This was also the case when using NS0 and CHO cells
[89].
Complement-dependent cytotoxicity
CDC can occur through the classical pathway by the binding of the C1q
to the CH2 domain in the Fc region of cell-bound Abs. This initiates the
complement cascade and causes formation of the membrane attack
complex, pore formation and cell lysis (Fig 10).
IFX is capable of causing CDC in TNF6.5 cells which over-express
tmTNFα [88]. This was also shown using tmTNFα transfected Sp2/0
cells in which cell lysis, assessed by lactate dehydrogenase (LDH)
released into the supernatant was observed using IFX [78]. More recent
studies comparing the CDC activity of IFX found that its capabilities of
inducing CDC are quite similar to the other available anti-TNFα mAbs
adalimumab (ADA) and golimumab (GOL) [65]. In comparison, the
mAb, certo does not induce any CDC activity, which reflects the absence
of the Fc region.
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Figure 10. Infliximabs' actions on cells bearing tmTNFα.
Antibody-dependent cell mediated cytotoxicity and complement-dependent
cytotoxicity of the tmTNFα bearing cell by infliximab.

Reverse Signalling and cytokine production
An intriguing facet of the mechanism of action of anti-TNFα mAbs
relates to the capacity of those drugs to induce specific intracellular
signals into cells that express tmTNFα. Reverse signalling refers to the
binding of the anti-TNFα mAbs to tmTNFα, leading to the
phosphorylation of specific serine residues in its cytoplasmic tail. This
signal has been shown to regulate the production of the cells
proinflammatory cytokines in those cells [90] [91]. Mechanistically, it
has been observed that regulated intramembrane proteolysis of
tmTNFα by proteases (SPPL2a and SPPL2b) releases a TNFα
intracellular domain that mediates the reverse signal in human
dendritic cells, suppressing their production of the cytokine IL-12 [92].
The full significance of reverse signalling is unknown. During
homeostatic conditions, LPS activation of monocytes through the TLR4
pathway leads to an increase in the production of certain cytokines
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such as TNFα, IL-1, IL-10 and IL-12. Binding of anti-TNFα mAbs to
tmTNFα initiates reverse signalling pathways that intersect with those
pathways induced by LPS, for example. This leads to a blunting of
cytokine secretion which could be by the exhaustion of the common
signalling components (Fig 11). For example, following culture with
IFX, one study showed that monocytes stimulated with LPS have
reduced expression of TNFα, IL-1, IL-6 and IL-8. This decrease was
confirmed when in vivo studies of CD patients showed the comparable
results [80]. Furthermore, Nesbitt et al., showed suppression in vitro of
IL-10 and IL-12 production by monocytes when using IFX, ADA and
certo [68].

Figure 11. Reverse Signalling in the tmTNFα bearing cell by
Infliximab
Reverse Signalling and apoptosis
Conflicting results arise when addressing anti-TNFα mAb-induced
apoptosis of immune cells. One of the first reports was in 1995 by
Scallon et al., suggesting IFX could cause cell death by binding to
tmTNFα in vitro [79]. Further reports showed IFX inducing apoptosis in
monocytes and LP T lymphocytes from patients with CD by binding
specifically to tmTNFα [93]. The monocyte apoptosis induced by IFX
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was proposed to be via caspase-8, -9 and -3 but was independent of
CD95/Fas signalling (Fig 12). Pro-apoptotic proteins bak and bax were
elevated in this cascade and cytochrome c was released from the
mitochondria into the cytoplasm [82, 94]. These two groups also
showed that following six weeks of IFX treatment there was apoptosis
in CD derived LP T cells but not in peripheral blood or resting T cells
[82, 94].

Figure 12. Caspase dependent Apoptosis of the tmTNFα bearing
cell by Infliximab.
Studies with ADA and IFX on cultured monocytes showed that induction
of cell death was caspase-dependent and detectable after 2 hours [81,
95]. Ringheanu et al. tested the pro-apoptotic effect of IFX on peripheral
blood monocytes and activated T cells [82, 94] and found that this drug
induced cell death in activated T cells, but not in resting or LPSstimulated monocytes from CD patients or healthy individuals. In fact,
IFX was noted to protect monocytes from spontaneous apoptosis [80].
Other studies suggest that IFX does not induce significant death of
PBMCs, or LP lymphocytes when cultured with and without additional
stimuli [96]. The results section of this thesis shows that IFX does not
induce apoptosis of human monocytes derived from patients or HC
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under all experimental conditions that we have tested (Chapter 5
Section 5.2.1).
These apparently conflicting reports suggest that the actions of IFX in
vivo may not be accurately reproduced in simple in vitro experimental
systems. One interesting study by Atreya et al., suggested a new mode
of action for anti-TNFα monoclonal antibodies in IBD, the indirect
induction of apoptosis of CD4+ T cells. In IBD, there is apoptosis
resistance of mucosal CD4+ T cells which is mediated by CD14+
macrophages expressing tmTNFα. The activation by macrophages of
CD4+ T cells via TNFR2 signalling and NFκB induction, leads to IL-6
production and increased T cell resistance to apoptosis. Treatment with
IFX, ADA and certo and binding to tmTNFα on CD14+ macrophages
blocks CD4+ T cell TNFR2 activation. This is associated with lower NFκB
activity, and lower IL-6 expression, effects which are correlated with
greater CD4+ T cell apoptosis [83].
Recently published data found that IFX, ADA and certo did not induce T
cell death but reduced their proliferation capability. These actions were
through the binding of the drug to tmTNFα on activated T cells and for
interaction of the drugs Fc region with antigen presenting cells. Once
bound, a distinct macrophage subset (CD14+ HLADR+ CD206+) was
induced with specific immunosuppressive capacities which then
inhibited T cell proliferation [97]. This group also illustrated that
responders to combination therapy of IFX and azathioprine produce a
significant amount of these CD206+ macrophages. These IFX-induced
macrophages not only suppress the inflammation of the bowel but have
wound healing properties and may indeed cause mucosal healing that
was seen in the biopsies of the IBD responders [98].
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Table 2. In vitro Observations of the Effects of anti-TNFα Antibodies on Immune Cells, Mediated via tmTNFα Binding.

Reverse signalling – Inhibition of cytokine production
Antibody
IFX
IFX

Cell type
Colonic T cells and
Jurkat T cells
Human CD4+ T cells

Cellular effect
Inhibition of IFN-γ
Decrease in surface and soluble CD40L
Up-regulation of E-selectin (reverse signalling)

IFX

KYM-1D4 cells

Down regulation of E-selectin on HUVEs

IFX

Human monocytes,

Activation of p38 MAPK

IFX

CD mucosal T cells

Down regulation of IFN-γ and GM-CSF

IFX

Mono Mac (MM6)

Blunted IL-1β production

IFX

CD monocytes

IFX, ADA

Human CD33+
monocytes

Inhibited production of TNFα, IL-1β,IL-6 and
IL-8
Down regulation of IL-10 and IL-12

Waetzig, 2002
[101]
Agnholt, 2003
[102]
Kirchner, 2004
[91]
Ringheanu, 2004
[80]
Shen, 2005 [81]

IFX, ADA
and Certo

PBMCs

IFX, ADA and Certo blunted IL-1β production

Nesbitt, 2007 [68]
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Reference
Agnholt, 2001
[99]
Harashima, 2001
[100]
Scallon, 2002 [66]

Antibody-dependent cell mediated cytotoxicity
IFX
IFX, ADA
and Certo
IFX, ADA
IFX, ADA
IFX, GOL

SP2/O line transfected
with tmTNFα
Human PBMCs

ADCC

Scallon, 1995 [79]

IFX and ADA caused ADCC

Nesbitt, 2007 [68]

tmTNFα transfected
Jurkat T cells
NS0 and CHO cell lines
K2 tmTNFα
transfected cells

ADCC

Mitoma, 2008
[77]
Arora, 2009 [103]
Shealy, 2010 [65]

ADCC
ADCC

Complement-dependent cytotoxicity
IFX

SP2/O line transfected
with tmTNFα

CDC

Scallon, 1995 [79]

IFX, Ada
and Certo
IFX and
ADA

Human PBMCs

IFX and ADA caused CDC

Nesbitt, 2007 [68]

tmTNFα transfected
cell line Sp2/0-11A5-1
and human PBMCs

CDC in cell line not in the human PBMCs

Kaymakcalan,
2009 [78]

IFX and
GOL

K2 tmTNFα
transfected cells

CDC

Shealy, 2010 [65]
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Induction of Apoptosis
IFX

Monocytes, lamina
propria T cells

Dependent on caspase-8, 9, 3, Bak and Bax.
Independent of CD95, Fas and cytochrome c
release

Lugering, 2001
[82]

IFX

Jurkat T cells

Increase in Bak/Bax ratio in stimulated cells

IFX

Activated PBL and
LPMN from CD

Increase in caspase-3

ten Hove, 2002
[94]
Van den Brande,
2003 [104]

IFX

Jurkat T cells

Increase in Bak/Bax ratio

IFX, ADA

Di Sabatino, 2004
[105]
Healthy and CD PBMCs Activated peripheral blood T cells – TUNEL and Ringheanu, 2004
dUTP assay
[80]
WAF1/CIP1
tmTNFα transfected
JNK activation, up-regulation of p21
,
Mitoma, 2005
Jurkat T cells
Bax, Bak and ROS
[106]
CD33+ monocytes
Caspase dependent cell death
Shen, 2005 [81]

IFX, ADA

THP-1 cell line

Cleaved caspase-3

Shen, 2006 [107]

IFX, ADA
and Certo
IFX, ADA
and Certo

PBMCs

IFX and ADA caused an increase in Annexin V
and PI staining
Increase in Annexin V+ and PI+ T-Cells

Nesbitt, 2007 [68]

IFX
IFX, ADA

LP CD14+ macro and
CD4+ T cells from
control and IBD
patients
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Atreya, 2011 [83]

No Induction of Apoptosis
IFX

Jurkat T cells

Unstimulated cells, no increase in Bak/Bax
ratio
Unstimulated cells, no increase in Bak/Bax
ratio

ten Hove, 2002
[94]
Di Sabatino, 2004
[105]

IFX

Jurkat T cells

IFX

Mono Mac (MM6)

Suppression of apoptosis – DAPI staining

Kirchner, 2004
[91]
Ringheanu, 2004
[80]

IFX

Healthy and CD PBMCs No apoptosis in resting or activated
monocytes –TUNEL and dUTP assay

IFX

PB monocytes, T cells
and LP lymphocytes

No increase in Annexin V+ or PI+ cells

Ebert, 2009 [96]

IFX, ADA,
Certo

Jurkat T cells and
primary T cells

No increase in Annexin V or caspase-3
expression

Vos, 2011 [97]

Altered phenotype of immune cells
IFX, ADA,
Certo

Primary activated T
Blood monocytes differentiated into
Vos, 2011 [97]
+
cells in mixed
regulatory macrophages (CD206 )
lymphocyte reaction
IFX, Infliximab; ADA, Adalimumab; GOL, Golimumab; Certo, Certolizumab pegol; HUVEs, human umbilical vein endothelial cells; IL, interleukin; TNFα, tumor
necrosis factor alpha; MAPK, mitogen-activated protein kinase; CD, Crohn’s disease; GM-CSF, granulocyte macrophage colong-stimulating factor; PBMCs,
peripheral blood mononuclear cells; ADCC, antibody-dependent cell mediated cytotoxicity; CDC, complement-dependent cytotoxicity; tmTNFα,
transmembrane tumor necrosis factor α; PBL, peripheral blood lymphocytes; LPMN, lamina propria mononuclear cells; TUNEL, terminal deoxynucleotidyl
transferase dUTP nick end labelling; dUTP, deoxyuridine trisphosphate; LP macro, lamina propria macrophages; PI, propridium iodide; PB, peripheral blood;
JNK, c-Jun N-terminal kinase; p21WAFI/Cip1, cyclin dependent kinase inhibitor -1.
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1.12 Observations in IBD patients
Clinical investigators from many disease areas have studied the cellular
and molecular effects of treating patients with anti-TNFα Abs, in efforts
to gain more precise understanding of relevant mechanisms of action.
Those studies have involved both pre- and post-dose sampling of
circulating cells and other factors as well as biopsies from disease
tissues. Some of those studies have compared the effects of the Abs
between primary non-responders and responders, resulting in some
additional insights into mechanisms of primary response and nonresponse.
At the molecular level, it is clear that anti-TNFα mAbs result in the
downregulation of a host of known pro-inflammatory mediators and in
the upregulation of some anti-inflammatory or immune regulatory
factors (Table 3). These findings illustrate that even though the
immediate molecular target of the Abs is highly selective towards TNFα,
the downstream actions resulting from binding to the target are
broader. Some of those actions, such as the reduction of levels of
activity of pro-inflammatory signalling pathways like NFκB and jun-N
terminal kinase, could be direct consequences of neutralizing TNFα
since that cytokine is a direct activator of those pathways. However,
many other factors are present in the inflamed intestine that also are
capable of activating those transcription factors, such as TLR ligands
and IL-1, that are not directly affected by anti-TNFα mAbs. It is
therefore likely that the broader anti-inflammatory actions of antiTNFα mAbs in vivo are due to effects on cells expressing tmTNFα due to
reverse signalling.
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Table 3. Observed Molecular and Cellular Effects of anti-TNFα Antibodies in IBD Patients.

Effect on Transcription Factors
Antibody

Site of
observation

Comparator

Molecular and Cellular
observations

Correlated with
clinical response

References

IFX

Sigmoid
biopsies

Pre drug
samples

Down regulation of nuclear
concentrations of NFκB p65

Yes

Nikolaus, 2000 [108]

IFX

Peripheral
blood T-cells

Healthy
controls

No effect on activation markers,
homing receptors, memory cells,
Fas, Bax/Bcl-2 expression

Clinical response in
9/10

ten Hove, 2002 [94]

IFX

Sigmoid
mucosa
biopsies

Pre drug
samples

Activation of p38 MAPK p38 is needed for TNFα
production

No comment

Waetzig, 2002 [101]

IFX

Colonic
mucosal
biopsies

Healthy
Controls

Foxp3 by immunofluorescence
and RT-PCR

Foxp3 numbers
reduced in patients
with active CD

Ricciardelli, 2008 [109]

IFX

CD and UC
Blood and
biopsies

Healthy and
pre drug
control

Increase in circulating Foxp3 Tregs in responders

Yes

Li, 2010 [110]

IFX

Sigmoid
colon
biopsies

Healthy
controls

Downregulation of macrophage
and Th17 pathway genes

Yes, mucosal
healing

Caprioli, 2013 [111]
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Effect on Apoptosis Proteins
IFX

CD
Monocytes

Pre drug
sample

Increase in Annexin V and Caspase3+

No comment

Lugering, 2001 [82]

IFX

Colonic
mucosal
biopsies

Pre-drug
biopsies

Increase in CD3+ and TUNEL+ cells

Clinical response
in 9/10

ten Hove, 2002 [94]

IFX

Lamina
propria T
cells from CD
patients

Healthy
controls and
pre drug
samples

Apoptosis of the LPT up to four
weeks after 1st infusion TUNEL Assay

Correlation
between
sustained
apoptosis of LPTs
and remission

di Sabatino, 2004 [105]

Effect on cytokine/chemokine production
IFX

Gut mucosa
of CD
patients

--

Downregulation of chemokines
MCP-1, MIP-1a, RANTES

No comment

Van Deventer, 1997
[112]

IFX

Monocytes
from CD
patients

Healthy
controls and
patients pre
drug

Blunted TNFα, IL-1β, IL-6 and IL-8

No comment

Ringheanu, 2004 [80]

IFX

Mucosal
biopsies and
peripheral
blood

Pre drug
controls

Reduction in sCD40L plasma levels

Yes

Danese, 2006 [113]
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ADA

Gut biopsies

Healthy
controls and
Pre drug
samples

Reduction in mRNA levels of IL-17A,
IL-23, IFN-γ, TNFα and FoxP3

No

Rismo, 2012

IFX

Peripheral
blood and LP
T Cells

Pre drug
controls

Downregulation of IL-21 expression
and Th17 cell infiltration

Yes, mucosal
healing and
clinical remission

Liu, 2013 [114]

Effect on Cell Populations
IFX

Mucosal
biopsies

Pre drug
control

Induction of regulatory
macrophages

Yes

Vos, 2012 [98]

IFX

Blood
samples
from UC
patients

Pre drug
group

Decreased sCD25 and sTNFRII in
serum. Reduction in CD25+CD4+ and
CD25+CD8+ T cells in UC responders

Yes

Magnusson, 2013 [115]

ADA

Mucosal
biopsies

Pre drug
controls

Elevated numbers of tmTNFα+
LP CD14+ macrophages and CD4+ T
cells

Yes

Atreya, 2014 [116]

CD, Crohn’s disease; UC, ulcerative colitis; MAPK, mitogen-activated protein kinase; TNFα, tumor necrosis factor alpha; NFκB, nuclear factor kappa B; RTPCR, reverse transcription polymerase chain reaction; Foxp3, forkhead box P3; T regs, regulatory T cells; Th17, T helper 17 cell; TUNEL, terminal
deoxynucleotidyl transferase deoxyuridine trisphosphate nick end labelling; LPTs, lamina propria T cells; mRNA, messenger RNA; sTNRII, soluble tumor
necrosis factor recptor II; sCD40L, soluble CD40 ligand; IL, interleukin; MCP-1, monocyte chemotactic protein-1; MIP-1α, macrophage inflammatory protein1 alpha; RANTES, regulated on activation, normal T cell expressed and secreted.
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Gene expression profiling in pre- and post-infliximab biopsies
Recent research which used peripheral blood samples to perform gene
expression analysis in CD responders and non-responders to IFX
therapy found a number of genes that were differentially expressed
amongst the two groups; ABCC4 (ATP Binding Cassette 4), BMP6 (bone
morphogenetic protein 6) and THEM5 (thioesterase superfamily
member 5). Two weeks after therapy 12 genes were differentially
expressed between responders and non-responders and amongst them
were; CADM (cell adhesion molecule 2), GPR34 (G-protein coupled
receptor 34), IL1RL1 (Interleukin-1 receptor 1) and MMD (monocyte to
macrophage differentiation-associated) [117].
Arijs et al., published a paper using gene expression profiling of mucosal
biopsies in Crohn’s colitis (CDc) and Crohn’s ileitis (CDi) patients in
response to IFX therapy. Although the CDi samples gave no predictive
gene set, the CDc samples highlighted five top genes between
responders and non responders. These included TNFAIP6, IL11, G0S2,
S100A8 and S100A9. [118]. Rismo et al., carried out two studies, the first
determining the mucosal cytokine profile pre and post IFX therapy in
patients with UC. High gene expression of IL-17A and IFN-y were
associated with remission after three IFX infusions. These cytokines,
which are Th1 and Th17 related, could potentially predict favourable
outcomes for patients undergoing anti-TNFα therapy [119] . The second
paper reported mucosal gene expression levels in CD patients in
remission in order to detect risk factors for relapse following
discontinuation of therapy. Elevated levels of TNFα and IL17A in the
healed mucosa significantly increased the risk of relapse in CD patients
[120]. Recent studies by Gyoffry et al. set out to identify genes that
separated responders from non-responders. Microarray datasets and
published genes were used to carry out receiver operating
characteristic analysis to determine unique biomarkers. From 99
patients, 9 top genes from peripheral blood and colonic biopsies were
significant and three of those were of the highest significance; IL13RA2,
PTGS2 and WNT5A, in discriminating between responders and nonresponders [121]. All of these studies represent important initial efforts
to assess at the individual patient level the actions of anti-TNFα mAbs.
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If the intriguing findings can be validated in other cohorts and proven
to be reproducible, then such data could prove useful clinically in the
development of a personalized approach to selecting patients for antiTNFα therapy.

1.13 Conclusions
Taken together, these findings show that the beneficial effects of antiTNFα mAbs in patients with IBD are due to more than simple
neutralization of the cytokine. Recent insights into the effects of antiTNFα mAbs mediated by reverse signalling in cells that express
tmTNFα suggest that the key mechanism of action may lie in the effects
of the Abs on activated immune cells. It has also become clear that
reductionist in vitro experimental systems do not provide sufficiently
complex model conditions to elucidate the effects of the Abs that
underpin their therapeutic efficacy. Further research efforts to
delineate those mechanisms may foster novel therapeutic strategies to
overcome primary non-response, as well as the prediction of individual
IBD patients’ likelihood of responding to treatment with anti-TNFα
mAbs.
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1.14 Knowledge gaps at the time of Project Design
At the time of study design, the following knowledge gaps existed in the
published literature:
i) There was no published data on absolute monocyte
numbers and individual subsets in IBD. The literature
which doesn’t include the updated monocyte
classification focuses only on monocyte proportions.
ii) There is no data on the immediate effects of IFX on
monocytes and lymphocyte numbers in IBD patients.
iii) Does IFX cause apoptosis of monocytes in IBD patients?
There is conflicting data regarding this question and
there is limited work published on the in vivo effect of IFX
on blood monocytes.
iv) What are the mechanisms of action of IFX? What cell(s)
does it target? How does it carry out its effects in the
circulation and what cytokines does it blunt when bound
to tmTNFα on target cell?
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1.15 Hypothesis
PBMCs play a role in the initiation and perpetuation of inflammation in
IBD and anti-TNFα mAbs such as IFX exert their therapeutic effects via
actions on cells that synthesize TNFα such as monocytes.

1.16 Objectives
The experimental work carried out for this thesis was designed to
investigate the role of PBMCs in a cohort of IBD patients and to study
the immediate effects of IFX on the circulating immune cells. The
objectives of these experiments were as follows:
i) To determine circulating monocyte, lymphocyte and
granulocyte numbers and subsets in IBD patients compared
with HC.
ii) To investigate the immediate effects of IFX on absolute PBMC
counts and subsets in IBD patients.
iii) To establish the mechanisms of action of IFX on PBMCs in IBD
patients through:
a. Investigating the apoptotic activity of IFX.
b. Determining if IFX, once bound to tmTNFα of a cell, can
alter its cytokine production through ‘reverse
signalling’.
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Chapter 2: Methodology
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2.0

Study Enrolment

IBD patients were enrolled under informed consent from the GI clinic at
the University Hospital, Galway (GUH) and the infusion unit at the
Merlin Park University Hospital (MPUH), Galway. Healthy volunteers
were also under informed consent and sample collection took place at
the GUH and in the National University of Ireland, Galway (NUIG). All
experiments involving healthy human volunteers were approved by the
research ethics committee at the NUIG and experiments involving IBD
patients were approved by the ethics committee at GUH, Ireland.
Sample collection took place between September 2011 and June 2015.
See Appendix C for consent forms.
Clinical data for each subject was collected on the day of blood
withdrawal. C-reactive protein levels (CRP) were recorded for a group
of the CD patients. The Harvey Bradshaw Index (HBI) and the Mayo
Score were used to estimate the disease activity of the IBD patients
(Appendix C). Healthy volunteers were given a questionnaire on their
medical history and well being at the time of blood donation. For
experimental studies, 6 – 20mL of blood was drawn into Vacutainer®
ethylene-diamine-tetra-acetic acid (EDTA) or heparin containing tubes
(BD Medical Supplies, Crawley, U.K.) which were kept at 4°C for up to
two hours before processing the blood at the research laboratory.
The patient cohorts were grouped as follows: Healthy controls (HC);
currently on no medication and had no flu like symptoms on the day of
blood withdrawal; CD and UC patients not receiving IFX therapy (CD
Non-IFX and UC Non-IFX) attending the GI clinic in GUH for a check-up;
CD and UC patients attending the MPUH for an IFX infusion every 6-8
weeks, blood taken before their infusion (CD Trough-IFX and UC
Trough-IFX) and blood taken immediately after their infusion (CD PeakIFX and UC Peak-IFX). For the CD Peak-IFX and UC Peak-IFX, the first
bottle of blood was discarded so to not collect the recently infused drug.
Exclusion criteria for the CD Non-IFX and UC Non-IFX group were as
follows: patients enrolled in clinical trials, patients who recently
received an anti-TNFα therapy and patients who are diagnosed as
Crohn’s colitis (CDc). Exclusion criteria for the CD-IFX and UC-IFX group
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were as follows; patients receiving other anti-TNFα therapies (ADA or
GOL), recent infection or antibiotic treatment and patients diagnosed as
CDc. Information on the patient’s baseline demographic and
characteristics is seen in Chapter 3, Table 6 and 7.

2.1 Study Design
A schematic overview of the study design is explained in Figure 13.
Blood samples were drawn for PBMC analysis. PBMCs were isolated
from the blood for enumeration and phenotyping of the monocyte and
lymphocyte populations using flow cytometry. Cytokine production
experiments and dead cells assays also used flow cytometry. MACs
beads were used to isolate the CD14+ monocyte population. A bioplex
was carried on cell culture supernatant to detect cytokine and
chemokine production. A drug quantification assay (Biomonitor Ltd,
IRL) tested the drug levels of IFX in the plasma of CD patients. The
individual methodologies of these experiments are illustrated in more
detail below (Fig 13).
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Figure 13. Experimental Design
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2.2 Isolation and Flow Cytometric Analysis of PBMCs
2.2.1 Enumeration of circulating PBMCs.
Calculation of total monocyte, lymphocyte and granulocyte numbers
was carried out using 100µl of whole blood from EDTA vacutainers®
(BD Medical Supplies, Crawley, U.K.). The whole blood was surfaced
stained with anti-CD45 and anti-CD14 (see Appendix B for antibody
information) and the red blood cells were lysed using FACS Lysing
Solution (BD Biosciences, CA, USA). The whole blood was then washed
and reconstituted in 200µl of Ca- MG- free Dulbecco’s phosphate
buffered saline [(PBS) Gibco-Life Technologies, CA, USA]. The cells were
counted using the Accuri™ C6 flow cytometer (BD Biosciences, CA, USA)
and the FACs plot can be seen in Fig 14.

Figure 14. Flow Cytometry Plot of a Whole Blood Count.
Cells were distinguished based on the size (forward scatter) and granularity (side
scatter).
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2.2.2

Isolation of PBMCs

Peripheral blood was collected by venipuncture using EDTA
vacutainer® blood tubes (BD Medical Supplies, Crawley, U.K.). PBMCs
were isolated by gradient centrifugation using endotoxin-free FicollPaque Plus® (GE Healthcare, Buck, U.K.). The ‘buffy coat’ cells were
then washed twice in FACs staining buffer (Appendix B) prior to
incubation with optimised dilutions of fluorochrome-coupled mAb.
Human blood was kept at 4°C and processed within two-three hours of
collection. This was to keep a standard amongst all samples so that if
variations were seen, blood processing would not be a factor.

2.2.3 Monocyte staining with fluorochrome conjugated
monoclonal antibodies
Flow cytometry was used to phenotype and analyse human monocyte
subpopulations. This analysis was carried out using a FACS Canto A
Cytometer (BD Biosciences, CA, USA), using FACS Diva (Version 6.1.3)
acquisition software (BD Biosciences, CA, USA). A four colour staining
matrix was used to specifically identify the monocyte population
amongst the PBMCs using the following fluorochromes; Fluorescein
Thiocyanate (FITC), Peridinin Chlorophyll Protein Complex-Cyanine
(PerCP-Cy5.5), Phycoerythrin (PE), allophycocyanin (APC) and APCCyanine Tandem (APC.H7). Single stains for compensational spectral
overlap was performed using human cells and mouse MAb
compensation beads (Invitrogen,Life Technologies, Dublin, IRL). To
account for non-specific binding of MAb, the staining buffer used
contained 1% fetal calf serum (Lonza, UK).
The freshly isolated PBMCs from each blood donor were stained with
primary labelled mAbs against CD45, HLA-DR, CD14 and CD16 to
identify the three human monocyte subpopulations according to a
published and validated gating strategy [5], Fig 15. Additional mAb
markers were each singly added to the fully stained monocyte panel;
anti-CD86, anti-CD163, anti-TLR4 and anti-CCR2 to determine the
activity and inflammatory status of these populations. Dilutions of all
fluorochromes were carried out to determine the optimal concentration
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of the antibodies. Fluorescence minus one (FMO) controls were used to
set the analysis gates. The full staining panel can be seen in table 4. A
detailed table of the antibodies used can be seen in Appendix B.

Table 4. Staining Matrix for Monocyte Subpopulations and Surface
Receptors

Cells
Conc

FITC

PerCPCy5.5

PE

APC

APCH7

2.5µl

1.5µl

2.5µl

2.5µl

5µl (1:4)*

SS 1*

-

14

-

-

-

-

SS 2*

-

-

14

-

-

-

SS 3*

-

-

-

45

-

-

SS 4*

-

-

-

-

45

-

SS 5*

-

-

-

-

-

HLA-DR

FMO FITC

100µl

-

14

45

CCR2

HLA-DR

FMO PE

100µl

16

14

-

45

HLA-DR

FMO APC

100µl

16

14

45

-

HLA-DR

Stain 1

100µl

16

14

86

45

HLA-DR

Stain 2

100µl

16

14

TLR4

45

HLA-DR

Stain 3

100µl

16

14

45

CCR2

HLA-DR

Stain 4

100µl

16

14

45

CD16

HLA-DR

*Positive and Negative compensation beads are added to the single
stains instead of cells. Conc; concentration, 1:4*, 1 in 4 dilution, SS,
single stain and FMO; fluorescence minus one.
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Figure 15. Gating Strategy for Identification of Human Monocyte
Subsets
Monocytes were selected from the PBMC population using forward versus side
scatter. CD45+ and HLA-DR+ events were selected as described by Heimbeck et al
[5]. Doublets were excluded using forward scatter height versus area and the
appropriate flow minus one (FMO) gate was applied to identify the classical
subpopulation.
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Research for our laboratory has identified two additional monocyte
subsets based on further division of the intermediate population. These
cells are referred to as the DR Mid and DR High monocytes and can be
distinguished in a flow cytometry plot by looking at HLA-DR vs. CD16
(Fig 16). Current research is focused on identifying phenotypic and
functional characteristics of these newly identified monocytes subsets.

Figure 16. Gating Strategy for the Identification of the DR Mid and
DR High Monocyte Subsets.
The intermediate population can be further subdivided into two subsets the DR
Mid and DR High in the HLA-DR versus CD16 FACs plot.
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2.2.4 Lymphocyte staining with fluorochrome conjugated
monoclonal antibodies
To phenotypically analyse the lymphocyte portion of the PBMCs, the
FACS Canto II Cytometer (BD Biosciences, CA, USA) was used to run a 7
colour staining panel. Freshly isolated PBMCs from a cohort of patients
were fluorescently labelled with antibodies against CD45, CD3, CD4,
CD8, CD16, CD19 and CD56. Monocyte surface markers were also
included (CD14 and HLADR) and the staining panel can be seen in
Table 5. The full gating strategy is shown in Fig 17 and a detailed list of
Abs used is located in Appendix B.
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Table 5. Staining Matrix for Lymphocyte Populations.

Conc

FITC

PE

PerCPCy5.5

PECy7

APC

APCH7

BV421

2.5µl

2.5µl

2.5/3µl

5µl

10/3µl

5µl

5µl

(1:4)*

(1:16)*

SS 1

16

-

-

-

-

-

-

SS 2

-

45

-

-

-

-

-

SS 3

-

-

4/19

-

-

-

-

SS 4

-

-

-

56

-

-

-

SS 5

-

-

-

-

3/14

-

-

SS 6

-

-

-

-

-

HLA-DR

SS 7

-

-

-

-

-

-

8

FMO FITC

-

45

-

-

14

HLA-DR

-

FMO PerCP

-

45

-

-

3

-

-

FMO PeCy7

16

45

19

-

3

-

-

FMO BV421

-

45

4

-

3

-

-

16

45

4 & 19

56

3 & 14

HLA-DR

8

Stain 1

Conc; concentration, SS; single stains, * 1 in 4 or 16 dilution, FMO; fluorescence minus
one.
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Figure 17. Gating Strategy for the Identification of the Human
Lymphocyte Populations.
Lymphocytes were selected from the PBMC population using forward versus side
scatter. CD45+ cells were selected and doublets were excluded using forward
scatter height versus area. B cells were chosen due to their CD3 negativity and
their CD19 positivity. NK cells were selected from the CD3- and CD19- gate and
then further subdivided due to their CD56 and CD16 levels of suppression. The T
cells were chosen by their CD3 positivity and then divided into either a CD4 + or
CD8+ populations.

2.2.5 Data Acquisition and Analysis
Data acquisition was performed on the FACS Canto A for the monocyte
phenotyping and on the FACS Canto II for the lymphocyte and monocyte
phenotyping. The programme used for both flow cytometers is the
FACS Diva V 6.0 software (BD Biosciences, Oxford, U.K. or CA, USA). The
cytometers were calibrated weekly by the lead technician of the flow
facility. Compensation for spectral overlap and data analysis was
carried out using FlowJo® V 7.6.1 software (TreeStar Inc, Olten,
Switzerland.
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2.3 Detection of tmTNFα on PBMCs
PBMCs (5 x105) from HC, CD Non-IFX, CD Trough and Peak IFX were
surface stained with Abs against CD45, CD14, CD16 and either human
TNFα membrane form (R&D Systems, MN, USA) or mouse IgG1 isotype
control (BD Biosciences, etc). The cells were incubated with the stains
for 30 minutes at 4°C then washed with 1ml of FACs buffer and spun for
10 minutes at 400g. The cells were then resuspended in FACs buffer
before being acquired on the Accuri™ C6 cytometer. The readout was
the median fluorescent intensity (MFI) of the sample minus the MFI of
the isotype control.

2.4 Drug Level Quantification of Infliximab in Crohn’s
disease Patients’ Plasma
Peripheral blood from CD patients before (trough) and immediately
after (peak) IFX infusion was collected by venipuncture using EDTA
vacutainer blood tubes (BD Biosciences, CA, USA). Following gradient
centrifugation using endotoxin-free Ficoll-Plaque Plus® (GE Healthcare,
Buck, U.K.), the top plasma layer was removed and stored in -80°C. To
detect IFX drug levels, Biomonitor Ltd. (Galway, IRL) ran the plasma
samples on the iLite™ Infliximab –IVD kit. This experiment uses division
arrested TNFα sensitive cells in a bioassay capable of measuring TNFα
bioactivity. The TNFα induced activation of the luciferase reporter gene
construct is inversely proportional to the amount of IFX present in the
patient sample [122].
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2.5

Detection of Apoptosis

2.5.1 Annexin V and Propridium Iodide Staining
Freshly isolated PBMCs (5 x 105) from CD patients at peak and trough
IFX levels were labelled with Abs against CD45, CD14 and Annexin V for
15 minutes in an Annexin V Ca2+ dependent buffer (BD Biosciences, CA,
USA) at 4°C in the dark. The cells were then washed with 1ml of FACs
buffer (Appendix B) for 10mins at 400g. The supernatant was
discarded and the cells were reconstituted in 200ul of FACs buffer. Cells
undergoing cell death were used as a positive control and these cells
were also used as single stains for Annexin V and PI. To induce cell
death Staurosporine (1µM) was added to PBMCs and incubated for 5
hours at 37°C. The cells were then labelled with Abs against CD45, CD14
and Annexin V, with similar conditions as mentioned above.
Prior to acquiring the cells on the cytometer 10ul of 1x Propridium
iodide (PI) was added to the tube and vortexed. PI is an intercalating
dye that enters the membrane of cells that are undergoing cell death. It
fluoresces under the PE and PerCP-Cy5.5 channels on the flow
cytometer. Annexin V is calcium dependent phospholipid binding
protein which can bind to phosphatidylserine (PS) on cells that are
undergoing apoptosis. In this experiment Annexin V was fluorescently
labelled with FITC. In healthy cells PS is predominately located on the
inner cytosolic side of the membrane. During apoptosis, PS translocated
to the outer membrane where Annexin V can actively bind. During early
stages of apoptosis the cell membrane is still intact so PI cannot enter.
During later stages of apoptosis the cell membrane loses its integrity
and PI can then enter into the cell and Annexin V can also bind to the
cytosolic PS.

2.5.2 Intracellular Caspase-3 Staining
Freshly isolated PBMCs (5 x105) from HC and CD patients (Trough-IFX
and Peak-IFX) were fluorescently stained with Abs against CD45 and
CD14 in 100µl of buffer containing 1% BSA in PBS for 30 minutes at
4°C. 100ul of fixation buffer containing formaldehyde (IntraPrep Kit,
Beckman Coulter, IRL) was added and the cells were vortexed
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immediately and incubated at 4°C for 10mins. Each tube was washed
with 1ml of PBS and spun for 5 minutes at 400g. The supernatant was
discarded and 100ul of permbealisation buffer containing saponine
(IntraPrep Kit, Beckman Coulter, IRL) was added along with the
intracellular caspase-3. An FMO which had no caspase-3 antibody
added to the PBMCs was used. The cells were then incubated for 1 hour
at 4°C. Following this, 1ml of 1% BSA in PBS was added to each tube
and spun for 5 mins at 400g. The supernatant was discarded, the cells
were reconstituted in 100ul of PBS and were acquired on the Accuri™
C6 flow cytometer. The full gating strategy can be seen in Fig 18.
To assess if PBMCs from HC and CD patients (Trough and Peak IFX
levels) can undergo apoptosis, freshly isolated PBMCs (5 x105) were
incubated in RPMI (Appendix B) with and without the pro-apoptotic
agent MG132 (1µM, Sigma-Aldrich, IRL) for 5 hours at 37°C. Following
incubation the same protocol was followed as above. All samples were
acquired on the Accuri™ C6 cytometer (BD Biosciences, CA, USA), Fig
18.
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Figure 18. Gating Strategy for Intracellular Caspase-3.
PBMCs from HC, CD Trough-IFX and CD Peak patients were surface stained with
CD14 and then fixed, permbealised and intracellularly stained for cleaved
caspase-3. A FMO for caspase-3 and a positive control for cell death (MG132)
were also included.

2.6

Binding of biotinylated LPS to PBMCs

PBMCs (5x105) from HC, CD Non-IFX, CD Trough-IFX and CD Peak-IFX
were first stained with and without biotinylated LPS (bLPS) (1µg/ml)
for 30 minutes at 4°C. The cells were then washed with PBS and spun at
400g for 5 minutes. CD45, CD14, CD16 and streptavidin PE (which will
bind to the biotin) were added to the control and bLPS tubes for 15
minutes at 4°C. The cells were washed once more with PBS and
resuspended in 200ul of PBS before being acquired on the Accuri™ C6
cytometer.
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2.7 Bioplex Assay – Measurement of analytes in
supernatants of PBMCs
PBMCs from CD Trough-IFX and CD Peak-IFX (n=5) were cultured for
24 hours at 37°C with and without LPS stimulus (10ng/ml) in RPMI
(Appendix B). Similar monocyte counts were used at the trough and
peak IFX conditions and this was determined by taking an aliquot of the
PBMCs and running them on the Accuri™ C6 cytometer. In the forward
versus side scatter window, the monocyte population was gated on and
calculated. These numbers which varied between patients were
between 1-3 x104 monocytes/ml. Following the 24 hour culture, the
supernatants were stored in eppendorfs in -80°C. A custom made
bioplex plate consisting of twenty-two chemokines and cytokines was
purchased from Fannin, IRL and this plate was analysed using the
Bioplex 200 System (Bio-Rad, CA, USA). 50µl of supernatant was needed
per well and each condition was in duplicate. This magnetic bead based
array calculated in pg/ml the amount of each analyte secreted by the
PBMCs at the trough and peak IFX levels as standardised to the
standard curve for each of the analytes. Due to the variation in
monocyte numbers the data from this experiment is shown in
pg/ml/1000monocytes.

2.8 CD14 Monocyte Purification by MACs Bead Sort
PBMCs (20 - 40x107) from CD Trough-IFX and CD Peak-IFX patients
were resuspended in MACs buffer, (Appendix B) 80µl per 107 total
cells. 20µl of CD14 Microbeads was added per 107 total cells and
incubated at 4°C for 15 minutes. The cells were washed with 1ml of
MACs buffer and spun for 10 minutes at 400g. The cells were then
resuspended in 500µl of MACs buffer and kept on ice at all times. Using
the MACs separator, a MS column was placed in the magnetic field and a
15ml falcon tube was in a holder directly underneath to collect the
effluent. The column was washed with 500µl MACs buffer and allowed
to drip through the column before the sample was then added. A wash
step consisted of adding 500µl of MACs buffer consecutively until all
liquid had passed through the column. The column was removed from
the separator and placed on a 15ml tube with 1ml of buffer added. The
contents were immediately flushed using the plunger provided allowing
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the magnetically labelled cells to move into the tube. Using a
haemocytometer, the bead bound cells were then counted and this
number was the total CD14+ monocytes purified from the PBMCs. The
number usually represented 5-10% of the total PBMCs.

2.9

Bioplex Assay – Measure of analytes in
supernatants of purified monocytes

CD14+ purified monocytes (2.5 x104) from CD Trough-IFX and CD PeakIFX were cultured in RPMI (Appendix B) at 37°C for 24 hours with and
without LPS (10ng/ml) and or Flagellin (10ng/ml). The supernatants
were then saved and stored at -80°C. A custom made bioplex plate
consisting of eight chemokines and cytokines was purchased from
Fannin, IRL and this plate was analysed using the Bioplex 200 System
(Bio-Rad, CA, USA). This plate was designed using the analytes that
were significantly blunted by the stimulated CD PBMCs at trough IFX
levels in methods 2.8 plus two other analytes of interest. 50µl of
supernatant was needed per well and each condition was in duplicate.
This magnetic bead based array calculated in pg/ml the amount of each
analyte secreted by the PBMCs at the trough and peak IFX levels as
standardised to the standard curve for each of the analytes.

2.10 Intracellular Cytokine Assays
2.10.1 Whole Blood Intracellular TNFα Assay
Peripheral blood from HC, CD Trough-IFX and CD Peak-IFX was
collected by venipuncture using Heparin vacutainer blood tubes (BD
Biosciences, CA, USA). 100µl of whole blood was added to FACs tubes
with and without LPS (5ng/ml), Brefeldin A (.6µg/ml) and RPMI
(Appendix B). The final concentration of whole blood was a 1 in 5
dilution. The tubes were covered with parafilm and placed in an
incubator at 37°C for 4 hours. Following this incubation, the whole
blood was spun at 400g for 5 minutes and the supernatant was
carefully removed using a pipette. Abs against CD45 and CD14 were
added to the blood and incubated for 10mins in the dark at room
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temperature. 100ul of fixation buffer containing formaldehyde
(IntraPrep Kit, Beckman Coulter, IRL) was added for 10 minutes in the
dark at room temperature. The blood was washed with 1ml of PBS and
spun for 5 mins at 400g. The supernatant was carefully discarded using
a pipette and 100ul of permeable buffer containing saponine (IntraPrep
Kit, Beckman Coulter, IRL) was added along with the intracellular
antibody against TNFα or an isotype control (Appendix B). Following
15 minutes of incubation in the dark at room temperature, 1ml of PBS
washed the cells and they were then spun for 5 minutes at 400g. The
supernatant was discarded and the cells were resuspended in 200ul
and acquired on the Accuri™ C6 cytometer. The full gating strategy can
be seen in Chapter 5, Fig 51.

2.10.2

Whole Blood Intracellular IL-12 Assay

Peripheral blood from HC, CD Trough-IFX and CD Peak-IFX was
collected by venipuncture using Heparin vacutainer blood tubes (BD
Biosciences, CA, USA). 100µl of whole blood was added to FACs tubes
with and without LPS (5ng/ml), Brefeldin A (.6µg/ml) and RPMI
(Appendix B). The final concentration of whole blood was a 1 in 5
dilution. The tubes were covered with parafilm and placed in an
incubator at 37°C for 24 hours. Following this incubation, the whole
blood was spun at 400g for 5 minutes and the supernatant was
carefully removed using a pipette. Abs against CD45 and CD14 were
added to the blood and incubated for 10mins in the dark at room
temperature. 100ul of fixation buffer containing formaldehyde
(IntraPrep Kit, Beckman Coulter, IRL) was added for 10 minutes in the
dark at room temperature. The blood was washed with 1ml of PBS and
spun for 5 mins at 400g. The supernatant was carefully discarded using
a pipette and 100ul of permeable buffer containing saponine (IntraPrep
Kit, Beckman Coulter, IRL) was added along with the intracellular
antibody against IL-12 or isotype control (Appendix B). Following 15
minutes of incubation in the dark at room temperature, 1ml of PBS
washed the cells and they were then spun for 5 minutes at 400g. The
supernatant was discarded and the cells were resuspended in 200ul
and acquired on the Accuri™ C6 cytometer. The full gating strategy can
be seen in Chapter 5, Fig 52.
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2.11 Statistical Analysis
Student’s unpaired t-test was carried out between two individual
patient cohorts and student’s paired t-test was used when analysing the
same patient before and after IFX treatment. Multiple-group
comparisons were made using a single factor analysis of variance
(ANOVA). Correlation analysis used regression co-efficient and Pearson
r values. Bonferroni correction was applied when multiple parameters
were analysed, this adjusted the p-value using the following equation:
p-value divided by # of parameters: (0.05/x) = corrected p-value
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Chapter 3: Results
Peripheral Blood Mononuclear Cells
in Inflammatory Bowel Disease
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3.0

Introduction

Monocytes are a constituent of the innate immune system and have
been recently classified into three subsets based on their CD14 and
CD16 surface expression; classical (CD14++CD16-, intermediate
CD14++CD16+ and non-classical CD14dimCD16++ (Fig 3). It is thought that
these cells play a role in the initiation and perpetuation of IBD [123]
due to their ability to translocate into inflamed tissues and produce an
array of pro-inflammatory cytokines.
Previous research has described an increase in the proportion of
circulating CD16+ monocytes in both CD and UC [55, 60] but does not
discriminate between the newly classified intermediate and nonclassical subgroups and also doesn’t account for actual cell numbers.
Therefore the correct identification and characterization of these cells
in IBD patients is needed.
This results section focuses on a detailed phenotypic analysis of the
PBMCs in CD and UC patients in comparison to their age matched
healthy controls.
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3.1 Hypothesis and Objectives

3.1.2 Hypothesis
Monocytes contribute to the chronic inflammation seen in IBD. The
phenotypic profiles of PBMCs are altered in IBD patients when
compared with healthy controls.

3.1.3 Objectives
In this set of experiments, the updated monocyte classification was
applied to achieve the following:
i) Determine circulating total monocyte,
lymphocyte and granulocyte numbers in IBD
patients compared with HC.
ii) Investigate the differences in PBMC subsets
amongst IBD patients and HC.
iii) Identify the expression levels of inflammatory
surface markers on PBMCs in IBD patients.
iv) Establish correlations between patient
demographics and PBMC profiles.
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3.2

Results I

3.2.1 Absolute Monocyte Numbers and Subsets in Crohn’s
Disease Patients
Circulating monocyte numbers do not differ between HC and CD patients
but their individual monocyte subsets do.
One of the proposed hypotheses in this thesis is that monocytes may
play a role in either the initiation or perpetuation of IBD. So we first
decided to see if circulating monocyte numbers were different amongst
our three patient cohorts; healthy controls (HC), CD patients not
receiving IFX (CD Non-IFX) and CD patients just before their next
infusion of IFX (CD Trough-IFX). A detailed clinical description of the
patients can be seen in Table 6.
Unlike previous research involving the phenotyping of monocytes in
IBD, the results below specifically identifies the three monocyte subsets
by a precise four colour flow cytometry protocol (CD45, HLA-DR, CD14
and CD16). The full gating strategy can be seen in Chpt 2, Fig 15.
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Table 6. Baseline Demographics and Clinical Characteristics of
Crohn's Disease Patients.
Characteristic

HC

CD

CD

(Non-IFX)

(Trough-IFX)

n

21

20

34

Male/Female

13/8

6/14

20/14

Age in yrs, median

35

39.5

38.5

Age Interval

26-65

21-67

20-69

Disease Duration in yrs,

n/a

7.2 (8.2)

8.9(11.3)

n/a

5.2 (3.6)

3.0(2.8)

n/a

n/a

1.85 (2.2)

5-Aminosalicylates

n/a

6

2

Corticosteroids

n/a

2

2

Azathioprine

n/a

7

11

No medication, n

n/a

6

21

Previous TNFα

n/a

4

n/a

mean (s.d.)
Harvey Bradshaw Index,
mean: (s.d.)
IFX treatment in yrs mean:
(s.d.)
Concomitant medication, n:

antagonist exposures, n
CD; Crohn’s disease, Non-IFX; patients not treated with infliximab,
Trough-IFX; patients before their infusion of infliximab, s.d.; standard
deviation, n; number of patients, TNFα; tumor necrosis factor α.

69

Whole blood samples were analysed from the three patient cohorts and
the absolute monocyte numbers are shown in Fig 19a. The CD patients
(CD Non-IFX and CD Trough-IFX) had similar total monocyte counts
regardless of their drug treatments. These groups also had similar
monocyte numbers to their age matched healthy controls.
Freshly isolated PBMCs were surface labelled with monocyte markers
distinguishing the three subsets by flow cytometry. This revealed a
significant reduction in the classical (CD14++CD16-) subset in both CD
Non-IFX and CD Trough-IFX compared with the HC group, p<0.05 (Fig
19b). This is the opposite of what we see in Fig 19c as patients with CD
Non-IFX and Trough-IFX have significantly increased intermediate
monocytes (CD14++CD16+) compared to HC, p<0.05. This finding is
consistent with recent research which documents an expansion of the
CD14+CD16+ monocytes in inflammatory conditions [124-126].
The non-classical monocytes (CD14dimCD16++) showed no difference in
number between the HC and CD Non-IFX group but there was a
considerable decrease in CD Trough-IFX group when compared to HC,
p<0.01 (Fig 19d).
The proportion of the monocyte subsets amongst the three cohorts were
averaged and graphed in Fig 19e. It is evident that the intermediate
subset is expanded in CD patients whether or not they are administered
infliximab. There is a reduction in the proportion of total classical
monocytes when compared to the age matched controls, with little
difference seen in the non-classicals amongst the three patient groups.
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Figure 19. Absolute Number of Circulating Monocytes and Subsets
in Crohn’s Disease Patients.
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Whole blood analysis determined absolute monocyte counts/ mL (A) from three
groups: HC; healthy controls, CD Non-IFX; Crohn’s disease patients not receiving
infliximab and CD Trough-IFX; Crohn’s disease patients before their next infusion
of infliximab. One Way ANOVA showed no significance (N.S) in the total monocyte
numbers between the three groups, p=0.16.
Freshly isolated PBMCs were surface stained with monocyte markers and (B) the
classical CD14++CD16-, (C) intermediate CD14++CD16+ and (D) non-classical
CD14dimCD16++ subsets were determined.
The proportions of the classical, intermediate and non-classical monocytes
amongst the three patient groups; HC, CD Non-IFX and CD Trough-IFX are
depicted in (E). Student unpaired t-tests showed the following results: classical
monocytes; HC vs CD Non-IFX, p<0.05, HC vs CD Trough-IFX, p<0.01 and CD NonIFX vs CD Trough-IFX, p=N.S. In the intermediate subset; HC vs CD Non-IFX,
p<0.01, HC vs CD Trough-IFX, p<0.01 and CD Non-IFX vs CD Trough-IFX, p=N.S.
The non-classicals showed no statistically significant differences between the
three cohorts.
Data in A-D represented as HC (●), CD Non-IFX (■) and CD Trough-IFX (▲). Date
in E represented as average % of: classicals (black bar), intermediates (grey bar)
and non-classicals (white bar). Students unpaired t-test was p<0.05*, p<0.01**
and p<0.001***.
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The DR Mid monocyte population is expanded in both Crohn’s disease
cohorts when compared with healthy controls.
The 4 colour staining protocol for identifying the monocyte populations
also allowed for the separation of the intermediate subset into the
newly discovered DR Mid and DR high groups (Fig 20).

Figure 20. DR Mid and DR High Monocyte Flow Cytometry Plots.
In Fig 21, absolute counts of the DR Mid (A) and DR High (B)
monocytes were determined. Similar to the intermediate subset, the DR
Mid monocytes were significantly increased in both CD cohorts when
compared to the HC. The DR High monocytes showed no difference in
numbers amongst the three patient groups.
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Figure 21. Absolute Number of Circulating DR Mid and DR High
Monocytes in Crohn's Disease Patients.
Freshly isolated PBMCs were surface stained with monocyte markers and the DR
Mid (A) and DR High (B) subsets were determined. Data in A-B represented as
HC (●), CD Non-IFX (■) and CD Trough-IFX (▲). Student’s unpaired t-test;
p<0.05*, p<0.01** and p<0.001***.

3.2.2 Surface Marker Expression in Crohn’s Disease Patients
Monocytes from CD patients have elevated surface expression of certain
inflammatory markers.
In order to further characterise the monocyte population in CD, a
detailed phenotypic analysis was undertaken in a smaller cohort of
patients to investigate their expression of key markers reported to be
associated with inflammation. The surface markers selected were CD86,
Toll-like receptor (TLR)-4, chemokine-chemokine (C-C motif) receptor2 and CD163. The full staining matrix can be seen in Table 4.
The CD patients regardless of their drug treatments have significantly
increased expression levels of CD86, TLR4 and CD163 when compared
to the HC. The CD Trough-IFX groups have the highest expression levels
of these three markers. There were no significant changes amongst the
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groups when looking at CCR2 expression but there was a large range of
values in the HC group.

Figure 22.Surface Marker Expression on Monocytes in Crohn's
Disease Patients.
Freshly isolated PBMCs were surface stained with monocyte markers (CD45,
HLADR, CD14 and CD16) plus a marker of interest; (A) CD86 (B) TLR-4 (C) CCR2
and (D) CD163 and the MFI values of the whole monocyte population were
determined. Data in A-D is represented as HC (●) n=11-13, CD Non-IFX (■) n=18
and CD Trough-IFX (▲) n=24. Student’s unpaired t-test is p<0.05*, p<0.01** and
p<0.001***.
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3.2.3 Relationship between Clinical Characteristics of CD
Patients and Inflammatory Surface Marker Expression
Patient’s age is a determining factor for expression of certain
inflammatory markers.
Correlation analyses were performed between pro-inflammatory
marker expression levels and HC and CD Non-IFX patient
characteristics. Positive correlations were seen between the MFI of
CCR2 and the age of the HC group (Table 7). In the CD Non-IFX cohort,
age and CD163 expression were also a positive correlation. Disease
activity scores were positively associated with increased TLR4
expression (Table 8).
As multiple comparisons were made in Table 7 and 8, Bonferroni’s
correction was applied. In Table 7, the p-value of 0.05 was divided by
the number of comparisons (9) therefore the corrected p value was
0.05/9 = 0.005. No correlation in Table 7 reached statistical
significance.
In Table 8, the p-value of 0.05 was divided by the number of
comparisons (11) therefore the corrected p-value was 0.05/11= 0.004.
No correlation in Table 8 was statistically significant.
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Table 7. Relationship between Clinical Characteristics of Healthy Controls and Surface Marker Expression
MFI

Age

Age (Female) Age (Male)

CD86

0.07 (0.277)

0.14 (0.37)

0.20 (0.45)

Monocyte
Counts
0.15 (-0.39)

TLR4

0.01 (0.12)

0.90 (0.95)

0.002 (-0.04)

0.15 (-0.39)

CCR2

0.35 (0.59)

0.53 (0.73)

0.21 (0.46)

0.01 (-0.13)

CD163

0.02 (0.16)

0.13 (0.37)

0.07 (0.13)

0.03 (-0.18)

mTNFα

0.09 (-0.30)

0.005 (0.07)

0.23 (-0.48)

0.0008 (-0.01)

Data expressed as regression coefficient (R2) and Pearson r value in brackets, MFI; Median fluorescent intensity.
Corrected p-value after Bonferroni adjustment p=0.005, no statistical significance was found.
Table 8. Relationship between Clinical Characteristics of Crohn's Disease Patients and Surface Marker Expression.
MFI

Age

Age
(Female)

Age
(Male)

Disease
Activity

Disease
Duration (yrs)

Monocyte
Count

CD86

0.03 (0.18)

0.008 (0.09)

0.0005 (0.01)

0.002 (-0.04)

0.009 (-0.03)

0.11 (0.33)

TLR4

0.04 (0.20)

0.004 (0.07)

0.15 (0.39)

0.33 (0.58)

0.03 (0.18)

0.01 (0.11)

CCR2

0.0002 (-0.03)

0.01 (0.13)

0.15 (-0.39)

0.07 (-0.26)

0.05 (-0.23)

0.05 (0.23)

CD163

0.13 (0.36)

0.38 (0.61)

0.23 (-0.48)

0.006 (0.08)

0.07 (0.26)

0.008 (0.0)

0.04 (-0.21)

N/A

0.33 (0.51)

0.14 (-0.38)

0.18 (0.42)

mTNFα 0.09 (-0.21)

Data expressed as regression coefficient (R2) and Pearson r value in brackets, MFI; Median fluorescent intensity,
N/A; not applicable due to small sample size. Corrected p-value after Bonferroni adjustment p= 0.004, no statistical significance
was found.
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3.2.4 Absolute Lymphocyte Numbers and Subsets in Crohn’s
Disease Patients
Total CD4+ T and NK celsl are altered in CD patients when compared to
HC.
To investigate if the other cell populations of the circulating PBMCs
were altered in CD, absolute lymphocyte numbers and their individual
subsets were determined. Once again we examined these cells in the
three cohorts; HC, CD Non-IFX and CD Trough-IFX. The lymphocyte
population was enumerated using whole blood cell counts on the
Accuri™ C6 cytometer (Chpt 2, Fig 14). A nine colour staining panel
was applied to the PBMCs to locate the lymphocyte subsets and is
detailed in Chpt 2, Table 5.
This staining panel allowed us to look at a number of populations; CD4+
and CD8+ T cells, CD19+ B Cells, CD56bright/dimCD16bright/int/dim NK Cells
and CD3+CD56+ NKT Cells (Chpt 2, Fig 17).
The whole blood lymphocyte count (A) did not show any significant
differences amongst the groups and the CD Trough-IFX population
showed quite a large variability from one patient to the next. The
absolute numbers of the CD8+ T cells (C) and the CD19+ B cells (D) saw
no difference between the three cohorts. It was the CD4+ T cells (B)
which significantly increased in number in the CD Trough-IFX patients
when compared to the HC group, p<0.01.
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Figure 23. Absolute Number of Circulating Lymphocytes and
Subsets in Crohn’s Disease Patients.
Whole blood analysis determined absolute lymphocyte counts/ mL (A) from three
groups: HC; healthy controls, CD Non-IFX; Crohn’s disease patients not receiving
IFX and CD Trough-IFX; CD patients before their next infusion of IFX. One Way
ANOVA showed no significance (N.S) in the total lymphocyte numbers between
the three groups, p=0.17.
Freshly isolated PBMCs were surface stained with lymphocyte markers and (B)
the CD4+ T cell (C) CD8+ T cell and (D) CD19+ B cells subsets were determined.

79

Data in A-D represented as HC (●), CD Non-IFX (■) and CD Trough-IFX (▲).
Student’s unpaired t-test was p<0.05*, p<0.01** and p<0.001***.

The absolute number of the NK cell subpopulations are graphed in Fig
24; (A) CD56brightCD16dim, (B) CD56brightCD16int, (C) CD56dimCD16bright
and (D) CD3+CD56+ NK T cells.
There were no differences in circulating numbers amongst the groups
for all three of the CD56CD16 NK subsets. The CD Trough-IFX patients
had increased total numbers of the CD3+CD56+ NKT cells when
compared to the HC.
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Figure 24. Absolute Numbers of Circulating NK Cells in Crohn's
Disease Patients.
Freshly isolated PBMCs were surface stained with lymphocyte markers and the
NK subpopulations were determined.
Data in A-D represented as HC (●), CD Non-IFX (■) and CD Trough-IFX (▲).
Student’s unpaired t-test was p<0.05*, p<0.01** and p<0.001***.
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3.2.5 Surface Expression of tmTNFα on PBMCs in Crohn’s
Disease Patients
Higher levels of tmTNFα on circulating monocytes compared to
circulating lymphocytes.
The expression levels of tmTNFα on monocytes and lymphocytes were
determined due to the role TNFα plays in CD. Current research suggests
IFX’s mechanism of action is not only through neutralisation of sTNFα
but also through binding tmTNFα.
Freshly isolated PBMCs (5x105) from the three patient groups were
stained with CD45, HLA-DR, CD14, CD16 and a fluorescently labelled
antibody that binds to membrane bound tmTNFα. The MFI of tmTNFα
in the three patient groups was calculated and graphed in Fig 25.
The classical, intermediate and non-classical subset had a 10 fold
increase in the expression of tmTNFα in all patient cohorts when
compared to the lymphocyte population. In the HC and CD Trough-IFX
groups, the intermediate subset expressed the highest levels of
tmTNFα. The intermediate and the non-classical monocytes had high
tmTNFα levels in the CD Non-IFX group compared with the classical
subset. Histograms representing data from a single CD Trough-IFX
patient highlights the varying levels of tmTNFα between the monocyte
subsets and the whole lymphocyte population.
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Figure 25. Expression levels of tmTNFα on PBMCs in Crohn's
Disease.
Freshly isolated PBMCs from HC (n=20), CD Non-IFX, (n=6) and CD Trough-IFX
(n=10) were surface stained for CD45, CD14 and CD16. The cells were also
labelled with either isotype IgG1 or human TNFα membrane form antibody. The
MFI of tmTNFα amongst the three monocyte subsets and the total lymphocyte
population is graphed out in A. Histogram plots representing a CD Trough-IFX
patient shows the varying level of expression of tmTNFα amongst the B; classical,
C; intermediate, D; non-classical and E; lymphocyte populations in comparison to
an isotype control. The grey peak is the isotype control and the black peak is
tmTNFα.
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3.2.6 Absolute Granulocyte Numbers in Crohn’s Disease
Patients
Circulating granulocyte numbers do not differ between HC and CD
patients.
Total circulating granulocyte numbers were calculated from whole
blood samples. Although there are many subsets within this population,
this data determined their absolute number as a whole.
Similar to above, counts of the three cohorts; HC, CD Non-IFX and CD
Trough-IFX group, were carried out on the Accuri™ C6 (Chpt 2, Fig 14).
The whole blood granulocyte count (Fig 26) did not show any
significant differences amongst the groups and the CD Non-IFX
population showed quite a large variability from one patient to the next.
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Figure 26. Absolute Numbers of Circulating Granulocytes in
Crohn's Disease.
Whole blood analysis determined absolute granulocyte counts/ mL from three
groups: HC, CD Non-IFX and CD Trough-IFX. One Way ANOVA and student’s t-test
showed no significance (N.S) in cell number amongst the three patient cohorts,
Data is represented as HC (●), CD Non-IFX (■) and CD Trough-IFX (▲). Student’s
unpaired t-test was p<0.05*, p<0.01** and p<0.001***.
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3.3 Results II
3.3.1 Absolute Monocyte Numbers and Subsets in Ulcerative
Colitis Patients
Circulating monocyte numbers are elevated in UC patients without IFX
but their monocyte subsets are similar to the HC group.
UC and CD are grouped under the same umbrella term of IBD. This
section focuses on the absolute cell count of the circulating PBMCs
found in the blood of UC patients either not receiving IFX (UC Non-IFX)
or just before their next infusion of IFX (CD Trough-IFX) and compares
them to age matched HC. Clinical descriptions of the UC patients can be
seen in Table 9. Only a small cohort of UC patients receiving IFX were
collected (n=4).
Similar to the CD section (Part I), a four colour staining panel (CD45,
HLA-DR, CD14 and CD16) identified the monocytes and their associated
subsets. The full gating strategy can be seen in Chpt 2, Fig 15.
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Table 9. Baseline Demographics and Clinical Characteristics of the
Ulcerative Colitis Patients.
Characteristic

HC

UC

UC

(Non-IFX)

(Trough-IFX)

n

21

19

4

Male/Female

13/8

11/8

3/1

Age in yrs, median

35

36.5

33.5

Age Interval

26-65

19-72

22-47

Disease Duration in yrs,

n/a

5.7 (5.9)

6.1(5.4)

n/a

3.0 (2.3)

6.0(2.1)

n/a

n/a

.35 (.43)

5-Aminosalicylates

n/a

15

2

Corticosteroids

n/a

3

1

Azathioprine

n/a

5

2

No medication, n

n/a

1

0

Previous TNFα

n/a

2

n/a

mean (s.d.)
Mayo Score,
mean: (s.d.)
IFX treatment in yrs mean:
(s.d.)
Concomitant medication, n:

antagonist exposures, n
UC; Ulcerative colitis, Non-IFX; patients not treated with infliximab,
Trough-IFX; patients before their infusion of infliximab, s.d.; standard
deviation, n; number of patients, TNFα; tumor necrosis factor α.
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Whole blood samples from the three patient cohorts were analysed and
the absolute monocyte numbers are shown in Fig 27a.
The UC Non-IFX group had significantly higher total monocyte numbers
when compared to the HC group, while the UC Trough-IFX had similar
monocyte counts to the control group.
Freshly isolated PBMCs were surface labelled with monocyte markers
distinguishing the three subsets by flow cytometry. The classical (B)
and non-classical subset (D) had similar counts between the three
patient cohorts, while the UC Trough-IFX patients had a significantly
higher intermediate numbers (C) when compared to the HC group,
p<0.01.
The proportion of the monocyte subsets amongst the three cohorts
were averaged and graphed in Fig 27e. It is seems that the intermediate
subset is expanded in UC patients whether or not they are administered
IFX. There is a slight reduction in the proportion of classical monocytes
in the UC Non-IFX group when comparing this to the age matched
controls. A reduction is also seen in the non-classicals of the UC TroughIFX patients when compared with HC and UC Non-IFX group. However,
no statistical significance was observed when student’s unpaired t-tests
were carried out.
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Figure 27. Absolute Number of Circulating Monocytes and Subsets
in Ulcerative Colitis Patients.
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Whole blood analysis determined absolute monocyte counts/ mL (A) from three
groups: HC; healthy controls, UC Non-IFX; Ulcerative colitis patients not receiving
IFX and UC Trough-IFX; Ulcerative colitis patients before their next infusion of
IFX. One Way ANOVA showed no significance (N.S) in the total monocyte numbers
between the three groups, p=0.07.
Freshly isolated PBMCs were surface stained with monocyte markers and (B) the
classical CD14++CD16-, (C) intermediate CD14++CD16+ and (D) non-classical
CD14dimCD16++ subsets were determined.
The proportions of the classical, intermediate and non-classical monocytes
amongst the three patient groups; HC, UC Non-IFX and UC Trough-IFX are
depicted in (E). Student unpaired t-tests showed no statistically significant
differences between the three cohorts.
Data in A-D represented as HC (●), UC Non-IFX (■) and UC Trough-IFX (▲). Data
in E represented as average % of: classicals (black bar), intermediates (grey bar)
and non-classicals (white bar). Students unpaired t-test: p<0.05*, p<0.01** and
p<0.001***.
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The DR Mid monocytes are expanded in both UC groups when compared
to HC.
The intermediate subset can be further divided into two subsets based
on the HLA-DR vs. CD16 expression. In Fig 28, absolute counts of the
DR Mid (A) and DR High (B) monocytes were determined. The DR Mids
were significantly increased in both UC cohorts when compared to the
HC. The DR High monocytes showed no difference in numbers amongst
the three patient groups.

Figure 28. Absolute Numbers of Circulating DR Mid and DR High
Monocytes in Ulcerative Colitis Patients.
Freshly isolated PBMCs were surface stained with monocyte markers (CD45,
HLA-DR, CD14 and CD16) and (A) the DR Mid and (B) DR High subsets were
determined. Data in A-B represented as HC (●), UC Non-IFX (■) and UC TroughIFX (▲). DR Mid and DR High n=15. Student’s unpaired t-test: p<0.05*, p<0.01**
and p<0.001***.
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3.3.2 Surface Marker Expression in Ulcerative Colitis Patients
Monocytes from UC patients have higher surface expression of certain
pro-inflammatory markers.
Similar to the CD patients, a detailed phenotypic analysis was
undertaken in a smaller cohort of patients to identify their levels of
expression of certain markers associated with inflammation. The full
staining matrix can be seen in Table 4.
The MFI of CD86, TLR4 and CD163 on the whole monocyte populations
were significantly higher in both UC Non-IFX and CD Trough-IFX group
when compared with the HC. Even though a small sample size, the UC
Trough-IFX cohort had the highest expression all the three markers and
also had increased CCR2 expression when compared to the HC.
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Figure 29. Surface Marker Expression on Monocytes in Ulcerative
Colitis Patients.
Freshly isolated PBMCs were surface stained with four different markers; (A)
CD86 (B) TLR-4 (C) CCR2 and (D) CD163 and the MFI values of the whole
monocyte population were determined. Data in A-D is represented as HC (●)
n=11, UC Non-IFX (■) n=15 and UC Trough-IFX (▲) n=2-3. Student’s unpaired ttest is p<0.05*, p<0.01** and p<0.001***.
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3.3.3 Relationship between Clinical Characteristics and
Inflammatory Surface Marker Expression in UC Patients
Absolute monocyte counts are positively associated with increased
expression of inflammatory surface markers.
Correlation analyses were performed between pro-inflammatory
marker expression levels and UC Non-IFX patient’s characteristics. The
UC Trough-IFX group were excluded due to the small sample size.
Positive correlations were obtained when correlating absolute
monocyte counts and MFI of TLR4 and CCR2 (Table 10). Expression
levels of tmTNFα were also positively associated with the age of the UC
patients.
As multiple comparisons were made in Table 10, Bonferroni’s
correction was applied. The p-value of 0.05 was divided by the number
of comparisons (11) therefore the corrected p value was 0.05/11 =
0.004. No correlation in Table 10 reached statistical significance.

Table 10. Relationship between Clinical Characteristics of Ulcerative Colitis
Patients and Surface Marker Expression.
MFI

Age

Age
(Female)

Disease
Activity

Disease
Duration
(yrs)

Monocyte
Count

CD86

0.009 (0.09)

0.56 (0.75) 0.06 (-0.26)

0.23 (-0.48)

0.06 (0.25)

0.03 (0.18)

TLR4

0.006 (-0.08) 0.06 (0.25) 0.15 (-0.39)

0.02 (0.15)

0.002 (0.05)

0.33 (0.57)

CCR2

0.02 (-0.14)

0.02 (0.14) 0.44v(-0.66)

0.12 (0.35)

0.004 (0.06)

0.39 (0.62)

CD163

0.22 (0.47)

0.08 (0.29) 0.30 (0.54)

0.004 (-0.06)

0.02 (0.15)

0.18 (0.43)

N/A

0.11 (-0.33)

0.39 (0.62)

0.66 (0.81)

mTNFα 0.99 (0.99)

Age
(Male)

N/A

Data expressed as regression coefficient (R2) and Pearson r value in brackets, MFI; Median
fluorescent intensity, N/A; not applicable due to small sample size. Corrected p-value after
Bonferroni adjustment p=0.004, no statistical significance was found.

93

3.3.4 Absolute Lymphocyte Numbers and Subsets in
Ulcerative Colitis Patients
Circulating lymphocyte numbers and certain lymphocyte subsets are
significantly increased in UC patients not receiving IFX therapy.
To continue on from monocyte phenotyping, the other cell populations
within the circulating PBMCs were analysed. Absolute lymphocyte
numbers and their individual subsets were determined in the three
patient cohorts; HC, UC Non-IFX and UC Trough-IFX.
The lymphocyte population was enumerated using whole blood cell
counts on the Accuri™ C6 cytometer (Chpt 2, Fig 14). A nine colour
staining panel was applied to the PBMCs to locate the lymphocyte
subsets and is detailed in Chpt 2, Table 5.
This staining panel allowed us to look at a number of populations; CD4+
and CD8+ T cells, CD19+ B Cells, CD56bright/dimCD16bright/int/dim NK Cells
and CD3+CD56+ NKT Cells.
The UC Non-IFX patients had significantly elevated absolute lymphocyte
counts when compared with HC (A). This increase in number was also
seen in the CD4+ T (B) and CD19+ B cell (D) populations with no
difference in CD8+ T cells (C). The UC Trough-IFX group had similar
lymphocyte numbers to the HC group but with such a small sample size
(n=3) it is difficult to accurately assess the individual populations.
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Figure 30. Absolute Number of Circulating Lymphocytes in
Ulcerative Colitis Patients.
Whole blood analysis determined absolute lymphocyte counts/ mL (A) from three
groups: HC; healthy controls (n=28), UC Non-IFX; Ulcerative colitis patient’s not
receiving infliximab (n=8) and UC Trough-IFX; Ulcerative colitis patients before
their next infusion of infliximab (n=3). One Way ANOVA showed significance in
the total lymphocyte numbers between the three groups, p=0.01.
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Freshly isolated PBMCs were surface stained with lymphocyte markers and (B)
the CD4+ T cell (C) CD8+ T cell and (D) CD19+ B cells subsets were determined.
Data in A-D represented as HC (●), UC Non-IFX (■) and UC Trough-IFX (▲).
Student’s unpaired t-test: p<0.05*, p<0.01** and p<0.001***.

The absolute numbers of the NK cell subpopulations are graphed in Fig
31; (A) CD56brightCD16dim, (B) CD56brightCD16int, (C) CD56dimCD16bright
and (D) CD3+CD56+ NK T cells.
There were no statistically significant differences seen between the HC
and UC Trough-IFX cohort. The UC Non-IFX group had elevated
numbers of CD56dimCD16bright NK cells when compared to the HC.
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Figure 31. Absolute Number of Circulating NK Cells in Ulcerative
Colitis Patients.
Freshly isolated PBMCs were surface stained with lymphocyte markers and the
NK cell subpopulations were determined.
Data in A-D represented as HC (●), UC Non-IFX (■) and UC Trough-IFX (▲).
Student’s unpaired t-test was p<0.05*, p<0.01** and p<0.001***.
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3.3.5

Absolute Granulocyte Numbers in Ulcerative colitis

Patients
UC patient’s not receiving IFX have significantly higher granulocyte
counts compared with HC.
The granulocyte population was analysed as a whole and the absolute
number of the three cohorts; HC, UC Non-IFX and UC Trough-IFX was
determined using the Accuri™ C6 (Chpt 2, Fig 14).
The UC Non-IFX patients have significantly elevated numbers of
granulocytes when compared with the HC group, p<0.0001. No
statistically significant difference was seen between the HC and the UC
Trough-IFX patients.

Figure 32. Absolute Number of Circulating Granulocytes in
Ulcerative Colitis Patients.
Whole blood analysis determined absolute granulocyte counts/ mL from three
groups: HC, UC Non-IFX and UC Trough-IFX. One Way ANOVA, p=0.0007 and the
student’s unpaired t-test between HC and UC Non-IFX, p<0.0001.
Data is represented as HC (●), UC Non-IFX (■) and UC Trough-IFX (▲). Student’s
unpaired t-test was p<0.05*, p<0.01** and p<0.001***.
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3.4 Results III
3.4.1 Correlations between clinical characteristics of IBD
patients and PBMC profiles.
Absolute numbers of PBMCs correlated with age and disease activity score
of IBD patients.
To identify if absolute numbers of PBMCs are associated with patient
demographics, correlation analyses were performed using HC, CD NonIFX and UC Non-IFX patient information and absolute cell counts.
In the HC group there was a positive correlation between absolute
circulating intermediate and DR Mid monocytes and the age of female
controls (Table 11).
In Table 11, the p-value of 0.05 was divided by the number of
comparisons (17) therefore the corrected p-value was 0.05/17= 0.002.
Following this correction, no statistical significance was found.
Patient’s age was negatively associated with absolute numbers of the
intermediate, DR Mid and DR High monocyte populations. CD patients
were separated based on gender and this produced a negative
correlation between the male patients and their intermediate and DR
Mid monocytes. Lower numbers of CD4+ T cells were associated with
older CD female patients (Table 12). Bonferroni correction (0.05/24)
adjusted the p-value = 0.002 and no statistical significance was found.
In UC, the age of the male patients revealed a positive correlation with
CD19+ B cells. Disease activity scores of under 5 (clinical remission)
correlated with increasing granulocyte numbers while scores over 5
(active disease) were associated with increased DR Mid numbers
(Table 13). Bonferroni correction (0.05/24) adjusted the p-value =
0.002 and no statistical significance was found.
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Table 11. Relationship between PBMC Profiles and Baseline Demographics of Healthy Controls.
Absolute Counts/mL

Age

Age
(Female)

Age
(Male)

Monocyte

0.0004 (0.02)

0.43 (0.66)

0.13 (-0.37)

Classical

0.02 (-0.15)

0.15 (0.38)

0.16 (-0.40)

Intermediate

0.07 (0.26)

0.64 (0.80)

0.003 (0.05)

DR Mid

0.15 (0.36)

0.73 (0.85)

0.02 (-0.15)

DR High

0.11 (0.33)

0.34 (0.58)

0.02 (0.14)

Non-Classical

0.06 (0.25)

0.33 (0.58)

0.03 (0.17)

Lymphocyte

0.0003 (0.01)

0.005 (-0.07)

0.004 (0.07)

CD4+ T

0.004 (-0.06)

0.002 (-0.04)

0.01 (0.11)

CD8+ T

0.003 (0.05)

0.02 (-0.15)

0.02 (0.17)

CD19+ B

0.06 (-0.24)

0.02 (-0.14)

0.14 (-0.38)

CD56brightCD16dim NK

0.0001 (0.01)

0.07 (-0.27)

0.02 (0.16)

CD56brightCD16int NK

0.0006 (0.02)

0.004 (-0.21)

0.03 (0.18)

CD56dimCD16bright NK

0.001 (0.04)

0.15 (-0.39)

0.01 (0.13)

CD3+CD56+ NKT

0.00001 (0.01)

0.004 (0.06)

0.002 (-0.14)

Granulocyte

0.006 (0.08)

0.45 (0.67)

0.23 (-0.48)

Data expressed as regression coefficient (R2) and Pearson r value in brackets. Corrected p-value after Bonferroni adjustment p=0.002,
no statistical significance was found.
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Table 12. Relationship between PBMC Profiles and Baseline Demographics of Crohn’s Disease Patients.
Absolute
Counts/mL

Age

Age (Female)

Age (Male)

Disease
Activity
(DA)

DA <5
Clinical
Remission

DA >5
Active
Disease

DA
Immunosuppressants

DA
AntiInflammatory

Disease
Duration
(years)

Monocyte

0.18 (-0.43)

0.17 (-0.42)

0.21(-0.45)

0.0001 (0.01)

0.10 (0.32)

0.001 (0.01)

0.007 (-0.08)

0.07 (0.27)

0.09 (-0.30)

Classical

0.01 (-0.13)

0.08 (-0.29)

0.37 (0.61)

0.006 (-0.08)

0.05 (0.22)

0.19 (0.43)

0.05 (-0.22)

0.28 (0.52)

0.21 (-0.46)

Intermediate

0.26 (-0.51)

0.13 (0.17)

0.91 (-0.95)

0.006 (0.08)

0.02 (0.17)

0.04 (-0.21)

0.0007 (-0.02)

0.07 (-0.26)

0.02 (0.16)

DR Mid

0.28 (-0.53)

0.15 (-0.39)

0.83(-0.91)

0.04 (0.20)

0.03 (0.18)

0.01 (-0.11)

0.0009 (-0.01)

0.43 (0.65)

0.02 (0.16)

DR High

0.23 (-0.48)

0.13 (-0.36)

0.74 (-0.86)

0.001 (0.03)

0.19 (0.43)

0.16 (-0.40)

0.005 (-0.07)

0.73 (0.85)

0.005 (-0.07)

Non-Classical

0.04 (-0.20)

0.0008 (0.02)

0.39 (-0.62)

0.003 (0.05)

0.25 (0.50)

0.31 (-0.56)

0.003 (0.06)

0.01 (-0.11)

0.06 (0.26)

Lymphocyte

0.18 (-0.43)

0.21 (-0.45)

0.13 (-0.36)

0.04 (-0.18)

0.03 (-0.18)

0.001 (-0.01)

0.0009 (-0.03)

0.01 (-0.12)

0.06 (-0.24)

CD4+ T

0.60 (-0.77)

1 (-1.00)

0.69 (-0.83)

0.21 (0.46)

0.03(0.18)

N/A

0.42 (0.65)

N/A

0.18 (-0.42)

CD8+ T

0.64 (-0.80)

0.94 (-0.96)

0.54 (-0.74)

0.24 (0.45)

0.14 (0.38)

N/A

0.43 (0.66)

N/A

0.22 (-0.47)

0.35 (-0.59)

0.92 (-0.95)

0.83 (-0.91)

0.37 (0.61)

0.15 (0.39)

N/A

0.59 (0.77)

N/A

0.33 (-0.57)

CD56brightCD16dim NK 0.09 (-0.30)

0.85 (-0.92)

0.07 (0.27)

0.10 (0.33)

0.005 (0.07)

N/A

0.13 (0.36)

N/A

0.14 (-0.38)

CD56brightCD16int NK

0.13 (-0.36)

0.72 (-0.85)

0.06 (0.25)

0.11 (0.33)

0.02 (0.15)

N/A

0.50 (0.71)

N/A

0.21 (-0.46)

CD56dimCD16bright NK 0.27 (-0.52)

0.65 (-0.80)

0.08 (0.29)

0.01 (0.11)

0.02 (0.16)

N/A

0.63 (0.79)

N/A

0.11 (-0.34)

CD3+CD56+ NKT

0.90 (0.30)

0.09 (-0.95)

0.34 (0.59)

0.13 (0.37)

N/A

0.79 (0.89)

N/A

0.40 (-0.63)

+

CD19 B

0.04 (-0.20)

Granulocyte
0.01 (0.46)
0.05 (-0.24)
0.21 (0.46)
0.004 (-0.07) 0.001 (0.01) 0.05 (-0.23)
0.003 (-0.06)
0.15 (-0.39)
2
Data expressed as regression coefficient (R ) and Pearson r value in brackets, N/A; not applicable due to small sample size. Corrected p-value after
Bonferroni adjustment p=0.002, no statistical significance was found.
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0.04 (0.22)

Table 13. Relationship between PBMC Profiles and Baseline Demographics of Ulcerative Colitis Patients.
Age

Age (Female) Age (Male)

Disease
Activity

<5 Clinical
Remission

>5 Active
Disease

Disease Activity
Immunosuppressants

Disease Activity
AntiInflammatory

Disease
Duration
(years)

Monocyte

0.13 (0.36)

0.08 (0.29)

0.22 (0.47)

0.002 (-0.04)

0.003 (-0.06)

0.44 (0.66)

0.26 (0.51)

0.01 (-0.10)

0.0001 (0.01)

Classical

0.12 (0.35)

0.26 (0.51)

0.08 (0.29)

0.003 (-0.06)

0.001 (0.01)

0.34 (0.58)

0.06 (0.25)

0.001 (-0.04)

0.0007 (0.01)

Intermediate

0.08 (0.29)

0.0002 (0.01)

0.22 (0.47)

0.02 (-0.17)

0.08 (-0.28)

0.76 (0.87)

0.17 (0.41)

0.30 (-0.55)

0.002 (-0.04)

DR Mid

0.007 (-0.08)

0.001 (0.03)

0.33 (-0.58)

0.01 (0.13)

0.002 (0.04)

0.99 (0.99)

0.12 (0.35)

0.02 (-0.15)

0.02 (-0.14)

DR High

0.007 (-0.02)

0.01 (0.10)

0.26 (-0.51)

0.001 (-0.005)

0.02 (0.15)

0.004 (-0.02)

0.23 (-0.48)

0.07 (0.27)

0.001 (-0.04)

Non-Classical

0.15 (0.39)

0.17 (0.41)

0.14 (0.38)

0.14 (-0.37)

0.03 (-0.18)

0.04 (-0.22)

0.12 (-0.35)

0.001 (0.03)

0.0006 (0.02)

Lymphocyte

0.04 (0.21)

0.006 (-0.01)

0.26 (0.51)

0.07 (-0.26)

0.001 (-0.03)

0.03 (-0.17)

0.42 (0.65)

0.01 (-0.11)

0.06 (-0.26)

CD4 T

0.03 (0.17)

0.01 (0.11)

0.005 (-0.07)

0.11 (-0.34)

0.12 (0.35)

N/A

N/A

0.02 (-0.14)

0.23 (-0.48)

CD8+ T

0.05 (0.24)

0.07 (0.26)

0.80 (-0.89)

0.13 (-0.36)

0.06 (0.25)

N/A

N/A

0.09 (0.30)

0.17 (-0.41)

0.01 (0.12)

0.006 (-0.07)

0.99 (0.99)

0.004 (-0.02)

0.14 (0.37)

N/A

N/A

0.52 (0.72)

0.18 (-0.43)

NK

0.01 (0.11)

0.24 (0.49)

0.001 (-0.04)

0.39 (-0.62)

0.003 (-0.06)

N/A

N/A

0.08 (-0.29)

0.26 (-0.51)

CD16 NK

0.03 (0.18)

0.01 (0.11)

0.06 (-0.24)

0.09 (-0.30)

0.16 (0.40)

N/A

N/A

0.04 (0.21)

0.27 (-0.52)

0.05 (0.23)

0.001 (-0.03)

0.70 (0.84)

0.004 (0.06)

0.46 (0.68)

N/A

N/A

0.46 (0.67)

0.06 (-0.25)

CD3+CD56+ NKT

0.15 (0.39)

0.01 (0.10)

0.99 (0.99)

0.009 (-0.09)

0.26 (0.51)

N/A

N/A

0.10 (0.33)

0.05 (-0.23)

Granulocyte

0.001 (0.04)

0.69 (-0.83)

0.64 (0.80)

0.55 (0.74)

0.62 (0.79)

N/A

N/A

0.39 (0.63)

0.07 (-0.26)

+

+

CD19 B
CD56

bright

dim

CD56

bright

int

CD56

dim

CD16

CD16

bright

NK

Data expressed as regression coefficient (R2) and Pearson r value in brackets, N/A; not applicable due to small sample size. Corrected p-value after
Bonferroni adjustment p=0.002, no statistical significance was found.
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3.5 Discussion and Conclusion
A hallmark of IBD is chronic inflammation of the gut which is
perpetuated by infiltrating PBMCs. Monocytes are the main producers
of the pro-inflammatory cytokines found in IBD; TNFα, IL-1β and IL-12
and it is widely believed that these cells have a major pathologic role in
this disease.
Until recently, circulating monocytes were divided into just two
subsets; CD16- and CD16+. Research has suggested that it is the CD16+
monocytes that are expanded in inflammatory diseases such as
rheumatoid arthritis (RA) and sarcoidosis [124, 127].
Similar to other inflammatory conditions, the CD16+ monocyte
population is also expanded in the blood of CD patients and this has
been reported by a number of different research groups [55-56, 60].
However, because this research was published before the updated
monocyte classification in 2010, it is uncertain if the previous increase
in CD16+ monocytes was due to the expansion of the intermediate or
non-classical subsets. For this reason, in Chapter 3 we carried out
detailed phenotypic analyses on the three monocyte subsets along with
other PBMCs in CD and UC patients and compared them to their agematched HC. Our initial findings revealed similar monocyte numbers
between HC and CD patients (both Non-IFX and Trough-IFX) but also
confirmed previously published results showing that the intermediate
population is expanded in CD (Chpt 3, Fig 19).
However, unlike previous papers our research for the first time
examined absolute cell counts and not just their proportions. Thus, our
data provide a better overall understanding of what is actually
occurring in the blood of CD patients. The significant increase in the
intermediate monocyte numbers coincided with a drop in classical
numbers in both CD patients (CD Non-IFX and Trough-IFX).
Some research suggests that the intermediate monocytes are a more
mature version of the classical subpopulation based on their high
expression levels of proliferation-related genes [11]. Could the
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inflammation in CD, therefore, cause the circulating monocytes to
mature at a greater rate than those on unaffected individuals?
The intermediate monocytes are also reported to have increased proinflammatory capacity [128][10], and so it is possible that these cells
could be keys driver of the inflammatory cascade in IBD. It is important
to note therefore that, not only are the intermediate numbers increased,
but their expression of certain pro-inflammatory proteins (CD86, TLR4,
CD163 and mTNFα) are significantly upregulated in both CD cohorts
when compared to HC.
The newly identified DR Mid Intermediate monocyte subpopulation
was also increased in number in the CD patients we studied. Research
from our laboratory has suggested that these cells are specifically
expanded in the setting of obesity and that they have increased
scavenging properties for pro-atherogenic lipoproteins (Dennedy et al.
unpublished).
One model of IBD pathogenesis put forth by Koch et al. (2010) is that
classical monocytes migrate into the tissues in response to
inflammatory stimuli. In the LP, the monocytes undergo a phenotype
switch which increases their expression of surface CD16. Some of the
CD16+ cells reverse transmigrate back into the circulation. This model
could explain the increase in intermediate monocytes that we observed
in blood samples from subjects with CD. In the mucosa, both the CD16and CD16+ monocytes perpetuate intestinal inflammation through
cytokine production [55]. An on-going research project in our
laboratory which is more specifically focussing on the phenotypic and
functional nature of Intermediate monocyte sub-populations further
strengthens this theory by Koch et al. In these experiments, the classical
monocyte subset robustly migrated through an endothelial layer in
response to the chemokine CCL2 (MCP-1) while the intermediate and
non-classical subsets predominantly remained adherent to the
endothelium with very low rates of transmigration despite readily
detectable surface expression of the relevant chemokine receptor CCR2
(Connaughton et al. unpublished).
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The expansion of CD4+ T cells and of CD3+CD56+ NKT cells that we
observed in the CD Trough-IFX group may indicate that these cells also
play a role in the initiation and perpetuation of CD. This observation has
been previously reported in IBD patients but, once again, with
proportional data rather than absolute cell counts [129]. The CD NonIFX group showed a similar increase in CD4+ T cell numbers but no
significance was found when compared to the HC group, perhaps due to
the relatively small group size.
Chapter 3 also included phenotypic analysis of PBMCs from UC patients
(Non-IFX and Trough-IFX) compared with HC. Less is known about the
role of monocytes in UC pathogenesis due to the majority of published
data on IBD focusing on CD. We did however observe elevated
monocyte numbers in UC patients (Non-IFX) along with an increase in
the numbers of total intermediate (Trough IFX only) and of the DR Mid
Intermediate sub-population (Non-IFX and Trough-IFX) when
compared with HC. Due to the small patient number in the UC TroughIFX group, it should be emphasised that these are preliminary findings
and that larger numbers will be required to clearly identify any
potential alterations in cell phenotypes. In this regard, previous
research has not detected consistent difference in the proportion of
monocytes in patients with UC compared with HC. However, when
subjects with UC were sub-divided based on steroid usage, those who
were not treated with corticosteroid had a significant increase in the
proportion of CD14+CD16+ monocytes [60]. In our study, similar to the
CD patients, monocytes from both UC cohorts (Non-IFX and TroughIFX) had elevated expression of certain inflammatory markers (CD86,
TLR4 and CD163). The UC Trough-IFX group had significantly higher
expression of TLR4 and CD163 when compared to UC Non-IFX but due
to the small sample size it is unclear whether this represents a true
treatment or disease severity-related difference. It would appear,
nonetheless, that peripheral blood monocytes in UC patients may be in
an activated, pro-inflammatory state when compared to the HC group.
Interestingly, it was the lymphocyte populations that were significantly
altered amongst the UC patients (Non-IFX only) with increases seen in
the absolute lymphocyte number as well as the CD4+ T, CD19+ B cells
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and CD56dimCD16bright cells. This data suggests that while CD seems to
most consistently alter the monocyte compartment, UC is associated
with more striking alterations to lymphocyte populations. It may be of
relevance that UC is reportedly associated with a Th2-type T cell
response [42]. This could be consistent with our observations in this
project because two major immunological cell types involved in this
immune response are CD4+ T and CD19+ B cells. This data also fits with
the growing appreciation that, while CD and UC are grouped under the
umbrella term of IBD, their immunopathogeneses are fundamentally
different.
Overall, it is evident that people with actively managed CD and UC have
altered PBMC phenotypes when compared to age-matched HC. The
intermediate monocytes appear to be specifically increased in number
in both diseases and this population could be a key player in the
initiation and perpetuation of systemic and/or localised inflammation
in IBD. In the case of UC in particular, striking alterations to
lymphocytic populations, especially the CD4+ T and CD19+ B cells, were
also observed, emphasising the fact that the two diseases should be
separately studied. In the subsequent parts of this project, we have
focussed primarily on CD although additional data are presented, where
possible, on the smaller cohort of UC patients that was available to us to
study.
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Chapter 4: Results
The Effects of Infliximab on
Peripheral Blood Mononuclear Cells
in Inflammatory Bowel Disease
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4.0

Introduction

In Chapter 3, phenotypic analyses of PBMCs were shown to be
characteristically different in CD and UC when compared to age
matched HC. In CD, the expansion of the intermediate monocyte
population in CD Non-IFX and CD Trough-IFX patients and high
expression levels of the inflammatory markers suggest that these cells
are in an activated state.
In UC there was an increase in monocyte number in UC Non-IFX
patients and also an increase in the intermediate monocytes in the UC
Trough-IFX group. High expression levels of the inflammatory surface
markers similar to the UC patients was also described, suggesting these
cells to also be in a heightened inflammatory state.
This section will focus on the immediate effects of IFX; an anti-TNFα
mAb, on the circulating PBMCs in patients with CD and UC. IFX has the
ability to dampen inflammation in IBD and may in part exert its
therapeutic effect via actions on cells that synthesise TNFα such as
monocytes. Although clinically effective in many patients, anti-TNFα
mAb do not work in some, and lose efficacy in others. A more detailed
understanding of the actions of IFX on blood monocytes may provide
important insights into the mechanism of action of anti-TNFα mAb and
mechanisms of drug resistance.
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4.1 Hypothesis and Objectives
4.1.1 Hypothesis
Monocytes are the primary therapeutic target of IFX.

4.1.2 Objectives
In this set of experiments, detailed phenotypic analyses were carried
out to:
i) Determine circulating total monocyte and lymphocyte numbers in
IBD patients before and immediately after infusion of IFX.
ii) Investigate the differences in PBMC subsets amongst IBD patients
before and after IFX.
iii) To assess the expression levels of inflammatory markers on the
surface of the PBMCs before and after IFX treatment.
iv) Establish correlations between patient demographics, PBMC
profiles and IFX drug levels.
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4.2

Results I

4.2.1 Absolute Monocyte Numbers and Subsets in Crohn’s
Disease Patients following infliximab infusion.
IFX therapy causes a prompt reduction in total circulating monocyte
numbers and subsets.
IFX was administered to the CD patients every 6-8 weeks through a two
hour i.v. infusion (5mg/kg). Blood was taken at trough (before) and
peak (after) IFX levels.
Whole blood samples were analysed from the single patient group (CD
Trough-IFX and CD Peak-IFX) and the absolute monocytes numbers are
depicted in Fig 33. A significant reduction was shown in absolute
monocyte counts for each patient following IFX infusion, p<0.0001.
Freshly isolated PBMCs from CD patients (Trough and Peak-IFX) were
labelled with monocyte markers (CD45, HLA-DR, CD14 and CD16)
distinguishing the three subsets by flow cytometry. IFX therapy causes
a prompt reduction in all monocyte subsets, with the classical
(CD14++CD16-) and the intermediate (CD14++CD16+) subgroups being
the most significantly affected; B and C respectively (p<0.0001). The
non-classical subset (D) was also reduced in number following IFX
infusion but to a lesser extent than the other subsets, p<0.05.
The proportion of the monocyte subsets amongst the CD Trough-IFX
and CD Peak-IFX patients were averaged and graphed in Fig 33e. It is
evident that there is a reduction in the classical subset at peak IFX
levels (p=0.001) while the non-classicals seem to expand following the
drug (p<0.0001). The proportion of intermediates does not change at
peak IFX levels (p=0.24). The percentage reduction in the monocyte
subsets following IFX infusion was calculated and is graphed in F with
the classical and intermediate subset being the most affected, p<0.001
and p<0.01 respectively.
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Figure 33. Absolute Number of Circulating Monocytes and Subsets
at Trough and Peak Infliximab Levels.
Absolute monocyte numbers and subsets were determined by flow cytometric
analysis in Crohn’s disease patients before (CD Trough-IFX) and immediately
after (CD Peak-IFX) an i.v. infusion of IFX. (A) Whole blood stained with
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monocyte surface markers determined absolute monocyte counts /mL from CD
Trough-IFX and CD Peak-IFX patients (n=34), Student’s paired t-test, p<0.001***.
Freshly isolated peripheral blood mononuclear cells were surface stained with
CD45, HLA-DR, CD14 and CD16 and the (B) the classical CD14++CD16-, (C)
intermediate CD14++CD16+ and (D) non-classical CD14dimCD16++ subsets were
determined from the CD patients before and immediately after the IFX therapy
(n=34).
The proportion of the classical, intermediate and non-classical monocytes before
(CD Trough-IFX) and after (CD Peak-IFX) IFX infusion is depicted in (E). The
percent differences were; classical (p=0.001**), intermediate (p=N.S) and nonclassical (p<0.001***) monocytes, student’s paired t-test. The percent reduction
in the absolute number of the three monocyte subsets following IFX infusion is
illustrated in F.
Data in A-D represented as (●) for trough and peak IFX levels. In (E) the graph
illustrates data as; average % of classical – black bar, average % of intermediate
- grey bar and average % of non-classical monocytes - white bar. In (F) the data
is depicted as percent reduction of absolute number of the monocyte subsets; the
classical - black column, intermediate – grey column and the non-classical –
white column. (Student paired t-test, p<0.05*, p<0.01** and p<0.001***)
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IFX therapy causes a reduction in the DR Mid and DR High monocyte
subsets.
The 4 colour staining protocol for identifying the monocyte populations
(CD45, HLA-DR, CD14 and CD16) allows for the separation of the
intermediate subset into the newly discovered DR Mid and DR high
groups. Freshly isolated PBMCs were surface stained for those
monocyte markers and the absolute number of the DR Mid (A) and DR
High (B) subsets was determined at trough and peak IFX levels.
IFX therapy causes a significant reduction in both subsets with the DR
Mid monocytes being the most affected, Fig 34.

Figure 34. Absolute Number of DR Mid and DR High Monocytes at
Trough and Peak Infliximab Levels.
Freshly isolated PBMCs were surface stained with monocyte markers and (A) the
DR Mid, (B) DR High subsets were determined. Data in A-D represented as (●) for
trough and peak infliximab levels. Student’s paired t-test is p<0.05*, p<0.01** and
p<0.001***.
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4.2.2 Surface Marker Expression on Monocytes at Trough and
Peak Infliximab Levels.
IFX does not alter the expression levels of the inflammatory surface
markers on monocytes.
A detailed phenotypic analysis was carried out on the CD IFX patients to
investigate if IFX therapy affected the expression levels of certain
inflammatory markers; CD86, TLR4, CCR2 and CD163. The full staining
matrix can be seen in Chpt 2, Table 4.
The MFI of the four surface markers was not altered following IFX
treatment, Fig 35. As shown in Chpt 3 Section 3.3.2, CD86, TLR4 and
CD163 levels were all significantly higher than the age matched HC.
These elevated expression levels were still maintained following the
drug treatment.
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Figure 35. Surface Marker Expression on Monocytes at Trough and
Peak Infliximab Levels.
Freshly isolated PBMCs were surface stained with four different markers; (A)
CD86 (B) TLR-4 (C) CCR2 and (D) CD163 and the MFI values of the whole
monocyte population were determined. Data in A-D is represented as CD Trough
and Peak IFX (▲) n=24. Student’s paired t-test saw no significance (N.S).
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4.2.3 Absolute Lymphocyte Numbers and Subsets in Crohn’s
Disease Patients Following Infliximab Infusion.
Circulating lymphocyte numbers and the T cell subsets are reduced
following IFX infusion.
To investigate if IFX affects other cells populations, absolute
lymphocyte numbers and their individual subsets were determined in
the CD patients at trough and peak drug levels.
The lymphocyte population was counted using whole blood samples on
the Accuri™ C6 cytometer (Chpt 2, Fig 14). A nine colour staining panel
was applied to the PBMCs to locate the lymphocyte subsets and is
detailed in Chpt 2 Table 5.
This staining panel allowed us to look at a number of populations; CD4+
and CD8+ T cells, CD19+ B Cells, CD56bright/dimCD16bright/int/dim NK Cells
and CD3+CD56+ NKT Cells.
The whole blood lymphocyte count (Fig 36a) showed a significant
reduction following the IFX infusion. This reduction was also seen in the
T cell populations (B-C) with the largest reduction in the CD4+ T cells,
p<0.001.The absolute number of circulating CD19+ B cells (D) was
reduced by IFX but it was not statistically significant, p=0.051.
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Figure 36. Absolute Number of Lymphocytes and Subsets in
Crohn's disease Patients at Trough and Peak Infliximab Levels.
Whole blood analysis determined absolute lymphocyte counts/ mL (A) from the
CD patients before and after IFX infusion (CD Trough and CD Peak-IFX, n=14).
Freshly isolated PBMCs were surface stained with lymphocyte markers and (B)
the CD4+ T cell (C) CD8+ T cell and (D) CD19+ B cells subsets were determined.
Data in A-D represented as CD Trough and Peak-IFX (▲). Student’s paired t-test
was p<0.05*, p<0.01** and p<0.001***. N.S; Not significant.
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The absolute numbers of the NK cell subpopulations are graphed in Fig
37; (A) CD56brightCD16dim, (B) CD56brightCD16int, (C) CD56dimCD16bright
and (D) CD3+CD56+ NK T cells.
The only NK cell population affected by IFX were the CD56dimCD16bright
cells (C) with the number increasing following drug infusion, p<0.05.
The other NK populations showed no difference between CD TroughIFX and CD Peak-IFX.

Figure 37. Absolute Number of Circulating NK Cells in Crohn's
Disease Patients at Trough and Peak Infliximab Levels.
Freshly isolated PBMCs were surface stained with lymphocyte markers and the
NK subpopulations were determined. Data in A-D represented as CD Trough-IFX
and CD Peak-IFX, n=14 (▲). Student’s paired t-test was p<0.05*, p<0.01** and
p<0.001***. N.S; not significant.
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4.2.4 Surface Expression of tmTNFα on PBMCs in Crohn’s
Disease Patients at Trough and Peak Infliximab Levels
The expression of tmTNFα on PBMCs is not altered following IFX therapy.
The expression of tmTNFα was investigated due to ability of IFX to bind
to both sTNFα and tmTNFα to carry out its actions.
Freshly isolated PBMCs (5x105) from the CD patients at trough and
peak IFX levels were stained with CD45, HLA-DR, CD14, CD16 and a
fluorescently labelled antibody that binds to tmTNFα. The MFI of
tmTNFα in the CD patient groups was calculated and graphed in Fig 38.
Similar to the CD Non-IFX data in Results Section 3.2.5, the monocyte
subsets had a 10 fold increase in their expression of tmTNFα when
compared to the whole lymphocyte subset. The CD Trough-IFX and the
CD Peak-IFX samples had similar MFI so IFX did not seem to alter
tmTNFα expression. It was the intermediate subset that has the highest
tmTNFα levels followed by the classical and non-classical subsets.
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Figure 38. Surface Expression of tmTNFα on PBMCs in Crohn's
Disease Patients at Trough and Peak Infliximab Levels.
Freshly isolated PBMCs from CD Trough and Peak IFX patients (n=9) were
surface stained for CD45, CD14 and CD16. The cells were also labelled with either
isotype IgG1 or human TNFα membrane form antibody. The MFI of tmTNFα
amongst the three monocyte subsets and the total lymphocyte population is
graphed out above. The black bars = classical, dark grey bars = intermediate,
light grey = non-classical and the white bars represent the lymphocytes.
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4.2.5 Absolute Granulocyte Numbers in Crohn’s Disease
Patients Following Infliximab Infusion.
IFX therapy causes a significant increase in CD patients’ granulocyte
numbers.
The granulocyte population was analysed as a whole and the absolute
number of the CD patients at trough and peak IFX levels were
determined using the Accuri™ C6 (Chpt 2, Fig 14).
There was a significant increase in absolute granulocyte numbers of the
CD patients at peak IFX levels, p<0.001.

Figure 39. Absolute Number of Circulating Granulocytes in Crohn's
Disease Patients at Trough and Peak Infliximab Levels.
Whole blood analysis determined absolute granulocyte counts/ mL from the CD
patients at trough and peak IFX levels: CD Trough-IFX and CD Peak-IFX, n=24.
Data is represented as CD Trough and Peak IFX (●). Student’s paired t-test is
p<0.05*, p<0.01** and p<0.001***.
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4.2.6 Infliximab Drug Levels in Crohn’s Disease Patients Before
and After Infliximab Infusion.
IFX was administered to CD patients every 6-8 weeks through a two
hour i.v. infusion (5mg/kg). Blood was taken before (trough-IFX) and
immediately after (peak-IFX) treatment.
The blood samples underwent density gradient centrifugation and the
top layer of plasma (50µl) was tested to quantify the level of the drug in
the circulation. This process was achieved using the iLite™ Infliximab –
IVD kit (Biomonitor Ltd, Galway, IRL). Data from 28 CD patients is
tabulated below (Table 14) and is expressed as trough and peak IFX
levels (µg/mL).
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Table 14. Infliximab Drug Levels in Crohn's Disease Patients.
Patient

Trough-IFX
Peak-IFX
(µg/ml)
(µg/ml)
1
2.25
307
2
1.89
216
3
1.67
177
4
0.64
213
5
2.25
182
6
1.66
199
7
2.32
126
8
2.12
153
9
1.90
113
10
2.18
184
11
2.25
178
12
2.36
159
13
2.26
168
14
0.29
223
15
1.64
134
16
0.20
109
17
4.6
368
18
3.5
198
19
0.5
132
20
0.5
114
21
1.7
203
22
0.5
114
23
10.4
104
24
6.9
142
25
0.8
94
26
1.9
111
27
0.8
126
28
1.2
156
Data is expressed as (µg/mL) IFX drug levels in plasma of CD patients
before and after IFX infusion, n=28.
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4.2.7 Correlation between Clinical Characteristics of Crohn’s
Disease Patients, PBMC Profiles and Infliximab Drug Levels.
Absolute numbers of PBMCs correlated with age and disease activity score
of CD patients.
To identify if absolute numbers of PBMCs are associated with patient
demographics, correlation analyses were performed on CD patients at
trough and peak IFX levels. Correlations between trough and peak IFX
drug levels and absolute cell counts were also assessed.
The age of female CD patients showed a positive correlation with
absolute number of circulating non-classical monocytes at trough IFX
levels (Table 15). Bonferroni correction (0.05/24) adjusted the p-value
= 0.002 and no statistical significance was found.
Following infusion of IFX, CD patients’ age and total circulating
lymphocytes, CD4+ T cells and CD56dimCD16++ NK cells were all
positively correlated. When the patients were separated based on
gender, the association between lymphocytes and CD4+ T cells was
based on the age of the female CD patients (Table 16).
Disease activity scores were positively correlated with DR Mid
monocytes and scores less than 5 (clinical remission) were negatively
associated with absolute granulocyte counts.
Peak infliximab levels were negatively correlated with monocyte and
classical monocyte numbers, NK (CD56bright/dimCD16dim/int/bright) and NKT
(CD3+CD56+) cells. C-reactive protein levels (CRP) were obtained for a
small cohort of CD IFX patients (n=16) and a positive correlation with
granulocyte numbers was identified. Bonferroni correction (0.05/24)
adjusted the p-value = 0.002 and no statistical significance was found
(Table 16).
The MFI of four surface markers (CD86, TLR4, CCR2 and CD163) on the
whole monocyte population was analysed against CD patients at trough
(Table 17) and peak (Table 18) IFX levels. Bonferroni correction
(0.05/12) adjusted the p-value = 0.004 and no statistical significance
was found.
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Table 15. Relationship between PBMC Profiles and Baseline Demographics of Crohn’s Disease Patients at Trough Infliximab Levels.
Age

Age (Female) Age (Male)

DA <5 Clinical
Remission

0.003 (-0.01)

Disease
Activity
(DA)
0.01 (0.13)

Disease
Duration
(years)
0.03 (-0.19)

Trough IFX
Levels

CRP Levels

0.001 (0.03)

DA >5
Active
Disease
0.13 (0.36)

Monocyte

0.001 (-0.03)

0.004 (-0.66)

0.04 (-0.20)

0.0005 (0.002)

Classical

0.01 (-0.12)

0.01 (-0.14)

0.0001 (0.01)

0.009 (0.09)

0.0005 (0.02)

0.06 (0.25)

0.06 (-0.25)

0.04 (-0.21)

0.03 (-0.17)

Intermediate

0.01 (0.13)

0.09 (0.31)

0.001 (0.001)

0.05 (0.23)

0.04 (0.20)

0.06 (0.25)

0.002 (0.04)

0.0003 (-0.01)

0.001 (-0.03)

DR Mid

0.009 (-0.07)

0.06 (0.25)

0.04 (-0.20)

0.06 (0.25)

0.03 (0.17)

0.08 (0.29)

0.001 (-0.04)

0.02 (-0.14)

0.06 (-0.26)

DR High

0.02 (0.16)

0.001 (0.04)

0.08 (0.28)

0.001 (0.04)

0.0006 (-0.02)

0.31 (0.55)

0.001 (0.03)

0.0007 (0.008)

0.17 (-0.42)

Non-Classical

0.02 (0.15)

0.38 (0.61)

0.004 (0.006)

0.009 (0.09)

0.002 (0.04)

0.07 (0.26)

0.0003 (0.01)

0.003 (-0.06)

0.13 (-0.36)

Lymphocyte

0.008 (0.10)

0.06 (0.25)

0.004 (0.06)

0.10 (0.33)

0.15 (0.39)

N/A

0.03 (-0.17)

0.05 (-0.22)

N/A

CD4+ T

0.08 (0.29)

0.46 (0.68)

0.01 (-0.11)

0.13 (0.36)

0.02 (0.15)

N/A

0.01 (-0.11)

0.05 (-0.22)

N/A

CD8+ T

0.001 (-0.01)

0.002 (0.04)

0.10 (0.32)

0.02 (0.14)

0.36 (0.60)

N/A

0.04 (-0.22)

0.04 (-0.22)

N/A

CD19+ B

0.008 (-0.11)

0.002 (-0.04)

0.03 (-0.18)

0.09 (0.30)

0.22 (0.47)

N/A

0.04 (-0.22)

0.12 (-0.35)

N/A

0.001 (-0.03)

0.01 (-0.10)

0.001 (-0.04)

0.005 (0.02)

0.009 (-0.03)

N/A

0.001 (-0.03)

0.009 (0.009)

N/A

0.006 (0.08)

0.09 (-0.30)

0.10 (0.31)

0.004 (0.06)

0.01 (0.13)

N/A

0.01 (-0.13)

0.002 (-0.05)

N/A

CD56dimCD16bright NK

0.06 (0.25)

0.04 (0.20)

0.07 (0.26)

0.03 (0.18)

0.005 (-0.03)

N/A

0.0007 (0.008)

0.06 (-0.24)

N/A

CD3+CD56+ NKT

0.01 (-0.13)

0.12 (-0.35)

0.0005 (0.02)

0.08 (0.28)

0.08 (0.28)

N/A

0.006 (-0.07)

0.01 (-0.12)

N/A

Granulocyte

0.02 (0.15)

0.03 (0.18)

0.04 (0.21)

0.04 (0.19)

0.03 (-0.19)

0.003 (-0.01)

0.001 (0.04)

0.01 (-0.11)

0.001 (0.01)

CD56brightCD16dim NK
CD56

bright

int

CD16 NK

Data expressed as regression coefficient (R2) and Pearson r value in brackets, N/A; not applicable, sample size is too small for statistical analysis, CRP; c
reactive protein. Corrected p-value after Bonferroni adjustment p=0.002, no statistical significance was found.
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Table 16. Relationship between PBMC Profiles and Baseline Demographics of Crohn’s Disease Patients at Peak Infliximab Levels.
Age

Age (Female) Age (Male)

DA <5 Clinical
Remission

0.003 (0.05)

Disease
Activity
(DA)
0.07 (0.26)

Disease
Duration
(years)
0.0003 (-0.01)

Peak IFX
Levels

CRP
Levels

0.14 (-0.37)

DA >5
Active
Disease
0.01 (0.12)

Monocyte

0.02 (0.15)

0.15 (0.39)

0.18 (-0.43)

0.0001 (0.01)

Classical

0.01 (-0.10)

0.02 (0.14)

0.04 (-0.20)

0.09 (0.30)

0.20 (-0.45)

0.03 (0.18)

0.09 (-0.30)

0.23 (-0.48)

0.01 (-0.13)

Intermediate

0.08 (0.29)

0.16 (0.40)

0.07 (0.28)

0.005 (0.07)

0.08 (-0.28)

0.009 (-0.09)

0.04 (0.21)

0.05 (-0.23)

0.001 (0.03)

DR Mid

0.03 (0.18)

0.01 (0.10)

0.03 (0.18)

0.14 (0.37)

0.02 (-0.14)

0.002 (-0.05)

0.03 (-0.18)

0.009 (-0.09)

0.006 (0.07)

DR High

0.04 (0.21)

0.17 (0.42)

0.01 (0.11)

0.01(0.12)

0.11 (-0.33)

0.006 (-0.02)

0.002 (0.05)

0.03 (-0.19)

0.002 (-0.05)

Non-Classical

0.03 (0.19)

0.23 (0.48)

0.01 (0.11)

0.05 (0.22)

0.19 (-0.43)

0.004 (-0.06)

0.0001 (0.005)

0.06 (-0.26)

0.05 (-0.23)

Lymphocyte

0.35 (0.59)

0.62 (0.79)

0.21 (0.46)

0.01 (0.11)

0.0001 (-0.01)

N/A

0.02 (0.16)

0.01 (0.02)

N/A

CD4+ T

0.34 (0.58)

0.86 (0.92)

0.004 (-0.02)

0.01 (0.12)

0.07 (-0.27)

N/A

0.009 (0.09)

0.007 (-0.08)

N/A

CD8+ T

0.15 (0.39)

0.35 (0.59)

0.19 (0.44)

0.11 (-0.33)

0.08 (-0.20)

N/A

0.006 (-0.07)

0.05 (0.22)

N/A

CD19+ B

0.01 (-0.11)

0.01 (-0.11)

0.001 (0.03)

0.03 (0.19)

0.22 (0.47)

N/A

0.01 (-0.11)

0.0005 (0.007)

N/A

0.01 (0.12)

0.002 (0.04)

0.01 (0.10)

0.02 (-0.16)

0.07 (-0.27)

N/A

0.03 (0.18)

0.70 (0.83)

N/A

0.13 (0.36)

0.01 (0.14)

0.27 (0.52)

0.001 (0.03)

0.02 (-0.14)

N/A

0.01 (0.11)

0.75 (0.87)

N/A

0.50 (0.71)

0.50 (0.71)

0.54 (0.73)

0.02 (-0.14)

0.09 (-0.30)

N/A

0.28 (0.53)

0.46 (0.68)

N/A

0.20 (0.45)

0.005 (0.07)

0.47 (0.68)

0.06 (-0.25)

0.03 (-0.19)

N/A

0.02 (0.16)

0.60 (0.77)

N/A

CD56brightCD16dim NK
CD56

bright

CD56

dim

int

CD16 NK

CD16

bright

CD3+CD56+ NKT

NK

Granulocyte
0.13 (0.36)
0.44 (0.66)
0.001 (0.05)
0.10 (0.31)
0.24 (-0.49)
0.02 (-0.15)
0.01 (-0.11)
0.03 (-0.20)
0.56 (0.75)
Data expressed as regression coefficient (R2) and Pearson r value in brackets, N/A; not applicable sample size is too small for statistical analysis, CRP; c
reactive protein. Corrected p-value after Bonferroni adjustment p=0.002, no statistical significance was found.
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Table 17. Relationship between Surface Marker Expression and Baseline Demographics of Crohn’s Disease Patients at Trough
Infliximab Levels.
MFI

Age

Age
(Male)
0.02 (0.14)

Disease Activity
(DA)
0.001 (-0.03)

Disease Duration
(yrs)
0.001 (0.04)

Monocyte
Count
0.10 (-0.32)

Trough IFX Levels

0.01 (0.10)

Age
(Female)
0.005 (0.07)

CD86
TLR4

0.09 (-0.29)

0.09 (-0.30)

0.10 (-0.31)

0.11 (0.33)

0.02 (-0.15)

0.01 (0.12)

0.004 (-0.06)

CCR2

0.05 (-0.16)

0.02 (0.15)

0.37 (-0.61)

0.10 (-0.32)

0.02 (-0.14)

0.008 (-0.08)

0.08 (-0.29)

CD163

0.01 (-0.06)

0.0001 (-0.004)

0.11 (-0.33)

0.0005 (0.02)

0.0004 (0.006)

0.01 (0.10)

0.05 (-0.23)

mTNFα

0.34 (-0.58)

0.30 (-0.54)

0.13 (-0.37)

0.08 (0.28)

0.06 (-0.25)

0.05 (-0.24)

0.31 (0.56)

0.04 (0.21)

Data expressed as regression coefficient (R2) and Pearson r value in brackets. MFI; median fluorescent intensity. Corrected p-value after Bonferroni
adjustment p=0.002, no statistical significance was found.
Table 18. Relationship between Surface Marker Expression and Baseline Demographics of Crohn's Disease Patients at Peak
Infliximab Levels.
MFI

Age

Age
(Male)
0.005 (0.07)
0.11 (-0.32)

Disease Activity
(DA)
0.001 (0.03)
0.14 (0.38)

Disease Duration
(yrs)
0.0006 (-0.02)
0.01 (-0.12)

Monocyte
Count
0.17 (-0.42)
0.05 (0.24)

Peak IFX Levels

0.004 (-0.06)
0.04 (-0.12)

Age
(Female)
0.04 (-0.21)
0.01 (-0.10)

CD86
TLR4
CCR2

0.01 (-0.13)

0.01 (0.13)

0.21 (-0.46)

0.03 (-0.17)

0.01 (-0.13)

0.02 (0.15)

0.03 (-0.19)

CD163

0.004 (-0.06)

0.0001 (0.01)

0.05 (-0.22)

0.02 (-0.16)

0.0005 (0.02)

0.01 (-0.14)

0.01 (0.10)

0.22 (-0.47)

0.75 (-0.86)

0.008 (0.09)

0.06 (-0.25)

0.08 (-0.28)

0.19 (-0.44)

mTNFα 0.29 (-0.54)

0.16 (0.41)
0.12 (0.35)

Data expressed as regression coefficient (R2) and Pearson r value in brackets. MFI; median fluorescent intensity. Corrected p-value after Bonferroni
adjustment p=0.002, no statistical significance was found.
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Peak Infliximab Drug Levels are correlated with a reduction in total
monocyte numbers
Graphical representation of peak IFX drug levels and absolute
circulating monocyte numbers is shown in Fig 40. Similar to the results
in Section 4.2.1, elevated IFX levels is associated with a reduction in all
monocytes especially total monocyte (A) and classical numbers (B).

Figure 40. Correlations between Peak IFX levels and Absolute
Monocyte Numbers and Subsets.
Prior to adjustment of the p-value according to Bonferroni’s correction,
negative correlations between total monocyte (A) and total classical
numbers (B)were significantly associated with peak IFX drug levels
(p<0.05*). Data expressed as regression co-efficient (r2) and
corresponding p-values.
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4.3 Results II
4.3.1. Absolute Monocyte Numbers and Subsets in Ulcerative
Colitis Patients Following Infliximab Infusion.
IFX therapy reduces the number of total circulating monocytes and
subsets but it does not affect the intermediate population in UC patients.
IFX was administered to the UC patients every 6-8 weeks through a two
hour i.v. infusion (5mg/kg). Blood was taken at trough (before) and
peak (after) IFX levels.
Whole blood samples were analysed from the single patient group (UC
Trough-IFX and CD Peak-IFX) and the absolute monocytes numbers are
shown in Fig 41a. There was a significant reduction in absolute
monocyte count for each patient following infliximab infusion, p=0.01.
Freshly isolated PBMCs from UC patients (Trough and Peak-IFX) were
labelled with monocyte markers (CD45, HLA-DR, CD14 and CD16)
distinguishing the three subsets by flow cytometry. IFX therapy caused
a prompt reduction in the classical (CD14++CD16-) and non-classical
(CD14dimCD16++) subset, B and D respectively (p=0.01). The
intermediate subset (CD14++CD16+) was not significantly reduced
following IFX infusion.
The proportion of the monocyte subsets amongst the UC Trough-IFX
and UC Peak-IFX patients were averaged and graphed in Fig 41e. A
slight reduction is shown in the classical subset at peak IFX levels while
the intermediate subgroup seemed to increase. There was, however, no
statistical significance between the three monocyte subsets at trough
and peak IFX levels. The percentage reduction in the monocyte subsets
following IFX infusion was calculated and is seen in F with no
differences seen between the subgroups.
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Figure 41. Absolute Number of Circulating Monocytes and Subsets
at Trough and Peak Infliximab Levels.
Absolute monocyte numbers and subsets were determined by flow cytometric
analysis in UC patients before (UC Trough-IFX) and immediately after (UC Peak-
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IFX) an i.v. infusion of IFX. (A) Whole blood stained with monocyte surface
markers determined absolute monocyte counts /mL from UC Trough-IFX and UC
Peak-IFX (n=4), Student’s paired t-test, p=0.01*.
Freshly isolated peripheral blood mononuclear cells were surface stained with
CD45, HLA-DR, CD14 and CD16 and the (B) the classical CD14++CD16-, (C)
intermediate CD14++CD16+ and (D) non-classical CD14dimCD16++ subsets were
determined from the UC patient pre and post IFX therapy(n=4).
The proportion of the classical, intermediate and non-classical monocytes before
(UC Trough-IFX) and after (UC Peak-IFX) IFX infusion is depicted in (E). The
percent differences were not significant between any of the three monocyte
subsets. The percent reduction in the absolute number of the monocyte
population following IFX infusion is illustrated in F.
Data in A-D represented as (●) for trough and peak IFX levels. In (E) the graph
illustrates data as; average % of classical – black bar, average % of intermediate
- grey bar and average % of non-classical monocytes - white bar. In (F) the data
is depicted as percent reduction of absolute number of the monocyte subsets; the
classical - black column, intermediate – grey column and the non-classical –
white column. (Student paired t-test: p<0.05*, p<0.01** and p<0.001***, N.S; not
significant).
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IFX therapy reduces the number of DR High circulating monocytes in UC
patients.
The 4 colour staining protocol for identifying the monocyte populations
(CD45, HLA-DR, CD14 and CD16) allows for the separation of the
intermediate subset into the newly identified DR Mid and DR high
groups. Freshly isolated PBMCs were surface stained for those
monocyte markers and the absolute number of the DR Mid (A) and DR
High (B) subsets was determined at trough and peak IFX levels.
IFX therapy causes a significant reduction in the DR High subset but did
not affect the DR Mid group, Fig 42.

Figure 42. Absolute Number of DR Mid and DR High Monocytes at
Trough and Peak Infliximab Levels.
Freshly isolated PBMCs were surface stained with monocyte markers and (A) the
DR Mid, (B) DR High subsets were determined. Data in A-D represented as (●) for
trough and peak IFX levels. Student’s paired t-test: p<0.05*, p<0.01** and
p<0.001***, N.S; not significant.
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4.3.2 Surface Marker Expression on Monocytes of UC Patients
at Trough and Peak Infliximab Levels.
IFX does not alter the expression levels of the inflammatory surface
markers on monocytes from UC patients.
Similar to the CD IFX patients, a detailed phenotypic analysis was
carried out on the UC group to investigate if IFX therapy affects the
expression levels of the inflammatory markers; CD86, TLR4, CCR2 and
CD163. Only a small sample number was obtained for this experiment
and the full staining matrix can be seen in Chpt 2, Table 4.
The MFI of the four surface markers was not altered following IFX
treatment, Fig 43. As shown in Chpt 3, Section 3.3.2, the four surface
markers were all significantly higher than the age matched HC while
TLR4 and CD163 levels were increased compared to the UC Non-IFX
group. These high expression levels were sustained even after the drug
treatment.
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Figure 43. Surface Marker Expression on Monocyte at Trough and
Peak Infliximab Levels
Freshly isolated PBMCs were surface stained with four different markers; (A)
CD86 (B) TLR-4 (C) CCR2 and (D) CD163 and the MFI values of the whole
monocyte population were determined. Data in A-D is represented as UC Trough
and Peak IFX (▲) n=2-4. Student’s paired t-test was not significant (N.S).
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4.3.3 Absolute Lymphocyte Numbers and Subsets in Ulcerative
Colitis Patients Following Infliximab Infusion.
IFX does not affect the number of circulating lymphocytes or its subsets in
UC patients.
To investigate IFX’s effects on other cells populations, absolute
lymphocyte numbers and their individual subsets were determined in
the UC patients at trough and peak drug levels.
The lymphocyte population was counted using whole blood samples on
the Accuri™ C6 cytometer (Chpt 2, Fig 14). A nine colour staining panel
was applied to the PBMCs to locate the lymphocyte subsets and is
detailed in Chpt 2 Table 5.
This staining panel allowed us to look at a number of populations; CD4+
and CD8+ T cells, CD19+ B Cells, CD56bright/dimCD16bright/int/dim NK Cells
and CD3+CD56+ NKT Cells.
The whole blood lymphocyte count (Fig 44A) showed no significant
difference following the IFX infusion. This was also the case for the CD4+
and CD8+ T cells (B-C) and the CD19+ B cells (D). Due to such a small
sample size, it is difficult to identify IFXs’ actions on these cell
populations.
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Figure 44. Absolute Number of Lymphocytes and the Subsets in
Ulcerative Colitis Patients at Trough and Peak Infliximab Levels.
Whole blood analysis determined absolute lymphocyte counts/ mL (A) from the
UC patients before and after IFX infusion (UC Trough and UC Peak-IFX, n=3-4).
Freshly isolated PBMCs were surface stained with lymphocyte markers and (B)
the CD4+ T cell (C) CD8+ T cell and (D) CD19+ B cells subsets were determined.
Data in A-D represented as UC Trough and Peak-IFX (▲). Student’s paired t-test
was not significant (N.S).

136

The absolute numbers of the NK cell subpopulations are graphed in Fig
45; (A) CD56brightCD16dim, (B) CD56brightCD16int, (C) CD56dimCD16bright
and (D) CD3+CD56+ NK T cells. The NK and the NKT populations showed
no difference between UC Trough-IFX and UC Peak-IFX patients. Once
again, due to the limited number of samples a clear representation of
IFXs’ actions on these cells would need a larger patient number.

Figure 45. Absolute Number of Circulating NK Cells in Ulcerative
Colitis Patients at Trough and Peak Infliximab Levels.
Freshly isolated PBMCs were surface stained with lymphocyte markers and the
NK subpopulations were determined. Data in A-D represented as UC Trough-IFX
and UC Peak-IFX, n=3 (▲). Student’s paired t-test was not significant (N.S).
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4.3.4 Absolute Granulocyte Numbers in Ulcerative Colitis
Patients Following Infliximab Infusion.
IFX therapy does not affect the number of circulating granulocytes in UC
patients.
The granulocyte population was analysed as a whole and the absolute
number of the UC patients at trough and peak IFX levels were
determined using the Accuri™ C6 (Chpt 2, Fig 14).
Three out of the four UC patients had an increase in their granulocyte
numbers following IFX infusion; this, however, did not reach statistical
significance.

Figure 46. Absolute Number of Circulating Granulocytes in
Ulcerative Colitis Patients at Trough and Peak Infliximab Levels.
Whole blood analysis determined absolute granulocyte counts/ mL from the UC
patients at trough and peak IFX levels: UC Trough-IFX and UC Peak-IFX, n=4.
Data is represented as UC Trough and Peak IFX (●). Student’s unpaired t-test was
not singnificant (N.S).
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4.4 Discussion and Conclusion
Chapter 4 examines the immediate effects of the anti-TNFα mAb IFX on
circulating PBMCs in subjects with IBD – primarily CD. Mechanistically,
IFX acts to dampen inflammation in IBD and it may, in part, exert its
therapeutic effect directly upon cells such as monocytes that synthesise
TNFα.
Research on the cell-specific effects of IFX on PBMCs in human subjects
with IBD has been relatively limited. There are, however, a number of
published reports of monocyte-specific effect of IFX in rheumatoid
arthritis (RA). For example, Ohshima et al. (1999) have shown
monocytopenic effects of IFX in patients with RA. This study monitored
circulating PBMCs within the first few weeks of treatment and
discovered that monocytes were significantly reduced two weeks after
the first infusion and remained lower than the baseline for another two
weeks. Lymphocyte numbers actually increased following IFX infusion
and remained higher than the baseline for 4 weeks. However, their
numbers then gradually decreased significantly below baseline for up
to 12 weeks after the infusion [130]. A study by Coulthard et al. (2012)
also examined the effects of IFX on peripheral blood leukocytes in early
RA and, in this case, separately examined all three of the currentlyrecognised monocyte subpopulations. In this study, at two weeks after
IFX treatment, only the CD16+ granulocytes were significantly reduced
and this change was maintained at 14 weeks post initiation of therapy.
They suggested that, as a result of the already-low monocyte counts in
the RA patients, any significant changes in this cell population may have
been difficult to detect [131].
Our work has demonstrated for the first time that IFX therapy causes a
prompt reduction in absolute circulating monocyte numbers in each of
their individual subsets in CD patients. The reductions in classical and
intermediate monocyte numbers were greater in magnitude than those
of non-classical monocytes, perhaps due to their higher surface
expression of tmTNFα expression - the binding target for IFX. We have
also included data from the DR Mid and DR High intermediate
monocyte subpopulations which our group has recently identified. In
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these analyses, we observed that IFX therapy caused a comparable
significant reduction in both of these populations.
Research from Nazareth et al., (2014) investigated the effects of IFX on
the frequency of CD16+ monocytes in CD patients. They monitored the
patients over the course of three IFX infusions and documented a
steady decrease in the proportion of CD16- monocytes. There was a
concomitant proportionate expansion of the CD16+ population after
every infusion. When the CD16+ monocytes were divided into
intermediate and non-classical subsets they observed the increase was
confined to the intermediate subset [132]. In the current project, we did
find a modest increase in the proportion of the intermediate monocytes
following IFX therapy but, when converted into absolute numbers,
there was a clear and significant reduction not just in intermediate but
all three monocyte subsets.
The mechanism by which IFX causes a rapid reduction in peripheral
blood monocytes numbers remains to be determined and our work
during the course of this project, while apparently ruling certain
potential explanations, did not allow us to reach a definitive conclusion.
Published studies from other research groups have investigated the
potential pro-apoptotic effects of IFX on monocytes and this will be
dealt with in detail in Chapter 5. Interestingly, the expression of the
pro-inflammatory markers (CD86, TLR4, CCR2 and CD163) was not
altered on the peripheral blood monocytes that remained following IFX
infusion and this may suggest that these cells remained in an activated
state.
Lugering et al. observed loss of CD14+ expression on the surface of IFXtreated monocytes [82]. This could provide a relatively trivial
explanation for a post-IFX reduction in monocytes based on a failure to
properly detect these cells by flow cytometry. However, we can be
confident that this is not the explanation for our results as we did not
observe an increase in CD14- cells within the monocyte scatter gate in
post-IFX PBMC samples (data not shown). In contrast, Vos et al. (2011)
reported that anti-TNFα mAbs differentiated blood-derived monocytes
into regulatory macrophages. These macrophages (identified by
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expression of CD206) displayed anti-inflammatory properties including
inhibition of activated T cell proliferation and increased production of
IL-10 [97]. A follow-up study from this group (2012) reported a
significant induction of such regulatory macrophages in patients with
mucosal healing after IFX treatment compared those without mucosal
healing. This work highlights a potential role for IFX and other antiTNFα agents to functionally modulate rather than simply deplete target
cell including monocyte/macrophages [98].
Interestingly, when we carried out correlation analyses between PBMC
profiles and IFX drug levels, negative correlations were found between
absolute monocyte and classical monocyte numbers and the peak IFX
levels achieved in the circulation. Due to the multiple comparisons that
were made, the Bonferroni correction was applied leading to a final pvalue of 0.002 for this correlative analysis. Thus, while the result is
consistent with a direct relationship between peak exposure to IFX and
the magnitude of monocyte modulation that occurs in individual CD
patients, it will require a larger cohort to fully confirm this relationship.
In CD, the effects of IFX were not limited to the monocyte fraction. We
also observed a significant reduction in the numbers of circulating
lymphocytes in CD patients following IFX infusion. When divided into
their corresponding subsets, it was the CD4+ (p<0.001) and CD8+
(p<0.05) T cells that were affected. Interestingly, the CD56dimCD16bright
NK cells actually increased in number following IFX infusion. Once
again, the mechanism behind the reduction in lymphocyte number is
unknown but the finding of depleted numbers of specific relevant
immune effector cells in the circulation soon after IFX infusion may
provide an important insight into the mechanisms underlying the
dampening effect of this agent on IBD-associated inflammation.
An interesting study by Atreya et al. (2011) has suggested that T cells in
IBD are resistant to apoptosis as a result of their interaction with
tmTNFα on CD14+ macrophages. The authors proposed that this
interaction, via TNFα receptor (TNFR) 2 expression on the T cell,
stimulates IL-6 production and delivery of a pro-survival signal of the T
cell. Treatment with IFX, which binds to the tmTNFα on macrophages,
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thus blocks their interaction with TNFR2 and promotes T cell apoptosis
[83]. Finally, we also had the opportunity to examine at the effects of
IFX on circulating PBMCs in a small cohort of UC patients. In this group
also, absolute monocyte numbers were reduced following IFX infusion
and, as for CD, this effect extended to all three recognised monocyte
subpopulations. Due to the small sample size (n=4) for these analyses,
we do not make any major conclusions here in regard to the
comparative effects of IFX in CD and UC. .
Overall, our results for this Chapter allow us to conclude that IFX
therapy rapidly and significantly modulates the circulating PBMC
repertoire in subjects receiving on-going therapy with this agent for CD.
The effect was most notable for peripheral blood monocytes
(particularly the classical and intermediate subsets) but was also
observed for CD4+ and, to a lesser degree, CD8+ T cells. The mechanisms
underlying the reduction in circulating monocyte and T cell numbers
are not fully elucidated but it is likely that they are directly mediated
through binding of IFX to tmTNFα on key effector immune cells.
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Chapter 5: Results
The Mechanisms of Infliximab on
Peripheral Blood Mononuclear Cells
in Inflammatory Bowel Disease
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5.0 Introduction
Anti-TNFα mAbs such as IFX dampen inflammation in diseases such as
IBD and may in part exert their therapeutic effects via actions on cells
that synthesize TNFα such as monocytes. Although clinically effective in
many patients, anti-TNFα mAb do not work in some, and lose efficacy in
others. Research is needed to provide important insights into the
mechanism of action of anti-TNFα mAb and the mechanisms of drug
resistance.
In Chapter 3, IFX infusion had an immediate effect on reducing the
absolute number of total PBMCs and their individual subset in patients
with IBD. This chapter will look at the functional aspects of IFX and will
try to gain a more detailed understanding of the actions of IFX on blood
monocytes in CD.

5.1

Hypothesis and Objectives

5.1.1 Hypothesis
Infliximab treated monocytes have a decreased pro-inflammatory
phenotype and reduced contribution to IBD.

5.1.2 Objectives
In this set of experiments, monocytes from CD patients at trough and
peak IFX levels were used to:
i) Investigate the apoptotic activity of IFX
ii) Assess if IFX alters the ability of LPS to bind to the surface of cells
iii) Determine if IFX can blunt the production of cytokines and
chemokines of LPS stimulated monocytes through ‘reverse
signalling’.
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5.2 Results I
5.2.1 Apoptotic Activity of Infliximab Treated Monocytes
Lack of evidence to show IFX induced apoptosis of monocytes from CD
patients.
To account for the prompt reduction in monocyte numbers following
IFX infusion, the ability of monocytes to undergo apoptosis from CD
patients was assessed. There is conflicting research surrounding IFX’s
ability to cause cell death; certain groups consider this to be the main
mechanism of how IFX alleviates the symptoms in CD [82] while other
groups suggest IFX treated monocytes are resistant to apoptosis [80].
Freshly isolated PBMCs from CD patients at trough and peak IFX levels
were stained with Annexin V and Propridium iodide (PI) to detect cell
death. Annexin V staining was problematic due to its high staining of
viable monocytes from both HC and CD patients at trough and peak IFX
levels. Therefore a clear representation of cell death could not be
derived from these experiments. For the PI staining; in both the CD
Trough-IFX and CD Peak-IFX samples, the percentage of monocytes that
intercalated the dye was below 1 percent, Fig 47.
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Figure 47. Annexin V and PI Staining of Monocytes from Crohn's
Disease Patients.
Freshly isolated PBMCs (5 x 105) from CD patients at trough and peak IFX levels
were surface stained for CD45, Annexin V and PI. This figure represents an
example of one CD patient and the gating strategy that was applied. The blue
peak in the histogram is the CD Trough-IFX Annexin V+ cells and the red peak is
the CD Peak-IFX Annexin V+ cells. The negative control for the Annexin V and PI
samples are in grey.
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To accurately detect apoptosis, intracellular cleaved caspase-3 was
stained for in the monocytes of the CD patients at trough and peak IFX
levels. CD Trough-IFX monocytes expressed very low levels of caspase3 (Fig 48) and this percentage was further decreased at Peak-IFX levels.
The full gating strategy can be seen in Fig 18.
To investigate if the monocytes from CD patients treated with IFX are
capable of undergoing cell death, these cells were cultured for 5 hours
with and without the pro-apoptotic proteasome inhibitor, MG132
(1µM). Monocytes from HC group were also included and following
culture, were stained for cleaved caspase-3.
There were low levels of caspase-3 positive monocytes in the control
samples (without MG132) from the three groups; HC, CD Trough-IFX
and CD Peak-IFX. The percentage of caspase-3 positive cells in the CD
Peak-IFX control was significantly reduced when compared to the CD
Trough-IFX control group. However, the addition of the MG132
successfully induced apoptosis in all three cohorts; HC, CD Trough-IFX
and CD Peak-IFX and the IFX therapy did not seem to alter the cells
abilities to express caspase-3 (Fig 48).

Figure 48. Caspase-3 Expression in Monocytes from Crohn's
Disease Patients.
Freshly isolated PBMCs from CD Trough-IFX and Peak-IFX levels were surface
stained for CD45, CD14 and CD16. The cells were then fixed, permbealised and
stained for intracellular cleaved caspase-3 to detect early apoptosis. In (A) the
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percentage of CD14+ monocyte expressing caspase-3 is reported in CD TroughIFX (black column) and CD Peak-IFX (grey column) n=15.
PBMCs from CD patients (n=12) and from HC (n=4) were cultured for 5 hours at
37°C with and without the pro-apoptotic proteasome inhibitor MG132 (1µM).
The cells were then labelled with CD45, CD14 and CD16 and then fixed,
permbealised and intracellularly stained for cleaved caspase-3. In (B) the
percentage of CD14+ monocytes expressing caspase-3 is depicted amongst the
patient groups. The white columns express the HC (+/- MG132), the black
columns are the CD Trough-IFX (+/- MG132) and the grey columns are the CD
Peak-IFX (+/- MG132). Student’s paired t-test: p<0.05*, p<0.01** and p<0.001***.
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5.2.2 Binding of LPS to the Surface of Infliximab Treated
Monocytes
The binding of LPS to the surface of monocytes is not altered in CD
Patients following IFX Therapy.
To assess if monocyte function was altered following IFX therapy, the
ability of LPS to bind to the surface of the cells was determined.
Monocytes have the ability to produce an array of cytokines once
activated by various stimuli so these experiments were carried out to
assess if IFX had any effect on this.
Freshly isolated PBMCs from HC, CD Trough-IFX and CD Peak-IFX were
surface stained with CD45, CD14, CD16 and +/- biotinylated LPS (bLPS).
The cells were then stained with streptavidin PE. The MFI of bLPS in
the whole monocyte population was determined and is seen in Fig 49.
There were no differences in the ability of LPS to bind to the surface of
the HC or CD Trough-IFX patients. There was also no difference
between the HC, CD Trough-IFX and the CD Peak-IFX patients.

Figure 49. The Binding of LPS to the Surface of Monocytes from
Crohn's Disease Patients.
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PBMCs from HC, CD Trough-IFX and CD Peak-IFX were surface stained for CD45,
CD14, CD16 and bLPS. The MFI of the bLPS to the surface of the monocytes is
depicted above. The white bar represents the HC, black bar CD Trough-IFX and
the grey bar CD Peak-IFX. Student’s (un)paired t-test was not significant (N.S).

5.2.3 An Array of Analytes Produced by Infliximab Treated
PBMCs
Multiple inducible inflammatory mediators were blunted in LPS
stimulated PBMCs from CD patients following IFX infusion.
To further investigate the functionality of these cells following IFX
therapy, cytokine and chemokine production was assessed using a
twenty-two bioplex system. Previous research has shown how
infliximab can blunt a stimulated cell from producing cytokines in a
process called ‘reverse signalling’ [80].
PBMCs from CD patients (n=5) at trough and peak IFX levels ex vivo
were cultured with and without LPS (10ng/ml) for 24 hours and the
supernatants were saved and processed on a bead based array system.
Similar monocyte numbers were cultured for the trough and peak IFX
samples. From the twenty-two analytes, IL-12 (p70) and IL-18 levels
were below the detectable level. There were six analytes which were
significantly blunted in the LPS stimulated PBMCs at peak IFX levels
compared to the trough IFX levels, Table 19. These included; IL-6, IFNγ, MCP-1, TRAIL, IL-1β and IL-12 (p40). The percentage change in the
expression of the analytes in the CD Trough-IFX stimulated versus the
CD Peak-IFX patients is shown in Fig 50.
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Table 19. Array of Analytes Produced by Infliximab Treated PBMCs.
Trough-IFX Stim

Peak-IFX Stim

P-value

% Change

IL-6
IFN-γ
MCP-1
TRAIL
IL-1β
IL-12(p40)

1300.45 ± 610.02
1.94 ± 0.75
1.86 ± 0.69
0.67 ± 0.35
83.73 ± 53.04
34.70 ± 36.32

516.60 ± 569.87
1.44 ± 0.53
0.69 ± 0.67
0.16 ± 0.05
30.46 ± 23.30
17.73 ± 27.30

0.02*
0.02*
0.02*
0.02*
0.03*
0.03*

67.46 ± 32.47
24.21 ± 11.64
61.66 ± 29.32
72.60 ± 8.08
61.03 ± 13.44
71.32 ± 27.50

IL-1α
IL-1Ra
VEGF
IL-10
MCP-3
TNF-α
IL-17
IP-10
IL-8
MIP-1β
MIG
MIF
MIP-1α
RANTES

62.79 ± 41.67
5.89 ± 5.05
0.77 ± 0.54
2.96 ± 3.25
0.87 ± 0.79
40.34 ± 65.27
0.72 ± 0.28
1.46 ± 1.31
1002.88 ± 1025.95
93.82 ± 47.80
0.51 ± 0.38
59.96 ± 44.33
55.17 ± 20.70
27.43 ± 12.49

23.14 ± 10.59
1.54 ± 1.32
0.39 ± 0.20
0.58 ± 0.88
0.48 ± 0.58
0.20 ± 0.07
0.63 ± 0.23
0.85 ± 0.30
734.44 ± 518.01
119.93 ± 67.45
0.42 ± 0.16
70.10 ± 33.63
58.84 ± 30.38
29.71 ± 18.53

0.05
0.06
0.07
0.09
0.13
0.24
0.29
0.30
0.35
0.36
0.47
0.57
0.74
0.74

** IL-12 (p70) and IL-18 levels were undetectable. Values are pg/ml/1000 monocytes
± standard deviation. The asterix (*) represents statistically significant p-value; p<0.05*,
p<0.01** and p<0.001***.
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Table 19 highlights the twenty detectable analytes produced after 24
hours in culture by the LPS stimulated PBMCs from CD patients at
trough and peak IFX levels. The units shown are pg/ml/1000
monocytes due to the fact that different numbers of monocytes were
used from each CD patient. The top 6 analytes were significantly
blunted by IFX infusion as seen by their corresponding p-value. The
percentage change in production from stimulated CD Trough-IFX and
stimulated CD Peak-IFX is highlighted in the last column of the table.
In Fig 50, the graph illustrates the percentage change in inflammatory
mediators produced by the PBMCs in order of significance (from left to
right). Below the zero suggests IFX had a blunting effect on the analytes
produced, above the zero, IFX caused an increase in the production of
this analyte.
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Figure 50. The Expression of Analytes Produced by PBMCs from CD Patients at Trough and Peak IFX Levels.
PBMCs (5 x 105) from CD patients (n=5) at trough and peak IFX levels were cultured at 37°C +/- LPS (10ng/ml) for 24 hours. Supernatants
were stored and analysed on a customised 22 bioplex. Each symbol under each analyte represents one of the CD patients. The red line
highlights the 6 significantly reduced cytokines following IFX infusion.
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5.2.4 An Array of Analytes Produced by Infliximab Treated
Monocytes
IFX does not blunt the cytokine production of isolated CD14+ monocytes
when stimulated with LPS.
To distinguish if IFX’s ability to blunt cytokines and chemokines is
monocyte specific, CD14+ monocytes were isolated from PBMC cultures
through a MACs bead method described in Chpt 2, Section 2.8.
Monocytes from CD Trough-IFX and CD Peak-IFX patients (n=12) were
cultured with and without stimulation from LPS (10ng/ml) or Flagellin
(100ng/ml) for 24 hours and the cell culture supernatant was saved
and analysed on an 8 plex bead based array system. The six analytes
that were chosen include IL-1Ra, IL-1β, IL-6, IL-8, IL-10, IL-12 (p40),
MCP-1 and TNFα, four of which were successfully blunted in the PBMC
experiment in Fig 50. Flagellin was included in this experiment due to
its relevance to IBD as a stimulant and dominant antigen in CD [133].
From the 8 cytokines, IL-12 (p40) levels were undetectable in the
culture supernatant. The CD control samples showed little or no
expression of any of remaining cytokines with no difference between
the CD Trough-IFX and the CD Peak-IFX. The LPS stimulated samples
showed high levels of IL-6 and IL-8 with also increases in IL-1Ra, IL-1β,
IL-10, MCP-1 and TNFα when compared to the controls. Flagellin, while
it gave a response in all cytokines was overall a weaker stimulant than
LPS.
There was no significant blunting of any of the 7 cytokines when IFX
was administered to the CD patients. In the IL-1Ra, IL-1β and IL-8
results there seemed to be an increase in the expression levels of the
LPS stimulated CD Peak-IFX when compared to the LPS stimulated CD
Trough-IFX but this however was no significant. The individual graphs
for each of the cytokines can be seen in Fig 51.
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Figure 51. Cytokine Production by CD Patients Isolated CD14+
Monocytes at Trough and Peak IFX Levels.
CD14+ monocytes from CD patients at trough and peak IFX levels (n=12) were
isolated from PBMCs through a MACs bead isolation method. These cells were
cultured for 24 hours with and without LPS (10ng/ml) or Flagellin (100ng/ml).
The cell supernatants were run on an 8-plex array system. IL-12 (p40) levels were
undetectable. The graphs express the cytokines as observed concentration in
pg/ml. The black bars represent the CD Trough-IFX samples and the grey bars
the CD Peak-IFX samples. Student’s paired t-test was not significant (N.S).
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5.2.5 Whole Blood Cytokine Production by Crohn’s Disease
Patients Following Infliximab Therapy
IFX treated monocytes in whole blood from CD patients have a blunted
cytokine response when stimulated with LPS ex vivo.
To investigate why IFX’s ability to blunt cytokine production was
limited to the PBMC culture and not to the isolated CD14+ monocytes
we reverted back to the cells natural environment and looked at the
monocytes in whole blood. CD patients at trough and peak IFX levels
were stimulated with LPS and TNFα and IL-12 (p40) production were
assessed. If the blunting effect of IFX could be repeated in the whole
blood, this may suggest a cell or soluble factor that was removed in the
monocyte isolation was assisting IFX in modulating cytokine
production.
Heparinised whole blood from HC, CD Trough-IFX and CD Peak-IFX was
incubated for 4 hours with and without LPS stimulus (5ng/ml). The
cells were surface stained, fixed, permbealised and intracellularly
stained for TNFα (Fig 52). At basal level, there were a large percentage
of CD14+ TNFα monocytes in the HC Con, Trough-IFX Con and Peak-IFX
Con with approximately 50% of the monocytes producing TNFα. This
substantially increases with LPS stimulation to 80-90%. Following IFX
therapy the level of TNFα production was significantly blunted;
reducing the CD patients’ monocytes to produce near basal level TNFα,
(60%) Fig 52a. Flow cytometry plots representing a CD patient at
trough and peak IFX levels is represented in Fig52b.
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Figure 52. Whole Blood TNFα Production by Monocytes from CD
Patients at Trough and Peak IFX Levels.
In (A) heparinised whole blood from HC (n=10), CD Trough-IFX and CD Peak-IFX
(n=7) patients was cultured for 4 hours with and without LPS (5ng/ml). The
blood was then surface stained with CD45 and CD14, fixed and permbealised and
labelled with either an isotype control or antibody to intracellular TNFα. The
percentage of CD14+ monocyte expressing TNFα is shown in A. The while columns
represent the HC (+/- LPS), black columns show the CD Trough-IFX (+/- LPS) and
grey columns show CD Peak-IFX (+/- LPS). Flow cytometry plot representing a CD
patient at trough and peak infliximab levels is shown in (B). Student’s (un)paired
t-test: p<0.05*, p<0.01** and p<0.001***.

158

To further examine IFX’s ability to blunt cytokine production, we next
looked at pro-inflammatory cytokine IL-12 and its production from
monocytes in CD patients.
Heparinised whole blood from HC, CD Trough-IFX and CD Peak-IFX was
incubated for 24 hours with and without LPS stimulus (5ng/ml). Similar
to the previous experiment, the cells were surface stained, fixed,
permbealised and intracellularly stained this time for IL-12/IL-23 p40
(Fig 53). The basal levels of IL-12 in healthy controls were low (2-3%)
and were increased to 40% following LPS stimulation. CD Trough-IFX
cells produce a high percentage of IL-12 (30%) without stimulus but
this increases dramatically to 60% once introduced to LPS. IFX has an
altering effect on monocytes IL-12 production with CD Peak-IFX control
levels reduced from 30 to 20% and stimulated cells significantly
reduced from 60-40% post therapy Fig 53a. Flow cytometry plots
representing a CD patient at trough and peak IFX levels are shown in
Fig 53b.

Figure 53. Whole Blood IL-12 Production by Monocytes from CD
Patients at Trough and Peak IFX Levels.
In (A) heparinised whole blood from HC (n=8) and CD Trough-IFX and CD PeakIFX (n=14) patients was cultured for 24 hours with and without LPS (5ng/ml).
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The blood was then surface stained with CD45 and CD14, fixed and permbealised
and labelled with either an isotype control or antibody to intracellular IL-12. The
percentage of CD14+ monocyte expressing IL-12 is shown in A. The while columns
represent the HC (+/- LPS), black columns show the CD Trough-IFX (+/- LPS) and
grey columns show CD Peak-IFX (+/- LPS). Flow cytometry plot representing a CD
patient at trough and peak IFX levels is shown in (B). Student’s (un)paired t-test:
p<0.05*, p<0.01** and p<0.001***.
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5.3 Discussion and Conclusion
5.3.1 The Capacity of IFX to Induce Cell Death
In Chapter 4, we observed that IFX therapy causes a prompt reduction
in all circulating monocytes and certain lymphocyte subsets in patients
with IBD. In Chapter 5, we initially investigated these reductions by
looking for evidence of a pro-apoptotic effect of IFX on circulating cells.
Interestingly, conflicting research results have been reported in regard
to the association between IFX and the induction of cell death in target
cells. Previous studies have demonstrated IFX-dependent apoptosis of
activated as well as LP T cells but not resting T cells in patients with
active CD [94, 104]. It was also reported by Lugering et al. that IFX
induces apoptosis of peripheral blood monocytes from HC and CD
patients – a result that was obviously of very high relevance to our
findings in this project [82]. Initially, we tried to detect apoptosis and
cell death by staining freshly-isolated PBMCs with Annexin V and PI.
However, we observed that Annexin V staining was problematic due to
its high staining of viable monocytes from both HC and from CD
patients at trough and peak IFX levels. This, it was not actually possible
to accurately distinguish viable cells from those undergoing
programmed cell death by this frequently used method. Indeed, we
believe that “false positive” Annexin V staining of monocytes may
underlie some of the conflicting results in the literature in regard to
monocyte apoptosis. .
We next switched our focus to activated caspase-3, another readily
detected indicator of cells undergoing early apoptosis. This assay was
optimised and validated for PBMCs using positive controls for induction
of apoptosis and was then carried out in freshly-isolated whole blood
samples from HC and from CD Trough and Peak IFX patients. By this
alternative approach, we were able to prove in a series of patients that
the frequency of monocytes undergoing apoptosis prior to and shortly
after completion of IFX infusion was below 1%. Indeed, the frequency of
activated caspase-3+ monocytes in the CD Peak-IFX samples was so low
that there was a statistically significant reduction compared to pre-dose
samples. Based on these results were concluded with a high degree of
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confidence that the reduction of circulating monocyte numbers
following IFX infusion is not associated with widespread intravascular
apoptosis of monocytes. This finding is consistent with results reported
by Ringheanu et al., (2004) in which resting and activated monocytes
from CD patients were actually protected from apoptosis by IFX therapy
when compared to untreated controls [80].
We also investigated whether monocytes at peak IFX levels were
actually capable of undergoing apoptosis by ex vivo exposure to the
proteasome inhibitor MG132 which typically induces widespread cell
death within 4-6 hours. Similar to the results Ringheanu et al.,
monocytes from CD patients exposed to a pro-apoptotic agent
regardless of IFX treatment displayed a high degree of apoptosis. The
reduced frequency of activated caspase-3+ monocytes that we observed
in freshly isolated monocytes at peak IFX levels was also present
following a period of culture.
It is of interest to consider why there have been striking discrepancies
in the literature relating to the capacity for IFX to cause apoptotic cell
death. However, we believe that our results provide a more accurate
reflection the in vivo biology of this effect in treated human subjects
than has previously been reported. For example, in the studies of
Ringheanu et al. and Lugering et al., monocytes from CD patients were
first isolated and then treated ex vivo with varying concentrations of
IFX. Clearly, such tissue culture conditions do not fully replicate the
complexity of cell/cell and cell/antibody interactions that occur in the
living circulation. Methodologically, Lugering et al. determined
apoptosis through Annexin V staining, DNA laddering and transmission
electron microscopy. They also carried out immunoblotting to detect
activation of caspases and mitochondrial release of cytochrome c. Their
research suggested than IFX-induced monocyte-apoptosis required
activation of caspases-8, 9 and 3 and this was independent of the
CD95/CD95L signalling pathway. Taken together, these approaches
were highly rigorous and undoubtedly confirmed that apoptosis was
occurring within the experimental systems that were applied. However,
in our study, the lack of cell death and activated caspase-3 among blood
monocytes analysed without further culture or ex vivo drug exposure
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suggests that such effects are not predominant in the circulation of CD
patients during IFX administration.
Ringheanu et al. assessed apoptosis of IFX treated CD monocytes
through Annexin V staining and the terminal deoxynucleotidyl
transferase (TdT)-mediated dUTP-FITC nick end labelling assay but, as
already discussed, they did not detect apoptosis of monocytes of CD
patients following exposure to IFX and, in fact, observed that IFX
actually stabilized the cells.
These authors suggested that the differences seen in the in vitro
experiments between their research and that of Lugering et al. were
due to the varying culture conditions and monocyte isolation
techniques. They used negative selection which depletes nonmonocytes and minimises the physical effects on cells, whereas
Lugering et al. used adherence, followed by mechanical removal of
monocytes from the culture plate. We agree that it is likely the
adherence of monocytes to plastic may have altered their susceptibility
to apoptosis.
An additional difference between our study and that of Lugering et al. is
the time at which blood was drawn from the CD patients. The blood
from the CD Peak-IFX patients was taken immediately after the infusion
while Lugering et al. waited 4 hours after infusion to take the blood. It is
possible, therefore, that we missed the occurrence of monocyte
apoptosis at a later time-point after IFX administration. This
explanation would not, however, fit with the prompt reduction we
observed in absolute monocyte numbers immediately after IFX infusion
or with the fact that, when we cultured patient-derived monocytes ex
vivo for a further 5 hours there was no increase in the frequency of
apoptosis.
Overall, even though there are conflicting data surrounding the proapoptotic effects of IFX on monocytes and other immune cells, the
experiments we describe here involving freshly isolated and cultured
monocytes from CD patients undergoing IFX therapy indicate that such
an effect does not occur in any meaningful fashion in vivo during and
shortly after infusion.
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5.3.2 The Ability of IFX to Induce Reverse Signalling
To investigate whether IFX, may have other modulatory effects on
monocytes, we determined whether IFX therapy was associated with
inhibition of their induced production of pro-inflammatory cytokines.
Previous research by Eissner et al., (2000) demonstrated that binding of
an anti-TNFα mAb to the surface of monocytes transmits a signal to the
cell causing it to be resistant to inflammatory responses triggered by
LPS. This process has been referred to as ‘reverse signalling’ [134].
We first determined the effect of IFX on the binding capacity of LPS to
the surface of monocytes from subjects with CD. No difference was
detected for surface binding of LPS to monocytes from HC or from CD
patients before and after IFX administration. This suggested that
neither CD itself nor IFX infusion result in down-regulation of TLR4 or
other components of the LPS receptor.
We then observed that PBMCs from CD patients at peak IFX levels had a
blunted response to LPS in vitro as reflected in reduced secretion of
certain cytokines and chemokines [IL-1β, IL-6, IL-12 (p40), IFN-γ, MCP1 and TRAIL] when compared to PBMCs collected at Trough IFX levels.
This finding was in keeping with a reverse signalling phenomenon
whereby binding of IFX to tmTNFα transmits an inhibitory intracellular
signal which results in reduced transcription of mRNAs encoding proinflammatory mediators. Surprisingly, however, when isolated CD14+
monocytes from CD patients at trough and peak IFX levels were
prepared from a separate group of CD patients and were stimulated by
LPS ex vivo, no reduction in cytokine and chemokine production was
observed between pre- and post- dose samples.
The reason why isolated monocytes were not susceptible to blunted
cytokine production while monocytes present within whole PBMC
preparations were is not clear. In the study of Ringheanu et al., blunted
cytokine production (IL-1β, IL-6, IL-8 and TNFα) was observed in
isolated monocytes from IFX-treated CD patients [80]. One reason
behind the varying results may be due to the different isolation
techniques. Our monocyte isolation techniques including using CD14+
MACs beads and MS columns while Ringheanu et al. separated their
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monocytes with a whole monocyte isolation kit and LS columns. Thus, it
is possible that the process of CD14-based positive enrichment in our
hands resulted in a partial activation or reversal of an inhibitory signal
mediated by IFX in vivo.
Another difference between the experiments was the length of
stimulation and the method of cytokine detection. We allowed the
monocytes to be stimulated by LPS for 24 hours and analysed the
supernatants using an 8-plex bead based array system. Ringheanu et al.
stimulated for 4 hours and measured the mRNA cytokine levels by RTPCR only. Although we did not perform mRNA analyses in these
samples, we believe that protein-based analyses (ELISA in this case)
provide a more meaningful insight into the induction of inflammatory
mediators by LPS and other innate stimuli in human monocytes.
To better clarify the responsiveness of blood monocytes to LPS
following IFX administration in CD patients, we reverted back to the
cells natural environment and analysed monocyte cytokine production
at single cell level in whole blood using intracellular flow cytometry.
The proportions of CD14+ monocytes that were positive for TNFα and
IL-12 following LPS stimulation were significantly lower at peak IFX
levels compared to trough levels. This observation suggests that
‘reverse signalling’ or its manifestation as a blunted inflammatory
response of monocytes requires contact with or proximity to other cells
or bioactive molecules present within the blood and that, when isolated,
the modulatory effect of IFX is not operational.
Such an effect may be analogous to the process of antibody-dependent
cellular cytotoxicity (ADCC) which requires an effector cell such as a NK
cell to bind to the Fc portion of a target cell-bound antibody in order to
induce cell lysis. In this case, the interaction of an accessory cell with
IFX bound to tmTNFα on the monocyte surface may activate an
inhibitory signal via cross-linking or a comparable mechanism.
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Chapter 6:
Discussion and Future Direction
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6.0 Discussion
Immune cells from the bloodstream are believed to play a role in the
pathogenesis of IBD. Anti-TNFα mAbs such as IFX dampen
inflammation IBD and other auto-immune diseases and may, in part,
exert their therapeutic effects via actions on cells that synthesise TNFα
such as monocytes. Although clinically effective in many patients, antiTNFα mAbs do not work in some, and lose efficacy in others. Therefore
a more detailed understanding of the actions of IFX on blood monocytes
may provide important insights into the mechanisms of action of antiTNFα mAb and mechanisms of drug resistance. We therefore studied
the acute effects of the anti-TNFα mAb IFX on blood monocytes and
other mononuclear cells in a cohort of IBD patients.
6.1

IBD patients have altered circulating PBMC profiles

This research presents novel findings by assessing absolute cell counts
rather than proportions of circulating PBMCs in IBD patients. Our multiparameter flow cytometry gating strategies strengthen our data and
make us confident that we are accurately identifying the specific cell
populations and documenting numerical as well as phenotypic changes
that occur during treatment in individual subjects.
In keeping with the proportional data reported by others, we find that
IBD is associated with an increase in the absolute number of
intermediate monocytes. This increase in cell number as well as the
elevated pro-inflammatory surface expression profile (CD86, TLR4, and
CD163) further strengthens the viewpoint that this monocyte subset is
pro-inflammatory and may directly contribute to the inflamed
environment of CD and UC.
In the human gut, resident macrophages express low levels of CD14+
but there is also a small population of CD14++ cells present in a healthy
state. During intestinal inflammation, there is a large accumulation of
CD14++ cells which display enhanced IL-1β, IL-6 and TNFα activity [4950]. Studies using transfer of autologous radio-labelled blood
monocytes have shown that these cells are derived from CD14++ blood
monocytes rather than resident gut macrophages [51]. As we suggested
previously, the altered peripheral blood monocyte number could be due
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to the migration of the classical subset into the tissues and reverse
transmigration of CD14+CD16+ (intermediate) monocytes back into the
circulation.
6.2

Infliximab reduces circulating monocyte numbers and

subsets of IBD patients
The monocytopenic effect of IFX has been documented in RA patients
and briefly researched in IBD. The immediate acute effects of IFX on the
absolute number of the three monocyte subsets observed in this study
are, however, novel findings. A considerable amount of existing
evidence indicates that the efficacy of IFX in IBD depends on actions
mediated via binding to tmTNFα, rather than simple neutralisation of
sTNFα. We have confirmed that monocytes have higher expression
levels of tmTNFα than lymphocytes and other PBMCs and, taken
together, our findings are consistent with monocytes being the main
therapeutic target of IFX within the bloodstream and, potentially, also
within inflamed intestine of patients with IBD. Long term monitoring of
IBD patients undergoing IFX therapy would be of interest to determine
the duration of the reduction in monocyte (and T cell + NKT cell)
numbers as well as the stability of this effect over time.
6.3

Infliximab does not cause apoptosis of monocytes

Despite conflicting data reported in previous studies, we have shown
here that the reduction in monocyte number that occurs during IFX
administration is not due to caspase 3-dependent apoptosis. Our study
did not reveal any evidence of increased cell death among monocytes of
CD patients following IFX infusion although it remains possible that this
occurs at a later time-point or by a caspase-3-independent mechanism.
The reduction in monocyte number could also be explained by
migration of these cells out of the blood and into the tissues,
downregulation of their identifiable surface markers, margination to
endothelium, sequestration in the spleen or other secondary site or
differentiation into regulatory macrophages as seen in other studies.
Development of an IFX-sensitive animal model of IBD in which wholebody monocyte kinetics could be studied might be the ideal strategy for
addressing these potential mechanisms.
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6.4

Infliximab blunts cytokine production of LPS treat PBMCs

Through a mechanism known as ‘reverse signalling’, IFX-treated PBMCs
have been reported to undergo inhibition of inducible production of
pro-inflammatory cytokines. Our experimental results in this regard
involved profiling the LPS-induced inflammatory products of PBMCs,
isolated CD14+ monocytes and whole blood samples from CD patients
before and after IFX infusion. The results, while more complex than we
expected, indicate that IFX-induced “reverse signalling” may require
accessory cells or factors to be fully induced.
Overall, these results add to the growing body of evidence that
monocytes are a key driver of the inflammatory cascade in IBD and that
IFX exerts its effects by modulating the in vivo kinetics of key immune
effector cells, particularly classical and intermediate monocytes and by
blunting their capacity to produce a range of pro-inflammatory
cytokines and chemokines in response to pathogen associated
molecular patterns (PAMPS).

6.1

Future Direction

The PBMC profiling experiments for this project consistently found
elevated monocyte numbers in IBD patients (both CD and UC). This
raises the question of whether there may be some clinical value to
profiling peripheral blood monocytes in IBD. Our work suggests that
multi-parameter cellular phenotyping could be developed into a useful
tool for monitoring disease activity and treatment response although
this would likely require careful, longitudinal analysis of newly
diagnosed CD and UC patients. Regular blood tests and immune cell
counts are the current standard method for monitoring patients but if
the newly classified monocyte subsets were also included then a sudden
expansion of the intermediate or reduction of classical monocytes could
potentially alert the patient and doctor of a clinical relapse.
Anti-TNFα mAbs can be extremely effective in dampening the
symptoms of IBD however these drugs do not work in all patients and,
in some subjects, may lose their efficacy over time. Our cohort was
selected to include patients on active IFX therapy who, by this criterion,
were almost exclusively responders to this agent. It would be of high
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interest to profile PBMCs from non-responders and compare the two
groups. By examining the tmTNFα expression levels and circulating
PBMC profiles, it may be possible to identify differences between the
two patient groups that could subsequently be applied to predict
responsiveness to IFX treatment.
Based on our final set of experimental results for this project, we
believe that future research should focus on identifying putative
accessory cells or factors that may serve to mediate the reverse
signalling process in monocytes following binding of IFX (or other antiTNFα mAbs) to tmTNFα. A better mechanistic understanding of this
process in particular could result in a more detailed understanding of
the mechanism of action of IX in IBD and could also provide new or
strategies for more effectively targeting pathogenic monocyte subpopulations in chronic inflammatory and auto-immune diseases.
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Publications:
Slevin, S.M. and Egan, L, J. (2015) New Insights into the Mechanisms of
Action of Anti-Tumor Necrosis Factor-α Monoclonal Antibodies in
Inflammatory Bowel Disease. Inflammatory Bowel Disease.

Submission in Progress
Slevin, S. M., Dennedy, M. C., Connaughton, E. C., Ribeiro, A., Ceredig, R.,
Griffin, M. D. and Egan, L. E. (2015) Infliximab exerts selective inhibitory
actions on circulating subsets of blood monocytes in Crohn’s disease
patients. Journal of Crohn’s and Colitis.

Presentations:
1. Effect of Infliximab on monocyte subtypes in blood of patients
with chronic inflammatory bowel disease.
Stephanie Slevin, Conall Dennedy, Matthew D Griffin and Laurence J
Egan.
European Crohn’s and Colitis Organisation, Vienna, Austria, February
2013.
Poster Presentation
2. Effect of Infliximab on monocyte subtypes in blood of patients
with chronic inflammatory bowel disease.
Stephanie Slevin, Conall Dennedy, Matthew D. Griffin and Laurence J.
Egan.
Molecular Medicine Ireland, Annual Meeting, Trinity College Dublin,
May 2013.
Oral Presentation
3. Anti-TNF-α monoclonal antibody therapy of inflammatory
bowel disease is associated with acute reduction of circulating
classical and intermediate monocyte numbers.
Stephanie Slevin1, Conall Dennedy1, Andreia Ribeiro1, Rhodri
Ceredig1, Matthew D Griffin1 and Laurence J Egan2.
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School of Medicine Research Day, National University of Ireland,
Galway, May 2013.
Poster Presentation
4. Anti-TNF-α monoclonal antibody therapy of Crohn’s disease is
associated with acute reduction of circulating classical and
intermediate monocyte numbers.
Stephanie Slevin, Conall Dennedy, Andreia Ribeiro, Rhodri Ceredig,
Matthew D Griffin and Laurence J Egan.
International Congress of Immunology, Milano Congressi, Milan,
Italy, August 2013.
Poster Presentation
5. ANTI-TNF-α monoclonal antibody therapy of inflammatory
bowel disease is associated with a reduction of circulating
classical, intermediate and non-classical monocyte numbers.
Stephanie Slevin, Conall Dennedy, Andreia Ribeiro, Rhodri Ceredig,
Matthew D Griffin and Laurence J Egan.
Irish Society of Immunology, Dublin, September 2013.
Poster Presentation
6. The effects of anti-TNFα therapy on blood monocyte subtypes in
inflammatory bowel disease.
Slevin S, Dennedy C, Ribero A, Hanley S, Ceredig R, Griffin MD, Egan
LJ.
Irish Cytometry Society Annual Meeting, University College of Dublin,
February 2014.
Poster Presentation, 1st Prize
7. THE EFFECTS OF ANTI-TNFα THERAPY ON BLOOD MONOCYTES
IN PATIENTS WITH INFLAMMATORY BOWEL DISEASE
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Stephanie Slevin1, Conall Dennedy2, Andreia Ribeiro1, Rhodri
Ceredig1, Matthew D Griffin1 and Laurence J Egan2.
Molecular Medicine Ireland, Annual Meeting, Trinity College Dublin,
March 2014.
Poster Presentation
8. THE EFFECTS OF ANTI-TNFα THERAPY ON BLOOD MONOCYTES
IN PATIENTS WITH INFLAMMATORY BOWEL DISEASE
Stephanie Slevin1, Conall Dennedy2, Andreia Ribeiro1, Rhodri
Ceredig1, Matthew D Griffin1 and Laurence J Egan2.
School of Medicine Research Day, NUI Galway, May 2014.
Poster Presentation
9. ANTI-TNFα THERAPY IS ASSOCIATED WITH RAPID REDUCTION
OF CIRCULATING MONOCYTE NUMBERS AND BLUNTED
MONOCYTE PRO-INFLAMMATORY RESPONSE IN PATIENTS
WITH INFLAMMATORY BOWEL DISEASE
Stephanie Slevin, Conall Dennedy, Andreia Ribeiro, Rhodri Ceredig,
Matthew D Griffin and Laurence J Egan
Molecular Medicine Ireland Annual Meeting, Trinity College Dublin,
March 2015
Poster Presentation
10. ANTI-TNFα THERAPY IS ASSOCIATED WITH RAPID REDUCTION
OF CIRCULATING MONOCYTE NUMBERS AND BLUNTED
MONOCYTE PRO-INFLAMMATORY RESPONSE IN PATIENTS
WITH INFLAMMATORY BOWEL DISEASE
Slevin, S., Dennedy, C., Ribeiro, A., Ceredig, R., Griffin, M. and Egan, L.
Evolve Biomed, RDS Dublin, Ireland, April 2015
Poster Presentation.
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Antibody List
Clone
FITC
CD16
PE
CD45
CD86
CD163
mTNFα
IL-12/IL-12 p40
TNFα
Caspase-3
IgG1 isotype
Streptavidin PE
PerCP Cy5.5
CD14
CD4
CD19
Pe-Cy7
CD56
APC
CD45
CD14
CD3
APC H7
HLA-DR
Alexa Fluor 647®
CCR2
BV421/Pacific
Blue
CD8
Biotin
TLR4
Other
CD14
microbeads
Brefeldin A
1000x

Species

Company

Code

Location

Clone 3G8

Anti-human

BD Pharmingen

555406

Surface

HI30
2331
GHI/61
C8.6
MAb11
C92-605
MOPC-21
N/A

Anti-human
Anti-human
Anti-human
Anti-human
Anti-human
Anti-human
Anti-human
Mouse
N/A

BD Pharmingen
BD Pharmingen
BD Pharmingen
R&D
eBioscience
eBioscience
BD Pharmingen
BD Pharmingen
eBioscience

555483
555658
556018
FAB210P
12-7129
12-7349
561011
555749
12-4317-87

Surface
Surface
Surface
Surface
Intracellular
Intracellular
Intracellular
Isotype

TÜK4
RPA-T4
HIB19

Anti-human
Anti-human
Anti-human

Miltenyi
BD Pharmingen
BD Pharmingen

130-094-969
560650
561295

Surface
Surface
Surface

B159

Anti-human

BD Pharmingen

557747

Surface

HI30
TÜK4
UCHT1

Anti-human
Anti-human
Anti-human

BD Pharmingen
Miltenyi
BD Pharmingen

555485
130-091-243
555335

Surface
Surface
Surface

G46-6

Anti-human

BD Pharmingen

561358

Surface

48607

Anti-human

BD Pharmingen

558406

Surface

RPA-T8

Anti-human

BD Pharmingen

562428

Surface

HTA125

Anti-human

BD Pharmingen

551975

Surface

N/A

Anti-human

Miltenyi

130-050-201

N/A

N/A

eBioscience

00-4506-51

6401
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Media and Buffer Recipes
FACs Buffer:
1 x PBS Tablets Sigma, IRL P4417

980mls

Fetal Bovine Serum (2% Final Conc) Lonza UK

20mls

Sodium Azide [(NaN3) 0.05% Final Conc] Sigma IRL A2152 0.5g

MACs Buffer:
1 x PBS Tablets P4417 Sigma, IRL

1000mls

Bovine Serum Albumin (0.5% Final Conc) Lonza UK

5g

Ethylenediaminetetraacetic acid [(EDTA) 0.2mM Final Conc]
E9884 Sigma IRL

0.4ml

RPMI Complete:
RPMI 1640 Life Technologies

445mls

L-glutamine (10%) Life Technologies

50mls

Penicillin/Streptomycin (1%) Life Technologies

5mls
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Study Number:
Participant Identification Number:

Consent Form
Title of Project: Immunological research using healthy human blood cells
Name of Principal Researcher: Prof. Matthew Griffin
Please Initial Box
1.

I confirm that I have read the information sheet dated 09/01/14, Version 1 for the above study
and have had the opportunity to ask questions.


2.

I am satisfied that I understand the information provided and have had enough time to consider
the information.


3.

I understand that my participation is voluntary and that I am free to withdraw at any time,
without giving any reason, without my legal rights being affected.


4.

I agree to take part in the above study.


Name of Participant: _____________________

Date: _____________

Signature: ___________________________
Person taking consent (if different from researcher): ____________________ Date: ____________
Signature: ___________________________
Name of Researcher: _____________________

Date: _________________

Signature: ___________________________
1 copy for participant; 1 copy for researcher; 1 to be kept with research notes
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HEALTH QUESTIONNAIRE: Immunological research using healthy human blood cells
Name: ______________________________
Date: ___________________

Please answer all questions
1.

Are you feeling sick or unwell today?
YES

2.

Are you currently taking any prescription medication?
YES

3.

NO

Have you ever had a problem with excessive bleeding?
YES

5.

NO

Have you ever been diagnosed or treated for anaemia or any other blood condition?
YES

4.

NO

NO

Have you ever experienced a problem or complication from having a blood sample taken?
YES

NO
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Participant Information Sheet
Title of Project: Immunological research using healthy human blood cells
Objective of the Study:
Name of Principal Researchers: Prof. Matthew Griffin and Prof. Rhodri Ceredig
You are being invited to take part in a research study. Before you decide, it is important for you to
understand why the research is being done and what it will involve. This Participant Information
Sheet will tell you about the purpose, risks and benefits of this research study. If you agree to take
part, we will ask you to sign a Consent Form. If there is anything that you are not clear about, we will
be happy to explain it to you. Please take as much time as you need to read it. You should only
consent to participate in this research study when you feel that you understand what is being asked
of you, and you have had enough time to think about your decision.
Purpose of the Study
The purpose of the study is to learn more about the types and functions of immune cells (white
blood cells) present in the bloodstream by performing experiments on cells freshly isolated from
blood samples of healthy people. Prof. Griffin, Prof. Ceredig and researchers working with him have
several active research projects that are currently investigating new aspects of human immune cell
function and the ways in which these cells behave differently in people with a variety of diseases.
The goals of these projects are to find new ways of testing blood cells for changes that indicate risk
for disease or severity of disease and to discover new strategies for treating diseases by targeting
immune cells function. In order to understand immune cell changes associated with disease, it is
essential to define immune cell functions in healthy people.
You are being asked to participate in the study because you are a healthy adult (aged more than 18
years) who may be willing to provide blood samples for this research.
Taking Part in the Study
Do I have to take part?
It is up to you to decide whether or not to take part. If you do decide to take part you will be given
this information sheet to keep and be asked to sign a consent form. If you decide to take part you
are still free to withdraw at any time and without giving a reason. A decision to withdraw at any
time, or a decision not to take part, will not affect your rights in any way.
What will happen if I take part?
If you decide to participate you will be asked to sign a consent form. After this, a time will be
arranged for you to have a blood sample taken by an experienced member of the research team in a
private area of the Biosciences Research Building or the Orbsen Building on the NUI Galway campus.
When you arrive for the appointment, you will be given a short, confidential health questionnaire to
complete and this will then be reviewed by the researcher. If the answer to all questions is NO then
a blood sample will be taken If one or more questions is answered YES then a blood sample will not
be taken but you will be given appropriate information about future suitability for providing a blood
sample.
If a blood sample is taken, you will be seated comfortably and asked about any allergies to
antiseptics or adhesives or any other concerns before proceeding. Your left or right arm will be
rested on a flat surface and the skin over a suitable vein on the inner surface of the elbow cleaned
with an antiseptic swab. A tourniquet will be applied to the upper arm and tightened until the veins
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are prominent but no discomfort is felt in the arm and hand. A small needle will be inserted and
connected to one or more vacuum tubes to collect a total volume of blood between 5 and 50
millilitres. Following completion of blood collection, the tourniquet will be removed, the needle
withdrawn and a piece of cotton wool applied to the area. You will be asked to raise the arm and
apply gentle pressure to the cotton wool for 1-2 minutes following which a clean adhesive bandage
will be applied. You will then be allowed to rest for 2-5 minutes and will be questioned about light
headedness/weakness before you leave.
You will be assigned an identification number and this number will be used to label the collected
blood sample and all subsequent experimental containers and data derived from the sample. A
written record of the time, date and volume of the blood draw along with your name, age, gender
and unique subject number will be kept in a locked cabinet in Prof. Griffin’s office in the BRB.
If you have previously consented and provided blood samples you may be asked to provide
subsequent samples at intervals of no less than 2 weeks but you will under no obligation to do so.
For these subsequent blood draws, a suitable time and date will be arranged following which
administration of the Health Questionnaire and blood sampling will be carried out by the same
procedure described above. You will not be asked to provide more than 50 millilitres of blood in
total in a given 4 week period.
How long will my part in the study last?
If you agree to participate, you will be kept on a list of healthy volunteers and may be asked to
provide a blood sample from time to time for a maximum period of five years.
What are the possible benefits of taking part?
There will be no direct benefits to you in taking part.
What are the possible disadvantages of taking part?
There is a small risk that you will suffer harm by participating in the study. The two possible causes
of harm are (a) pain, discomfort or weakness at the time of blood sampling and (b) loss of
confidentiality of personal information. Careful measures will be taken by the researchers to
minimise these risks.
(a) Pain and discomfort at the time of blood sampling: Having a blood sample taken is usually
associated with momentary sharp pain when the needle is inserted and removed. To minimise
this, blood sampling will only be performed by experienced researchers trained in the
procedure and the smallest size needle that allows for efficient collection of blood will be used.
(b) Weakness or fainting at the time of blood sampling: Occasionally, a person will feel weak or
faint during or immediately after having a blood sample taken. The risk of this will be minimised
by not taking blood if you have previously had this experience, by ensuring that you are sitting
comfortably throughout the process, by limiting the amount of blood taken at one time to 50
millilitres and by allowing you the rest for a short while after the sample is taken. In addition,
the researcher taking the blood sample will remain with you until you are ready to leave.
(c) Loss of confidentiality of personal information: A limited amount of personal information will
be recorded if you agree to participate. This will include your name, age, gender and your
response to 5 questions on a health questionnaire. Any time you provide personal information;
there is a risk that it will be seen by people for whom it is not intended. This risk will be
minimised by having all documents containing personal information kept in a locked cabinet in
Prof. Griffin’s office, by using an anonymous identification number on all sample tubes,
laboratory samples and notebooks and by limiting the questions on the questionnaire to the
minimum basic details required to ensure that you are in good health and that it is safe for you
to have a blood sample taken.
Can women of childbearing potential participate in the study?
Yes, women of childbearing potential can participate. They are not at increased risk from having a
blood sample taken and it is scientifically important to include both men and women in the study.
However, if you have any concerns or questions about providing a blood sample that relate to
possible pregnancy you should ask one of the researchers about this.
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What if something goes wrong?
If you have excessive pain, discomfort or weakness during the blood sampling procedure, the
procedure will be stopped and the researcher will stay with you until you feel better. If you do not
feel better within 10 minutes, assessment and appropriate help from a medically trained person
(doctor or nurse) will be arranged for you.
What happens at the end of the study?
After your blood sample is taken you will be able to leave. You may be asked to provide additional
blood samples from time to time at intervals of no less than 2 weeks for a period of time up to five
years. Your blood samples and cells from it will be used for experiments on the same day and,
sometimes at later time-points after a period of storage in a freezer. The maximum period of time
for which samples from your blood cells may be stored is ten years. At the end of ten years, all paper
records of your participation in the study and all remaining samples derived from your blood will be
destroyed. The results of experiments carried out with cells from your blood sample may be
published in one or more scientific journals although you will not be identified in the publication if
this is the case. You will be able to obtain a copy of the published results by contacting Prof. Griffin
or Prof. Ceredig.
What if I change my mind during the study?
You can change your mind about participating in the study at any time without any disadvantage or
loss of rights. At any time you can request that documents and samples related to your participation
in the study be destroyed immediately.
What if I have a complaint during my participation in the study?
If you have a complaint about the study during your participation you should contact Prof. Griffin or
Prof. Ceredig to discuss the complaint. If you do not wish to do this, you may also contact the
Chairperson of the NUI Galway Research Ethics Committee (c/o Office of the Vice President for
Research, NUI Galway, ethics@nuigalway.ie) to discuss your concerns. Your complaint will be
listened to carefully and confidentially and every effort will be made to address it including changes
to study procedure if that is appropriate.
Whom do I contact for more information if I have further concerns?
For more information about the study you may contact: Prof. Matthew Griffin
(matthew.griffin@nuigalway.ie,
phone:
+353-91-495436)
or
Prof.
Rhodri
Ceredig
(rhodri.ceredig@nuigalway,ie, phone: +353-91- 49 59 16).
If you have any concerns about this study and wish to contact someone independent and in
confidence, you may contact ‘the Chairperson of the NUI Galway Research Ethics Committee, c/o
Office of the Vice President for Research, NUI Galway, ethics@nuigalway.ie.
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Questionnaire for Crohn’s patients
Addressograph

Disease

______________________________

Duration

______________________________

Treatment

______________________________

Medication

______________________________

Harvey Bradshaw Index:
1. Patients general well-being(for the previous day)
0 = Very well, 1 = Slightly below average, 2 = Poor, 3= very poor,
4 = Terrible
2. Abdominal pain
0 = None, 1 = Mild, 2 = Moderate, 3 = Severe
3. Number of liquid stools per day
4. Abdominal Mass
0 = None, 1 = Dubious, 2 = Definite, 3 = Tender
Complication, one point for each

Abscess
Fistulas
Fissures
Arthralgias,
Uveitis
Erythema Nodsum
Pyoderma Gangraenosum
Mouth Ulcers
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Questionnaire for Ulcerative colitis patients
Addressograph

Disease

______________________________________________________________

Duration

______________________________________________________________

Treatment

______________________________________________________________

Medication

______________________________________________________________

Partial Mayo Score
Stool frequency
0
1
2
3

=
=
=
=

Normal
1-2 stools/day more than normal
3-4 stools/day more than normal
>4 stools/day more than normal

Rectal bleeding
0
1
2
3

=
=
=
=

None
Visible blood with stool less than half the time
Visible blood with stool half of the time or more
Passing blood alone

Physician rating of disease activity
0
1
2
3

=
=
=
=

Normal
Mild
Moderate
Severe

Total
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