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Abstract

Monocytes, recently classified as CD14CD16 (classical), CD14CD16
(intermediate) and CD14mCD16+ (non-classical) are considered to
play a role in the pathogenesis of inflammaitry bowel diseases (IBD).
Anti-tumor necrosis factor (TNF)-J monoclonal antibodies (mAb) such
as infliximab (IFX) dampen inflammation in diseases sucés IBD and
may in part exert their therapeutic effects via actions on cells that
synthesize TNE such as monocytes. Although clinically effective in
many patients, anttTNF| mAb do not work in some, and lose efficacy in
others. A more detailed understanihg of the actions of IFX on blood
monocytes may provide important insights into the mechanism of
action of antrTNF| mAb and mechanisms of drug resistance. We
therefore studied the acute effects of the arfTNF| mAb IFX on blood

monocytes and other monomiclear cells in a cohort of IBD patients.

Multi -colour flow cytometry was used to analyse freshly isolated

peripheral blood mononuclear cells PBMC$ from Healthy Controls

j(#Qqh #OTET 60 $EOAAOCA j#$sq AT A 51 AROAOGEOA Al 1 EOE

receiving IFX aad 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 caspa$d and
lipopolysaccharide (LPS stimulated TNF| andinterleukin (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 phemtype. 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 CD4I cells and theCD19 B cells. IFX

caused a prompt reduction in all monocyte subsets in both the CD and
UC groups. The CD4nd 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
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patients revealed a negative correlation between total monocyte and

classical monocyte numbers with increasing levels of IFX.

We could find no evidence of IF¥nduction of apoptosis to explain the
reduction in the number of the circulating PBMCs. The remaining cells
secreted less of certain cytokines and chemokines followirig-vitro
stimulation. The ex vivoproduction of TNF| and IL-12 by monocytes
following LPS stimulation was blunted in whole blood obtained from
patients at the postIFX dosing timepoint, compared to predose.
However, this blunting was not observed when isolated monocytes

were stimulated.

These results shav that IBD is associated with a pranflammatory

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

I AOGAOOAOETT OOCCAOOO OEAO OOAOAOOA
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 clinicalefficacy. Future work will be needed to
establish if resistance to IFX or other artTNF| mAb is mediated at the

level of those cells.
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1.0 Basic Monocyte Biology

Monocytes are white blood cells of the innate immune system. They
originate in the bone marrow fromcommon myeloid progenitor cells
(CMPs) which ae also progenitas for neutrophils, macrophages and
dendritic cells (DCs). @lony-stimulating factor (CSF)1 promotes the
differentiation of the CMPs via the granulocyte/macrophage progenitor
and the macrophage/DC progenitor (MDPjoute. The MDPs give ris to
monoblagts, pro-monocytes and eventuamonocytes that are

subsequently released into the circulatiorj1-2].

The half life ofmonocytesin the circulation is 1-3 days and in a steady
state these cells do noproliferate. Monocytes function as immune
AEeAAOT O AAT T O AT A AOA OEA AT AUBO EEO
stimuli. They are equipped with adhesion and chemokine receptotthat
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 accessorglis which link the innate and adaptive
immune system. However, their biggest known functionto dateis
being a reservoir of myeloid precursors for the renewal of tissue

macrophages and>Cs[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 seemamproved understanding of monocytes

function and lifecycle.



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, thes cells
can be confused with DCs, lymphocytesatural killer (NK) cells and
granulocytes in the blood[1]. Accurate characterisation of monocytes
relies on the use of multiparameter 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 stdiassified

according to their unique surface receptorg5-6].
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Figure 1. PBMC populations in Whole Blood

Flow cytometry plotidentifying lymphocyte, monocyte and neutrophil
populationsin whole blood based on their forward (size) and si@ganularity)

scatter characteristics.



All human monocytes highly express CD45 (a nespecific leukocyte
marker), HLA-DR (class Il major histocomptability antigen) and have
varying expressionlevelsof CD14 (part of the LPS receptor complex)
AT A #%$po j&#f7].0AAADPOT O ))) Q

1.2 Monocyte Subclassification

It is well known that peripheral blood monocytes are heterogenous in
nature, but consensus relating to the definition of these subpajations
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 norclassical[7], which bases the categories
on phenotype raher than function. Historically, differential expression

of CD14 and CD16 was used to defifgst two monocyte subsetg8]:
(Fig 2)

i) CD14ish CD16ed(inflammatory monocytes)

i) CD14 CD16 (resident monocytes)

CD14+ CD16+

CD1é

CD14  cpiaes cois-

—_— I
.

Figure 2. Two Monocyte Subsets

Two colour immunofluorescence analysis of monocyte subpopulat[@hs



In 2010, an official nomenclature, still principally based on phenotype
was proposed for the monocyte subclassificaan and has been
approved by the Nomenclature Committee of the International Union of
Immunological Societies (NGUIS). This defines three subpopulations

of monocytes:
1. Classical (CD14 CD16)
2. Intermediate (CD14+ CD16)

3. Non-classical (CD14m CD16+) [7]

Non-Classical ~ ‘

Intermediate '

' 'Dendritic

CD16 FITC

— Classical "

0 10 10 10
CD14 PerCP-Cy5.5

Figure 3. The New Human Monocyte Subclassification

Human monocytes are classified according to their expression of the surface
markers CD14 and CD16; classical CBGD16, intermediate CD14CD16 and
non-classical CD14mCD16*. The light microscope pictures (agéed from Cros

et al 2010[10] show the kidney shaped nuclei and granular cytoplasm. The scale

bar represents 20um.



1.3 Functional Characteristics of Human Monocyte

Subpopulations

Limitations occur when working with human monocytes due to the lack
of robust in vivofunctional assays. The research that is known mainly
derives from in vitro experiments or from mouse models where

comparisons are madg10-11].

To safely nvestigate the development of human monocytes frontheir
origin in the bone marrow to their movement through the circulation
and onto tissues or spleen is quite difficult. This is why most studies
focus on the monocyte fraction in the peripheral blood. Wre
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 bédentified by their surface markers
CD115, CD11b, F4/80nt and the monocyte subsets can be divided into
lymphocyte antigen (y) 6Cigh and Ly6Cw [12]. Current research does
suggest that the Ly6@and Ly6Cw 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 Ly8@cells.In humans, hese cells
are the largest subset and account for 85% of blood monocytes under
normal steady state conditons. They show high surface expression &f
C chemokine receptor type 2CCR2, CXC chemokine receptor type 4
(CXCR, L-selectin (CD62D), toll -like receptor (TLR)-4 and the
scavenge receptor CD3B, 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; S100A12S100A%nd S100A8 This
subset is highly versatile and responds to a number of external stimuli
including bacterial components, drugs, hormones, toxins and nutrient
levels[11].



In terms of differentiation, the classical monocytes expresgenes that
show a proliferative and antrapoptotic state which maysuggest that
this subset is an immatureprecursor for the intermediate and non

classicalmonocytes[11].

Stimulation studies have shown the classical monocytds produce the

highest amount of cytokines in response t@PS. These include H6, 8

and 10 but interestingly not high levels of the proinflanmatory

AUOT EET AONr14 x&EEALT AOA, AAOT AAT 01T U POT AOAAA AU
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1.3.2 Intermed iate Monocytes

Until 2010, monocyte research in humans was based on two
populations; CD16and CD18. Since the discovery of the intermediates
(CD14+CD16) the focus has been on defining thipopulations function
and origin. As seen from thdlow cytometry plot in Fig 3, the
intermediate subset which accouns for 5-10% of all monocytes isa
continuation from the classical, upgo the non-classicals Therefore, a
careful gating strategy must be put in place so not to interfere with the
other subsets. With tre use of fluorescenceninus 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) highligied a
total of 1,554 genes that were common to all monocytes. The classical
and nontclassical cells highly expressed the majority of these genes
(862 and 557 respectively) with the intermediate grouphighly
expressing 135. This subpopulation, however, didxpress 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 aa molecular level[11].

There is conflicting data egarding the association ointermediate
monocyteswith either the clasdcal or non-classical subsetCros et al.,
performed microarray studiesand principal component analyses (PCA)
on monocyte sulsets and when compared with murinecells, the

classical and intermediate subgroups werenore closely linked to the



Ly6QCish monocytes[10]. Phenotypically the intermediate subsetshares
similar expression levels ofCD163 and CD11b with the classicals but

also high levels of CXCRL similar to the non-classicals.

Functionally intermediate monocytesare the highest producers of
4. &ndilpr xEAT OQGQtEILPS.ISinitakoAhe elassical
subset, they also release 6, 8 and 10 but differ in that they do not

produce high levels ofreactive oxygen speciesROS [10].

The gene expression profiles for this subseshow enrichment for major
histocompatability complex (MHQ class Il processing and presentation
genes. The cestimulatory molecule CD40 showed its highes¢xpression
in the intermediate monocytes In terms of mauration, this subset
expresseshigh amounts of cell proliferation genes along with the non
classicalg[11]. This suggests a maturation of the intermediates from the
immature classicals which are CD16o the mature non-classicals that
are CD16+.

Research from Wong et al. (2011gontradicted thefindings by Cros et
al., and suggested that the intermediate monocytesuster more closely
to non-classical subset in thee multi-array data[11]. Ingersoll etal.,
concluded that the Ly6®w~ murine population and human monocytes
expressing CD16 hve a close resemblancf2]. This dda was also
supported during analysis of the subsets in the macaque monkey which

showed close association with the intermediates and noenlassicals.

To fully understand the lifecycle, function andorigination of the
intermediate monocytes in vivoexperiments are crucial. However,
finding a mouse cell type similar to thissubset is proving difficult for

researchers[14].
1.3.3 Non-Classical Monocytes

While this subset represents only 10% odll circulating monocytes,

there has been substantial research carried out on its phenotype,

function and similarity to the Ly6Cew murine cells. Cros et al.,

demonstrated the ability of the nonclassicals to crawl along the

endothelium after being adoptiwely transferred into a mouse model,

CEOET ¢ OEAI OEA 1T AI ANDAn&pehe® Ol 11 ET C
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expression profilesshow high levels of cytoskeleton rearrangement
genes; Rho GTPaseRHOGimd RHOFE whichwould 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 (emeceptor for LPS
detection). While TLR2 and-4 are expressed by norclassical
monocytes, they havehigher expression of TLR8 and-9 [10-11].

Research suggestthat the non-classical monocytes exert a specific
effector function to viruses and nucleic acids in the inflammatory
response and consequently interact with Tells to influence and
interact with adaptive immunity. They are not thought to poduce ROS
and there is evidence that they producénterferon (IFN)-r  x E AT

exposed to viralelements and nucleic acid§10].

Questions relating to the myeloid lineage of noflassical monocytes

have recently been addressed in an elaborate human study in which

these cells wee identified in individuals who have mutations in the X

1T ETEAA AT T 11T r Alglack lymphoidprecArsotsOANOAT O
[10]. This study confirms that although the norclassicals and natural

killer cells share similar surface markers; CD16 and MHC class Il they

develop from different lineages and have different precursors.

These cells expresgenes that indicate cell differentiation, pre
apoptosis and an antiproliferative state. The CDKN1C gene which is a
potent cell cycle inhibitor was the third most highly eypressed gene in
this subset which could argue that thenon-classicals are themost

mature and developed cell population within themonocytes[11].



1.4 Inflammatory Bowel Disease

The idiopathic IBD consists of two types of chronic intestnal disorders;
CD and UCThe hallmark of IBD is chronic uncontrolled inflammation b
the intestinal mucosa which can affect any part of the gastrointestinal
tract (Gl). This diseasés characterizedby 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. Theintestine can becomeinflamed 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 hypothess 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 diseasd16].

Luminal microbial
antigens and adjuvants

-~ -

Genetic Immune
susceptibility response

&S - = ==

Environmental
triggers

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 enviroental factors either initiate or

reactivate the disease (Adapted from Sartor et al., 20065].
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Although grouped under thesame 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 (Gl) tract. The most common areas to be
affected are the ileum and proximal colonln contrast5 # & O
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, micreperforations 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.

Inflammatory Bowel Disease (IBD)

Ulcerative

Figure 5. Anatomical distribution of Cr ohn's disease and Ulcerative

colitis (Adapted from gi.jhsps.org)

CD is sukbkclassified based on: severity of disease (mild, moderatand
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].

10



1.6 Epidemiology of Inflammatory Bowel Disease

In the second half of the twentieth century, the preMance of IBD in
Europe rapidly increased. This was also seen in the rest of the world as
countries began to adopt a Western lifestyl§€l9]. 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

1 EEA OEA O0AI PI AGO 2APOAT EA 1T £ #EET Ah

to the industrialization and westernization of these countrieq[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, p revalence rates may be
increasing because of earlier diagnosis and longer duration of the

disease.

Research suggested that trends in IBD had a norffouth gradient in
Europe[21]and the UF22], however more recent data may argue
against this with higher incidence rates in countries such as Australia
[23] and NewZealand[19]. When IBD begins to appear in a developing
country it is UC that emeges first, followed by increasing numbers of

CD cases. This suggests that environmental factors and lifestyle are key
elements in the etiology ofCD[24].

)T AOOOOEAT EOAQGETT EAO AEZEAAOAA DPAIT BP1 A
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].

11



Hyglena

Vitamin D Py Diat

UV exposure N
COMC
- : Skep
(H' \ ' Z :'l:\’l
smoking Madications
Microbiome
Appendectomy - - - ert Ny -
S — N\ @D
v : ¥ “ Q
x Genatl
X” | susceptbiiity

Figure 6. Environmental Factors that contribute to Inflammatory

Bowel Disease

The fadors 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., 201525].

In children CD is more common thatJC 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

DOAOGAI AT AA AOAA AAT ET AOAAOGA OEA DPAOOI T80 OEOE

case with childrenwho moved from Souh Asia to British Columbia
(BC), their incidence of IBD was actually higher than the rest die
paediatric population in BC[26].

The age of onset of CD is between 15 and y€ars. 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 relatetb a higher

12



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 playrale in

disease activity[29].

1.7 The Intestinal Immune System

1.7.1 Intestinal Microbiome

In IBD, studies suggest eole 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 disovered that gut microbes
play a pivotal part in IBD when IBD susceptibility genes were
discovered, as many were involved in mediatingost responses to gut
microbes such adNOD2[31]. A number of invading pathogens like
Escherichia colhave been studied in IBD32] 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 IBO31, 33].

1.7.2 Intestinal Epithelium

In a healthy state the intestinal epithelium is a protective barrier
between the intestinal microbiome and thdymphoid 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 speaiised epithelial cells;

goblet cells and paneth cells that are equipped to defend against

13



bacterial invasion. Goblet cells produce mucus and regulate factors that
aid in epithelial repair and inflammation. While paneth cells can secrete
anti-microbial peptides knox T Ad&fensins. Epithelial regeneration
and repair are key for maintaining ahealthy 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].
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Figure 7. Possible pathways in the Development of Crohn's Disease

Possible pathways in #hdevelopment of COrhe normal intestine which is
covered in a mucus layer hosts a variety of bacteria (top panel). Multiple factors
including dietary, environmental and genetic may &it 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) caumse 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 tharacteristic 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.sTtdmplex community of
immune cells balances between immune tolerance of luminal
microbiota with a need to defend against invading pathogeng] . For

the development of CD, there are a number pbssible pathways that
can be involved including altered gut microbiota, epithelial cell

dysfunction, genetic factor and dysregulated immune response.
1.7.4 Innate Immune ResponseET  # Ol ET1 8 0 $EOAAOA

Pattern recognition receptors like TLRsand nucleotidebinding domain
(NOD) like receptors allow for the innate immune cells located in the
intraepithelial and lamina propria mucosal spaces detet microbe
associated patterns peptidoglycan associated muramyl dipepde
(MDP), LPSsingle and double stranded (dsDNA]. 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 witksttibution

and phenotype ofDCs. Increased expression of TLR2 and 4 and

exaggeated response to LPS has also been shownCD[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 sense$1DP,a component of
bacteria cell walls and activates thauclear factor kappalight-chain-
enhancer of activated B cell§. & [) &nd mitogen-activated protein
kinase MAPR OECT AT T ET ¢ PAOExAUO 1 AAAET ¢ Ol
pr AT A AT OEi ER®I AEAT DPADPOEAAO
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 te initiation of CD. PBMCBom CD

patients with mutant NOD2 have an impaired ability to secrete a range
I £ AUOIT EEIT-&A M anpda2) i& responye,to MDPB8]. These
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mutations also seem to hinder the efficient killing of Gram positivand

negative bacteria[39].
1.7.5 Immune Response in Ulcerative Colitis

Unlike CD, there is no elar evidence of specific defects in the innate
immune system in UC. The increase in TLR&d TLR4 expression by
the colonic epithelial cellsis thought to beasaresult from the
inflammation [40]. There are, however, abnormalities in the adaptive
immune system in UC. This is seen in the CDHR cells,which were
initially divided into two lineages; Type 1 helper (Thl) and Th2 T cells.
It was proposed that CD was a Th1 like condition due to the inased
production of interferon (IFN)-r [41].UC represented a tyjal Th2
response due to the presence of HL3 producing colonic nonclassical
NK T cells which mediated epitheliakell barrier dysfunction, apoptosis
and epithelial cell cytoxicity[42].In UC, there is also thengsence of

polarised Th2cell which producelL-5, Fig 8.

The balance between Th1l 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 prduce
abundant levels of the preinflammatory cytokine IL-17 that hasbeen

seenin the mucosa of IBD patient$43].
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Figure 8. Pathophysiology of Ulcerative Colitis.

Increased permeabilityeads to increased uptake of luminal antigens due to
disruption of tight junctions and mucosal epithelial layer. Innate immune cells
(macrophages and DGg€ome in contact with the commensal bacteria and
change their status from tolergenic to an activatechpnotype Activation of the
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The innate immune cells present the microbial antigens to the naive CD4+ T cells,
promoting differentiation in the Th2 effector cells which produce-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 antigdimeg;

regulatory T cell, MADCAM; mucosal adressin cell adhesion molecule 1.
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1.8 Circulating Monocytes to Tissue Macrophages

One of the nain principles ofimmunology is the differentiation of
monocytes into macrophages in the tissue. Emerging research now
indicates that in a steady state, tissueesident macrophage populations
including lung alveolar, splenic, Kuppfer and peritoneal are established
prior to birth and can maintain tissue irtegrity 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 prectsors of the
blood resident Ly6C monocytes and CCR2 is critical for the Ly6®

exit the bone marrow[45]. There is also a population of Ly6®one
marrow cells but knowledge of their precursor or development is ot
fully known. A unique characteristic of the murine monocytes is the
ability of the Ly6C cells toextend their lifespan in the circulation to

maintain a stable population in case of Ly6Ghortage[45].

One of he 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 sthr
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 differencemay be dueto the presence
of microbiota where the intestine is continualy exposed to
environmental stimuli which cause tont 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 maintai a homeostatic environment. They do
OEEO AU OEAEO EECE DEACIi AUOEA AAOEOEOUh ET OACOAI
IL-10, desensitization to TLR ligands and their loss of primflammatory
IL-6 andinducible nitric oxide synthase (NOS [46].
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1.9 Intestinal MonocytesAT A - AAOT PEACAO ET ¢

Disease

In mouse models of IBDthere is a disruption inthe differentiation of
Ly6Cr monocytes that usually replenish the resting intestinal
macrophages. This leads to an accumulan of the TLR responsive pre
inflammatory cells in the mucosa that produce 1t6 and IL-23. How this
disruption occurs isnot yet fully understood [47]. Some research
suggests that with time, these monocytes couldifferentiate into
migratory antigen presenting cells which could prime naive T cells
similar to dendritic cells [48] and activate the adaptive immune

response.

In the human gut, resident macrophages (CD64MHC clas I 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+ cellswhich display enhanced Ikp t ho YAT A 4. &1 AAOQE
[49-50]. Studies using transfer of autologous raditabelled blood

monocytes have shown that these cells are derived from CD%4lood

monocytes rather than resident gut macrophagef51].

A study by Marks et al., (2006) compared the inflammatory responses
of the innate immune cel$ of HCversus CD patientsThey 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 nacrophages from CD patientsvhich
were subjected to MDP stimulation had a downregulation of
inflammatory related genes (IL-8 and IL-1beta) when compared toHCs
This data suggest 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 overatthronic

immune response in the gut[53-54].

-

1.10 Grculating Monocytes andtheirR T 1 A ET #0O1 ET 60

Disease

Emergingresearch suggests a prominent role focirculating blood

monocytes inthe inflammation seen in CDThese cells & the highest

producersof4 . & 1 h A [ AET O AUG@dothcughfote] #$ AT A AOA

the therapeutic targetforthe anti-4 . & [ ! AO @i@Bldod ET #$8
monocyte research fieldhas recently focused on the role of these cells
in CD.

In 2010, Koch et al., investigated the role of monotgs in IBD and found

that the number of CD16 cells were expanded. There was also an

increase in the CD16cells within the non-inflamed regions of the

mucosal tissues of CD patients and these numbers were further

enhanced in the active disease tissues. &pe CD16biopsies also

stained for CD36 andexpAOOA A EE CE combdeiiiwihthe £ 4. &

CD16 colonic cells Unfortunately, it was not determined whether these

colonic cells were intermediate or nonclassical monocytes so the main

DOT AOGAAOO 1T &£ 4. &1 0O0O0HE)I OATI AET O1 AA Al OAEAAOAA

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 t6lC These expanded cells had similar
expression levels of CCRto the classicals and therefore was
significantly higher than the intermediate population of theHC[56].

High levels of CCL2 were detected in the colon of IBD patients and may
attract the CCR2 expressing monocysdo the inflamed site.

Interestingly, in this study, CCL2 correlated with disease severity of the
patients [57].

Incch EO EO xAl1 ETTx1 OEAO EECE 1AOGAIT O 1 &£ 4. &, E.
with disease progression and alleviation of symptoms can be achieved
by anti-TNF| mAb treatment [58] or leukocytaopheresis[59]. From

this, many studies have reported the specific removal of CD16
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monocytes in IBD patiats [60]. However, this processloes not specific
if it is the intermediate or non-classical subset being removedo it is
OOCEIlT 110 AAOAOI ETAA xEEAE bDPipOl AOCET 1

The reason for the expangin of the intermediatemonocytes 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
CD16on the classical subsef55].

Some research suggests that the intermediate monocytes are a more
mature version of the classical subpopulation based on their high
expression levels of proliferationrelated genes[11]. Could the
inflammation in CD, therefore,cause the circulating monocytes to

mature at a greater rate than those on unadicted individuals?

Onemodel of IBD pathogenesis put fortlby 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 expressiorof surface CD16. Some of the
CD16 cells reverse transmigrate back into the circulationThis model
could explain the increase in intermediate monocytethat is observed
in blood samples from subjects with CDIn the mucosa, both the CD16
and 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 pre
inflammatory 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 4EAOADPEAO A O #0OT ET 80 $EOAAOA
Treatment for CDusually includes lifestyle alteration; cessation of

smoking, medical managemenand surgical intervention. An important

advance was the discovery ofr#ti-4 . & 4  iwhich Gan be very

effective in CD. Their success highlights the pleiotropic effects of TNF

However, overtime loss of efficacy is seen in some patieri3].

The choice of an initial drug for CD patients is decided by phenotype,
disease activity, cemorbidities and other characteristics. The mgority
of cases use a fast acting short term drug (steroids or anfiNFJ s)
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 treatmst [17]. Surgery
does not cure CD andt®uld 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

Theoriginalanti-4 . & 1! A OO 2EXT B A ASA AEAD
Horsham, PA, USAa full length bivalentimmunoglobulin (Ig)G mAb,
Fig 9.1t 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 he VH and VL domainsTable 1). This intravenous drug
(150kDa), which was approved by thé-ederal Drug Administration
(FDA) in 1998 has been successful for patients maintaining refractory
luminal and fistulising CD. IFXis also effective for the treatment &
refractory UCand can lead to the induction of remisen, decreaseuse

of steroids and mucosal healing61-62].

[ Infliximab |

Human
Fc Region

Figure 9. The Molecular Structure of Infliximab.

Simplifieddiagram onthe molecular structure of IFXIt is a mouse human

chimeric monoclonal anti4 . &4 .1 ! A
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Table 1. Pharmacological Characteristics of the anti -TNF)| 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 PEGylatedFab
IgG1k Chimera Transgenic fragment
[65-69] Mouse
Molecular Weight 150 kDa 148 kDa ~150 kDa ~95 kDa
[66, 70-72]
Route of Admin Intravenous Subcutaneous Subcutaneous Subcutaneous
[65, 68-69, 73]
Half life [70, 74-76] 8-10 days 10-20 days 7-20 days 14 days
Ligands[65-66, 68, 77] O04. &y h O4. &1 h 0O04. &1 Kh O4. &1 N
Oi 4. &1 Ol 4. &1 Ol 4. &4
Neutralising sSTNH ++ ++ +++ +++
[65-66, 68, 77]
Binding to tmTNF| ++ + ++ +++
[65, 68, 77-78]
CDC(65, 68, 7879] +++ +++ +++ -
ADC(65, 68, 77, 79] +++ +++ +++ -
Reverse signalling [68, +++ +++ ? +++
80-81]
Apoptosis[68, 77, 8283] +++ +++ ++ -

mADb, monoclonal antibody; 1gG, immunoglobulin; PEG, polyethylene glycol; $TNElubleTNFU
tmTNFU transmembrane TNF CDCC, complementiependent cytotoxicity; ADCC, antibody

dependent cellular cytotoxicity; weak; ++ moderate; +++ stronghknown
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1.11.2 Target Binding of Infliximab

The key pharmacological actions adfFXare its ability to neutralise

O04. &4 AT A AilTAE OEA AAOCEITO 1 &£ Oi 4. &y
IFXOT 4. &1 OEI xAA OEAO OEEO A1l OEAT AU EI
OOAAEI EOU O 4.&18 300AEAO OOEIT C AT x
experiments showed thatlFXis capable of binding with high affinity to

iT1T7T1 AOEA 4. &1 OOAOT EOO AT OE ET OEA Ol
forms [66]. Infliximab also binds to homotri A O E A wi#th.vey high

affinity, Ka 1019M-1, Notably, competition experiments showed that the
binding of IFXOT 4. &3 xAO OOAAT A AT A 11 AEOOI
I AGAOOGAA ET OEA DPOAOGATAA 1T &£ AGAAOO 4.

Surface plasmon resonance can be used to measure thesociation

equilibrium constant (Ko 1T £ 04 . & JFXAHe kfftnEylofghisO |

AOOC &I O Oi 4. &1y AO AOOAOOAA AU OAAET EI
less than its affinity to STNE:, IFX1620 pM[65].

I OOAOOET ¢ OEEO AOOCO AAEI EOU OF AETA
AAAAOOA 1T EOOI A Oi 4. &y AAT celsBvelMAOAAOGAA
after stimulation, thought to be due to the fact thaTNF; AT T OAOOET C
enzyme TACBOADPEAI U Al AAOGAO Oi 4. &4 ET O EOC
illustrated by the fact thatIFXhas the same binding affinity to

monocytes derived from normal peripheral blaod with and without LPS

stimulation [78]. To overcome this problem, researchers have created

cell lines transfected with mutated (TACEOAOE OOAT 6q Oi 4. &1 8
experiments using these cell lines indicate thaFXAET AET ¢ O1T Oi 4. &
is up to 3 times greater than other aniTNF| mAbs; certolizumabpegol

(certo) [84]. This difference might reflect stiochiometric differences

rather than differences in affinity because up to three moleules ofIFX

can bind to one tmTNE 8 ITA AT T OEOOAIRG O AOAOOAOQE
affinity £ O O 40278400 feldlower than its affinity £1 O 04 . &

[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 thelFXFab fragment in complex with
4. &) xAO OAPi OOAA AO A OAOGI 1 0EETT 1T &
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bindswiththeE& 111 B 1T £ 4. &1 AT A £O1 ACGETT O A0 A 4. &1 O
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

OEEO ETEEAEOI O AO AISBAEETI ¢ OEA AAOQEITO 1T £ 4. &)

'l O CAOGEAOh OEA AET AEmAQsrebedsigh &4 AU OEA AOAEI AAIT A
affinity and stability of the interactions, and effective neutralization of

cytokine-receptor interactions. Affinity is greater for sthantm4 . & 4 h

xEEAE ET AEAAOAO OEAO OAlI AOEOGA AAOQGEITTO 11 AAIIT O 2
AAPAT A 11T OEA AOAEI AAET EOU 1T &£ AT OEAT AU OT1 AT O1T A ¢
little data is available on the relative actions of antd . &mAbsin vivo

ACAET OO OEA OxI1 A&l Oricad mayAEellbe i@potant OET OA AE ££ZAOA

in understanding response and resistance to the antibodies.

1.11.3 Cellular and molecular effects of infliximab mediated

OEA Of 4- &y

Some evidence indicates that the efficacy ofamti. &4 AET 1 T CEAO ET )" $
depends on actions medigh A’ OEA AET AET C Olimgd 4. &4 h OAOEAO OEA
neutralizationofs4 . &1 8 &EOOOh 4. &5 ETTAEI 6O 1 EAA AOA 1160
against the development of colitis in models of IB[86], andetanercept

[86],the TNF OAAADPOI O AOOCEI 1T bHOI OAET xEEAE 1 AOOOAI EUAO
AOGO AT AO 110 AET A Ol 4patkents[&F]OThisl O AEEAAOEOA ET )" ¢
ET AEAAOAO OEAO OEiIi PI A TAOOOAI EJAOGETT 1T &£ 4. &) EO

to ameliorate chronic intestinal inflammation, and suggests that the

anti-4 . &Abswhich are efficacious in IBD must have additional

mechanisms of action. Second, ampile vitro and in vivoexperimental

evidence indicates that anti4 . &AbssuchaslFXAET A Oi 4. &1 AT A OEA
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 cytokinA B OT AOAET C Avhkieindd OEA Oi 4. &
reactingwiths4 . &) 8
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1.11.4 YT EEAEOET 1zTNRR infaction& |

'l OET OCE OEA PEATTIATITT 1T &£ AET AET C OI
in the development of anti4 . &Apbs, the functional effects of such
bindingofc AT 1 6 AOA OOEI 1 AAET C Al OAEAAOAAS

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 antiinflammatory effects mediated thraugh the

T AOOOATI EUAOQET 1T I-medidddsighdllindviaihe thd 4 . &
receptors on target cells can be interrupted both by the binding of the

AbsOT OT 1 OAT A AO xAi1 AO Oi 4. &, 8

IFXAAT OECTI EEAEAAT OI U AITAE Oi4:-8&1 11 +¢
seledin expression inhuman umbilical vein endothelial cells HUVEC}

[66]. Using the human lung carcioma cell line A549 |FXwas shown to

inhibittmT. &4 | AAE A OA@8]. Addvever, iths Adk Kh&wvn to

what extent the anti-inflammatory actions of IFXdepend on blocking

04. &), 10 Oi4.&); EI OAOAAOETIT O xEOE OEA

1.115 Actions on cells expressing tm4 . & |

I ET OO0 1T £ AoPAOEI AT OAl x1 OE ET AEAAOAO
the surface of cells can function as a receptor on those cells, resulting in

so-called outsidein or @everse signallingd When ligated by binding to

either TNF receptors or antiT. & Abs, a number of effects on cells

have been documented as illustratedh figures 10 -12 andtable 2.

There are at least three known mechanisms for the inhibition of

Oi 4. &1 AobOAwniewAbe AAI T O AU

Antibody-dependent cellular cytotoxicity

IFXhasan 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 antibodydependent cellular cytotoxicity (ADCC),
figure 10 [88].

To detect ADCC, Shealy et. al, used tstigulated monocytes but found

no cell lysis followingIFX contact. This may have been duto abundant
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sTINFFPOT AOAAA AU OEAOA AAI1 O xEOE 1 EOOI
surface. However, when they used a K2 cell line that continuously
ABGDOAOGOAO Oi 4. &1 h OEEO 1 AAespin ' $## 11 AA ET OEA

other studies, by using transfectedulkat T cells as a target, IFXhowed

To
(@}
o
Ro
A—
O
N~

ADCC activity. This was also the case whasing NSO ad CHO cells
[89].

Complementdependent cytotoxicity

CDCcan occur through tre classical pathway by the binding of the C1q
to the CH2 domain in the Fc region of cebound Abs. This initiates the
complement cascade and causes formation of the membrane attack

complex, pore formation and cell lysisKig 10).

IFXis capableof causing CDC infNF6.5 cells which overexpress

Oi 4.[88|8 4EEO xAO Al Ol OEI x1 OOEiIC Oi4. &) OOAT OFA
cells in which cell lysis, assessely lactate dehydrogenase (DH)

released into the supernatant was observedsing IFX[78]. More recent

studies comparing the CDC activity of IFXound that its capabilities of

inducing CDC are quitsimilar to the other available anti4 . &4 [ ! AO

adalimumab (ADA) and golimumab(GOL)[65]. In comparisonthe

mADb, certo does not induce any CDC activity, which reftts the absence

of the Fc region.
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Figure 10. Infliximabs' actions on cells bearing tmTNF | 8

Antibody-dependent cell mediated cytotoxicity and complemedegpendent

AulOi Ol gEAEOU 1T &£ OEA Oi 4. &1, AAAOCET C AAIT A

Reverse Signalling and cytokine production

An intriguing facet of the mechanism of action of an# . &mAbs

relates to the @pacity of those drugs to induce specific intracellular

OECT A1 O ET O AAI 1 O OEAO AGPOAOO Oi 4. &.
binding of the anti-4 . &mAbsOT Oi 4. &1 h 1T AAAET ¢ O OE
phosphorylation of specific serine residues in its cytoplasmic tail. Tid

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

Oi 4. &4 AU DPOT OAAOAO j300AcA. &1 A 300, ¢.
intracellular domain that mediates the reverse signal in human

dendritic cells, suppressing their production of the cytokine IE12 [92].

The full significance of reverse signalling is unknown. During
homeostatic condtions, LPS activation of monocytes through the TLR4

pathway leads to an increase in the production of certain cytokines
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OOAE AO-14L-18and IL-)2, Binding of anti4 . &mAbsto
i 4. &1 ETEOEAOAO OAOAOOA OECI Al ETC DPAOEXAUO
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 RS have
OAAOAAA A @b OA GIQIES dnd Ii-84Thi4 de@rqade wis,
confirmed whenin vivostudies of CD patients showed the comparable
results [80]. Furthermore, Nesbitt et al., showed suppression vitro of
IL-10 and IL-12 production by monocytes when usindFX, ADA and

certo [68].

[Reverse Signalling ]

TNF-a

[Cytokine Suppression ]—l IL-12
IL-10

[ TNF producing cell ]

Figure 11. Reverse Signalling in the tmTNF | bearing cell by

Infliximab

Reverse Signalling and apoptosis

Conflicting results arise when addressin@nti-4 . &mAb-induced
apoptosis of immune cells. One of the first reports was in 1995 by
Scallon et al., suggestink-X could cause cell death by binding to

Ol 4 . i&vitro [79]. Further reports showedIFXinducing apoptosis in
monocytes andLP T lymphocytes from patients with CD by binding
specifically toO 1 4 . [&3]. The monocyte apoptosis induced biFX
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was proposed to be via caspas, -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 ¢ was released from the
mitochondria into the cytoplasm[82, 94]. These two groups also
showed that following six weeks o FXtreatment there was apoptosis
in CD derivedLPT cells butnot in peripheral blood or resting Tcells
[82, 94].

[ TNF producing cell ]

Figure 12. Caspase dependent Apoptosis of the tmTNF, bearing

cell by Infliximab .

Studies with ADAand IFXon cultured monocytes showed that induction
of cell death was caspasdependent and detectable after 2 hour§g1,
95]. Ringheanu et al. tested the prapoptotic effect oflFXon peripheral
blood monocytes and activated T cellg82, 94] and found that this drug
induced cell death in activated T cells, but not in restingrd.PS
stimulated monocytes from CD patients or healty individuals. In fact,
IFXwas noted to protect monocytes from spontaneous apoptos[80] .
Other studies suggest thatFX does notinduce significant death of
PBMCs or LPlymphocytes when cultured with and without additional
stimuli [96]. The results section of this thesis shows thdEXdoes not

induce apoptosis of human monocys derived from patients orHC
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under all experimental conditionsthat we have tested/Chapter 5
Section 5.2.1).

These apparently conflicting reports suggest that the actions ¢FXin

vivomay not be accurately reproduced in simplén vitro experimental

systems. One interesting study by Atreyat al., suggested a new mode

ofactionforant-4 . &4 [T T T AT T T AT Aln@recAl AEAO ET )" $h

induction of apoptosis of CDAT cells. In IBD, there is apoptosis

(@}
T
T

resistance of mucosal CDAT cells which is mediated by CD14

i AAOT PEACAO A 2pThda&Eidny nixaérephages &

cp44 AAT 1 O OEA 4. &2c¢ OECIAITEAEC ATA . &{" EIAOAOQE
production and increased T cell resistance to apoptosis. Treatment with

IFX,ADAandcertoAT A AET AET ¢ Ol *madrophageg 11 #$prt

blocks CD4Tcell T &2¢ AAOEOAOQOEI 18 4EEO EO AOOT AEAOAA xEO
activity, and lower IL-6 expression, effects which are correlated with

greater CD4 T cell apoptosis[83].

Recently published data found thatFX, ADAand certo did not induce T

cell death but reduced their proliferation capability. These actions were

OEOI OCE OEA AETAETC | &£ OEA AOOC Of Oi4.&) 11 A
interaction of the drugs Fc region with antigen presenting cells. Once

bound, a distinct macroplage subset (CD14HLADR CD206) was

induced with specific immunosuppressive capacities which then

p2
N\

inhibited T cell proliferation [97]. This group also illustrated that
responders to combination therapy ofiFXand azathioprine produce a
significant amount of these CD206macrophages. Thesé-X-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 théBD responders[98].
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Table 2. In vitro Observations of the Effects of anti -TNF| ! TodS An Immune Cells, Mediated via tmTNF | Binding.

Reverse signalling Inhibition of cytokine prodiction

Antibody  Cell type Cellular effect Reference
IFX Colonic T cells and Inhibition of IFN Agnholt, 2001
Jurkat T cells Decrease in surface and soluble CD40L [99]
IFX Human CD4T cells Up-regulation of Eselectin (reverse signalling Harashima, 2001
[100]
IFX KYM1D4 cells Down regulation of &electin on HUVESs Scallon, 200966]
IFX Human monocytes,  Activation of p38 MAPK Waetzig, 2002
[101]
IFX CD mucosal T cells  Down regulation of IFN | y &S a Agnholt, 2003
[102]
IFX Mono Mac (MM6) Blunted Itmi  LINRB RdzOG A 2 Y Kirchner, 2004
[91]
IFX CD monocytes LYKAOAGSR LINE mdz&BliAd2 y Ringheanu, 2004
IL-8 [80]
IFX, ADA Human CD33 Down regulatiorof IL-:10 and IE12 Shen, 200%81]
monocytes
IFX, ADA PBMCs IFX, ADA and Certo blunteaMli  LINE R « Nesbitt, 200768]
and Certo
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Antibody-dependent cell mediated cytotoxicity

IFX SP2/0 line transfectec ADCC
gAGK GY¢ebC
IFX, ADA Human PBMCs IFX and ADA caused ADCC
and Certo
IFX, ADA tmTNP transfected ADCC
Jurkat T cells
IFX, ADA NSO and CHO cell line ADCC
IFX, GOL K2 tmTNF ADCC
transfected cells

Scallon, 199%79]
Nesbitt, 200768]

Mitoma, 2008
[77]

Arora, 2009103]
Shealy, 201(65]

Complementdependent cytobxicity

IFX SP2/0 line transfectec CDC
gAGK GY¢tbcC

IFX, Ada Human PBMCs IFX and ADA caused CDC
and Certo

IFX and tmTNP transfected CDC in cell line not in the human PBMCs

ADA cell line Sp2/al1A51
and human PBMCs

IFX and K2 tmTNF CDC
GOL transfected cells

Scallon, 199%79]

Nesbitt, 200768]

Kaymakcalan,
2009[78]

Shealy, 201(65]
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Induction of Apoptosis

IFX Monocytes, lamina Dependent on caspas® 9, 3, Bak anBax. Lugering, 2001
propria T cells Independent of CD95, Fas and cytochrome = [82]
release
IFX Jurkat T cells Increase in Bak/Bax ratio in stimulated cells ten Hove, 2002
[94]
IFX Activated PBL and Increase in caspas® Van den Brande,
LPMN from CD 2003[104]
IFX Jurkat T cells Increase in Bak/Bax ratio Di Sabatino, 2004
[105]
IFX Healthy and CD PBM( Activated peripheral blood T celisSTUNEL anc Ringheanu, 2004
dUTP assay [80]
IFX, ADA tmTNP transfected  JNK activation, upegulation of p2}/AF+ciP1 Mitoma, 2005
Jurkat T cells Bax, Bak and ROS [106]
IFX, ADA CD33+ monocytes Caspase dependent cell death Shen, 200%81]
IFX, ADA THP1 cell line Cleaved caspase Shen, 2006107]
IFX, ADA PBMCs IFX and ADA caused an increase in Annexir Nesbitt, 200768]
and Certo and PI staining
IFX, ADA LP CDI4macro and Increase in Annexin"dndPI T-Cells Atreya, 201183]

and Certo CD4T cells from
control and IBD
patients
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No Induction of Apoptosis

IFX

IFX

IFX

IFX

IFX

IFX, ADA,
Certo

Jurkat T cells

Jurkat T cells

Mono Mac (MM®6)

Healthy and CD PBM(

PB monocytes, T cells
and LP lymphocytes

Jurkat T cells and
primary T cells

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

Suppression adipoptosisg DAPI staining

No apoptosis in resting or activated
monocytesc TUNEL and dUTP assay

No increase in Annexin ¥gr Pr cells

No increase in Annexin V or caspase
expression

ten Hove, 2002
[94]

Di Sabatino, 2004
[105]

Kirchner, 2004
[91]

Ringheanu, 2004
[80]

Ebert, 200996]

Vos, 201197]

Altered phenotype of immune cells

IFX, ADA, Primary activated T

Certo

cells in mixed

lymphocyte reaction

Blood monocytes differentiated into
regulatory macrophages (CD2D6

Vos, 201197]

IFX, Infliximab; ADA, Adalimumab; GOL, Golimumab; Certo, Certolizumab pegol; HUV¥s, lilnYiad A £ A O f
necrosis factor alpha; MAPK, mitogenO i A @I (i SR

JNK, €lun Nterminal kinase; p2127/“"* cyclin dependent kinase inhibitet.
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peripheral blood mononuclear cells; AD@ftjbody-dependent cell mediated cytotoxicity; CDC, complenmggpendent cytotoxicity; tmTNF

transmembrane tumor necrosis factdr PBL, peripheral blood lymphocytes; LPMN, lamina propria mononuclear cells; TUNEL, terminal deoxynucleotidyl
transferase dUP nick end labelling; dUTP, deoxyuridine trisphosphate; LP macro, lamina propria macrophages; PI, propridium iodigénelrd gieod;



1.12 Observations in IBD patien ts

Clinical investigators from many disease areas have studied the cellular
and molecular effects of treating patients with ant4 . &Apbs, in efforts

to gain more precise understanding of relevant mechanisms of action.
Those studies have involved both preand postdose sampling of
circulating cells and other factors as well as biopsies from disease
tissues. Some of those studies have compared the effects of Alfes
between primary non-responders and responders, resulting in some
additional insights into mechanisms of primary response and non

response.

At the molecular level, it is clear that antd . &mAbsresult in the

downregulation of a host of known preinflammatory mediators and in

the upregulation of some antiinflammatory or immune regulatory

factors (Table 3). These findings illustrate that everthough the

immediate molecular target of theAbsE O EECEI U OAI AAOEOA C
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 signalingpA OEx AUO 1 EEAN . & [ " Al
OAOI ET Al EET AOGAh AT OI A AA AEOAAO AT 1 O,
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 activatirg those transcription factors, such as TLR ligands

and IL-1, that are not directly affected by antid4 . &mAbs. It is

therefore likely that the broader anti-inflammatory actions of anti

4 . &mAbsinvivoAOA AOA O AE£EAAOCO 11 AAIT O A

reverse signalling.
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Table 3. Observed Molecular and Cellular Effectsofanti -4 . &1 ! 1 OEAT AEAO EI1

Effect on Transcription Factors

>\
O
m
To
—_
(@}
@)
o

)" $ 0

Antibody  Site of Comparator Molecular and Cellular Correlated with References
observation observations clinical response

IFX Sigmoid Pre drug Down regulation of nuclear Yes Nikolaus, 2000108]
biopsies samples O2y OSYyiNI GA2ya

IFX Peripheral Healthy No effect on activation markers, Clinical response ir ten Hove, 200294]
blood Fcells controls homing recetors, memory cells, 9/10

Fas, Bax/B& expression

IFX Sigmoid Pre drug Activation of p38 MAPK No comment Waetzig, 2002101]
mucosa samples Loy A& YSSRSR 1
biopsies production

IFX Colonic Healthy Foxp3 by immunofluorescence Foxp3 numbers Ricciardelli2008[109]
mucosal Controls and RTPCR reduced in patients
biopsies with active CD

IFX CD and UC Healthy and Increase in circulating Foxp3 T  Yes Li, 2010110]
Blood and pre drug regs in responders
biopsies control

IFX Sigmoid Healthy Downregulaion of macrophage Yes, mucosal Caprioli, 2013111]
colon controls and Th17 pathway genes healing
biopsies
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Effect on Apoptosis Proteins

IFX CD Pre drug
Monocytes  sample

IFX Colonic Predrug
mucosal biopsies
biopsies

IFX Lamina Healthy
propria T controls and
cells from CD pre drug
patients samples

Increase in Annexin V and Caspas No comment Lugering, 201[82]

3+
Increase in CO2ind TUNELcells

Apoptosis of the LPT up to four
weeks afte 1% infusion-
TUNEL Assay

Clinical response ten Hove, 200294]
in 9/10

Correlation di Sabatino, 2004L05]
between

sustained

apoptosis of LPT:

and remission

Effect on cytokine/chemokine production

IFX Gut mucosa -
of CD
patients

IFX Monocytes  Healthy
from CD controls and
patients patients pre

drug

IFX Mucosal Pre drug
biopsies and controls
peripheral
blood

Downregulation of chemkines
MCR1, MIR1la, RANTES

No comment Van Deventer, 1997
[112]

. f dzy 0 SR-m 1t B6@AdHES L | No comment Ringheanu, 200f80]

Reduction in sCD40L plasma level Yes Danese, 2006113]
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ADA Gut biopsies Healthy Reduction in mRNA levels oflIZA, No Rismo, 2012
controlsand IL-23,IFN 2 ¢bCh | yR

Pre drug
samples
IFX Peripheral Pre drug Downregulatio of 1-21 expression Yes, mucosal Liu, 2013114]
blood and LP controls and Th17 cell infiltration healing and
T Cells clinical remission

Effect on Cell Populations

IFX Mucosal Pre drug Induction of regulatory Yes Vos, 201798]
biopsies control macrophags

IFX Blood Pre drug Decreased sCD25 and sTNFRIl in Yes Magnusson, 201R115]
samples group serum. Reduction in CDZ5D4 and
from UC CD25CDS8 T cells in UC responder
patients

ADA Mucosal Pre drug Elevated numbers of tmTNF Yes Atreya, 2014116]
biopsies controls LP CDI4macrophages and CD%

cells

/ 52 /I NPKYyQa RAASFAST |/ > Ozf OBING SR SN2 SAVI ARBNY A S VIC G2 3B gy 2 NRE/ SONR A A &
PCR, reverse transcription polymerase chain reaction; Foxp3, forkhead box P3; T regs, regulatory T cells; Th17, TehelpéNEL cerminal

deoxynucleotidyl transferase deoxyuridine trisphosphate nick end labelling; LPTs, lamina proprianiRdsmessenger RNA; sTNRII, soluble tumor

necrosis factor recptor 1l; sSCD40L, soluble CD40 ligand; IL, interleukiel, M®Rocyte chemotactic proteih; MIRMh = Y I ONRB LK 3S Ay Ff I YYI
1 alpha; RANTES, regulated on activation, normal T ce#éssqut and secreted.
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Gene expression profiling in preand postinfliximab biopsies

Recent researctwhich used peripheral blood samples to perform gene
expression analysis in CD responders and nenesponders to IFX
therapy found a number of genes that ere differentially expressed
amongst the two groups; ABCC4 (ATP Binding Cassette 4), BMBéne
morphogenetic protein 6) and THEMS5 (thioesterase superfamily
member 5). Two weeks after therapy 12 genes were differentially
expressed between responders and meresponders and amongst them
were; CADM (cell adhesion molecule 2), GPR34-p@tein coupled
receptor 34), ILIRL1 (Interleukin-1 receptor 1) and MMD (monocyte to

macrophage differentiation-associated)[117].

Arijs et al., published a paper using gene expression profiling of mucosal
AET POEAO ET #OIT ET80 ATTEOEO j#$AQ AT A
response tolFXtherapy. Although the CDi samples gave no predictive
gene set, the CDc samples highlighted fivepg@enes between
responders and non responders. These includetNFAIP6, IL11, GOS2,
S100A8 and S100AfL18]. Rismo et al., carried out two studies, the first
determining the mucosal cytokine profile pre and post IFXherapy in
patients with UC. High genexpression of Il-:17A and IFNy were
associated with remission after three IFX infusions. These cytokines,
which are Th1l and Th17 related, could potentially predict favourable
outcomes for patients undergoing antTNF| 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 TNjFand IL17A in the
healed mucosa significantly increased the risk of relapse in CD patients
[120]. Recent studies by Gyoffry et aket out to identify genes that
separated responders from norresponders. Microarray datasés 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 signdance; IL13RA2,
PTGS2 and WNT5A, in discriminating between responders and non
responders[121]. All of these studies represent impdant initial efforts

to assess at the individual patient level the actionsf anti-4 . &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 anti
4. &1 OEAOADUS

1.13 Conclusions

Taken together, these findings show that the beneficial effects of anti
4 . &mAbsin patients with IBD are due to more than simple
neutralization of the cytokine. Recent insights into the effects of anti

4 . &mAbsmediated by reverse signallingn cells that express

Oi 4. &), OOCGCAOO OEAO OEA EAU i AAEAT EOI

of the Abson activated immune cells. It has also become clear that
reductionist in vitro experimental systems do not provide sufficiently
complex model conditiors to elucidate the effects of thé\bsthat

underpin their therapeutic efficacy. Further research efforts to

delineate those mechanisms may foster novel therapeutic strategies to
overcome primary nonresponse, as well as the prediction of individual
IBDpatt AT 006 1 EEAI mygkoitrbafmerit with anh-©D& ] AE
mADs.
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1.14 Knowledge gaps at the time of Project Design
At the time of study design, the followingknowledge gaps existed in the

published literature:

i) There was no published data orabsolute monocyte
numbers and individual subsetsin IBD. The literature
xEEAE AT AO1 860 ET Al OAA OEA OPAAO.

classification focuses only on monocyte proportions

ii) There is no dataon the immediate effects ofFXon

monocytesand lymphocytenumbers in IBD patients.

iii) DoeslFXcause apoptosiof monocytes in IBD patients?
There is conflicting dataregarding this question and
there is limited work published on thein 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 carrput its effects in the
circulation and what cytokines does it blunt when bound
Oi Oi4.&y4 11 OAOCAO AAile
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1.15 Hypothesis

PBMCsplay a role in the initiation and perpetuation of inflammation in

IBDandanti4 . &1 1! AO OOAE AO ) &8fedds@d OO0 OEAEO OEAOAPAOD
i

AAOETTO i1 AAI 1O OEAO OUI OEAOEUA 4. &y

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 theirculating immune cells. The

objectives of these experiments were as follows:

To determine circulating monocyte lymphocyte and
granulocyte numbers and subsetsin IBD patients compared
with HC.

To investigate the immediate effects of IFX on absolutBRIC

counts and subsets in IBD patients.

To establish the mechanisms of actionfdFX on PBMCs in IBD

patients through:
Investigating the apoptotic activity of IFX

Determining if IFX,once boundto tmTNE | A can AAT | h
Al OAO EOO AUlOil EET A POi AOAOCETT OEOI OCE
OECT Al 1 ETCH
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Chapter 2: Methodology
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2.0 Study Enrolment

IBD patients were enrolled under informed consent from theGlclinic at
the University Hospital, Galway (GUH) and the infush 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 théNational University ofIreland, Galway (NUIG). All
experiments involving healthy human volunteers were approved by the
research ethics committee at the NUIG and experiments involvingD
patients were approved by the ethics committee at GUH, Ireland.
Sample collection took place between Ségmber 2011 and June 2015.
SeeAppendix Cfor 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 CDpatients. The Harvey Bradshaw Index (HBland the Mayo
Score wereused to estimate the disease aafity of the IBD patients
(Appendix C). Healthy volunteers were given a questionnaire otheir
medical history andwell being at the time of blood donation For
experimental studies, 6z 20mL of blood was drawn into Vacutainer®
ethylene-diamine-tetra-aceticacid (EDTA) or heparincontaining 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; CDand UCpatients not receiving IFXtherapy (CD
Non-IFXand UC NorlFX) attending the Glclinic in GUH for a checlup;
CDand UCpatients attending the MPUH for anFXinfusion every 6-8
weeks, blood taken before their infusion (CD TroughFXand UC
Trough-IFX) and blood taken immediately after their infusion (CD Peak
IFXand UC PeallFX). For the CD PealkFXand UC PealFX, the first
bottle of blood was discarded so to not cadict the recently infused drug.
Exclusion criteria for the CD NoAFXand UC NoAFXgroup were as
follows: patients enrolled in clinical trials, patients who recently
received an antiTNFy therapy and patients who are dignosed as

# O1 ET 8 QCDA Exclésricddteria for the CRIFXand UGIFX group
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were as follows; patients receiving other aniTNF| OE A @\B®dE A O
GOL, recent infection or antibiotic treatment and patients diagnosd as
c8 )1 & Of ACETT 11 OEA PAOGEAT 060 AAOAI

characteristics is seen irChapter 3, Table 6 and 7.

2.1 Study Design

A schematic overview of the study dsign is explained inFigure 13.
Blood samples were drawn folPBMCanalysis. PBMCs wee 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 cytometiMACs
beads were used to isolat¢he CD14 monocyte population. A bioplex
was carriedon cell culture supernatant to detectytokine and
chemokine production. Adrug quantification assay(Biomonitor Ltd,
IRL) tested the drug levels oflFXin the plasma ofCDpatients. The
individual methodologies of these egeriments areillustrated in more
detail below (Fig 13).
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Figure 13. Experimental Design

Whole Blood Counts:
(HC, CD, UC)
(a) Monocytes
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IFX drug levels
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mTNF

Patient Recruitment:
(a) Healthy Controls
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(ci) Crohn's Disease (Trough-IFX)
(cii) Crohn's Disease (Peak-IFX)

(d) Ulcerative colitis (Non-IFX)
(ei) Ulcerative colitis (Trough-IFX)
(eii) Ulcerative colitis (Peak-IFX)

Clinical Data Collection:
(a) Harvey-Bradshaw Index

Y

PBMC Isolation:
Density Gradient
Centrifugation

(b) Mayo Score
(c) Medication History

Flow Cytometry:
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PBMC Identification

e
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CD19 B Cells
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2.2 Isolation and Flow Cytometric Analysis of PBMCs

2.2.1 Enumeration of circulating PBMCs.

Calculation of total monocyte, lymphocytend granulocyte numbers

was carried out using 100ul of whole blood from EDTA vacutainers®

(BD Medical Supplies, Crawley, U.K.). The whole blood was surfaced

stained with anti-CD45 and antiCD14 (see ppendix B for antibody

information) and the red blood cdls were lysed using FACS Lysing

Solution (BD Biosciences, CA, USA). The whole blood was then washed

and reconstituted in 200 of CaMG £O0AA $ 01 AAAAT 8O DPET ObP
buffered saline [(PBS) Gibcd.ife Technologies, CA, USA]. The cells were

and the FACs plot can beeen inFig 14.

A01 8S Con Count
Gate: (P11.in P10)

517 605

Neutrophils ==—__

b=
3
£ 1
Monocytes -
™
o8
=
2
Lymphocytes ==
e T T
481,1181,000,000 2,000,000 2809729
FSC-A

Figure 14. Flow Cytometry Plot of a Whole Blood Count.

Cells were distinguished based on the size (forward scatter) and granularitye(s

scatter).
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2.2.2 lIsolation 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 endotoxirfree Ficoll

Paque Plus® (GEHdaOEAAOAh " OAEh 58+8Q8 4EA OAOAEAU
then washed twice in FACs staining buffefAppendix B) prior to

incubation with optimised dilutions of fluorochrome-coupled mAh

Human blood was kept at 4°C and processed within twthree hours of
collection. This was to keep a standard amongst all samples so that if

variations were seen, blood processingould not be a factor.

2.2.3 Monocyte staining with fluorochrome conjugated

monoclonal antibodies

Flow cytometry was used to phenotype and analyse huam 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 faalour staining
matrix was used to specifically idenify the monocyte population
amongst the PBMCs using the following fluorochromes; Fluorescein
Thiocyanate (FITC), Peridinin Chlorophyll Protein Compleyanine
(PerCRCy5.5), Phycoerythrin (PE), allophycocyanin (APC) and APC
Cyanine Tandem (APC.H7). Singstains for compensational spectral
overlap was performed using human cells and mouse MAb
compensation beads (Invitrogen,Life Technologies, Dublin, IRL). To
account for nonspecific binding of MAb, the staining buffer used

contained 1% fetal calf serum (Loma, UK).

The freshly isolated PBMCs from each blood donor were stained with
primary labelled mAbsagainst CD45, HLADR, CD14 and CD16 to
identify the three human monocyte subpopulations according to a
published and validated gating strategy5], Fig 15. Additional mAb
markers were each singly added to the fully stained monocyte panel;
anti-CD86, antiCD163, antiTLR4 and anttCCR2 to determine the
activity and inflammatory status of these populations. Dilutions oéll

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 staing panel can be seen itable 4. A

detailed table of the antibodies useaan be seen irAppendix B .

Table 4. Staining Matrix for Monocyte Subpopulations and Surface

Receptors

Cells FITC PerCPCy5.5 PE APC APCHY7

Conc 2.5ul 1.5l 2.5ul 2.5y 5ul(1:4)*
SS 1+ - 14 - - - -
SS 2* - - 14 - - -
SS 3* - - - 45 - -
SS 4* - - - - 45 -
SS 5* - - - - - HLA-DR
FMO FITC 100ul - 14 45 CCR2 HLADR
FMO PE 100pl 16 14 - 45 HLA-DR
FMO APC 100ul 16 14 45 - HLA-DR
Stain 1 100pl 16 14 86 45 HLA-DR
Stain 2 100pl 16 14 TLR4 45 HLA-DR
Stain 3 100ul 16 14 45 CCR2 HLADR
Stain 4 1o0ul 16 14 45 CD16 HLADR

*Positive and Negative compensation beads are added to the single
stains instead of cellsConc; 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. CD45and HLADR' 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 twaadditional 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 HLADR vs. CD16
(Fig 16). Current researchis focused on identifying phenotypic and

functional characteristics of these newly identified monocytes subsets.

| Non-Classical |
\ | Intermediate | | DR Mid |

A
104 ] ;
4 b
cp16| .| T~ f
E 3 g 5
04 : [ DR High]
] LA AL | T T 107 3 g "
[ 103 /104 105> UT‘NW : . -
cD14 2 3 4 5
i 0 10 10 10 10
3
HLA-DR

Figure 16. Gating Strategy for the Identification of the DR Mid and
DR High Monocyte Subsets.

The intermediate ppulation can be further subdivided inttwo subsets the DR
Mid and DR High in the HL-BR 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 PBMCthe

FACS Canto Il Cytometer (BD Biosciences, CA, USA) was usedtoruna 7
colour staining panel. Freshly isolated PBMCs from a cohort of patients
were fluorescently labelled with antibodies against CD45, CD3, CD4,
CD8, CD16,[019 and CD56. Monocyte surfaamarkers were also

included (CD14 and HLADR) and the staining panel can be seen in

Table 5. The full gating strategy is shown ifrig 17 and a detailed list of
Abs used is located irA\ppendix B .
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Table 5. Staining Matrix for Lym phocyte Populations.

FITC PE PerCPCy5.5 PECy7 APC APCH7 BVv42l

Conc 2.5ul  2.5ul 2.5/3ul 5ul 10/3pl 5ul 5ul
(1:4)* (2:16)*

SS1 16 - - - - - -
SS 2 - 45 - - - - -
SS 3 - - 4/19 - - - -
Ss4 - - - 56 - - -
SS5 - - - - 3/14 - -
SS6 - - - - - HLA-DR

SS7 - - - - - - 8
FMO FITC - 45 - - 14  HLADR -
FMO PerCP - 45 - - 3 - -
FMO PeCy7 16 45 19 - 3 - -
FMOBV421 - 45 4 - 3 - -
Stain 1 16 45 4819 56 3&14 HLADR 8

Conc; concentration, SS; single stains, * 1 in 4 or 16 dilutidfiViO; 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. CD45cells were selectednd doublets were excluded using forward

scatter height versus are& cells were chosen due to their CD3 negativity and
their CD19 positivity. NK cells were selected from the @Gib8 CD19gate and
then further subdivided due to their CD56 and CD16 lsvef suppression. The T

cells were chosen by their CD3 positivity and then divided into either at@b4

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 FACE&anto Il for the lymphocyte and monocyte

phenotyping. The programme used for bothléw cytometersis the
FACS Diva V 6.0 software (BD Biosciences, Oxford, U.K. or CA, USA). The

cytometers were calibrated weekly bythe leadtechnician 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 Detectionoftm4 . &4 11 0" -#0

PBMCs (5 x18) from HC, © NonIFX, CD Trough an®eak IFX were

surface stained withAbsagainst CD45, CD14, CD16 and either human

4. &y [ AT AOATA A O j20% 3UO0OO0AI Oh -.h !
control (BD Biosciences, etc). The cells weradubated 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

AAg OA AAET ¢ AANOEOAA 11 OEA ' AAOOEA ;
the median fluorescent inensity (MFI) of the sample minus the MFI of

the isotype control.

PARVN

2.4 Drug Level Quantificationof ) T £l EGEI AA ET #0O
AEOAAOA oo AT OO6 O
Peripheral blood from CDpatients before (trough) and immediately
after (peak) IFXinfusion was collectedby venipuncture using EDTA
vacutainer blood tubes (BD Biosciences, CA, USA). Following gradient
centrifugation using endotoxinfree FicolFPlaque Plus® (GE Healthcare,
Buck, U.K.), the top plasma layer was removed and s¢arin-80°C. To
detect IFXdrug levels, Biomonitor Ltd. (Galway)RL) ran the plasma
samples on theiLiteA ) T /IzE/D Eti TAisfexperimentuses division
arrested TNF sensitive cells in a bioassay capable of measuring TNF
bioactivity. The TNF induced activation of the luciferase reprter gene
construct is inversely proportional to the amount oflFX present in the

patient sample[122].
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2.5 Detection of Apoptosis
2.5.1 Annexin V and Propridium lodide Staining

Freshly isolated PBMCs (5 £05) from CD patients at peak and trough
IFX levels were labelled withAbsagainst CD45, CD14 andrmexin V for
15 minutes in an Annexin VCa2 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 formkexin V and PI. Tanduce cell

death Saurosporine (1uM) was added to PBMCs and incubated for 5
hours at 37°C. The cells werthen labelled with Absagainst CD45, CD14

and Annexin V,with similar conditions as mentioned above.

Prior to acquiring the cells on the cytometerlOul of 1x Propridium

iodide (PI) was added to the tube and vortexed. PI isyantercalating

dye that enters the membrane of cellghat are undergoing cell death. It
fluoresces under the PE and PerG8y5.5 channels on the flow
cytometer. Annexin V is caleim 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 Pl cannot enter.
During later stages of apoptosis the cell membrane $es its integrity

and PI can tha enter into the cell and Anexin V can also bind to the

cytosolic PS.
2.5.2 Intracellular Caspase -3 Staining

Freshly isolated PBMCs (5 xX) from HCand CD patients (TroughlFX
and PeaklFX) were fluorescently stained with Absagainst CD45 and

CD14 in 100pl of buffer containing 1% BSA in PBS for 30 minutes at
4°C. 100ul of fixation buffer containing formaldehyddIntraPrep Kit,

Beckman Coulter, IRLwas added and the cells were vortexed

58



immediately and incubated at 4°C fodOmins. Each tube was washed
with 1ml of PBS and spun for 5 minutes at 400g. The supernatant was
discarded and 100ul of permbealiation buffer containing saponine
(IntraPrep Kit, Beckman Coulter, IRL}vas added along with the
intracellular caspase3. An fMOwhich had no caspase3 antibody

added to the PBMCwas 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 o ® EA | AAOOEA

C6 flow cytometer. The full gating strategy can be seenfig 18.

To assess if PBMCs from HC and CD patients (Trough and Peak IFX
levels) can undergo apoptosis, freshly isolated PBMCs (5 %) 0vere
incubated in RPMI Appendix B) with and without the pro-apoptotic
agent MG132 (1uM, Sigmaldrich, IRL) for 5 hours at 37°C. Following

incubation the same protocol was followed as above. All samples were

AANOEOAA 11 OEA 1| AABOEA #¢ ARBPI I AGAO

18.
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Figure 18. Gating Strategy for Intracellular Caspase -3.

3. FMO Caspase

M

FSC-H

Positive Control

PBMCs from HC, CD TroutfX and CD Peak patients were surface stained with

CD14 and then fixed, permbealised and intracellularly stained for cleaved

caspase3. A FMO for caspasand a positve control for cell death (MG132)

were also included.

2.6

Binding of biotinylated LPS to PBMCs

PBMCs (5x16) from HC, CD No#FX, CD TrougHFX and CD PeakFX
were first stained with and without biotinylated LPS (bLPS) (1pg/ml)
for 30 minutes at 4°C. Th cells were then washed with PBS and spun at
4009 for 5 minutes. CD45, CD14, CD16 and streptavidin @ihich 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

resuspendedin 200ul of PBS before being acquiret 1

cytometer.
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2.7 Bioplex Assay z Measurement of analytes in

supernatants of PBMCs

PBMCs from COrough-IFX and CD Peak=X (n=5)were cultured for

24 hours at 37°C with and without LPS stimulus (10ng/ml) in RPMI
(Appendix B). Similar morocyte counts were used at the trough and
peak IFX conditions and this was determined by taking an aliquot of the
o"-#0 AT A OOTTETC OEAI 11T OEA ' AAOOEA
versus side scatter window, the monocyte population was gated on and
calculaed. These numbers which varied between patients were
between 1-3 x10*monocytes/ml. Following the 24 hour culture, the
supernatants were stored in eppendorfs in-80°C. A custom made

bioplex plate consisting of twentytwo chemokines and cytokines was
purchased from Fannin, IRL and this plate was analysed using the
Bioplex 200 System (BieRad, CA, USA). 50ul 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 analyteecreted 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 CDTrough-IFXand CD PealFX patients

were resuspended in MACs buffe{Appendix B) 80ul per 107 total

cells. 20pl of CD14 Microbeads was added per7i0tal cells and
incubated at 4°C for 15 minutes. The cellsere washed with 1ml of
MACs buffer and spun for 10 minutes at 400g. The cells were then
resuspended in 500ul 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 ina holder directly underneath to collect the
effluent. The column was washed with 500ul MACs buffer and allowed
to drip through the column before the sample was then added. A wash
step consisted of adding 500ul 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 plungeprovided allowing
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the magnetically labelled cells to move into the tube. iy 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 510% of the total PBMCs.

2.9 Bioplex Assay z Measure of analytes in

supernatants of puri fied monocytes

CD14 purified monocytes (2.5 x1@) from CD TroughlFX and CD Peak
IFXwere 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 at80°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 atough IFX
levels inmethods 2.8 plus two other analytes of interest. 50ul 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

~ A > S

21017ETT A "1 1TTA )T OOAAAT 1T OIl AO 4.

Peripheral blood from HC, CD TrougiFX and CD Peak-X was

collected by venipuncture using Heparin vacutainer blood tubes (BD
Biosciences, CA, USA). 100ul of whole blood was added to FACs tubes
with and without LPS(5ng/ml), Brefeldin A (.6ug/ml) and RPMI
(Appendix B). The final concentration of whole blood wasa 1in5
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 a400g for 5 minutes and the supernatant was

carefully removed using a pipetteAbsagainst 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 saponin@éntraPrep

Kit, Beckman Coulter, IRLvas added along with the intracellular

AT OEAT AU ACAET OO 4. gApperidiOB)Arblovéngi OUDA A1

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

supernatantwas discarded and the cells were resuspended in 200ul

AT A AANOEOAA 11 OEA ' AAOOEA #¢ AUOIT I A

be seen inChapter 5, Fig 51.
2.10.2 Whole Blood Intracellular IL -12 Assay

Peripheral blood from HC, CD TroughFX and CD Peak-Xwas

collected by venipuncture using Heparin vacutainer blood tubes (BD
Biosciences, CA, USA). 100ul of whole blood was added to FACs tubes
with and without LPS(5ng/ml), Brefeldin A (.6pg/ml) and RPMI
(Appendix B). The final concentration of whole blood vas a 1in 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 fpette. Absagainst CD% 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, IRLjvas added for 10 minutes in the
dark at room temperature. The blood was waskd 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 saponin@ntraPrep
Kit, Beckman Coulter, IRLjvas 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

andacquiredl T OEA ! AAOOEA #¢ AUOI I AOAOS

be seen inChapter 5, Fig 52.
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2.11 Statistical Analysis

3O00AAT OB Gteddad dakicd AUk between twandividual

DAOEAT O AT ET 000 AestAvassedwhédniadafysing theA E O A A
same patient before and after IFX treatment. Multiplegroup

comparisons were made using a single factor analysis of variance

(ANOVA). Correlation analysis used regression agfficient and Pearson

r values. Bonferroni correction was applied when multiple pareneters

were analysed, this adjusted the value using the following equation:

p-value divided by # of parameters(0.05/x) = corrected pvalue
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Chapter 3: Results

Peripheral Blood Mononuclear Cells

In Inflammatory Bowel Disease
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3.0 Introdu ction

Monocytes are a constituent of the innate immune systeind have
been recently classifiednto three subsets based on their CD14 and
CD16 surface expression; classical (CD*€D16, intermediate
CD14+CD16 and non-classical CD14mCD16+ (Fig 3). It is thought that
these cells play a role in thenitiation 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 describedn increasein the proportion of
circulating CD16 monocytes in both CD and U{55, 60] but does not
discriminate between the newly classified intermediate and non
classical subgroupsandalsoAT AOT 6 0 AAAT O1 O A&l O
Therefore the correct identification and characterization of these cells

in IBD patients is needed.

This results section bcuses on aletailed phenotypic analysis othe
PBMCdn CDand 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 inBD.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 granulocytenumbers inIBD

patients compared withHC

ii) Investigate the differences in PBMC subsets

amongst IBD patients andHC

iii) Identify the expression levels of inflammatory

surface markers on PBMCs in IBD patients.

iv) Establishcorrelations betweenpatient

demographics and PBMC profiles.
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3.2 Results |

3.2.1 Absolute Monocyte Numbers and SUWDA OO ET # Ol

Disease Patients

Circulating monocyte numbers do not differ betweglCand CDpatients

but their individual monocyte subsets do.

One of the propogd 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 numbersvere different amongst
our three patient cohorts; healthy controk (HC),CD patientsnot
receiving IFX (CD NorlFX) andCDpatients just before their next
infusion of IFX(CD TroughIFX). Adetailed clinical description of the

patientscan be seen ifmable 6.

Unlike previous research involving the phenotyping of monocytes in
IBD, the resits below specifically identifies the three monocyte subsets
by a precise four colour flow cytometry protocol (CD45, HLAR, CD14
and CD16). The full gating strategy cabe seen inChpt 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 ys, n/a 7.2 (8.2 8.9(11.3
mean(s.d.)
Harvey Bradshaw Index n/a 5.2 (3.9 3.0(2.8)
mean: (s.d.)
IFX [ :

treatment in yrs mean n/a n/a 1.85 (2.2)
(s.d.)
Concomitantmedication, n:
5-Aminosalicylates n/a 6 2
Corticosteroids n/a 2 2
Azathioprine n/a 7 11
No medication,n n/a 6 21
Previous TNR n/a 4 n/a

antagonist exposuresn

#$N #OI ET 8 OIFYS patieftsinbt Ardated with infliximab,
Trough-IFX; patients before their infusion of inflkimab, s.d.; standard

deviation, n; number of patients, TNF| ; tumor necrosis factory .
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Whole blood samples were analysed from the three patient cohorts and
the absolute monocyte numbers are shown iffig 19a. The CD patients
(CD NonlFX and CD TrougHFX) had similar total monocyte counts
regardless of ther drug treatments. Thesegroups also had similar

monocyte humbers 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 classicalCD14++CD16) subsetin both CD
Non-IFX and CD TroughHFX compared with the HC group, p<0.03~g
19b). This is the opposite of what we see iRig 19c as patientswith CD
Non-IFX and TroughlFXhave significantly increased intermedide
monocytes (CD14+*CD16) compared to HC, p<0.05. This finding is
consistent with recent research which documents an expansion of the
CD14CD16 monocytes in irflammatory conditions [124-126].

The nonclassical maocytes(CD14mCD16+) showed no difference in
number between the HC and CD NelfX group but there was a
considerable decrease in CD TroughX group when compared to HC,
p<0.01 (Fig 19d).

The proportion of the monocyte subsets amongst the three cohortsere
averaged and graphed irFig 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 classial
monocytes when comparedo the age matcled controls, with little

difference seen in the norclassicals amongst the three patient groups.

70



>

Absolute Monocytes / mL

@

Intermediate Monocytes/ mL

m

% of Monocyte Subsets

5.0x10° 1

4.0x10° 4

3.0x10° 4

2.0x10° 4

1.0x10° 4

1.5x10% 4

1.0x10% 4

5.0x104 4

100

801

601

40

20+

B oo
p=N.§ *
4,0x10° 4
|
£ v
o 2 v
° v < 3.0x10°
00 g v
® v c
L v (=] L ]
Bg Vo? = L) o
AQ:; o o, T 2040° o, o
vy g o _a®
. ; 3 o owme W
o o v
a0
. Bgm Voge? 1.0x10° . a0
o® o ¥Vv 4 on0 b A A4
vy ol @Y
v o hAa's 27
v o vy
0- o v
Q‘(J >g‘\‘ )g‘\" Q‘G ‘\Q+ ‘\Q+
& & & S
- QQ é O
o A& o A%
S D &
4.0x104 4
* k&
*
v T
- 3.0x104 4
g L ]
v A4 o
8 .
[=] s
o v =] v
o v = 2040¢ . a
oo v 3 : o v
o 2 o vy
° o : 5 % vv:
® v
°° % p- 1.0x104 os® jd
v 2 3
‘:5' go bAE 2 : nnnnn "ggg’
L Y o Vv a ve
0 0 e AU ° o? v
° o v
° a2 ol ° [=1=} :v
& & & &
\a & &
00 EN 00 AL
® ®
B Classical
[ Intermediate
[ Non-Classical
0 oWV e\
C‘) 3 ,‘(o\l%

Figure 19. Absolute Number of Circulating Monocytes and Subsets
#OI ET 60 $EOAAOA O0AOEAT OOs8

ET

71



Whole blood analysis determined absié monocyte counts/ mLA) from three

groups: HC; healthy controls, CONpn& 8 N #OT ET 6 0 AEOAAOA DAOCEAT OO 11

infliximab and CD Trough &8N #01 ET 60 AEOAAOA PAOEA
of infliximab. One Way ANOVA showed no significai?d.&)in the total monocyte

numbers between the three groups, p=0.16.

Freshly isolated PBMCs were surface stained with monocyte markers Bnthé
classical CD1#CD16, (C) intermediate CD14*CD16 and (D) non-classical
CD14mCD16* subsets were determid.

The proportions of the classical, intermediate and notassical monocytes
amongst the three patient groups; HC, CD N&iX and CD TroughFX are
depicted in E). Student unpaired-tests showed the following results: classical
monocytes; HC vs CD tNFX, p<0.05, HC vs CD Trod§iX, p<0.01 and CD Nen
IFX vs CD TroughFX, p=N.S. In the intermediate subset; HC vs CDIR¥n
p<0.01, HC vs CD TrougfRX, p<0.01 and CD NdRX vs CD Trough=X, p=N.S.
The nonclassicals showed no statistically signiéiot differences between the

three cohorts.

Data in AD represented as H®@), CD NorAFX §/) and CD TrougHFX @ ). Date

in E represented as average % of: classicals (black bar), intermediates (grey bar)
and nonclassicals (white bar). Students unpaireet¢st was p<0.05*, p<0.01**

and p<0.001***,
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4EA $2 -EA 11711 AUOA pi POl ACETT EO Agb.
cohorts when compared with healthy controls.
The 4 colour staining protocol for identifying the monocyte populations

also allowed fa the separation of the intermediate subset into the
newly discovered DR Mid and DR high groupg-(g 20).

Non-Classical

Intermediate

CD16

ey

2 3 4 5
0 10 10 10 10

Classical —->
HLA-DR

Figure 20. DR Mid and DR High Monocyte Flow Cytometry Plots.

In Fig 21, absolute counts of the DR MidY) and DR High B)

monocytes were determined. Similar to théntermediate subset, the DR
Mid monocyteswere 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 markerdta®R

Mid (A) and DR High(B) subsets were determined. Data inBvepresented as

HC 6), CD NoAFX ) and CD TrougdiFX & 8 3 OO0AAT G&® O1 PAEOAA O
p<0.05%, p<0.01** and p<0.001***,

322 300£AAA - AOEAO %@bOAOOEITT ET #O0I

Monocytes fronCDpatients haveelevated surface expression of certain

inflammatory markers.

In order to further characterise the monocyte population inCD, 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, chemokinechemokine (GC motif) receptor-

2 and CD163. The full staimig matrix can be seen imable 4.

The CD patients regardless of their drug treatmes have significantly
increasedexpressionlevels of CD86, TLR4 and CD163 when compared
to the HC. The CD TrouglFX groups have the highest expression levels

of these three markers. There were noignificant changesamongst the

74



groups when looking at CCR2 expressidout there was a largerange of

values in the HQyroup.
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Figure 22.Surface Marker Expression on Monocytes in Crohn's

Disease Patients.

Freshly isolated PBMCs were surface stained witbnocyte markers (CD45,
HLADR, CD14 and CD16) plus a marker of ietr(A) CD86 B) TLR4 (C) CCR2
and (D) CD163 and thé&/Fl values of the whole monocyte population were
determined. Data in AD is represented as HG)n=11-13, CD No#FX (/) n=18
and CD TroughFX e q 1T €@ 8 3 00 Akt i©F<@05Qp<@0LEM A A
p<0.001%**,
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3.2.3 Relationship between Clinical Characteristics of CD

Patients and Inflammatory Surface Marker Expression

0AOEAT 060 ACA EO A AAOAOIETEI ¢ AZAAAOT O A1 O AGDPOAC

inflammatory markers.

Correlation analyses were performed beveen pro-inflammatory
marker expression levels and HC and CD NdRX patient
characteristics. Positive orrelations were seen betweerthe MFI of
CCR2and the age of thedCgroup (Table 7). Inthe CD NonrlFX cohort,
age and CD163 expression were also a [itige correlation. Disease
activity scores were positively associated with increased TLR4

expression (Table 8).

1O 1 O1 OEPI A AT i1 PAOEOI T O xAOA T AAA ET 4AAT A x AT/
correction was applied. In Table7, the p-value of 0.05was divided by

the number of comparisons (9) thereforethe corrected p value was

0.05/9 = 0.005. No correlation in Table 7 reached statistical

significance.

In Table 8, the pvalue of 0.05 was divided by the number of
comparisons (11) therefore the corrected pvalue was 0.05/11= 0.004.

No correlation in Table 8 was statistically significant.

76



Table 7. Relationship between Clinical Characteristics of Healthy Controls and Surface Marker Expression

MFI Age Age (Female) Age (Male)  Monocyte
Counts
CD86 0.07(0.277) 0.14(0.37)  0.20(0.45)  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)
MTNPF 0.09(-0.30) 0.005(0.07) 0.23(-0.48) 0.0008(-0.01)

Data expressed as regression coefficie} @Rd Pearsonvalue in bracketdyIFI; Median fluorescent intensity
Corrected pvalueafter Bonferroni adjustment$£0.005, no statistical signifince was found.

Table 8. Relationship between Clinical Characteristics of Crohn's Disease Patients and Surface Marker Expression.

MFI Age Age Age Disease Disease Monocyte
(Female) (Male) Activity Duration(yrs) 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)
mTNF  0.09(-0.21) 0.04(-0.21) N/A 0.33(0.51) 0.14(-0.38) 0.18(0.42)

Data expressed as regression coefficier} §Rd Rearson r value in bracketd|FI; Median fluorescerintensty,
N/A; not applicable du#o small sample siz€orrected pvalueafter Bonferroni adjustment p= 0.004, no statistical significance
was found.
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Disease Patients

Total CD4 T and NK celsl are adred in CD patients when compared to
HC.

To investigateif 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 No#tFX and CD TrougHFX. The lymphocyte
population was enumerated using whole blood cell counts on the
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; Cb4
and CD8T cells, CD19B Cells, CD5@gnt/dmCD1@rightintdim  NK Cells
and CD3CD56 NKT Cells Chpt 2, Fig 17).

The whole blood lymphocyte count A) did not show any significant
differences amongst the groups and the CD TrougRX population
showed quite a large variability from one patient to the next. The
absolute numbers of the CDS8T cells (©) and the CD19B cells D) saw
no difference between thethree cohorts. It was the CD4T cells B)
which significantly increased in number in the CD TroughFX patients

when compared to the HC group, p<0.01.
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Figure 23. Absolute Number of Circulating Lymphocytes and
30AOAOO EDiseaselPhtieritsd O

Whole blood analysis determined absolute lymphocyte counts/ i) ftom three

groups: HC; healthy controls, CDNpn& 8 N # O1 ET1 6 0 AEOAAOA DAOE/
IFXand CD TrougHFX;CDpatients before their next infusion dFX.One Way

ANOVA showed no significan.S)in the total lymphocyte numbers between

the three groups, p=0.17.

Freshly isolated PBMCs were surface stained with lymphocyte markers Bnd (
the CD4T cell © CD8 T cell and(D) CD19 B cells subsets were determined.
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Data in AD represented as H®), CD NordFX §/) and CD TrougHFX & ).
300AAT O5b GtesOwadpkEAS*A pk0.00** and p<0.001*+*,

The absolute numberof the NK cell subpopulations are graphed iRig
24; (A) CD5@rigtCD18lim, (B) CD5@rightCD16nt, (C) CD58imCD18right
and (D) CD3CD56 NK T cells.

There were no differences ircirculating numbers amongst the groups
for all three of the CD56CD16 NK subsets. Th® CroughIFX patients
had increased totalnumbers of the CD3CD56 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 AD represented as H@), CD NoAFX §/) and CD TrougHFX & ).
300AAT 08 GtesbBia®pkEOS*A pk0.02** and p<0.001*+*,
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3.2.5 Surface Expressionof tmiTNF I T 0" -#0 E1 #O1T ET160

Disease Patients

Higherlevelsoftd . &4 11 AEOAGI AGET C (111 AUOAG Aii DAOAA O

circulating lymphocytes.

The expression levels of tnTNF| on monocytes and lymphocytes were
determined duetoOEA OiI 1 A 4. &1 DI AUO ET #3$8 #O00AT O OAOA/
) & 8n@dbanism of action isot only through neutralisation of s4 . & |

but also throughbinding tmTNF] .

Freshly isolated PBMCs (5x19 from the three patient groups were
stained with CD45, HLADR, CD14, CD16 and a fluorescently labelled
antibody that binds to membrane boundm4 . & Th8MFIof tmTNFy

in the three patient groups was calculated and graphed ilig 25.

The classical, internediate and nonclassical subsehad a 10 fold
increase in theexpressionof tmTNFj in all patient cohorts when
compared to the lymphocyte population. In the HC and CD TroughX
groups, the intermediate subseexpressed the higheslevels of
tmTNF[ . The intermediate and the norclassical monocytes had high
tmTNFy levels in the CD NodFX group compared with the classical
subset. Histograms representing data from a single CD Trou¢fX
patient highlights the varying levels otmTNF] between the monocyte

subsets and the whole lymphocyte population.
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Figure 25. Expression levels of tmTNF] on PBMCs in Crohn's

Disease.

Freshly isolated PBMCs from HC (n=20), CD-Nofy (n=6) and CD Trough-X

(n=10) were surfae stained for CD45, CD14 and CD16. The cells were also

labelled with either isotype IgG1 dE O1 AT 4. &4 1 AT AOAT A &l O Al
MFlofti 4. &) AiTT1cOO OEA OEOAA 1111 AUOA OOAOA
population is graphed out irA. Histogram plots reresenting a CD TrougiFX

patient shows the varying level of expressiontbf4 . & | Al 1 B; gadizal,0E A

C intermediate,D; non-classical andg; lymphocyte populations in comparison to

an isotype control. The grey peak is the isotype control andhlaek peak is

ti 4. &1 8
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Patients

—_
Qu
O\
o5

Circulating granulocyte numbers do not differ betweéiCand M

patients.

Total circulating granulocyte numbers were calculated from whole
blood samples Although there aremany subsets within this population

this data determined their absolute number as a whole.

Similar to above, counts of the three cohorts; HC, CD NB¥X and CD

Trough-) &8 COT OPh xAOA AAOOEWL Highd). 11 OEA | AROOEA #

The whole bloodgranulocyte count ig 26) did not show any
significant differences amongst the groups and the CD NoRX

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 NefXandCD Trough &88 /T A 7AU ! . 1&tt AT A OOOAAT O

showed no significancéN.S)in cell number amongt the three patient cohorts,

o O

Ou

Data is represented as HO), CD NodFX (/) and CD TrougHFX &€ 8 3 OOAAT 08 O
unpaired ttest was p<0.05*, p<0.01** and p<0.001***,
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3.3 Results li
3.3.1 Absolute Monocyte Numbers and Subsets in Ulcerative

Colitis Patient s

Circulating monocyte numbers are elevated WCpatientswithout IFX

but their monocyte subsets are similar to thdéCgroup.

UCand CD are grouped under the same umbrella term of IBDhis
section focuses on the absolute cell count of the circulatiigBMCs
found in the blood of UC patients either not receiving=X (UC NonrlFX)
or just before their next infusion ofIFX(CD Trough-IFX) and compares
them to age matchedHC. Qinical descriptions of the UC patients cabe
seen inTable 9. Only a small cohat of UC patients receiving IFX were

collected (n=4).

Similar to the CD section (Part 1), a four colour staining panel (CD45,
HLA-DR, CD14 and CD16) identified the monocydend their associated
subsets. The full gating strategy can be seen@hpt 2, Fig15.
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Table 9. Baseline Demographics and Clinical Characteristics of the

Ulcerative Colitis Patients.

Characteristic HC ucC 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 ys, n/a 5.7(5.9 6.1(5.4)
mean (s.d.)
Mayo Score n/a 3.0(2.3 6.0(2.1)
mean: (s.d.)
IFX [ :

treatment in yrs mean /a /a 35 (43
(s.d.)
Concomitantmedication, n:
5-Aminosalicylates n/a 15 2
Corticosteroids n/a 3 1
Azathioprine n/a 5 2
No medication,n n/a 1 0
Previous TNH n/a 2 n/a

antagonist exposuresn

UC; Ulcerative colitis NonIFX; patierts not treated with infliximab,
Trough-IFX; patients before their infusion of inflkimab, s.d.; standard

deviation, n; number of patients, TNE; tumor necrosis factory .
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Whole blood samples from the three patient cohorts were analysed and

the absolute monocyte numbers are shown ifig 27a.

The UC NoAFX group had significantly higher total monocyte numbers
when compared to the HC group, while the UC TrougkX 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 classicaB]

and nontclassical subsetD) had similar counts between the three
patient cohorts, while the UC TrougHFX patients had a signifiantly
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 ifrig 27e. It is seems that the intemediate
subset is expanded in UC patients whether or not they are administered
IFX. There is a slight reduction in theroportion of classical monocytes
in the UC NonrlFX group when comparing his to the age matched
controls. Areduction is also seen inlie non-classicals of the UCQrough-
IFX patients when compared with HC and USon-IFXgroup. However,
no datistical significance was observeck EAT OO OA AT tG&H©

were carried out.
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Figure 27. Absolute Number of Circu lating Monocytes and Subsets

in Ulcerative Colitis Patients.
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Whole blood analysis determined absolute monocyte counts/ rA).fom three
groups: HC; healthy contds, UGNonIFX; Ulcerative colitis patients not receiving
IFXand UC TrougHFX; Ulcerative olitis patients before their next infusion of
IFX One Way ANOVA showed no significafi¢&)in the total monocyte numbers
between the three groups, p=0.07.

Freshly isolated PBMCs were surface stained with monocyte markers Bnthé
classical CD1#CD%, (C intermediate CD14*CD16 and (D) non-classical
CD14mCD16* subsets were determined.

The proportions of the classical, intermediate and nolassical monocytes
amongstthe three patient groups; HC, UC NtiFX and UQrough-IFX are
depicted in ). Student unpaired tests showed no statistically significant

differences between the three cohorts.

Data in AD represented as H@), UCNor-IFX (/) and UCTrough-IFX & ). Data
in E represented as average % of: classicals (black bar), intermediatesy(gar)
and nonclassicals (white ba)y. Students unpaired-test: p<0.05*, p<0.01** and

p<0.001%**,
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The DR Mid monocytes are expanded in bot@ groupsvhen compared
to HC.

The intermediate subset can be further dividednto two subsets baed
on the HLA-DRvs. CD16xpression. InFig 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 differencenumbers amongst

the three patient groups.
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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,

HLADR,CD14 and CD16) andyf the DR Mid andB) DR High subsets were

determined. Data in A represented as H@), UCNonIFX §/) and UCTrough-

IFXe€Qq8 $2 -EA AT A $2 ( ECEted:0.058 p<B.@BAAT 060 O1 PAEOAA
and p<0.001***,
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3.3.2 Surface Marker Expression in Ulcerative Colitis Patients

Monocytes from U@atients have higher surface expressionagirtain

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 irTable 4.

The MFI of CD86, TLR4 and CD163 on the whole monocyte populat®n
were significantly higher in both UC NorlFX and CD TrougHFX group
when compared with the HC. Even though a small sample sjzhe UC
Trough-IFX cohort had the higlest 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 staineth four different markers; A)
CD86 B) TLR4 (C) CCR2 andl¥) CD163 and théFlvalues of the whole

monocyte population were determined. Data inr[is represented as HG)
n=11, UC NoiFX §/) n=15 and UC TroughFX & ) n=2-38
test 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 cous are positively associated with increased

expression of inflammatory surface markers.

Correlation analyses wee performed betweenpro-inflammatory

marker expression levels and UC NoiFX patient® characteristics. The

UC TroughIFX group were excludedue to the small sample size.

Positive correlationswere obtained when correlating absolute

monocyte counts and MFI of TLR4 and CCRPRaple 10). Expression

levels of tmTNF| were also positively associated with the age of the UC
patients.

10O | OI OEPI A AT T PAOEOIT O xAOA T AAA
correction was applied. The pvalue of 0.05 was divided by the number

of comparisons (11) therefore the corrected p value was 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 Age Disease Disease Monocyte
(Female) (Male) Activity Duration Count
(yrs)
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)
MmTNFE  0.99(0.99) N/A N/A 0.11 (-0.33) 0.39(0.62) 0.66(0.81)

Data expressed as regression coefficiel} @Rd Rarson r valuén bracketsMFI: Median
fluorescentintensity,N/A; not applicable due to small sample si€errected pvalueafter
Bonferroni adjustment p=0.004, no statistical significance was found.
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3.3.4 Absolute Lymphocyte Numbers and Subsets in

Ulcerative Colitis Patients

Circulating lymphocyte numbers and certalgmphocytesubsets are

significantly increased ifJCpatients not receivingFXtherapy.

To continue on from monocyte phenotyping, the other cell populations
within the circulating PBMCs were analysé. Absolute lymphocyte
numbers and their individual subsets were determined in the three
patient cohorts; HC, UC NeaitFX and UC TroughFX.

The lymphocyte population was enumerated using whole blood cell

AT 61 60 11 OEA ! AGHHIQFY 14% & nidedadiri AOGAO
staining panel was applied to the PBMCs to locate the lymphocyte

subsets and is detailed irChpt 2, Table 5.

This staining panel allowed us to look at a number of populations; CH4
and CD8T cells, CD19B Cells, CD58ght/dmCD1@righti ntdim NK Cells
and CD3CD56 NKT Cells.

The UC NoHFX patients had significantly elevated absolute lymphocyte
counts when compared with HC A). Thisincrease in number wasalso
seen in the CDAT (B) and CD19 B cell D) populations with no
difference in CD8 T cells (©). The UC TrougHlIFX 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 Cir culating Lymphocytes in

Ulcerative Colitis Patients.

Whole blood analysis determined absolute lymphocyte counts/ iA).ftom three
groups: HC; healthy controls (n=28), UC NisX; Ulcerative colitid A O Eol 06 O
receiving infliximab (n=8) and UC Trough~X; 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 Bpd (
the CD4T cell ) CD8 T cell and(D) CD19 B cells subsets were determined.

Data in AD represented as H®), UCNor-IFX (/) and UCTrough-IFX & ).
300AAT OB GtesOI<@OSE B0+ @nd p<0.001***,

The absolute numbers of the NK cell subpopulations are graphed kg
31; (A) CD5@rigntCD18lim, (B) CD56rightCD186n, (C) CD58ImCD18right
and (D) CD3*CD56'NK T cells.

There were no statistically significant differences seen between the HC
and UC TroughIFX cohort. Thke UC NoAFX group had elevated
numbers of CD58mCD16right 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 AD represented as H@), UCNon-IFX /) and UCTrough-IFX & ).
300AAT 08 GtesbBia®pkEOS*A pk0.02** and p<0.001*+*,
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3.3.5 Absolute Granulocyte Numbers in Ulcerative colitis

Patients

UCBAOEAT 08 O IFXhale sigifidahtly Kighér Granulocyte

counts compred with HC.

The granulocyte population was analysed as a whole and the absolute
number of the three cohorts; HC, UC NelfrX and UC TroughHFX was

AAOAOI ET AA OOET QhptOEB1). AAOOEA #¢ |

The UC NoHFX patients have significantly elevated numérs of
granulocytes when comparel with the HC group, p<0.0001No
statistically significant difference was seen between the HC and the UC

Trough-IFX patients.
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Figure 32. Absolute Number of Circulating Granulocytes in

Ulcerative Colitis Patients.

Whole blood analysis determined absolute granulocyte counts/ mL from three

groups: HC, UC NdfrX and UC TrougFX. One Way ANOVA, p=0.0007 and the
OO0OAAT 08 GesthketdeEHTArd UO N&RX, p<0.0001.

Data is represented alC ¢), UC NodAFX ) and UC TrougdFX & q8 3 OOAAT 086 O

unpaired t-test was p<0.05*, p<0.01** and p<0.001***.
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3.4 Results Il
3.4.1 Correlations between clinical characteristics of IBD

patients and PBMC profiles.

Absolute numbers of PBMCsrrelated with age and disease activity score

of IBD patients.

To identify if absolute numbers of PBMCs arassociated withpatient
demographics, correlation analyses were performed using HC, CD Non

IFX and UC No#iFX patient information and absolute cell counts.

In the HC group there was a positive correlation betweenbsolute
circulating intermediate and DR Mid monocytes and the age of female
controls (Table 11).

In Table 11, the pvalue of 0.05 was divided by the number of
comparisons (17) therefore the corrected pvalue was 0.05/17= 0.002.

Following this correction, no statistical significance was found.

0 A O E A1 vaé régativelylassociateavith absolute numbers of the
intermediate, DR Mid and DR High mongte populations. CD patiens
were separatedbased on gnder and this produceda negative
correlation betweenthe male patients and their htermediate and DR
Mid monocytes.Lower numbers of CD4T cells were associatd with
older CD female patients Table 12). Bonferroni correction (0.05/24)
adjusted the pvalue =0.002 and no statistical significance was found.

In UC, theageof the male patientsrevealed a positive correlation with
CD19 B cells. Disease activity scores of under 5 (clinical remission)
correlated with increasing granulocyte numbers while scoreser 5
(active disease) were associated with increased DR Mid numbers
(Table 13). Bonferroni correction (0.05/24) adjusted the pvalue =

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 CountsnlL Age Age Age
(Female) (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)
CD4T 0.004(-0.06)  0.002(-0.04)  0.01(0.11)
CD8T 0.003(0.05)  0.02(-0.15) 0.02(0.17)
CD19B 0.06(-0.24)  0.02(-0.14) 0.14(-0.38)
CD58™"CD16™NK  0.0001(0.01) 0.07(-0.27) 0.02(0.16)
CD56™"CD16"NK  0.0006(0.02) 0.004(-0.21)  0.03(0.18)
CD56™CD16™™NK  0.001(0.04)  0.15(-0.39) 0.01(0.13)
CD3CD56 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 coefficiel} 4Rd Rearson r value in bracket€orrected pvalue after Bonferroni adjustment p=@g,
no statistical significance was found.
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Table 12.Relatil 1 OEED AAOx AAI1

- # 001 £EI AO AT A

"AOAT ETA $Ai T COADPEE/

Absolute Age Age (Female) Age (Male) Disease DA<5 DA>5 DA DA Disease
CountgmL Activity Clinical Active Immuno- Anti- Duration
(DA) Remission  Disease suppressants Inflammatory (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) 0.0(08(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)
CDAT 0.60(-0.77)  1(-1.00) 0.69 ¢0.83)  0.21(0.46)  0.030.18) N/A 0.42(0.65) N/A 0.18(-0.42)
CD8T 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)
CD19B 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)
CD58™"CD16™ 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)
CD58™"CD16"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)
CD56™CD16""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)
CD3CD56 NKT 0.04(-0.20)  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)
Granulogte 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)  0.04(0.22)

Data expressed as regression coefficierl} @RdPearsorr value in bracketd\/A; not applicable due to small sample si@errectedp-value after

Bonferroni adjustment p=0.002, no statistical significance was found.
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Table 13. Relationship between PBMC Profiles and Baseline Demographics of Ulcerative Colitis Patients.

Age Age (Female) Age (Male) Disease <5 Clinical ~ >5 Active Disease Activity Disease Activity Disease

Activity Remission Disease Immuno- Anti- Duration

suppressants  Inflammatory (years)
Monocyte 0.13(0.36)  0.08(0.29) 0.22(0.47) 0.002(-0.049  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 (0.8  0.17(0.41) 0.30(-055) 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)
CDAT 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)
CDS8T 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)
CD19B 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)
CD56™"CD16™ 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)
CD58™"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)
CD56™CD16"™NK 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)
CD3CD56 NKT 0.15(0.39) 0.01(0.10) 0.99(099)  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)

Data expressed as regression coefficieA} @Rd Pearson r value in brackgiiiA; not applicable due to small sample si@arrected pvalue 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 PBMCsMonocytes are the main producers

oftheproET £ Ai I AOT OU AUOT EETAQ ANAT A, ET )
and it is widely believed that these cells have a major pathologic role in

this disease.

Until recently, circulating monocytes were divided into just wo
subsets; CD16and 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 groupgs5-56, 60].
However, because this research was publiskebefore the updated
monocyte classification in 2010, it is uncertain if theorevious increase
in CD16 monocyteswas due to the expansion of the intermediate or
non-classical subsetskor this reason in Chapter 3 we carried out
detailed phenotypic analy®s on the three monocyte subsets along with
other PBMCs in CD and UC patients and compared them to their age
matched HC. Our initial findinggevealedsimilar monocyte numbers
between HC and CD patient6th Non-IFX and TroughlFX) butalso
confirmed previously published results showing that the intermediate
population is expanded in CDChpt 3, Fig 19).

However, unlike previous papers our research for the first time
examinedabsolute cell counts and not just their proportionsThus, aur
data provide abetter overall understanding o 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 No#FX and TroughIFX).

Some researctsuggests that the intermediate monocytes are a more
mature version of the classical subpopulation based on their high

expression levels of proliferationrelated 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 individuats

The intermediate monocytes are alsoeported to have increasedoro-
inflammatory capacity[128][10], and soit is possible thatthese cells
could be keys driverof the inflammatory cascade in IBDIt is important
to note therefore that, rot only are the intermediate numbers increased,
but their expression of certain preinflammatory proteins (CD86, TLR4,
CD163 and mTNF) are significantly upregulated in both CD cohorts

when compared to HC.

The newly identified DRMid Intermediate monocyte subpopulation
wasalso increasedn number in the CD patientswve studied. Research
from our laboratory hassuggesed that these cells arespecifically
expanded inthe setting of obesityand that they haveincreased
scavenging propertiesfor pro-atherogenic lipoproteins (Dennedy et al.

unpublished).

Onemodel of IBD pathogenesis put forttby 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 ciculation. This model
could explain the increase in intermediate monocytethat we observed
in blood samples from subjects with CDIn the mucosa, both the CD16
and CD16 monocytes perpetuate intestinal inflammation through
cytokine production [55]. An ongoing research projectin our
laboratory which is more specifically focussing on the phenotypic and
functional nature of Intermediate monocyte subpopulations further
strengthens this theory by Koch et aln theseexperiments,the classical
monocyte subset robustly migrated through an endothelial layerin
response to the chemokine CCL2 (MEB while the intermediate and
non-classical subsetpredominantly remained adherent to the
endothelium with very low rates of ransmigration despite readily
detectable surface expression of the relevant chemokine receptor CCR2

(Connaughton et al. unpublished).
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The expansion of CD4T cells andof CD3CD56 NKT cellsthat we
observedin the CD TroughIFX group may indicate that tlese cellsalso
play a role in the initiation and perpetuation of CD. This observation has
beenpreviously reported in IBD patients but once againwith
proportional data rather than absolute cell countd129]. TheCD Non

IFX group showeda similar increase in CD4 T cell numbers but no
significance was found when compared to the HC groyperhaps due to

the relatively small group size.

Chapter 3 also included phenotypic analysisf@®BMCs from UC patients
(Non-IFX and Trough-IFX) compared with HC. Less is known abottie
role of monocytes in UQhathogenesisdue to the majority of published
dataon IBDfocusing on CD. We did howeveasbserveelevated
monocyte humbers in UC patients (NottFX) along with an increase in
the numbers of totalintermediate (Trough IFX only) andof the DRMid
Intermediate sub-population (Non-IFX and TroughIFX) when
compared with HC Due to the small patient number in the UC Trough
IFX group,it should be emphasisedhat these are preliminaryfindings
and that larger numberswill be required to clearly identify any
potential alterations in cell phenotypesin this regard, grevious
research has not detectedonsistentdifference in the proportion of
monocytes in patients with UC compared with HHowever, when
subjects with UC were suldivided based on steroid usage, thsewho
were not treated with corticosteroid had a significant increase in the
proportion of CD14+CD16 monocytes[60]. In our study, simil ar to the
CD patients, monocytes from both UC cohorts (NdifX and Trough
IFX) had elevated expression of certain inflammatgrmarkers (CD86,
TLR4 andCD163). The UC TrougtFX group had significantly higher
expression of TLR4 and CD163 when compared to Bon-1IFX but due
to the small sample size it is unclear wther this represents a true
treatment or disease severityrelated difference. It would appeatr,
nonetheless thatperipheral blood monocytes in UC patientsnay bein

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 (No#FX only) with increases seen in

the absolute lymphocyte number as well as the CBZ, CD19 B cells
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and CD56mCD18right cells. This data suggests that while CD seems to
most consistentlyalter the monocyte compartment, UCis associated
with more striking alterations to lymphocyte populations.It may be of
relevance thatUC isreportedly associated with aTh2-type T cell
response[42]. Thiscould be consistent with our observations in this
project because two majoimmunological cell types involved in this
immune response are CD4T and CD19 B cells. This data alsdits with
the growing appreciationthat, while CD and UC are grouped under the
umbrella term of IBD, their immunopathogeneses are fundamentally

different.

Overall, it is evident thatpeople with actively managedCD and UC have
altered PBMC phenotypes when copared to agematched HC. The
intermediate monocytesappear 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 localisedinflammation

in IBD.In the case olUCin particular, striking alterations to

lymphocytic populations, especially the CDAT and CD19B 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 Chapte 3, phenotypic analyses of PBMGsgere shown to be
characteristically different in CD and UC when compared to age
matchedHC In CD, the expansion of the intermediate monocyte
population in CD NonlFX and CD TrougHFX patientsand high
expressionlevels of the inflammatory markers suggest that these cells

arein an activatedstate.

In UC there was anincreasein monocyte number in UC NofFX
patients and alsoanincreasein the intermediate monocytes in the UC
Trough-IFXgroup. Hgh expressionlevels of the inflammatory surface
markers similar to the UCpatients was also describegsuggesting these

cells toalsobe in a heightened inflammatory state.

This section will focus on themmediate effects of IFXan anti TNFy
mADb, on the circulating PBMCs in patients with CD and UEX has the
ability to dampen inflammation in IBD and may in part exert its

OEAOADAOOEA AEEAAO OEA AAOETT O 1

monocytes.Although clinically effective in many @tients, ant-TNFy
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 aniTNF, mAb and

mechanisms of drug resistance.
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4.1 Hypothesis and Objectives
4.1.1 Hypothesis

Monocytes are theprimary therapeutic target of IFX
4.1.2 Objectives

In this set of experimentsdetailed phenotypic analyses were carried
out to:

i) Determine circulating total monocyteand lymphocytenumbers in

IBD patients before and immediately after infusion ofiFX

i) Investigate the differences in PBMC subsets amongst IBD patients

before and afterlFX.

iif) To assess the expression levels of inflammatory markers on the

surface of the PBMCs before and aftdeX treatment.

iv) Establish correlations between patient demographic?BMC

profiles and IFX drug levels.
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4.2 Results |

4.2.1 Absolute Monocyte Numbers and SUDA OO ET # Ol

Disease Patients following infliximab infusion.

IFXtherapy causes a prompt duction in total circulating monocyte

numbers and subsets.

IFXwas administered to the CD patients evg 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 analyad from the single patient group (CD
Trough-IFX and CD Peak~X) and the absolute monocytes nundys are
depictedin Fig 33. A significant reduction was shownin absolute

monocyte couns for each patient following IFXinfusion, p<0.0001.

Freshly isolated BMCs from CD patients (Trough and PedleX) were
labelled with monocyte markers (CD45, HLADR, CD14 and CD16)
distinguishing the three subsés by flow cytometry. IFXtherapy causes
a prompt reduction in all monog/te subsets, with the classical
(CD14+CD16) and the intermediate (CD14*CD16) subgroups being
the most significantly affected B and Crespectively (p<0.0001). The
non-classical subset D) was also reduced in number followingFX

infusion but to a lesser extent than the other subsets, p<0.05.

The proportion of the monocyte subsets amongst thED TroughlFX
and CD PealFX patientswere averaged and graphed ifrig 33e. It is
evident that there is a reduction in the classical subset at pedkX
levels (p=0.001) while the nonclassicals seem to expal following the
drug (p<0.0001). The proportion of intermediates does not change at
peakIFXlevels (p=0.24). The percentage reduction in the monocyte
subsets followinglFXinfusion was calculated and iggraphedin F with
the classical and intermediate shset 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 fidenetric

AT A1 UOEO ET #O0O1T ET 80 AEOGKAaAImbddaENT OO0 AAAEN
after (CDPeaklIFX) an i.v. infusion of IEXA) Whole blood stained with
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monocyte surface markers determined absolute monocyte counts /mL from CD
Trough-IFX and CD PealEXpatientsj T €x ¢y qh 3 O O#kdk p<060**DAEOAA

Freshly isolated peripheral blood mononuclear cells were surface stained with
CD45, HLAR, CD14 and CD16 and thg) the classical CD14CD16, (O
intermediate CD14*CD16 and (D) non-classical ©149mCD16+ subsets were
determined from theCD patientsdefore and immediately after th&~Xtherapy
(n=34).

The proportion of the classical, intermediate and natassical monocytes before
(CD TroughlFX) and after (CD PeakEX) IFXinfusion is depiotd in E). The
percent differences were; ctsical £=0.M1**), intermediate p=NS) and non
classical(p<0.0aL***) monocytes, ® O A AT O 8 GestERebp@derit reduction
in the absolute number of the three monocyte subsets followiginfusion is

illustrated inF.

Data in AD represented asq) for trough and peakFXlevels. In E) the graph
illustrates data as; average % of classicablackbar, average % of intermediate

- grey barand average % of noftlassical monocyteswhite bar. In ) the data

is depicted as percent reduction of absolute number of the monocyte subsets; the
classicd - black column, intermediatg grey column and the nowlassicalz

white column. (Student paired-test, p<0.05*, p<0.01** and p<0.001***)
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DR Mid Monocytes/ mL

IFXtherapy causes a reduction in the DR Mid and DR High monocyte
subsets.

The 4 colour staining protocol for identifying the monocyte populations
(CD45, HLADR, CD14 and CD16) allows for the separation of the
intermediate subset into the newly discovered DR Mid anBR high
groups. Freshly isolated PBMCs were surface stained for those
monocyte markers and the absolute number of the DR Mid\| and DR

High (B) subsets was determined at trough and pealEXlevels.

IFXtherapy causes a significant reduction in both sulets with the DR

Mid monocytesbeing the most affectedFig 34.
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Figure 34. Absolute Number of DR Mid and DR High Monaocytes at
Trough and Peak Infliximab Levels.

Freshly isolated PBMCs were surface stained with monocyte markerqd Anthe
DR Mid, B) DR High subsets were determineData in AD represented asq) for
trough and peak infliximab leve8 3 OO A A1 @& 1S p<b.65E p<A.81* @nd
p<0.001%**,
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4.2.2 Surface Marker Expression on Monocytes at Trough and

Peak Infliximab Levels.

IFXdoes not alter the expression levels of the inflammatory surface

markers on monocytes.

A detailed phenotypic analysis was carried out on the CIBX patients to
investigate if IFX therapyaffected the expression levels of certain
inflammatory markers; CD86, TLR4, CCR2 and CD163. The full staining

matrix can be seen irChpt 2, Table 4.

The MFlof the four surface markers was not altered followingFX
treatment, Fig 35. As shown inChpt 3 Section 3.3.2, CD86, TLR4 and
CD163 levels werall significantly higher than the age matchedHC.
These elevatedexpression levels were still maintained followingthe

drug treatment.
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Figure 35. Surface Marker Expression on Monocytes at Trough and

Peak Infliximab Level

S.

Fredly isolated PBMCs were surface stained with four different markefg; (
CD86 B) TLR4 (C) CCR2 and¥) CD163 and théMFIvalues of the whole

monocyte population were determined. Data in[Ais represented as CD Trough

and Peak IFXZ
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Disease Patients Following Infliximab Infusion.

Circulating lymphocyte numbers and the T cell subsets are reduced

following IFXinfusion.

To investigate ifIFX affects other cells populations, absolute
lymphocyte numbers and their individual subsets were determined in

the CD patients at trough and peadlrug levels.

The lymphocyte population was countedusing whole blood samples on
thA | AAOOEA #Qhpt A Bigia). Arihd cdloyr 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; Cb4
and CD8 T cells, CD2* B Cells, CD5@gnt/dmCD1@rightintdim  NK Cells
and CD3CD56 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 CD4T cells,
p<0.001.The absolute number of circulating CD19+ B cell®) was
reduced bylFXbut it was not statistically significant, p=0.051.
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Figure 36. Absolute Number of Lymphocyte sand Subsets in

Crohn's disease Patients at Trough and Peak Infliximab Levels.

Whole blood analysis determined absolute lymphocyte counts/ ). ftom the
CDpatients before and aftetFXinfusion (CD Trough and CD Pe#kX, n=14).

Freshly isolated PBMCs were surface staimath lymphocyte markers andg)
the CD4T cell © CD8T cell and(D) CD19 B cells subsets were determined.

Data in AD represented as CD Trough and Pdak & 8 3 OO0OAAHLBHG O DAEOA
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 kiig
37; (A) CD5@rigtCD18lim, (B) CD56rightCD186n, (C) CD58ImCD18right
and (D) CD3CD56 NKT cells.

The only NK cell population affected byFXwere the CD5@mCD16right
cells (© with the number increasing following drug infusion, p<0.05.
The other NK populations showed no difference between CD Trough
IFX and CD Peak-X.
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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 irRDArepreseted as CD TroughFX
and CD PeakFX, n=14%¢ q8 3 O 0 A A Ha3tdv@s pROOE* PpACGD1*Eand
p<0.001***N.S; not significant.
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4.2.4 Surface Expressionof tmiTNFi I T 0" - #0 EI #O0OI1 E

Disease Patients at Trough and Peak Infliximab Levels
The expressio 1T &£ O PBM@sjis nbt Bltered followingFX therapy.

The expression otmTNFf xAO ET OAOOECAOAA AOA Oi
to both STNF andtmTNF to carry out its actions.

Freshly isolated PBMCs (5x1%) from the CD patients at trough and
peakl|FXlevels were stained with CD45, HLR, CD14, CD16 and a
fluorescently labelled antibody that binds totm4 . & Th&MFI of
tmTNFy in the CDpatient groups was calculated and graphed ikig 38.

Similar to the CD NorlFX data inResults Section 3.2.5, the monocyte
subsets had a 10 fold increase in their expression thTNF| when
compared to the whole lymphocyte subsefThe CDTrough-IFX and the
CD PeakFX samples had similar MFI so IFX did not seem to alter

ti 4. &4 A @D OA @né Bterinadliate sDbsettdabthas the highest

tmTNFy levels followed by the classical and nowlassical subsets
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Figure 38. Surface Expression of tmTNF{ on PBMCs in Crohn's

Disease Patients at Trough and Peak Infliximab Levels.

Freshly isolated PBMGsm CD Trough and PedlXpatients (n=9) were

surface stained for CD45, CD14 and CD16. The cells were also labelled with either

isotype IgG1oE O1 AT 4. &1 [ Al AOAT AvVFmEitiod . &§j OEAT AU8 4EA
amongst the three monocyte subsets and the total lympytegopulation is

graphed out above. The black bars = classical, dark grey bars = intermediate,

light grey = nonclassical and the white bars represent the lymphocytes.

120



425! AOi 1 6OA ' OAT 011 AUOA . Oi AAOO

Patients Following Infl iximab Infusion.

IFXtherapy causes a significant increase@DD A OE AT OO

numbers.

The granulocyte population was analysed as a whole and the absolute

number of the CD patients at trough and pealEXlevels were

There was a significant increase in absolute granulocyte numbers of the

CD patients at peak IFX levelp<0.001.

6.0x10° 4 ek

4.0x10° -

2.0x108 -

Absolute Granulocyte No/ mL

CD Trough-IFX CD Peak-IFX

Figure 39. Absolute Number of Circulating Granulocy tes in Crohn's

Disease Patients at Trough and Peak Infliximab Levels.

Whole blood analysis determined absolute granulocyte counts/ mL from @i
patients at trough and peakFXlevels: CD TroughFX and CD PealEX, n=24.

Data is represented as CD Trgh and Peak IFXJ 8 3 Oaiked tedtGsO
p<0.05*, p<0.01** and p<0.001***,
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4287 )1 Al EGEI AA $00C , AGAT O EI
and After Infliximab Infusion.

IFXwas administered toCD patients every 68 weeks through atwo
hour i.v. infusion (5mg/kg). Blood was taka before (trough-IFX) and

immediately after (peak-IFX) treatment.

The blood samples underwent density gradient centrifugation and the
top layer of plasma (50pl) was tested to quantify the level of the drug in
the circulation. This processvas achievedusing theE , El@fliiab z
IVD kit (Biomonitor Ltd, Galway, IRL)Data from 28CD patients is
tabulated below (Table 14) andis expressed as trough and peak IFX
levels (ug/mL).
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Table 14. Infliximab Drug Levels in Crohn's Disease Pat ients.

Patient Trough -IFX Peak-IFX
(ng/ml) (ng/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 (ug/mL)FXdrug levels in plasma ofCDpatients

before and afterlFXinfusion, n=28.
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4.2.7 Correlation between Clinical Characteristics 1| £ # Ol ET 6 O

Disease Patients, PBMC Profiles andnfliximab Drug Levels .

Absolute numbers of PBMCesrrelated with age and disease activity score
of CD patients.

To identify if absolute numbers of PBMCs are assated with patient
demographics, correlation amlyses were performed on CD patientat
trough and peaklFXlevels. Correlations betweertrough and peaklFX

drug levels and absolute cell counts were also assessed.

The age ofemale CD patients showed a posve correlation with
absolute number of circulating nonclassical monocytesat 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, COD A O E dyé dddt6tal circulating
lymphocytes, CDAT cells and CD56"CD16+ 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 agef the female CD paéints (Table 16).

Disease activity scores were positively correlated with DR Mid
monocytes and scores less than 5 (clinical remission) were negatively

associated withabsolute granulocyte counts.

Peak infliximab levels werenegatively correlated with monocyte and
classical monocyte numbers, NK (CDB@ntdm CD1 glim/intbright ) gnd NKT
(CD3CD56) cells.Creactive protein levels (CRP) were obtained for a
small cohort of CD IFX patients (n=16) and a positive correlation with
granulocyte numbers was identifed. Bonferroni correction (0.05/24)
adjusted the pvalue = 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 trog
(Table 17) and peak {Table 18) IFX levelsBonferroni correction

(0.05/12) adjusted the p-value = 0.004 and no statistical significance

was found.
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Table 158 2 A1 AOET T OEEDP AAOxAAT o0"-# 0071 £EI A Oiseade Ratientd & ArbugH Irlixiriah LeleBOADPEEA O
Age Age (Female) Age (Male) Disease DA<5 Clinical DA>5 Disease Trough IFX CRP Levels
Activity Remission Active Duration Levels
(DA) Disease (years)
Monocyte 0.001(-0.03) 0.004(-0.66) 0.003(-0.01) 0.01(0.13) 0.001(0.03)  0.13(0.36)  0.03(-0.19) 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 0.0 (-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
CD4T 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
CcD8T 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
CD19B 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
CD58™"CD16™ NK  0.001(-0.03) 0.01(-0.10) 0.001(-0.04) 0.005(0.02) 0.00(-0.03) N/A 0.001(-0.03)  0.009(0.009)  N/A
CD58™"CD16"NK  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
CD56™CD16""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
CD3CD56 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)  0.008(-0.01) 0.001(0.04)  0.01(-0.11) 0.001 (0.01)

Data expressed as regression coefficieA} @Rd Pearson r value in brackeiA; not applicable, sample size is temall for statistical analysis, CRP; ¢

reactive proteinCorrected pvalue after Bonferroni adjustment p=0.002, no statistical signifieamas found.
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Table168 2 A1 AOGET 1 OEEDP AAOxAAT o0"-# 001 £ZEI AO AT A "AOAT ET A $Ai T COAPEEAO 1 £
Age Age (Female) Age (Male) Disease DA<5 Clinical DA>5 Disease Peak IFX CRP
Activity Remission Active Duration Levels Levels
(DA) Disease (years)
Monocyte 0.02(0.15)  0.15(0.39)  0.003(0.05) 0.07(0.26)  0.14(-0.37)  0.01(0.12)  0.0003(-0.01) 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) 0.02(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(059)  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
CD4T 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) NJ/A
CDST 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
CD19B 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
CD58™"CD16™NK 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
CD58™"CD16"NK  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
CD56™CD16™™NK 0.50(0.71) 050(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
CD3CD56 NKT 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
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 coefficieA} @Rd Pearson r value in brackeiA; not applicable sample size is tsmall for statistical analysis, CRP; ¢
reactive proteinCorred¢ed p-value after Bonferroni adjustment p=0.002, no statistical significance was found.
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Table 178 2 A1 AOET 1 OEEDP AAOxAAT 3O00&FZAAA - AOEAO %@bOAOOEIT1T AT A "AOGAIET A $

Infliximab Levels.

MFI Age Age Age Disease Activity Disease Duration Monocyte Trough IFX Levels
(Female) (Male) (DA) (yrs) Count

CD86  0.01(0.10 0.005 (0.07 0.02 (0.1 0.001(-0.03) 0.001(0.09 0.10(-0.32) 0.04(0.21)

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) 0.00Q1L(-0.004) 0.11(-0.33) 0.0005(0.02) 0.0004(0.006) 0.01(0.10) 0.05(-0.23)

mTNF  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)

Data expressed as regression coefficiefl} &d Pearson r value in brackets. MFI; median fluorescent inter@ityrected pvalue after Bonferroni
adjustment p=0.002np0 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 Age Disease Activity Disease Duration Monocyte Peak IFX Levels
(Female) (Male) (DA (yrs) Count

CD86 0.004(-0.06) 0.04(-0.21) 0.005(0.07) 0.001(0.03) 0.0006(-0.02) 0.17 €0.42 0.16 (0.41)

TLR4 0.04(-0.12) 0.01(-0.10) 0.11(-0.32) 0.14(0.38) 0.01(-0.12) 0.05(0.24) 0.12(0.35)

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)

MTNP  0.29 (-0.54) 0.22(-0.47) 0.75(-0.86) 0.008(0.09) 0.06(-0.25) 0.08(-0.28) 0.19(-0.44)

Data expressed as regression coefficierl} &d Pearson r value in brackets. MFI; median fluorescent inter@ityrected pvalue after Bonferroni
adjustment p=0.002, no statistical significance was found.
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Peak Infliximab Drug Levels are correlated with a reductiontatal

monocyte numbers

Graphical representation of peak IFX drug levels and absolute

circulating monocyte numbers is shown irFig 40. Similar tothe results

in Section 4.2.1, elevated|FX levels is associated with a reduction in all

monocytes especially total monocyteA) and classical numbers B).
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Figure 40. Correlations between Peak IFX levels and Absolute

Monocyte Numbers and Subsets.

Prior to adjustment of the pvalue accordingto” T T AAOOT 1 ES O

negative correlations between total monocyté\) and total classical

numbers B)were significantly associated with peak IFX drug levels

(p<0.05*). Data expressedsaegression cefficient (r2) and

corresponding pvalues.
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4.3 Results I
4.3.1.Absolute Monocyte Numbers and Subsets in Ulcerative

Colitis Patients Following Infliximab Infusion.

IFXtherapy reduces the number of total circulating monocytes and

subsés but it does not afct the intermediate population in UC patients.

IFXwas administered to the U(atients every 68 weeks through a two
hour i.v. infusion (5mg/kg). Blood was taken at trough (before) and

peak (after) IFXlevels.

Whole blood samples were analysed fom the single patient group (UC
Trough-IFX and CD Peak=X) and the absolute monocytes numbers are
shown in Fig 41a. There was a significant reduction in absolute

monocyte count for each patientdllowing infliximab infusion, p=0.01.

Freshly isolated PBMCs from U@atients (Trough and PeakiFX) were
labelled with monocyte markers (CD45, HLADR, CD14 and CD16)
distinguishing the three subsets by flow cytometrylFX therapy caused
a prompt reduction in the classical (CD1#4CD16) and nonclasdscal
(CD14mCD16+) subset,B and D respectively (p=0.01). The
intermediate subset (CD14+CD16) was not significantly reduced

following IFXinfusion.

The proportion of the monocyte subsets amongst thedC TroughlFX

and UCPeakIFX patientswere averagedand graphed inFig 41e. A

slight reduction is shown in the classical subset at peak IFX levels while
the intermediate subgroup seemed to increase. There wasowever, no
statistical significance between the three monocyte subsets at trough
and peaklFXlevels.The percentage reduction in the monocyte subsets
following IFXinfusion was calculated and is seen iR 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 inUCpatients before (UC Trougt-X) and immediately after (UBeak
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IFX) an i.v. infusion dFX (A) Whole blood stained with monocyte gace
markers determined absolute monocyte counts /mL from UC TrodwgX and UC
Peak) &8 j 1 €epyqh 3-@86AH0BSEO PAEOAA O

Freshly isolated peripheral blood mononuclear cells were surface stained with
CD45, HLAR, CD14 and CD16 and tH#) the classical CD14CD16, (O
intermediate CD14*CD16 and (D) non-classical CD14mCD16+* subsets were
determined from theUCpatient pre and post IFX theragn=4).

The proportion of the classical, intermediate and natassical monocytes before
(UC TroughIFX) and after (UC PeakFX)IFXinfusion is depicted inK). 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 IFXinfusion is illustratedin F.

Data in AD represented asd() for trough and peakFXlevels. In E) the graph
illustrates data as; average % of classicablack bar, average % of intermediate
- grey barand average % of nowlassical monocyteswhite bar. In ) the data
is depicted as percent reduction of absolute number of thenocyte subsets; the
classical black column, intermediate grey column and the nowglassicalz

white column. (Student paired-test: p<0.05*, p<0.01** and p<0.001**N.S; not

significant).
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IFXtherapy reduces the number of DR High circulating monocyites/C
patients.

The 4 colour staining protocol for identifying the monocyte populations
(CD45, HLADR, CD14 and CD16) allows for the separation of the
intermediate subset into the newlyidentified DR Mid and DR high
groups. Freshly isolated PBMCs were surface stained for those
monocyte markers and the absolute number of the DR Mid\[ and DR

High (B) subsets was determined at trough and pealEXlevels.

IFXtherapy causes a significant reductiorn the DR High subset but did
not affect the DR Mid groupFig 42.
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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 mar&ad @) the
DR Mid, B) DR High subsets were determineData in AD represented asd) for
trough and peakiFXlevels 3 OOA A1 €@t:0<0.86A B<0.A1A* ar@d
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.

IFXdoes not alter the expression levels of the inflammatory surface

markers on monocytes frodCpatients.

Similar to the CDIFX patients, a detailed phenotypic analysis was
carried out on the UC groupa investigate ifIFX therapyaffectsthe
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 i€hpt 2, Table 4.

The MFI of the four surface markers was not altered followingFX
treatment, Fig 43. As shown inChpt 3, Section 3.3.2, the four surface
markers were all significantly higher than the age matchedHCwhile
TLR4 and CD163 levels were increasesbmpared to the UC NorFX
group. These high expression levelsere sustainedeven 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 differeatkers; (A)
CD86 B) TLR4 (©) CCR2 andl¥) CD163 and thé/Flvalues of the whole
monocyte population were determined. Data inr[is represented as UC Trough
and Peak IFXZ ) n=2-p 8 3 O O A A 1-t&6w@s nbtAigndidamt (NG).
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4.3.3 Absolute Lymphocyte Numbers and Subsets in Ulcerative

Colitis Patients Following Infliximab Infusion.

IFXdoes not affect the number of circulimg lymphocytes or its subsets in

UC patients.

To investigate) & 8 8§ O AotRgEAellspGpulatibns, absolute
lymphocyte numbers and their individual subsets were determined in

the UCpatients at trough and pealdrug levels.

The lymphocyte population was counted using whole blood sanigs on
OEA | AAOOEA GChu 2, Adid) A nkédblaur gtaining 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; CP4
and CD8 T cells, CD19 B Cells, CD5@gnt/dmCD1@rightintdim NK Cells
and CD3CD56 NKT Cells.

The whole blood lymphocyte count Fig 44A) showed no significant
difference following the IFXinfusion. Thiswas also the case for the CD4
and CD8 T cells B-C) andthe CD19 B cells 0). Due to such a small
sample size, it is difficult to identify) & 8 08 AAGéckll O 11

populations.
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Figure 44. Absolute Number of Lymphocyte sand the Subsets in

Ulcerativ e Colitis Patients at Trough and Peak Infliximab Levels.

Whole blood analysis determined absolute lymphocyte counts/ rA) fiom the
UCpatients before and aftetFXinfusion (UC Trough and UC Pe#kX, n=24).

Freshly isolated PBMCs were surface stained with lymphocyte markers Bpd (
the CDAT cell ) CD8 T cell and(D) CD19 B cells subsets were determined.

Data in AD represented as UTrough and PeakFX & 8 3 OO0AATLB® O DPDAEOAA O

was not significant (N.S).
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CcD56°"ahtcpqdim NK Cells/ mL

cDs56%mcp16right NK Cells/ mL
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The absolute numbers of the NK cell subpopulations are graphed kig
45; (A) CD5@rightCD186!im, (B) CD5@rightCD16nt, (C) CD58imCD16right
and (D) CD3CD56 NK T cellsThe NK and the NKT populatins showed
no difference between UC TroughFX and UC PeakX patients. Once
again, due to the limited number of samples a clear representation of

) & &didns on these cells would need a larggratient number.
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Figure 45. Absdute 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 inRDArepresented as UC TroughRX
and UC PeakFX, n=3¢ q8 3 OO A A HedtGvas néx AighificAni (NS).
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4.3.4 Absolute Granulocyte Numbers in Ulcerative Colitis

Patients Following Infliximab Infusion.

IFXtherapy does not affect the number of circulating granulocytesug

patients.

The granulocyte population was analysed as a whole and the absolute

number of the UC patients at trough and pealEXlevels were

AAOAOI ET AA OOET QhptOEB1). AAOOEA #¢ |

Three out of the four UC patientdiad anincrease in theirgranulocyte
numbers following IFXinfusion; this, however, did not reach statistical

significance.
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4.0)(106' /
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Figure 46. Absolute Number of Circulating Granulocytes in

Ulcerative Colitis Patients at Trough and Peak Infliximab Levels.

Whole blood analgis determined absolute granulocyte counts/ mL from th

patients at trough and peakFXlevels: UC TrougiFX and UC PealEX, n=4.

Data is represented as UC Trough and Peak IER8 3 OOA AT Gé&stwvasOT PAEOAA O
not singnificant (N.S).
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4.4 Discussion and Conclusion

Chapter 4 examines the immediate effects oftheardi . &4 | ! A ) &8
circulating PBMCs in subjects with IBR primarily CD. Mechanistically,

IFX acts to dampen inflamration in IBD and it may, in part, exert its
therapeutic effect directly upon cells such as monocytes that synthesise

4. &4 8

Research on the celspecific effects of IFX on PBMCs in human subjects
with IBD has been relatively limited. There are, however, aumber of
published reports of monocytespecific 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 btreatment 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 baeline for 4 weeks. However, their
numbers then gradually decreasedignificantly 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 geheral blood leukocytes in early
RA and, in this case, separately examined all three of the currently
recognised monocyte subpopulations. In this study, at two weeks after
IFX treatment, only the CD16granulocytes were significantly reduced
and this change was maintained at 14 weeks post initiation of therapy.
They suggested that, as a result of the alreadgw 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 ineach 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
AGDOAOGOET 1T 1 £ OGihdbinding tafget ARXOWEhhvE
also included data from the DR Mid and DR High intermediate

monocyte subpgulations which our group has recently identified. In

139



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 CDI6nonocytes. There was a
concomitant proportionate expansion of the CD16population after
every infusion. When the CD16monocytes were divided into
intermediate and non-classical subsets they observed the increase was
confined to the intermediate subse{132]. In the current project, we did
find a modestincrease 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 caes a rapid reduction in peipheral
blood monocytes numbersremains to be determined and our work
during the course of this project, while apparently ruling cerain
potential explanations,did not allow us to reach a definitive conclusion.
Published studiesfrom 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 CD14xpression on the surface of IFX
treated monocytes[82]. This could provide a relatively trivial
explanation for a postIFX reduction in monocytes based on a failure to
properly detect these cells by flow cytometry. However, wean be
confident that this is not the explanation for our results as we did not
observe an increase in CD14ells within the monocyte scatter gate in
post-IFX PBMC samples (data not shown). In contrast, Vos et al. (2011)
reported that anti-4 . & | [ | AeBtiatéddibl@@Aerived monocytes

into regulatory macrophages. These macrophages (identified by
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expression of CD206) displayed ardinflammatory 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 apotential role for IFXand other anti-

4 . &apents to functionally modulate rather than simply deplete target

cell including monocyte/macrophageq98].

Interestingly, when we carried out correlation analyses betwen 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 vas applied leading to a final p
value of0.002for 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. Wén divided into
their corresponding subsets, it was the CD4p<0.001) and CD8
(p<0.05) T cells that were affected. Interestingly, the CD8&CD16right
NK cells actually increased in number following IFX infusion. Once
again, the mechanism behind the radttion 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 agnt 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

Oi 4. &) T+inacw@hages The authors proposed that this

ET OAOAAOQOET T h OEA 4. &; OleAeli O j 4. &2(Q
stimulates IL-6 production and delivery of a presurvival signal of the T

AARA1 18 40AAOI AT O xEOE )&8h xEEAE AETA
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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 effectxéended 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 dbw us to conclude that IFX
therapy rapidly and significantly modulates the circulating PBMC
repertoire in subjects receiving onrgoing therapy with this agent for CD.
The effect was most notable for peripheral blood monocytes
(particularly the classical ard intermediate subsets) but was also
observed for CD4 and, to a lesser degree, CB& 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

throuGE AET AET C 1T &£ )&8 O Oi4.&yp 11
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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-4 . & sisucias IFX dampen inflammation in deases such as
IBD and may in part exert their therapeutic effects via actions on cells
that synthesize TNE such as monocytes. Although clinically effective in
many patients, anttTNF| mAb do not work in some, and lose efficacy in

others. Research is neegtl to provide important insights into the

mechanism of actionofant4 . &4 ' A AT A OEA [ AAEATEOI O 1T £ A0OOC
resistance.

In Chapter 3, IFX infusion hadn immediate effect orreducing 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 monocyteshave a decrased proinflammatory

phenotype andreduced contribution to IBD.

5.1.2 Objectives

In this set of experiments, monocytes from CD patientt trough and

peakIFXlevels were used to:

Investigate the apoptotic ativity of IFX

Assess iflFX alters the ability of LPS to bind to the surface of cells

Determineif IFXcan blunt the production of cytokines and

chemokinesi £ , 03 OOEIiI O1 AGAA 1111 AUOAOG OEOI OCE OOAOAO

OECT Al 1 ET C58
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5.2 Results |
5.2.1 Apoptotic Activity of Infliximab Treated Monocytes

Lack of eidence to showFXinduced apoptosis of monocytes fro@D

patients.

To account for the prompt reduction in monocyte numbers following
IFXinfusion, theability of monocytesto undergo apoptosis from CD

patients wasassessed. There is conflicting researclusounding IFX&
ability to cause cell deathrertain groups consider this to beéhe main
mechanism ofhow IFXalleviates the symptoms in C[)82] while other

groups suggest IFX treated monocytes are resistant to apopto$&0].

Freshly isolated PBMCs from CD patients at tugh and peakFXlevels
were stained with Annexin V and Propridium iodide (PIYo 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 clar representation of cell death could not be

derived from these experimentsFor the PI staining; in both the CD
Trough-IFX and CD Peak-Xsamples the percentage of monocytes that

intercalated the dye was below 1 percentrig 47.

145



Figure 47. Annexin V and PI Staining of Monocytes from Crohn's

Disease Patients.

Freshly isolated PBMCs (5 x3)@rom CD patients at trough and peak IFX levels
were surface stained for CD45, Annexin V and PI. This figure represents an
example of on€D patient and the gating sategy that was applied. The blue
peak in the histogram is the CD TrougkX Annexin Ycells and the regheak is
the CD PeallFX Annexin ¥cells.The negative control for the Annexin VV and PI

samples are in grey.
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